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Abstract

Abstract of thesis entitled “Palladium-Catalyzed Functionalization of C(sp)-H
and C(sp2)-H Bonds”

Submitted by CHOY Pui Ying
for the Degree of Doctor of Philosophy
at The Hong Kong Polytechnic University

in January, 2014

Functionalization of unreactive arene C-H bonds has recently received
intensive attention. Mild and selective methods for the direct transformation of
carbon-hydrogen bonds to carbon-oxygen/ carbon bonds are undoubtedly found
widespread applications across the field of pharmaceuticals, agrochemicals,
natural products and feedstock commodity chemicals. However, the C-H bond
functionalization remains a critical challenge in organic chemistry. The foremost
difficulty lies to achieve high levels of regioselectivity, chemoselectivity and the
activation of inert nature of C-H bonds. One of the strategies to achieve the goal

is transition metal-catalyzed C-H bond functionalization.

In the first half of this dissertation, we explore four studies on the
palladium-catalyzed functionalization of Cp)-H and Cp2)-H bonds. Firstly, a
general and simple method of palladium-catalyzed direct and selective oxidative
C3-acetoxylation of 2,3-unsubstituted indoles has been developed. The first

examples of selective carbon-hydrogen bond cleavage followed by carbon-
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oxygen bond formation sequence is achievable without any ortho-directing
groups.  This protocol requires 2 mol% Pd-loading under mild reaction
conditions (70 °C and with weak base, KOAc) which tolerates a variety of
functional groups. It is compatible to bromo-group which is a useful component
for potential chemical transformations using coupling technology. Secondly, a
palladium-catalyzed C-H bond oxygenation reaction of aromatic ketones is
presented. This first example of carbon-hydrogen bond functionalization
followed by carbon-oxygen bond formation sequence has been accomplished
with ketone moiety as the ortho-directing group. This protocol provides a facile
access to a wide range of ortho-acylphenol compounds from arylketones. Next,
the first general palladium-catalyzed direct arylation of polyfluoroarenes with
aryl sulfonates is described. This coupling protocol performs under relatively
mild reaction conditions (90 °C with weak base, KOAc and without addition of
acid additives) for successful coupling with both aryl tosylates and more
challenging aryl mesylates. Last, the palladium-catalyzed Sonogashira coupling
of aryl/ heteroaryl sulfonates is explored. A variety of functional groups are
compatible such as nitrile, aldehyde, keto, and amide. This versatile coupling
approach provides a facile access to 2-substituted isoquinoline by a one-pot

cascade process.

In the second half of this dissertation, we engineer the syntheses for new
family of monodentate phosphine ligands. The straightforward syntheses
involve facile, high yielding conversion of Fischer Indolization into a broad
scope of potentially and differentially substituted phosphine ligands. Besides, a
modification of well-developed CM-phos with altering the N-substituted group is

carried out. By expanding the size of the protecting group, both the steric and
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electronic properties of ligands are tuned. Furthermore, inspired by previously
developed Andole-phos and Nadole-phos, a new family of ligands is designed
with combined electronic (OR) and steric effect (naphthyl). The newly modified
CM-phos-Ni-Pr uncovered a facile approach for challenging tri-ortho-substituted
biaryl synthesis with carbon-carbon bond formation. To our delights, it
represents the first palladium-catalyzed Suzuki-Miyaura cross-coupling of
sterically demanding aryl arenesulfonates that proceeded smoothly at low
catalyst loading (0.2-1.5 mol% Pd) within 24 h to generate good to excellent

product yields.
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Chapter 1 Introduction

1.1 Introduction to Palladium-Catalyzed C—H Functionalization

1.1.1 Background and Challenges of C—H Functionalization

Unactivated carbon—hydrogen (C—H) bonds are the simplest chemical
moieties found in Nature. They are typically inert in chemical transformations,
however, they are highly desirable from the perspective of organic synthesis that
such selective transformation is undoubtedly find widespread application in the

synthesis of pharmaceuticals, natural products, polymers, and agrochemicals.

C—H bonds are unreactive and robust that the low reactivity is mainly
attributed to the fact that they are strong, localized and unpolarized bonds.! The
relatively higher bond strength of C-H bonds in arenes (Ar-H, 110 kcal mol™)
than the C-X bonds (Ar-1, 65 kcal mol™) arises the difficulties in activation of C-
H bond. The traditional approaches for the functionalization of them are mainly
relied on (i) free radicals protocol of abstracting hydrogen atom to form reactive
Ce species for functionalization;? (ii) enzymatic approach to oxidize the C—H
bonds;® (iii) transition metals mediated/ catalyzed C—H functionalization.**®
There were a number of examples of direct transformation of carbon—hydrogen
(C—H) bonds into carbon—carbon (C—C) bond prior to our work.® However, the
development of methods for direct transformation of carbon—hydrogen (C—H)
bonds into carbon—heteroatom (C—O) bonds still remains a grand challenge in
organic chemistry.” The major challenges are the inert nature of C—H bonds and

the selective functionalization of a single C—H bond within a complex molecule.



Different strategies have been introduced to address these difficulties, the most
commonly applied method is employing substrates with directing groups/-
coordinating ligands, which bind to the metal center and direct the catalyst to the
proximal C—H bond. Palladium complexes have been specifically developed to
catalyze such transformation and it can be finely tailored through unique ligand
design. The functionalization process can be performed under ambient air and
moisture, which can be practically applied in organic synthesis. Unlike other
transition metals, palladium participates in cyclometalation with many different
types of directing groups, for promoting the activation of the C—H sites. Also,
coordination of C—H to palladium metal center can be used to form a wide range
of bonds especially carbon-carbon and carbon-oxygen linkages. Our goal was to
develop a palladium-catalyzed mild, regio-, and chemoselective method to
convert C-H bond to C-O bond, which is useful in petroleum and chemical

industries.

1.2 Carbon-Oxygen Bond Formation

1.2.1 Transition Metal-Catalyzed Acetoxylation

A wide range of oxidants can facilitate palladium-catalyzed Cs,2—H bond
oxygenation reactions. lodine and oxygen are the most commonly used oxidants

for C—H bond functionalizations.



1.2.1.1 Background of Acetoxylation of Arenes with Directing Groups

In 1996, Crabtree and co-workers demonstrated the first example of direct
palladium-catalyzed acetoxylation of arenes with stoichiometric Phl(OAc);
which successfully transformed C-H bond to a C-OAc bond. However, low to
moderate yield were resulted and the regioselectivity of acetoxylation was not
satisfactory. A mixture of ortho-, meta- and para-regioisomers of acetoxylated
product were obtained. This report was indicated as a key demonstration that C-

H bonds can be oxygenated with readily available catalyst with mild conditions.

Sanford showed examples of palladium-catalyzed Cp2—H bond
oxygenation using PhlI(OAc), as a stoichiometric oxidants in 2004 with high
selectivity.’® Acetoxylation was steered by excellent directing group of ortho-
pyridyl moieties with product yields ranging from 54-88% (Scheme 1.1). Later,
Sanford and co-workers further developed acetoxylation protocol using other
nitrogen-containing directing groups such as imines, oxime ethers, pyrazoles,
and other nitrogen heterocycles."* However, aldehyde and ketone are poor
directing groups for acetoxylation, and thus rare examples were shown.
Detailed investigation of mechanism indicated that Pd(IV)/Pd(Il) cycle is

involved in the catalysis.

A OA
1-6 mol% Pd(OAc), | ¢
+ PhI(OAC), N O
CHZCN, | =R
75-100 °C, 12-20 h AcO”
5 examples
52-83%
S s e )
P, g
O D ) S
O GO )
AcO
58% 53% 62% 86%

Scheme 1.1. Pd-catalyzed acetoxylation of arene with directing groups



Yu and co-workers reported a Cu(OAc), catalyzed acetoxylation of 2-
phenylpyridine with oxygen as the oxidant.”* Mono- and di-acetoxylation
products were given. In 2011, Wang’s group developed an efficient AuCls-
catalyzed direct acetoxylation of electron-rich arenes with PhI(OAc), as the
reagent.” Moderate-to-good yields of the corresponding acetoxylation products

were resulted (Scheme 1.2).

OAc
e 2-5 mol% AuCls AN
| —tR + PhI(OAc); —— | —R
= DCE, 110 °C =
22 examples

35-82%

Scheme 1.2. Gold-catalyzed acetoxylation of electron-rich arenes with Phl1(OAc),

In the meanwhile, Suna and co-workers introduced a mild-room
temperature palladium-catalyzed acetoxylation of pyrroles with phenyliodonium
acetates.”™ Pyrrolyl(phenyl)iodonium acetates were formed as intermediates,
which acetoxylation was proceeded afterwards. Isolation of the intermediates
could be neglected as a one-pot sequential procedure for the acetoxylation was

shown (Scheme 1.3).

= AR
/ /

( ! / OAc p \
Y AcOH - PdOAc), /3
- || + PhI(OAc), — N) \Ph — - jOAC
g RT R Q_CI_OH g
11 examples

67-90%

Scheme 1.3. Pd-catalyzed regioselective acetoxylation of pyyrole

In 2008, Wu group presented a room temperature ortho-acetoxylation of
acetanilides™ with Pd(OAc),. You and Song reported a similar acetoxylation

approach in 2013 but anilides were used instead."’



s NHAC 10 mol% Pd(OAc), N WHAC
R + HOAc > Ry
P (NH,),S,0g, TFA ANoAc

R.T., 24-48 h
9 examples
35-76%

Scheme 1.4. Acetoxylation of anilides with palladium complex

Organophosphates can be used as the directing group such as benzylic
phosphonic and aryl phosphoric monoacids. Kim and co-workers showed a
simple and efficient method for acetoxylation of organophosphates and also
provided an easy access to various acetoxy benzylic phopshonic acids along with

catechol derivatives (Scheme 1.5)."2

o] 0
T i 10 mol% Pd(OAc), XN K p-OMe
FGoL | + PhI(OAc), FG !
~  OH (NH,),S,0g, TFA AN RH
R.T., 24-48h
X = CHy, O 16 examples

53-94%

Scheme 1.5. Pd-catalyzed acetoxylation of organophosphates

In 2013, Sanford continued her research in Pd-catalyzed acetoxylation of
simple arenes.® The use of Mesl(OAc), as the terminal oxidant, and Pd(OAc),
with acridine catalytic system gave site selectivity to the sterically controlled
manner. In contrast, when PhlI(OAc), was used as the oxidant, electronic effects

dominate the selectivity of arene acetoxylation (Scheme 1.6).

0.5 mol% Pd(OAc),

N
N
NO, O O NO, NO,
=
Me Me Me Me 0-5 mol% Pd(OAC){ Me Me
MesI(OAc), PhI(OAc),
OAC

OAc

Scheme 1.6. Steric control of site selectivity in Pd-catalyzed acetoxylation



1.2.1.2 Development of Acetoxylation of Indoles Derivatives

With similar catalytic systems, regioselective acetoxylation of indole
derivatives were disclosed. 1,2-Disubstituted indoles could be acetoxylated
together with 3,3’-biindolyl products using lead tetraacetate.® In 2009, Suna
introduced an acetoxylation of 2,3-unsubstituted indole to give 3-acetoxyindole

accompanying with a mixture of oxidized products (Scheme 1.7).%

OAc
X 5 mol% Pd(OAc), or PtCl, S\
RIZ T N—co,Et + PhI(OAC), r COuEt
Z N ACOH, 100 °C A ~N
R R
19 examples
21-85%
5 mol% Pd(OAc), OAc OAc 0
Br Br Br Br
PhI(OAC),
\@ - Do+ N—0Ac + Ac
N AcOH, 100 °C, 17 h N N N
SO,Ph SO,Ph SO,Ph SO,Ph
34% 5% 13%

Scheme 1.7. Pd-catalyzed acetoxylation of indole with directing group

In 2010, Zhang disclosed the 2,3’-biindole synthesis together with the C3-
acetoxylated products using AgOAc under O,.?* Despite these remarkable
developments, the direct and regioselective acetoxylation (via C-H bond
activation/C-O bond coupling sequence) without the assistance from the ortho-
directing group remained sporadically study. In 2011, Kwong developed a
simple and general Pd-catalyzed direct and selective oxidative C-3 acetoxylation
of 2,3-unsubstituted indole without directing group.”® In the meanwhile, Lei
explored a similar selective C-H acetoxylation of indole derivatives.* A kinetic
study showed that the reaction was zero-order with respect to the oxidant and
first-order with respect to the indole derivatives. Later, Taniguchi developed a

new method for direct a-acetoxylation of 2,3-disubstituted indoles under mild



conditions using iodine reagents.”® These transformations are beneficial for
organic synthesis since they tolerant ambient air and moisture, and many

common functional groups are compatible under these reactions conditions.

1.2.2 Background of Hydroxylation of Arenes

A classical protocol for the synthesis of ortho-acylphenol scaffold is the
Fries rearrangement of phenyl esters (Figure 1.1A).%° Yet, this route suffers from
a regioselective drawback, and thus an undesirable para-substituted product
would be formed. Moreover, this anionic protocol is not compatible with
enolizable ketones. Traditional Friedel-Crafts acylation?” of phenols and direct
hydroxylation of arylketones using a radical approach? show poor site-
selectivity, and a possible ortho-, meta- and para-isomers of acylphenol are
usually generated. These regio-mixtures are generally difficult to be purified.
Palladium-catalyzed aromatic C-O bond formation has emerged as an alternative

29

route for preparing site-selective phenolic compounds. Successful

hydroxylation of aryl halides have been reported recently (Figure 1.1B).%

Apart from these developments, we envisioned that the direct C-H bond
functionalization would be even more attractive.> Hence, Pd-catalyzed direct
Csp2)-H bond cleavage/Csp2)-O bond formation sequence is a desirable approach.
In 2004, Sanford reported oxime as a directing group for ortho-acetoxylation of
aromatic/aliphatic C-H bonds.*®** Later, Yu disclosed a Pd-catalyzed ortho-
hydroxylation of carboxylic acid salts at 115 °C (Figure 1.1B).** Apart from Pd
catalysis, Rao and Lei groups recently showed that Ru and Cu complexes could

be applied in hydroxylation of benzoate esters and electron-deficient arenes,



respectively.®*® These establishments potentially provide synthetic method to
access ortho-acylphenol moiety. Nevertheless, additional steps are necessary to
retrieve the phenol or obtain the ketone moiety (Figure 1.1B). Therefore, it
would be attractive to access ortho-acylphenols if ketone group could be directly

employed as the directing group for direct C(sp2)-H bond oxygenation.

{(A) Classical and traditional protocols]

)C])\ OH
@) Fries
rearragement Friew
© (regioselective (regioselective problem)

problem)

2013, F. Y. Kwong

Br [Pd]/phosphine [Pd]/oxidant
©/Z M / \ \ H O

(multi- steps) R
[Pd] [Pd]
2009, M. Beller A'(OAC)z u
_OH "

H N
! COOK
R
{(B) Pd-catalyzed methods]
2004, M. Sanford 2009, J.Q. Yu

Figure 1.1. Synthetic pathways for ortho-acylphenol motifs

Ketone-directed C-H bond functionalization has been established since
Murai’s initial work on Ru-catalyzed olefin coupling.*® Apart from the
significant development of ketone-directed C-H bond cleavage/C-C bond-
forming strategy,®’ there have been very limited examples on C-X bond
formation. Until very recently, Liu*® and Glorius® reported ketone-directed C-N
and C-Br bond formation by employing Pd and Rh catalysts, respectively. Pal
reported the hydroxylation of benzophenone under UV photoactivation
conditions, leading to a mixture of regioisomers.*’ Yet, there has been no report
on ketone-directed arene oxidation (C-O bond formation). Presumably the

weaker coordinating ability (with respected to amides, oximes, carboxylic



salts/esters and 2-phenylpyridine)** likely gives lower reactivity at the initial
ortho-directed electrophilic palladation, and consequently more forcing
conditions are needed, in which these conditions would lead to substrate

decomposition or undesired product formation.

Direct transformation of readily available aryl ketones into valuable 2-
hydroxylated products by palladium-catalyzed C-H functionalization is arguably
a highly efficient and atom-economic method to access the compounds. Regio-
and chemoselective oxygenation is a challenging reaction to obtain desirable
phenol synthesis. In 2012, Rao, Dong, and Kwong’s groups independently
reported palladium-catalyzed ketone-directed hydroxylation of arenes. (Scheme

1.8).

H O OH O

conditions
X R ——— > X R'
R+ R+
= =

5 mol% Pd(OAc),,

Rao 34 examples
TFAITFAA
(2012) oxidant, 50-90 °C 11-88%
5 mol% Pd(TFA),,
PhI(OTFA),, DCE %g_g@?m%
Don 80°C,2h
2012 0
(2012) 5 mol% Pd(OAc),, 7 examples
s IFS 36-78%
50 °C, 1.5-12 h
Kwong 5 mol% Pd(OAc),,
(2012) PhI(OTFA),, DCE gg_géig/Tples

[my work] 80°C,2h

2.5 mol% [Ru]*
PhI(OAC),, TFAITFAA 12 eXamples
120°C, 22 h

Ackermann
(2013)

* [Ru(O,CMes),(p-cymene)]

Scheme 1.8. Reaction conditions for hydroxylation of aromatic ketones

From Rao’s group, a combination of Pd(Il) catalysts, oxidants, and
TFA/TFAA was applied for the unique regioselective oxygenation reaction.*?

For Dong’s protocol, two methods were introduced for the oxygenation:



Pd(TFA), and [bis(trifluoroacetoxyl)iodo]benzene were used as the catalytic
system; and Pd(OAc),, K;S,0s, and trifluoroacetic acids were applied. Mono-
and di-hydroxylated products were afforded.”®* Kwong’s group developed a
catalytic system with Pd(OAc), and PhI(OTFA), to afford the desired
hydroxylated products.** After these publications, Ackermann described a
ruthenium complexes enabling the C-H oxygenation of aromatic ketons which
tolerant excellent functional groups with high chemoselectivity and site

selectivity.*

1.3 Carbon-Carbon Bond Formation

Palladium-catalyzed ligand-directed C-H functionalization to afford
arylated, alkylated, and carbonylated products are widely studied in the recent

years. These related early works have been extensively reviewed.*®

1.3.1 C-H Direct Arylation of Polyfluoroarenes

Polyfluorinated biaryl scaffolds are important and interesting motifs in
natural and materials science.”” In particular, polyfluorinated compounds play an
importance role as active materials in biological and electronic areas. In
medicinal chemistry, the fluorine atoms are introduced into small molecules to
give an advantage in drug effectiveness. For instance, the binding affinity and
selectivity to target protein would be increased, and the lipophilicity can be fine
tuned.*®*° For material chemistry, organic light emitting diodes (OLEDs), field-
effect transistors (FETs), liquid crystals and high mobility n-type semi-

conductors are representative examples that make use of the component of
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polyfluorinated biaryls.*”®® The strong electron-withdrawing fluorine group
gives significant effect to minimize the chance of self-quenching, enhance the
photoluminescence efficiency and lower the energy of the highest occupied
molecular orbital (HOMO) and the lowest unoccupied molecular orbital
(LUMO).*™ Hence, numerous efficient reactions protocols were established to
access these valuable compounds in these few years. The direct arylation with
C-H bond functionalization is one of the effective methods to afford fluorinated

biaryl compounds.™

1.3.1.1 Development in Coupling Reactions of Aryl Halides with
Polyfluoroarenes

Palladium-catalyzed arylation of aryl halides with perfluoroarenes has been
well-developed for these ten years. The most representative paper of cross-
coupling of aryl halides with perfluoroarenes appeared in 2006 by Fagnou and
co-workers (Scheme 1.9).>? Pentafluorobenzene was chosen as substrate since it

would not react via electrophilic aromatic substitution.

F Me 5 molos Pd(OAC),
E E 10 mol% Pt-Bu,Me*HBF, _
+
K,COg, DMA, 120 °C
F F
X

X = Br, 98%
X=1 83%

Scheme 1.9. Direct arylation of pentafluorobenzenes with iodo/bromotoluene

For some perfluoroarenes, there is more than one potential site for arylation.
A mixture of products was formed including mono-, di- and triarylation products.

Indeed, di-, and triarylation were inhibited by steric effect and lower percentage

11



yield was afforded (Scheme 1.10). Only one example was shown for arylation of

4-chlorotoluene with pentafluorobenzene (57% yield).

Me
L W
Me =
F 5 mol% Pd(OAc), O
. 10 mol% Pt-Bu,MesHBF,  F F, F O
K,COj3, DMA, 120 °C
F F F
: ®
Me Me

69% 24%

Scheme 1.10. Direct arylation of 1,3,5-trifluorobenzene with bromotoluene

Fagnou and co-workers continued their investigation in 2010.>® They
further improved the reaction conditions, which performed at room temperature
and the product yields obtained up to 99% by using a new biphasic organic/
aqueous media. A series of phosphine ligands developed by Buchwald group
(RuPhos, S-Phos, DavePhos, MePhos) were tested and MePhos gave the best

performance in this perfluoro-coupling reaction.

5 mol% Pd(OAc),

F | 10 mol% MePhos R F
Ag,CO3, K,CO R CE—
F F + N 02003, KoLO3 AN F
| | EA'H,0=25:1 — O
E E ’\R 23°C, 2-36 h = E PCy,

9 examples

Me
78-99% O
5 mol% Pd(OAc),

10 mol% MePhos

i - | +| Ag,CO3, K,CO4 Fn \ M Lhos
[~ - > ’ e
n 2 M EA: H20=251 —
€ 23°C,16-36 h 8 examples
81-99%

Scheme 1.11. Direct arylation of perfluoroarenes with aryl iodides using MePhos

Recently, Zhang and co-workers developed a catalyst system for the
palladium-catalyzed direct arylation of perfluoroarenes with aryl iodides.>® This

catalytic system provided good functional group compatibility with high reaction

12



efficiency. Mild reaction conditions and the use of water as the sole solvent are

the attractive features to the scientists.

5 mol% Pd(OAc),

R X
- ﬁ\/i Q 10 mol% PPhg
e + Y& B o
n K &
o Rl |
H

Ag,CO3, H,0, 70 °C

22 examples
36-96%

Scheme 1.12. Direct arylation of polyfluoroarenes with aryl iodides in water

1.3.1.2 Development of Coupling Reactions of Aryl Arenesulfonates with
Polyfluoroarenes

Cross-coupling reaction of aryl halides and perfluoroarenes has been
extensively established in these few years. In contrast, there were only a few
reports about coupling of aryl arenesulfonates. Aryl triflates were seldom
applied in such cross-coupling reaction, these constrains possibly due to the
expensiveness of the triflating agent (e.g. Tf,0),” and the low hydrolytic
stability of aryl triflates under basic reaction conditions. It is worth to develop
methods for phenolic compound derivatives to be used as electrophiles. In fact,
they usually offer different or unique substituted groups in the aromatic ring, in
which the corresponding aryl halides are not commonly available, or require
additional synthetic steps to manipulate the pattern of complementary
substitution. Thus, the exploration of less expensive, yet more stable aryl
arenesulfonates in cross-coupling of perfluoroarenes is highly favourable.
Nevertheless, the higher stability of aryl arenesulfonates (e.g. aryl tosylates)

makes this less reactive to subject oxidative addition under palladium catalytic
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system. Thus, the successful of applying tosylates and mesylates as coupling

partners in C-C bond forming reaction is seldom reported.

In 2006, the first example of phenyltriflates as coupling partner was
reported by Fagnou and co-workers.”> After this publication, no more discovery

in coupling of aryl arenesulfonates with perfluoroarenes for 5 years.

Zhang group reported a palladium-catalyzed direct arylation of
perfluoroarenes with heteroaryl tosylates in 2011 which is the first publication by
using heteroaryl tosylates as coupling partners (Scheme 1.13).° The reaction
conditions are mild with good reaction efficiency and chemoselectivity. Various
polyfluoroarylated azine or diazine can be coupled smoothly with high to

excellent isolated yields.

R 3-5 mol% Pd(TFA), N _Ar O pC
. ﬁ\\/j . @EN\]/OTS 6-10 mol% Cy-JohnPhos @ j’ F ¥z
AN~ NG K4PO,, AdOH NG O
t-BUOH, 80-90 °C

_ 27 examples
X=CH.N 27-95% Cy-JohnPhos

Scheme 1.13. Direct arylation of perfluoroarenes with various heteroaryl tosylates

This protocol is attractive by sequential C-H bond functionalization and C-
O bond activation from inexpensive starting materials when comparing to aryl
iodides/ bromides/ triflates. Zhang and co-workers demonstrated an example of
chemoselective functionalization of quinoline-2,4-diyl bis(tosylate) to give
monofluorinated compound and then react with phenylboronic acid to give a
polyarylated product (Scheme 1.14). The product afforded is a semiconducting
polyfluorophenylquinoline compound, which can be used in a wide range of

functional materials.
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i) 5 mol% Pd(OAc),
10 mol% X-Phos
PhB(OH),, K3POy,
THF, 80 °C

ii) 10 mol% Pd(OAc),
Ag,CO3, PivOH
I, DMF, 120 °C

t-BuOH, 90 °C

OTs F 5 mol% Pd(TFA),
©\)j\ F. H 10 mol% Cy-JohnPhos
= +
K3PO,, AdOH
N~ SoTs H Fooeon
F

55%

Scheme 1.14. Sequential coupling example of heteroaryl tosylate with tetrafluorobenzene

Recently, Seayad and co-workers released a publication about direct
arylation of fluorinated aromatics compounds with aryl arenesulfonates (Scheme
1.15).>" It is mainly focused on the coupling of aryl triflates by using catalytic
system of Pd(OAc),/ MePhos. However, no deactivated aryl triflates example

was shown in this report.

5 mol% Pd(OAc),

0,
E 10 mol% MePhos MeO
KOAC THF,

F 40°C,17h

OMe MePhos
75%

Scheme 1.15. Cross-coupling of 3,5-dimethoxyphenyl triflate with pentafluorobenzene

For high steric bulky substrates, RuPhos was used instead MePhos. The
base was changed from KOAc to K,CO3 while the solvent was also changed to
dioxane (Scheme 1.16).>" Heteroaryl triflates were feasible coupling partners for

this reaction and moderate yield was obtained.

5 mol% Pd(OAc),

OTf F
N F F 10 mol% RuPhos
= + B
@ j@ K,CO3, dioxane,
F F

100°C, 17 h

PCyZ
] Oi-Pr

54% RuPhos

Scheme 1.16. Cross-coupling of steric hindered heteroaryl triflate with pentafluorobenzene
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The first example of coupling of aryl mesylates and perfluoroarenes was
introduced by Seayad in 2012.>" 10 mol% of Pd(OAc), was used together with
SPhos. Mixed solvent of toluene/ t-BuOH were applied. Poor-to-moderate
isolated yield was obtained and only activated aryl mesylates could serve as
coupling partners. High reaction temperature (120 C for 18 h) was required for

the reactions.

OMs F 10 mol% Pd(OAc), FoC O
F F 20 mol% SPhos PCy,
+ D
FsC CFy F p K2COs ‘

Toluene-t-BuOH, E.C
120°C, 18 h s SPhos
63%

Scheme 1.17. Cross-coupling of activated aryl mesylate with pentafluorobenzene

In 2012, Kwong and co-workers described the first general palladium-
catalyzed direct arylation of polyfluoroarenes with aryl tosylates and aryl
mesylates.”® Relatively mild reaction conditions and only 5 mol% Pd(OAc), was
sufficient to catalyze the arylation. A wide range of polyfluoroarenes was

applied for successful coupling with aryl tosylates and mesylates.

OMs/OTs
N 5 mol% Pd(OAc),
= | + | T,:n 20 mol% CM-phos
R_ NS _—
e \R‘ KOAc, t-BuOH

90 °C, 18 h

(OTs) 88% (OMs) 90% (OTs) 90%
(OMs) 89%

Scheme 1.18. Cross-coupling of aryl arenesulfonates with polyfluoroarenes by CM-phos
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1.3.2 C-H Alkynylation of Sonogashira Cross-Coupling

The palladium-catalyzed cross-coupling of aryl, heteroaryl, and vinyl
halides/ sulfonates (sp>hybridized carbon atoms — Cisp2)) With terminal alkynes
(sp-hybridized carbon atoms — Cp)) is named as, Sonogashira coupling.®® This
methodology features a modular approach to prepare an array of diversified aryl
alkynes and conjugated enynes, which are important synthetic precursor and sub-
unit for a range of pharmaceutically attractive and materially valuable organic

compounds.®®

1.3.2.1 Background of Alkynylation and Sonogashira Coupling

Over the past few decades, a number of protocols have been developed for
the construction of Csp)-Cisp) bond (alkynylation). The earliest studies on this
topic was reported by Stephens and Castro who provided a palladium-free
synthetic pathway for coupling of phenyl/ vinyl halides with copper acetylides in
refluxing pyridine. ®  Concurrently, Cassar also investigated nickel and
palladium-catalyzed coupling between aryl/ alkenyl halides with terminal
alkynes and found that nickel catalyst system was failed in such coupling
reaction.®® Later, Sonogashira, Tohda, and Hagihara published a protocol which
is generally considered to be superior to previously reported methodologies.®
They observed that small quantities of copper(l) iodide added to the reaction can
greatly increase the yield and also accelerate the reaction and hence allow the
reactions to be conducted at room temperature.®® Due to its wide applicability,

convenience, and overall excellence, the Sonogashira-Hagihara protocol thus
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become the most popular and reliable procedures for the synthesis of aryl/

alkenyl alkynes.

Although Sonogashira protocol seems to be the best among the other, there
are some drawbacks for this coupling. The addition of copper co-catalysts could
be a main limitation. The presence of copper would lead to the in situ formation
of copper acetylides which induce the homo-coupling of terminal alkynes and
thus the side products are formed. There are two common methods to avoid the
unwanted homo-coupling products. Slow addition of terminal alkynes in the
presence of phase-transfer reagent can only diminished the amount of side
products obtained but they are still not completely avoided.®® Ho group
suggested that using an atmosphere of hydrogen gas diluted with nitrogen or
argon to act as reducing agent to reduce the homo-coupling to happen.®
Recently, Sonogashira coupling can be facilitated even without Cu(l) co-
catalyst®® and at room temperature® by using other metal co-catalysts,®® or

specially designed ligands.®

Until late 1990s, the most challenging topic for palladium-catalyzed
Sonogashira cross coupling is the applicability of the reaction to different
substrates/ coupling partners. Poor reactivity of aryl chlorides, tosylates and
mesylates is the main limitation for the coupling when compared to the more
reactive aryl iodides, bromides and triflates. If the reactivity problems of
difficult substrates can be overcome, this would bring the cross coupling

methodology to a new circumstance.
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1.3.2.2 Development in Sonogashira Coupling of Aryl Halides and
Arenesulfonates

Tremendous catalyst systems have been applied in the Sonogashira
reactions.”” Despite those impressive developments, only few reports deal with
more functionalized substrates as well as heteroaryl halides were still be a

challenge.

The most representative paper on Sonogashira cross-coupling reaction of
aryl chlorides appeared in 2003 by Buchwald and co-workers.*** 1.0 mol% of
PdCI(CH3CN), with 3 mol% XPhos was used to activate a wide range of aryl
chlorides including sterically hindered substrates and various functional groups
could be tolerated. After this publication, more papers were released in such
investigation with different catalyst systems.”* However, there is still much
room for improvement that long reaction times and low substrate generality are
some of the problem. Beller and coworker designed a new N-substituted
heteroaryl phosphine ligand L1 for Sonogashira couplings which can be applied
in myriads of aryl/ heteroaryl chlorides and alkynes (Scheme 1.19).”* Various
functional groups for instance, amino, silyl and alkyl groups can be tolerated
under the conditions while the procedures are cost effective without the addition

of copper co-catalysts.

Hexyl
Cl Y N N

Hexyl
P Y mol% PACL(CHaCNY, NS [ M peBu
o || 3moi%L1 | N 2
- .- N N
N Na,COj, toluene, ! Pr\©/' Pr

2

H  90°c,16h

97% L1

Scheme 1.19. Sonogashira reaction of heteroaryl chloride by heteroaryl phosphine

After the long development of Sonogashira cross-coupling reactions, the
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alkyne coupling procedure of aryl halides has been extensively established. In
contrast, there are only very few reports about the coupling of aryl
arenesulfonates. Aryl triflates and tosylates were seldom applied in Sonogashira

coupling. Only vinyl tosylates were found successful in this transformation.”

In 2003, the Sonogashira coupling of strongly activated and electron-
deficient para- and meta-substituted aryl tosylates was disclosed by Buchwald
group using the Pd/Xphos complex under the refluxing propionitrile solvent.®*
This is the representative publication for coupling of aryl arenesulfonates.
However, these pioneering examples required the slow addition of diluted alkyne
substrates in 8 hours over the course of reaction. Moreover, a note was found

that a high purity of the aryl tosylates was prerequisite for these successful

couplings.

Recently, an operationally-simple and general procedures for Sonogashira
coupling of non-activated aryl and heteroaryl tosylates were explored by
Kwong™ and Nazaré” independently. The latter authors from Sanofi Adventis
published an European patent which described the application of
Pd(TFA)./Josiphos-type ligand system for this reaction (Scheme 1.20).”° In
particular, ortho-substituted aryl tosylates were reacted with comparable
efficiency and non-activated substrates or even deactivated aryl tosylates were

found to be applicable under the reaction conditions.

OMe

OMe 3 mol% Pd(TFA) ‘ ome
mol“ 2
OMe 7 mol% CyPF-t-Bu

Soghtil-—— S
oTs t-BUOH, K4PO,
I 81%
H

85°C, 18 h

Scheme 1.20. Sonogashira coupling with aryl tosylates by using ferrocene type ligand
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Kwong and co-workers reported a general and efficient catalyst system for
aryl tosylates.”* Heterocyclic benzthiazolyl and quinolinyl tosylates furnished
the corresponding coupling products smoothly. Alkenyl tosylate could also be
coupled with phenylacetylene to afford good product yield (Scheme 1.21). In
particular, Kwong group also uncovered the first examples of more difficult but

more atom-economical aryl mesylates coupling with terminal alkynes.

7N\ 2 mol% Pd(OAC), .

Me
/ N
— 6 mol% CM-phos P O
+ —_—> —
Me—N / OTs | | KsPO,, t-BUOH Me—N /
100 °C, 18 h Cy,P

o o 7%

CM-phos

Scheme 1.21. Sonogashira coupling with alkenyl tosylates by indolyl phosphine ligand

1.4 Ligand Development for Suzuki-Miyaura Cross-Coupling

Reactions

Palladium-catalyzed Suzuki-Miyaura cross-coupling reaction has been
developed for decades. Several approaches have been attempted to allow
challenging aryl chlorides/ sulfonates as coupling partners in the palladium-
catalyzed coupling reaction. A proper ligand design was critical for the success
in coupling catalysis under mild reaction conditions and low catalyst loading.
The most effective ligands can be grouped into two main categories:
organophosphous ligands; and N-heterocyclic carbenes (NHCs). They are good
o-donors that increase the electron density of metal center which enhance the
oxidative addition step, while appropriate steric bulkiness improves the reductive

elimination step.
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Phosphines are the most commonly used ligands in cross-coupling
reactions. The traditional ligands employed for cross-coupling reactions are
PPhs, PCys, dppf, dppp, Pt-Bus and etc.”” However, they are ineffective in the
challenging Suzuki-coupling of aryl chlorides/ sulfonates. Only trace yield was

obtained in most of these couplings.

The most efficient ligands developed recently that are known to be
effective for Suzuki-Miyaura coupling reaction are phosphine possessing
secondary or tertiary alkyl groups. They have been proved to be more superior
to traditional triarylphosphines. Dialkylbiaryl phosphines have demonstrated
outstanding performance in the Suzuki-Miyaura reactions. It is mainly due to the
optimal cone angles and better o-donation to palladium metal with inductive
effects. Although many new ligands have been prepared (Figure 1.2), a simple,
efficient and potentially tunable ligand design is still of great demand for

tackling the existing challenges and problematic bond-construction processes.”

R__PCy
Me @—Pt8u2 2
PtBus = PtBu; Q—< ,Bu2p(o)
Koie group Ph’@‘l’h @ PIBU2
Ph K Colacol/Harlwrg Plenro group
(Harlwig group] [Josrphos lype O

o PR2 >
, P.
' PRz Ry N PAd? ~PtBU,
R AR & Pl 7R' R
| Me’) Me
S \/ Me

Me nBuP Ad),
( Buchwald group] (Verkade group] [Ackerman group] Beller group Kwong group Slradlolto group] (Tang group )

Figure 1.2. Selected examples of effective phosphines for Pd-catalyzed coupling
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1.5 Palladium-Catalyzed Suzuki-Miyaura Cross-Coupling for

Tri-ortho-substituted Biaryls Syntheses

Ortho-substituted biaryls are important structural motifs in myriad natural
products from various origins and have a wide range of biological properties.”
Kinpholone, can be extracted from African plants, which are used in folk
medicine;®® (R)-Gossypol can be used as an oral anti-fertility agent in men
which also shows activity for potential treatment of HIV infections and cancer.®*

Natural products such as vancomycin, ® oys-selective GABAa agonist

83 4

candidate ¥ and steganacin ® are the ortho-substituted biaryl containing
compounds. One of the most applied methods to obtain these valuable ortho-

substituted biaryls compounds is the Suzuki-Miyaura cross-coupling reaction.

In the past few decades, sterically hindered biaryl synthesis is a highly
challenging reaction. Considerable efforts have been undertaken by researchers
in both academia and industry over the past decade to expand its feasibility.
However, only a few publications were disclosed for successful examples and
usually high catalyst loading with elevated reaction temperature were required.
To the best of our knowledge, general tri-ortho-substituted biaryl synthesis from
aryl chlorides by Suzuiki-Miyaura coupling reactions remains sporadically

reported to date.

The first successful examples of tri-ortho-substituted Suzuki coupling of
aryl chlorides appeared in 2001 by Fu.®® 2-Chloro-1,3-dimethylbenzene was
successfully coupled with o-tolyboronic acids to afford desired products in 93%

yield (Scheme 1.23).
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Me 1.5 mol% Pdy(dba); M MS

e

. EjMe 6 mol% L2 O Me— & _Me

—_—T

Cl = K3PO4°H,0 MeZ;\ Me

B(OH),
Me toluene, Me Me
L2

70°C, 24 h
93%

Scheme 1.23. First examples of tri-ortho-substituted Suzuki coupling by Fu

In 2004, Buchwald and co-workers developed a catalyst system that
enabled the coupling of very hindered aryl bromides with hindered arylboronic
acids at exceptionally low catalyst loading (Scheme 1.24).%" Later, they further
expanded the substrates scope to even more steric hindered 2-bromo-1,3,5-tri-

tert-butylbenzene with isolated yield up to 99%.%

i-Pr R 0.1-3 mol% Pd(dba)s i-PrR O
0.2-6 mol% SPhos
i-Pr Br i-Pr O PCY,
- I_
+ (HO)B K3POy,, toluene, MeO OMe
pr 100 °C, 12-24 h ipr

4 examples
93-96% SPhos

Scheme 1.24. Pd-catalyzed Suzuki coupling of very hindered aryl bromides

2-Chloro-1,3-dimethylbenzene was also successfully coupled with o-
tolyboronic acids at 0.5 mol% catalyst loading with XPhos.®® Also, the coupling
reaction can be achieved at exceptional low temperature with 99% isolated yield

(Scheme 1.25).

0.5 mol% Pd(OAc), O I PCy,
Q\ 1.5mol% XPhos  pMeo OMe | i-pr i-Pr
+ - =
MeO OMe PR K4POH,0, Ph O
cl B(OH),  THF, 40 °C ‘
i-Pr

99% XPhos

Scheme 1.25. Pd-catalyzed Suzuki coupling of hindered aryl chlorides by Buchwald
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Tsuji and co-workers described a triarylphosphines with dendritically
arranged tetraethylene glycol moieties for the palladium-catalyzed Suzuki-
Miyaura coupling reaction.?® One tri-ortho-substituted biaryl example was
showed with 55% yield. KITPHOS catalyst was introduced by Doherty and
Knight to allow ortho-substituted Suzuki coupling (Scheme 1.26).*° Only 29-

67% isolated yields were resulted.

1.0 mol% Pd(OAc), ‘
2 5 mol% L3-L5

K3POy, toluene
80°C,7h

L3: 29% L4: 55% L5: 67%

Scheme 1.26. Application of KITPHOS in sterically hindered Suzuki coupling

In 2010, Jin group discovered a highly active, easily recoverable, and
practical heterogeneous catalyst for the coupling of 2-chloro-1,3-
dimethylbenzene with o-tolyboronic acids.” One year later, they introduced
another designed ligand B -diketiminatophosphine palladium complex for the
coupling of a wide range of sterically hindered aryl chlorides at a low catalyst

loading of 0.1 mol%.%

A specially designed ligand 3,3’-(3,4-bis(dichloro-methylene)-cyclobut-1-
ene-1,2-diyl)bis(1-methyl-1H-imidazolium) bis(tetra-fluoroborate) was
introduced by Schmidt (Scheme 1.27).* A wide range of very sterically
hindered aryl bromides and chlorides can be coupled with different hindered

arylboronic acids with 2 mol% of Pd(OAC)..
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Me Me 2 molo L6 ~ I
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90%
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Scheme 1.27. Cyclobutene-1,2-bis(imidazolium)salt for Suzuki coupling by Schmidt

To continue the study of ligand application, Kwong developed another
family of phosphine ligands — PhenCar-Phos bearing a bulky carbazolyl
scaffold. *  Difficult tri-ortho-substituted biaryl couplings are successfully
achieved with the catalyst loading as low as 0.02 mol% of Pd. The result
reflected that the coupling is highly sensitive to the ligand bulkiness which

provide important note for future ligand design.

B(OH), 0.02 mol% Pd(OAC), O
. Et 0.06 mol% PhenCar-Phos 1o Me PCy,
Me Me

. . Et N

K3PO4°H,0, dioxane
Cl 110°C, 24 h Q O
96% PhenCar-Phos

Scheme 1.28. Pd-catalyzed Suzuki coupling of di-ortho-substituted aryl chlorides

Particularly noteworthy is that aryl arenesulfonates are rarely applied in the
preparation of tri-ortho-substituted biaryls by Suzuki-Miyaura cross-coupling
reactions. Recent superb findings by the Buchwald group demonstrated only one
example of 2,4-dimethylphenyl mesylate coupled with 2,6-dimethylphenyl-
boronic acid by using a biarylphosphine ligand BrettPhos (Scheme 1.28).%
Therefore, the development of efficient and general catalyst to address this

limitation is still challenging.
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Scheme 1.29. The only example of aryl mesylates coupled with hindered arylboronic acids
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Chapter 2 Palladium-Catalyzed Direct and
Regioselective C-H Bond Functionalization/Oxidative

Acetoxylation of Indoles

2.1 Introduction

Employing a modular approach for generating a new series of compounds
has been one of the most important themes in modern convergent organic
synthesis,* since it offers a direct and simple route to prepare an array of
structurally similar, yet diversified pharmaceutically attractive molecules.?
Certainly, the transition metal-catalyzed C-H bond activation/functionalization
sequences have become a cutting-edge methodology in this area for the

construction of carbon-carbon and carbon-heteroatom bonds.>*

Among the field of Cp)-heteroatom cross-couplings, the C-O bond-
forming reaction (from ArX electrophile and ROH nucleophile) is the most
problematic and difficult process.> Thus, it would be a considerable interest if
this catalytic process is free of expensive tailor-made phosphine ligand and can
be done by applying more atom-economical C-H activation/functionalization
cascade protocol. Moreover, it would further add an advantage if it is in a

regioselective manner, yet requiring no chelating-assisted groups.

In the repertoire of acetoxylation (Cs,2-O bond forming reaction), Sanford®
and Yu ' recently reported landmark explorations concerning the arene
acetoxylation which directed by ortho-pyridyl or -iminyl moieties and catalyzed

by palladium or copper complexes, respectively. More recently, regioselective
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acetoxylation of indole derivatives has been reported by Suna,® Zhang,®

Kwong,'? and Lei."*

Indole is an important class of compound in pharmaceutical chemistry as
it possesses unique biological activities."? In particular, 3-hydroxyindoles (and
their alkoxy derivatives) are common scaffolds in medicinal chemistry. They
have been used in the development of COX-2 inhibitors,*® as well as have been
applied as Mcl-1 inhibitors in the design of novel antitumor agents.** Moreover,
they could serve as 5-HTg receptor ligand mimics.”®> Literature methods for
accessing these 3-hydroxyl(-alkoxyl) indoles in moderate-to-good yields were

16,17 or 3-formylindoles. *®

mainly from the precursors of 3-bromoindoles
Recently, Beller and co-workers reported the Ti- and Zn-mediated
hydroamination of silyl-protected propargylic alcohol with arylhydrazine for
accessing 3-silyloxy-2-methylindoles.*® Despite these limited 3-oxyindole
syntheses, an exploration of a facile protocol for the direct acetoxylation of
indole, and thus hydroxy/alkoxyindoles, would be highly favorable. Herein, we
disclose our efforts on direct palladium-catalyzed oxidative C3-acetoxylation of

2-unsubstituted indole in a highly regioselective manner via the C-H bond

functionalization/C-O bond formation sequence.
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2.2 Result and Discussion

2.2.1 Preliminary Evaluation of Palladium-Catalyzed Direct C3-

Acetoxylation of Indoles

To examine the feasibility of the Pd-catalyzed acetoxylation of indole
without directing groups, probing of reaction parameter screenings were

deployed in the initial studies.

Table 2.1. Initial optimization of direct C3-acetoxylation of N-benzylindole*

OAC
Bn Bn
entry catalyst solvent base % yield®
1 Pd(OAC), CHsCN KOAC 70
2 PdCl, CH3CN KOACc 60
3 Pd,(dba)s CH3;CN KOACc 58
4 Pd(TFA); CHCN KOAC 59
5 - CH3CN KOAc Trace
6 Pd(OAC); 1,2-DCE KOAC 55
7 Pd(OAC); DMF KOAC 50
8 Pd(OAC); dioxane KOAc 26
9 Pd(OAC); toluene KOAc 22
10 Pd(OAC); CHsCN K,COs 30
11 Pd(OAC); CH3CN K3PO4 56
12 Pd(OAC), CHsCN KOH 51
13 Pd(OAC); CH3CN NaOH 56
14 Pd(OAC), CHsCN NaOAc 53
15 Pd(OAC), CHCN NasPO, 57
16 Pd(OAC), CHCN Et:N 16
17 Pd(OAC), CHCN - 31

®Reaction conditions: Pd source (0.01 mmol, 2 mol%), N-benzyl indole (0.5 mmol), Phl(OAc),
(1.0 mmol), base (0.6 mmol), solvent (2.0 mL) were stirred at 70 °C under nitrogen for 2 hours.
bCalibrated GC yields were reported, using dodecane as the internal standard.
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N-Benzyl protected indole substrate was chosen in the prototypical trials
(Table 2.1). In the model catalysis, Phl(OAc), was used as the oxidant to
provide the acetoxy group to indole. An array of commonly used catalyst
precursors for coupling reactions were surveyed (Table 2.1, entries 1-4).
Pd(OAc), gave the best conversion and yield of the product (entry 1). Control
experiment revealed that no product was formed in the absence of palladium
catalyst (entry 5). Among solvents screened, CH3CN afforded the best results
(entry 1 vs entries 6-9). KOAc base was found to be superior to the other
inorganic bases (entry 1 vs entries 10-15). However, poorer yields were obtained

when organic base or base-free conditions were used (entries 16-17).

2.2.2 Scope of Palladium-Catalyzed Direct C3-Acetoxylation of
Substituted Indoles

With the preliminary optimized reaction conditions on hand, we next test
the generality of the catalyst system for direct acetoxylation of substituted
indoles (Table 2.2). In general, 2 mol% of Pd(OAc), was sufficient to catalyze
the reaction. Notably, this direct acetoxylation of indole could be performed at
room temperature with 5 mol% Pd(OAc), and prolonged reaction time (Table 2.2,
entry 2). Functional groups such as cyano, bromo, fluoro and methoxy were
compatible under these reaction conditions (entries 4-7). Notably, the bromo
group remained intact throughout this palladium catalysis. This is of beneficial
for further functionalization using other coupling protocols. Apart from various
5-substituted indoles, 7-substituted indoles furnished the desired product
smoothly (entry 9-10). Azaindole was found to be a feasible substrate for this

reaction (entry 11).
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Table 2.2. Palladium-catalyzed direct C3-acetoxylation of N-benzylindoles?

2-5 mol% Pd(OAc)
R Y+ phioAc), > 2N
X N KOAc, CH3;CN S
Bn 70 °C Bn

entry indole product mol%Pd, time(h) % yield®
2mol%, 1 h 70
I
( 5mol%, 60 h (RT.) 52
Z N 2mol%, 1h (air) 50

2 mol%, 18 h 48
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®Reaction conditions: Pd(OAc), (0.01 mmol, 2 mol%), N-benzyl indoles (0.5 mmol), Phl(OAc),
(1.0 mmol), KOAc (0.6 mmol), CH3CN (1.0 mL) were stirred at 70 °C under nitrogen for 1-18
hours. °lsolated yields.
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To further evaluate the catalytic system, we examined the acetoxylation of
N-aryl indoles (Table 2.3). Moderate to good yields of the corresponding
products were obtained (entries 1-5). This protocol was found to be compatible

with ortho-, meta- and para-substituted aryl ring on the indolyl scaffold.

Table 2.3. Palladium-catalyzed direct C3-acetoxylation of N-arylindoles?

= 2 mol% Pd(OAc) =
Rm + PhI(OAC), 2> rL N
XN KOAc, CH5CN XN
Ar 70°C :Ar
entry indole product mol%Pd, time(h) % yield®

X
1 | N (jf\g 2 mol%, 2 h 68
Z N Z N

AN AN
(p ( N 2 mol%, 2 h 61
Z N Z N

N

OMe OMe
MeO MeO
AN
5 m \©f\g 2mol%, 1 h 65
Z N N
Me Me
MeO X MeO
4 | N N 2mol%, 1 h 76
Z N N
QMe QMe

Me Me

MeO X MeO
m N 2mol%, 1 h 63
N? Me N% Me

®Reaction conditions: Pd(OAc), (0.01 mmol, 2 mol%), N-aryl indoles (0.5 mmol), Phl(OAc),
(2.0 mmol), KOAc (0.6 mmol), CH3CN (1.0 mL) were stirred at 70 °C under nitrogen for 1-2
hours. °lsolated yields.

[é)]
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Scheme 2.1. Palladium-catalyzed direct acetoxylation of N-alkylated indoles (reaction
conditions were the same as in Table 2.2, entry 1)

Apart from N-benzyl and N-arylindoles, N-alkylated indoles were feasible
substrates for direct acetoxylation (Scheme 2.1). N-isopropyl and N-allylindoles
were transformed to their corresponding product in good yields. Interestingly, no
acetoxylation of olefin moiety was observed on allyl group under our reaction
conditions. ®  Sterically congested 2-phenyl-N-methylindoles furnished the
product in slightly lower yield presumably due to the steric hindrance of the
ortho-phenyl ring. For 1-(1H-indol-1-yl)-2-isopropyl-3-methylbutan-1-one, it
was not a suitable substrate for the acetoxylation. Besides, other heterocyclic

compounds were tested but no desired products could be obtained (Scheme 2.2).

ssSlovIN o
Co o & O

Scheme 2.2. Unsuccessful heterocyclic substrates in the acetoxylation protocol
(reaction conditions were the same as in Table 2.2, entry 6)

2.2.3 Application of Palladium-Catalyzed Direct C3-Acetoxylation of
Substituted Indoles

3-Hydroxyindoles are slightly unstable and preferably to have silyl- or
acetyl-protection for storage. Indeed, the direct acetoxylation of indole would be

a useful way to prepare protected form of 3-oxyindoles, which can be further
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functionalized by an easy alkaline hydrolysis in achieving 3-hydroxyindoles in
situ. In fact, this organic transformation offers a simple protocol to afford a
series of potential 5-HTg receptor ligands.”> Thus, the cascade deacetoxylation
and subsequent alkylation processes provide a versatile pathway to access
tryptamine-like 5-HTgs receptor ligand scaffolds for further structural

manipulation (Scheme 2.3).

O
Cl.(yNMe N NMe, \-NMe,
A\ 2, [ e \
N KOH, THF Z~N N
\ ° \ !
R 60°C,12h R SO,Ar
R = Me, Bn R = Me, 76%
R =Bn, 75% potential 5-HT¢ receptor ligand

Scheme 2.3. Cascade deacetoxylation-alkylation processes of acetoxyindoles

2.24 Proposed Mechanism of Palladium-Catalyzed Direct C3-
Acetoxylation of Substituted Indoles

7
R [
Ac Pd(OAc); X N
= N Bn
R |
XN
Bn Pd(OAc)
proposed catalytic cycle
—OAc PhI(OAC),

Scheme 2.4. Proposed mechanism of Pd-catalyzed direct C3 acetoxylation of indoles

For the mechanism of acetoxylation, the first step is the electrophilic
palladation of indole to form the complex A. Then, subsequent oxidation of

indolyl-Pd(Il) species with the oxidant Phl()Ac), would be undergo to form
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Pd(IV) complex B. Finally, reductive elimination occurred to give the
acetoxylated products and regenerate the Pd(Il) species. The C3 position of
indole is more electron-rich which is more favourable for palladation to occur
under the catalytic system. That also explained the phenomena of prolonged

reaction time when electron-deficient indole was used.

2.3 Conclusion

In summary, we have developed a general palladium-catalyzed direct and
regioselective C3-acetoxylation of 2,3-unsubstituted indoles, which serves
complementarily to current difficult C-O bond coupling processes using aryl
halides as electrophiles. Moreover, this selective C-H functionalization/C-O
bond-coupling sequence is achievable without the aid of ortho-directing groups.
This protocol provides a facile and direct access to a variety of pharmaceutically
useful 3-oxyindoles scaffolds under mild reaction conditions (weak base, KOAC;
at 70 °C for 1-18 h), and is compatible to bromo-group which offers potential for

further structural manipulation using other coupling technology.

2.4  Experimental Section

2.4.1 General Considerations

Unless otherwise noted, all reagents were purchased from commercial
suppliers and used without purification. All acetoxylation reactions were

performed in resealable screw cap Schlenk flask (approx. 8 mL volume) in the
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presence of Teflon coated magnetic stirrer bar (3 mm x 10 mm). Acetonitrile
was distilled from calcium hydride under nitrogen, N,N-dimethylformamide
(DMF) was distilled with calcium hydride under reduced.” Toluene was
distilled from sodium under nitrogen pressure and tetrahydrofuran (THF) was
distilled from sodium benzophenone ketyl. KOH was purchased directly from
commercial supplier and used with grinding. Thin layer chromatography was
performed on precoated silica gel 60 Fys4 plates. Silica gel (70-230 and 230-400
mesh) was used for column chromatography. *H NMR spectra were recorded on
a 400 MHz spectrometer. Spectra were referenced internally to the residual
proton resonance in CDCl; (6 7.26 ppm), or with tetramethylsilane (TMS, 6 0.00
ppm) as the internal standard. Chemical shifts (5) were reported as part per
million (ppm) in & scale downfield from TMS. *3C NMR spectra were
referenced to CDClIs (6 77.0 ppm, the middle peak). Coupling constants (J) were
reported in Hertz (Hz). Mass spectra (EI-MS and ES-MS) were recorded on a
Mass Spectrometer. High-resolution mass spectra (HRMS) were obtained on a
ESIMS mass spectrometer. GC-MS analysis was conducted on a GCD system
using a column with dimension of 30 m x 0.25 mm. The products described in
GC vyield were accorded to the authentic samples/dodecane calibration standard

from GC-FID system.

2.4.2 Preparation of Substituted Indole Substrates

General Procedure for the preparation of substituted benzyl indole
substrates: Commercially available indole (10 mmol) was dissolved in a freshly

distilled DMF (15 mL) at room temperature under nitrogen atmosphere. KOH
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(0.67 g, 12 mmol) was then added into the reaction mixture and kept stirring at
room temperature. After all the KOH were dissolved, benzyl bromide was added
in dropwise and stirred overnight. 25 ml of water was added to the mixture and
stirred for 30 min. The mixture was then extracted with dichloromethane and the
organic layer was washed with water twice. The solvent was then removed by
reduced pressure. The crude product was filtered through a short silica pad (3 x
~10 cm) and washed with corresponding solvent system indicated. The solution
was evaporated to yield solid mixture. Small amount of cold hexane was used to
further wash the product. The product was then dried under vacuum to afford

desired products.

1-Benzyl-1H-indole (Table 2.2, entry 1)

Bn
N,
L
DCM: Hexane = 1:3, R; = 0.5; *H NMR (400 MHz, CDCls) & 5.36 (s, 2H), 6.59
(d, J=2.0 Hz, 1H), 7.13-7.22 (m, 5H), 7.31-7.34(m, 4H), 7.69 (dd, J=1.2, 6.8 Hz,
2H); **C NMR (100 MHz, CDCls) & 50.0, 101.6, 109.6, 119.4, 120.9, 121.6,

126.7, 127.5, 128.2, 128.7, 136.2, 137.5; MS (EIl): m/z (relative intensity) 207

(M*, 72), 91 (100), 65 (18).

1-Benzyl-1H-indole-5-carbonitrile (Table 2.2, entry 4)%

N
IOV
NC
EA: Hexane = 1.9, R; = 0.65; *H NMR (400 MHz, CDCl3) & 5.37 (s, 2H), 6.65

(dd, J=0.8, 2.4 Hz, 1H), 7.10-7.12 (m, 2H), 7.27-7.40 (m, 7H), 8.01 (t, J=0.8 Hz,

1H); *C NMR (100 MHz, CDCls) § 50.4, 102.7, 102.8, 110.5, 120.7, 124.6,
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126.6, 126.7, 128.0, 128.4, 129.0, 130.6, 136.4, 137.7, MS (El): m/z (relative

intensity) 232 (M*, 55), 91 (100), 65 (20).

1-Benzyl-5-fluoro-1H-indole (Table 2.2, entry 5)*

Bn
y
OV
F
EA: Hexane = 1:9, R; = 0.4; *H NMR (400 MHz, CDCl5)  5.33 (s, 2H), 6.54 (dd,
J=0.8, 2.4 Hz, 1H), 6.91-6.96 (m, 1H), 7.11-7.13 (d, J=6.4 Hz, 2H), 7.17-7.21 (m,
2H), 7.30-7.33 (m, 4H); *C NMR (100 MHz, CDCl5) § 50.3, 101.5, 101.6, 105.5,
105.7, 109.9, 110.20, 110.25, 110.3, 126.6, 127.7, 128.8, 129.8, 137.2; MS (El):

m/z (relative intensity) 225 (M*, 64), 91 (100), 65 (19).

1-Benzyl-5-bromo-1H-indole (Table 2.2, entry 6)%

Bn
N
oV,
Br

EA: Hexane = 1:9, R; = 0.4; *H NMR (400 MHz, CDCls) & 5.32 (s, 2H), 6.51 (dd,
J=0.4, 2.8 Hz, 1H), 7.09-7.17 (m, 2H), 7.25-7.33 (m, 5H), 7.79(s, 1H); *C NMR
(100 MHz, CDCl3) 6 50.3, 101.2, 111.2, 112.9, 123.4, 124.5, 126.6, 127.8, 128.8,
129.5, 130.4, 134.9, 137.0; MS (El): m/z (relative intensity) 285 (M", 36), 204

(5), 115 (7), 91 (100), 65 (14).

1-Benzyl-5-methoxy-1H-indole (Table 2.2, entry 7)%

Bn

N
IOV
MeO

EA: Hexane = 1.9, R = 0.4; *H NMR (400 MHz, CDCls) & 3.88 (s, 3H), 5.32 (s,

2H), 6.51 (dd, J=0.8, 2.4 Hz, 1H), 6.85-6.88 (m, 1H), 7.12-7.20 (m, 5H), 7.28-
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7.34 (m, 3H); *C NMR (100 MHz, CDCl3) & 50.2, 55.8, 101.1, 192.6, 110.4,
111.9, 126.6, 127.5, 128.7, 128.8, 129.0, 131.6, 137.6, 154.0; MS (El): m/z

(relative intensity) 137 (M*, 93), 222 (23), 146 (8), 91 (100), 65 (12).

1-Benzyl-5-methyl-1H-indole (Table 2.2, entry 8)*’

Bn
J
OV,
Me

EA: Hexane = 1:9, R; = 0.7; *H NMR (400 MHz, CDCls) & 2.56 (s, 3H), 5.36 (s,
2H), 6.58 (dd, J=0.8, 2.8 Hz, 1H), 7.10 (dd, J=1.2, 2.8 Hz, 1H), 7.12-7.20 (m,
3H), 7.26 (d, J=8.4 Hz, 1H), 7.34-7.55 (m, 3H), 7.56 (s, 1H); *C NMR (100
MHz, CDCls3) 6 21.3, 50.0, 101.0, 109.3, 120.5, 123.2, 126.6, 127.4, 128.2, 128.6,
128.9, 134.6, 137.6; MS (EI): m/z (relative intensity) 221 (M*, 67), 91 (100), 65

(14).

1-Benzyl-7-methoxy-1H-indole (Table 2.2, entry 9)

OMe Bn
N
Y

EA: Hexane = 1:4, R; = 0.7; *H NMR (400 MHz, CDCl5) & 3.86 (s, 3H), 5.67 (s,
2H), 6.54 (d, J=4.0 Hz, 1H), 6.66 (d, J=7.6 Hz, 1H), 7.02-7.07 (m, 2H), 7.14 (t,
J=7.2 Hz, 2H), 7.25-7.33 (m, 4H); *C NMR (100 MHz, CDCls) & 52.4, 55.3,
102.0, 102.7, 113.7, 119.9, 126.6, 127.0, 128.4, 129.0, 130.9, 139.7, 147.6; MS
(ED: m/z (relative intensity) 237 (M", 83), 222 (18), 91 (100), 65 (15); HRMS:

calcd. for C16H1sNO™: 238.1232, found 238.1225.

1-Benzyl-7-methyl-1H-indole (Table 2.2, entry 10)*’

N
N

Bn
Me
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EA: Hexane = 1.9, Ry = 0.7; *H NMR (400 MHz, CDCls) § 2.58 (s, 3H), 5.63 (s,
2H), 6.62 (d, J=3.2 Hz, 1H), 6.93-7.11 (m, 5H), 7.28-7.34 (m, 3H), 7.57 (t, J=7.6
Hz, 1H); *C NMR (100 MHz, CDCls) § 19.5, 52.2, 102.0, 119.1, 119.8, 121.0,
1245, 125.4, 127.2, 128.7, 129.7, 130.1, 135.0, 139.6; MS (El): m/z (relative

intensity) 221 (M, 65), 91 (100), 65 (14).

1-Benzyl-7-azaindole (Table 2.2, entry 11)?®
NN

—

N
Bn

EA: Hexane = 1:9, Ry = 0.6; *H NMR (400 MHz, CDCls) & 5.54 (s, 1H), 6.51(d,
J=3.2 Hz, 1H), 7.09-7.12 (m, 1H), 7.20-7.34 (m, 6H), 7.95 (dd, J=1.6, 6.4 Hz,
1H), 8.37 (d, J=1.6 Hz, 1H); *C NMR (100 MHz, CDCls) § 47.7, 100.0, 115.8,
120.4, 127.4, 127.5, 127.8, 128.6, 128.7, 137.7, 142.9, 147.7; MS (El): m/z

(relative intensity) 207 (M*, 100), 131 (27), 91 (68), 65 (23).

1-Benzyl-2-methyl-1H-indole (Table 2.2, entry 12)*

DCM: Hexane = 0.8:1, Ry = 0.7; *H NMR (400 MHz, CDCls) & 2.38 (s, 3H), 5.33
(s, 2H), 6.38 (s, 1H), 7.02 (d, J=7.2 Hz, 2H), 7.13-7.14 (m, 2H), 7.26-7.31 (m,
5H), 7.60- 7.62 (m, 1H); **C NMR (100 MHz, CDCls) § 12.7,, 46.4, 100.4, 109.1,

119.4, 119.6, 120.7, 125.9, 127.2, 128.1, 128.7, 136.6, 137.1, 137.8; MS (El):

m/z (relative intensity) 221 (M", 40), 91 (100).

1-Benzyl-1H-benzoimidazole (Scheme 2.2)*°

CL

Bn
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EA: Hexane = 1:9, Ry = 0.6; *H NMR (400 MHz, CDCl3) & 5.38 (s, 2H), 7.19-
7.22 (m, 2H), 7.28-7.36 (m, 6H), 7.84-7.86 (m, 1H), 7.98 (s, 1H); **C NMR (100
MHz, CDCls) § 48.8, 109.9, 10.4, 122.2, 123.0, 127.0, 128.2, 129.0, 135.4, 143.1,

144.0; MS (EI): m/z (relative intensity) 208 (M*, 57), 91 (100), 65 (14).

General Procedure for preparation of other substituted indole substrates
(Table 2.3, entry 1-5): 1-phenyl-1H-indole,?? 1-(4-methoxyphenyl)-1H-indole,?
5-methoxy-1-(4-methylphenyl)-1H-indole, * 1-(3,5-dimethylphenyl)-5-methoxy-
1H-indole®! and 5-methoxy-1-(o-tolyl)-1H-indole* were prepared from their
corresponding indoles with corresponding substituted bromide/ iodide in the
presence of copper iodide and ligand in dry toluene according to the literature

method. %

1-Phenyl-1H-indole (Table 2.3, entry 1)%
Ph

N

C
DCM: Hexane = 1:3, Ry = 0.6; "H NMR (400 MHz, CDCls) § 6.83-6.84 (m, 1H),
7.33-7.38 (m, 2H), 7.46 (d, J=4.0 Hz, 2H), 7.60-7.63 (m, 4H), 7.71-7.73(m, 1H),
7.84-7.86(m, 1H); **C NMR (100 MHz, CDCls) & 103.5, 110.5, 120.3, 121.0,
122.3, 124.2, 126.3, 127.8, 129.2, 192.5, 135.7, 139.7; MS (EI): m/z (relative

intensity) 193 (M*, 100), 165 (25), 89 (15).

1-(4-Methoxyphenyl)-1H-indole (Table 2.3, entry 2)*
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EA: Hexane = 1:4, R; = 0.4; *H NMR (400 MHz, CDCl5) § 3.91 (s, 3H), 6.69 (dd,
J=0.8, 1.2 Hz, 1H), 7.05-7.09 (m, 2H), 7.17-7.32 (m, 3H), 7.42-7.51 (m, 3H),
7.71 (d, J=0.8 Hz, 1H), 7.73 (d, J=0.8 Hz, 1H); **C NMR (100 MHz, CDCl;) &
55.5,102.8, 110.3, 114.7, 120.0, 120.9, 122.1, 125.9, 128.2, 128.9, 132.8, 136.3,
158.2; MS (El): m/z (relative intensity) 223 (M*, 100), 206 (75), 180 (21), 152

(19).

5-Methoxy-1-(4-methylphenyl)-1H-indole (Table 2.3, entry 3)®
MeO.
0
N

2

Me

EA: Hexane = 1:4, R; = 0.5; *H NMR (400 MHz, CDCls) § 2.45 (s, 3H), 3.89 (s,
3H), 6.61 (d, J=3.2 Hz, 1H), 6.9 (dd, J=2.4, 6.8 Hz, 1H), 7.16 (d, J=2.4 Hz, 1H),
7.31 (d, J=3.2 Hz, 1H), 7.33-7.46 (m, 6H); **C NMR (100 MHz, CDCls) & 21.0,
55.8, 102.6, 102.8, 111.3, 112.3, 124.0, 128.4, 130.1, 131.3, 136.2, 137.5, 154.6;

MS (EI): m/z (relative intensity) 237 (M*, 100), 219 (79), 194 (43).

1-(3,5-Dimethylphenyl)-5-methoxy-1H-indole (Table 2.3, entry 4)*
MeO
o
N
Q\Me

Me
EA: Hexane = 1:50, R; = 0.5; *H NMR (400 MHz, CDCls) § 2.42 (s, 6H), 3.89 (s,

3H), 6.60 (d, J=2.8 Hz, 1H), 6.9 (dd, J=2.0, 6.4 Hz, 1H), 7.00 (s, 1H), 7.15 (t,
J=8.4 Hz, 3H), 7.32 (d, J=3.2 Hz, 1H), 7.48 (d, J=9.2 Hz, 1H); **C NMR (100

MHz, CDCI ;) ¢ 21.2, 55.7, 102.6, 102.8, 111.4, 112.2, 121.7, 127.8, 128.3,
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129.7, 131.0, 139.2, 139.7, 154.4; MS (El): m/z (relative intensity) 251 (M*, 100),

234 (81), 208 (33).

5-Methoxy-1-(o-tolyl)-1H-indole (Table 2.3, entry 5)*

N; Me
D,
MeO
DCM: Hexane = 1:3, R = 0.15; *H NMR (400 MHz, CDCls) & 2.10 (s, 3H), 3.90
(s, 3H), 6.2 (d, J=3.2 Hz, 1H), 6.87 (d, J=2.4 Hz, 1H), 6.96 (d, J=8.8 Hz, 1H),
7.16-7.18 (m, 2H), 7.32-7.39 (m, 4H); *C NMR (100 MHz, CDCl 5) 5 17.6, 55.8,

102.0, 102.4, 111.2, 112.2, 126.7, 128.0, 128.1, 128.6, 129.1, 131.1, 132.3, 135.7,

138.3, 154.3; MS (EIl): m/z (relative intensity) 237 (M*, 100), 222 (91), 194 (27).

General Procedure for the preparation of substituted alkyl indole
substrates (Scheme 2.1): Commercially available substituted indole (10 mmol)
was dissolved in a freshly distilled DMF (15 mL) at room temperature under a
nitrogen atmosphere. KOH (0.67 g, 12 mmol) was then added into the reaction
mixture and kept stirring at room temperature. After all the KOH were dissolved,
allyl bromide/ 2-bromopropane was added dropwisely for 1-allyl-1H-indole®
and 1-isopropyl-1H-indole® respectively. The mixture was then stirred overnight.
25 ml of water was added to the mixture and stirred for 30 min. The mixture was
then extracted with dichloromethane and the organic layer was washed with
water twice. The solvent was then removed by reduced pressure. The crude
product was filtered through a short silica pad (3 x ~10 cm) and washed with
DCM/ hexane/ 0.2 ml triethylamine. The solution was evaporated and then dried

under vacuum to afford desired products.
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1-Allyl-1H-indole (Scheme 2.1)*

Nf\
D,

DCM: Hexane = 1:3, Ry = 0.5; "H NMR (400 MHz, CDCl5) & 4.80-4.82 (m, 2H),
5.20 (d, J=17.2 Hz, 1H), 5.30-5.33 (m, 1H), 6.05-6.15 (m, 1H), 6.66 (s, 1H), 7.21
(d, J=2.8 Hz, 1H), 7.24-7.46 (m, 3H), 7.77-7.80 (m, 1H); *C NMR (100 MHz,
CDCls) 6 48.7, 101.3, 109.5, 117.11, 119.3, 120.8, 121.4, 127.7, 128.6, 133.4,
136.0; MS (El): m/z (relative intensity) 156 (M*, 100), 130 (47), 116 (19), 89

(19).

1-1sopropyl-1H-indole (Scheme 2.1)*

Me

J/Me
D

DCM: Hexane = 1:3, R; = 0.6; *H NMR (400 MHz, CDCl5) § 1.70 (dd, J=1.2, 5.2
Hz, 6H), 4.79-4.89 (m, 1H), 6.75 (s, 1H), 7.32-7.45 (m, 3H), 7.58-7.60 (m, 1H),
7.87-7.89 (m, 1H); *C NMR (100 MHz, CDCls) & 22.6, 46.8, 101.0, 119.1,
120.8, 121.0, 123.4, 128.5, 135.4; MS (EI): m/z (relative intensity) 159 (M", 51),

144 (100), 117 (40), 89 (19).

2.4.3 General Procedures for Initial Reaction Conditions Screening

General Procedure for reaction condition screenings: Pd(OAc), (2.3 mg,
0.010 mmol), PhI(OACc), (0.75 mmol), benzyl indoles (0.5 mmol) and base (0.6
mmol) were loaded into a Schlenk tube equipped with a Teflon-coated magnetic
stir bar. The tubes were evacuated and backfilled with nitrogen (3 cycles). The
solvent (1.0 mL) was added with stirring at room temperature for several minutes.

The tube was then placed into a preheated oil bath (70 °C) and stirred for the
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time as indicated. After completion of reaction, the reaction tube was allowed to
cool to room temperature. Ethyl acetate (~2 mL), dodecane (113 pL, internal
standard) and water were added. The organic layer was subjected to GC analysis.
The GC yield obtained was previously calibrated by authentic sample/dodecane

calibration curve.

2.4.4 General Procedures for Acetoxylation of Substituted Indoles

General procedures for acetoxylation of N-substituted indoles (the Pd
catalysts loading range from 2-5 mol%): Pd(OAc),, PhI(OAc),; (1.0 mmol), N-
substituted indoles (0.5 mmol) and KOAc (0.6 mmol)were loaded into a Schlenk
tube equipped with a Teflon-coated magnetic stir bar. The tube was evacuated
and flushed with nitrogen for three times. The solvent acetonitrile (1.0 mL) was
then added with stirring at room temperature for several minutes. The tube was
then placed into a preheated oil bath (70 °C/ 25 °C) and stirred for the time as
indicated in Table 2.2 and 2.3. After completion of reaction as judged by GC
analysis, the reaction tube was allowed to cool to room temperature and
quenched with sodium bisulfate solution and water. Ethyl acetate was then
added for dilution. The organic layer was separated and the aqueous layer was
washed with ethyl acetate. The filtrate was concentrated under reduced pressure.
The crude products were purified by flash column chromatography on silica gel

(230-400 mesh) to afford the desired product.
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2.4.5 General Procedures for the Reaction of Acetoxyindole with 2-
Chloro-N,N-dimethylethylamine Hydrochloride

General procedures for the reaction of acetoxyindole with 2-chloro-N,N-
dimethylethylamine hydrochloride: Acetoxyindole (0.5 mmol) was dissolved in
a freshly distilled dry THF (4 ml) at room temperature under a nitrogen
atmosphere. KOH (0.28 g, 5 mmol) and 2-chloro-N,N-dimethylethylamine
hydrochloride (0.43 g, 3 mmol) were then added and the mixture was stirred at
60°C overnight. After completion of reaction as judged by GC analysis, the
reaction tube was allowed to cool to room temperature and 5 ml of water was
added to the mixture. Chloroform (CHCI3) was then added for dilution. The
organic layer was separated and the aqueous layer was washed with CHCl;. The
filtrate was concentrated under reduced pressure. The crude products were
purified by flash column chromatography on silica gel (230-400 mesh) to afford

the desired product.
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2.5 Characterization Data of Acetoxyindole and Related

Products

1-Benzyl-1H-indol-3-yl acetate (Table 2.2, entry 1-3; Scheme 2.3)®

Bn
N
v
OAc
EA: Petroleum ether: EtsN = 1:9: 0.1, Ry = 0.3; *H NMR (400 MHz, CDCls) &
2.39 (s, 3H), 5.30 (s, 2H), 7.16-7.26 (m, 4H), 7.29-7.38 (m, 5H), 7.62-7.64 (m,
1H); **C NMR (100 MHz, CDCls) § 20.9, 50.0, 109.6, 117.2, 117.6, 119.5, 120.3,

1225, 126.7, 127.6, 128.7, 129.7, 133.3, 137.1, 168.4; MS (EI): m/z (relative

intensity) 265 (M*, 20), 223 (89), 91 (100).

1-Benzyl-5-cyano-1H-indol-3-yl acetate (Table 2.2, entry 4)

Bn
N
oW
NC
OAc
EA: Petroleum ether: EtsN = 1: 2: 0.1, R; = 0.5; *"H NMR (400 MHz, CDCls) &
2.38 (s, 3H), 5.29 (s, 2H), 7.13 (dd, J=1.2, 6.0 Hz, 2H), 7.30-7.41 (m, 5H), 7.50
(s, 1H), 7.96 (dd, J=0.4, 1.2 Hz, 1H); *C NMR (100 MHz, CDCls) & 20.7, 50.3,
102.6, 110.5, 119.4, 120.1, 123.5, 125.1, 126.7, 128.0, 128.8, 129.8, 134.2, 135.9;

MS (EI): m/z (relative intensity) 290 (M*, 9), 248 (57), 91 (100); HRMS: calcd.

for C1gH15N20,": 291.1134, found 291.1140.

1-Benzyl-5-fluoro-1H-indol-3-yl acetate (Table 2.2, entry 5)

Bn

N,
oW,
F

OAc
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EA: Petroleum ether: EtsN = 1: 9: 0.1, Rt = 0.4; *H NMR (400 MHz, CDCls) &
2.38 (s, 3H), 5.26 (s, 2H), 6.95-7.00 (m, 1H), 7.14-7.21 (m, 3H), 7.26-7.36 (m,
4H), 7.42 (s, 1H); **C NMR (100 MHz, CDCls) & 20.8, 50.3, 102.5, 102.7, 110.6,
110.7,110.9, 111.2, 119.0, 120.4, 120.5, 126.7, 127.7, 128.7, 129.5, 129.9, 136.8,
156.5, 158.8, 168.3; MS (EI): m/z (relative intensity) 283 (M", 14), 241 (69), 91

(100); HRMS: calcd. for C17H1sNO,F": 284.1087, found 284.1048.

1-Benzyl-5-bromo-1H-indol-3-yl acetate (Table 2.2, entry 6)

IBn

N
IOV,
Br

OAc

EA: Petroleum ether: EtsN = 1: 9: 0.1, R; = 0.3; *H NMR (400 MHz, CDCls) &
2.37 (s, 3H), 5.24 (s, 2H), 7.12-7.26 (m, 3H), 7.28-7.33 (m, 4H), 7.38 (s, 1H),
7.76 (dd, J=0.4, 1.2Hz, 1H); **C NMR (100 MHz, CDCls) & 20.8, 50.2, 111.2,
112.8, 118.4, 120.2, 121.9, 125.3, 126.6, 127.8, 128.7, 131.8, 136.6, 168.2; MS
(EN: m/z (relative intensity) 343 (M", 8), 301 (43), 91 (100); HRMS: calcd. for

C17H14NO2NaBr*: 366.0106, found 366.0117.

1-Benzyl-5-methoxy-1H-indol-3-yl acetate (Table 2.2, entry 7)
OAcC

MeO. :: l
\
N

Bn

EA: Petroleum ether: EtsN = 1: 4: 0.1, Rt = 0.5; *"H NMR (400 MHz, CDCls) &
2.40 (s, 3H), 3.90 (s, 3H), 5.24 (s, 2H), 6.89-6.92 (m, 1H), 7.05 (s, 1H), 7.14-
7.19 (m, 3H), 7.28-7.36 (m, 4H); *C NMR (100 MHz, CDCl3) § 20.9, 50.1, 55.6,
98.7, 110.7, 113.2, 117.8, 120.4, 126.6, 127.5, 128.6, 129.3, 137.25, 154.0, 168.4;
MS (EI): m/z (relative intensity) 295 (M", 25), 253 (100), 162 (26), 91 (90);

HRMS: calcd. for C1gH1sNO3*: 296.1287, found 296.1290.
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1-Benzyl-5-methyl-1H-indol-3-yl acetate (Table 2.2, entry 8)

Me. :: ,4
\
N

Bn

EA: Petroleum ether: EtsN = 1: 6: 0.1, R; = 0.5; *"H NMR (400 MHz, CDCls) &
2.40 (s, 3H), 2.51 (s, 3H), 5.27 (s, 2H), 7.06-7.18 (m, 4H), 7.28-7.36 (s, 4H),
7.42 (t, J=0.8Hz, 3H); **C NMR (100 MHz, CDCl3) § 20.9, 21.3, 50.0, 109.4,
117.1, 117.3, 120.5, 124.2, 126.7, 127.5, 128.6, 128.8, 129.2, 131.8, 137.3; MS
(E): m/z (relative intensity) 279 (M", 23), 257 (100), 146 (31), 91 (94); HRMS:

calcd. for C1gH1sNO,": 280.1338, found 280.1339.

1-Benzyl-7-methoxy-1H-indol-3-yl acetate (Table 2.2, entry 9)
OAc

A\

N
Bn
OMe

EA: Petroleum ether: Et;N = 1: 6: 0.1, Ry = 0.45; 'H NMR (400 MHz, CDCls) &
2.38 (s, 3H), 3.88 (s, 3H), 5.63 (s, 2H), 6.7 (d, J=7.6Hz, 1H), 7.05-7.10 (m, 1H),
7.18-7.34 (m, 7H); *C NMR (100 MHz, CDCls) & 20.8, 52.4, 55.2, 103.3, 110.2,
118.0, 120.0, 122.4, 123.1, 126.7, 127.1, 128.4, 129.8, 139.2, 147.4, 168.3; MS
(EN: m/z (relative intensity) 295 (M*, 33), 253 (100), 162 (16), 91 (64); HRMS:

calcd. for C1gH1sNO5™: 296.1287, found 296.1293.

1-Benzyl-7-methyl-1H-indol-3-yl acetate (Table 2.2, entry 10)
OAc

Bn
Me

EA: Petroleum ether: Et;N = 1: 9: 0.1, R; = 0.45; 'H NMR (400 MHz, CDCls) &
2.38 (s, 3H), 2.54 (s, 3H), 5.55 (s, 2H), 6.92-6.98 (m, 3H), 7.04 (t, J=7.2Hz, 1H),

7.25-7.45 (m, 4H), 7.47 (d, J=0.4Hz, 1H); **C NMR (100 MHz, CDCls) § 19.5,
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20.9, 52.2, 1155, 118.9, 119.8, 121.2, 121.4, 125.4, 127.3, 128.8, 129.7, 132.2,
139.2, 168.4; MS (EI): m/z (relative intensity) 279 (M", 25), 237 (83), 146 (41),

91 (100); HRMS: calcd. for C1gH;7NO;Na™: 302.1157, found 302.1157.

1-Benzyl-1H-pyrrolo[2,3-b]pyridine-3-yl acetate (Table 2.2, entry 11)
OAcC

EA: Petroleum ether: EtsN = 1: 6: 0.1, R; = 0.5; *"H NMR (400 MHz, CDCls) &
2.34 (s, 3H), 5.50 (s, 2H), 7.10-7.14 (dd, J=0.8, 3.2 Hz, 1H), 7.24-7.35 (m, 6H),
7.89 (dd, J=1.6, 6.4 Hz, 1H), 7.10-8.40 (t, J=3.2Hz, 1H); *C NMR (100 MHz,
CDCls) 6 20.7, 47.5, 112.7, 115.7, 116.7, 126.2, 127.4, 127.6, 127.9, 128.6,
137.3, 143.8, 144.0; MS (El): m/z (relative intensity) 266 (M", 16), 224 (92), 147

(18), 91 (100); HRMS: calcd. for C1gH1sN20,": 267.1134, found 267.1130.

1-Benzyl-2-methyl-1H-indol-3-yl acetate (Table 2.2, entry 12)

ﬁn
N
@Me

OAc
EA: Petroleum ether: EtsN = 1: 4: 0.1, R; = 0.7; *H NMR (400 MHz, CDCls) &
2.28 (s, 3H), 2.44 (s, 3H), 5.31 (s, 2H), 7.04 (d, J=6.8 Hz, 2H), 7.14-7.20 (m,
2H), 7.25-7.34 (m, 4H), 7.45-7.47 (m, 1H); *C NMR (100 MHz, CDCls) § 9.0,
20.5, 46.4, 109.3, 116.7, 119.6, 120.7, 121.4, 125.6, 125.9, 126.5, 127.3, 128.7,

133.9, 137.5, 169.3; MS (EI): m/z (relative intensity) 279 (M*, 23), 237 (100),

146 (35), 91 (91); HRMS: calcd. for C1gH1sNO,": 280.1338, found 280.1341.

1-Phenyl-1H-indol-3-yl acetate (Table 2.3, entry 1)*

Ph

Cr

OAc
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EA: Petroleum ether: EtsN = 1: 9: 0.1, Rt = 0.4; *H NMR (400 MHz, CDCls) &
2.44 (s, 3H), 7.25-7.33 (m, 2H), 7.37-7.41 (m, 1H), 7.54-7.70 (m, 7H); °C NMR
(100 MHz, CDCls) 6 20.9, 110.5, 116.9, 117.7, 120.3, 121.1, 123.1, 124.3, 126.3,
129.5, 131.4, 132.7, 139.3, 168.3; MS (EI): m/z (relative intensity) 251 (M, 18),

209 (100), 180 (33), 77 (20).

1-(4-Methoxyphenyl)-1H-indol-3-yl acetate (Table 2.3, entry 2)*’

EA: Petroleum ether: EtsN = 1: 4: 0.1, Ry = 0.5; *"H NMR (400 MHz, CDCls) &
2.43 (s, 3H), 3.90 (s, 3H), 7.04-7.08 (m, 2H), 7.21-7.30 (m, 2H), 7.43-7.44 (m,
3H), 7.45 (s, 1H), 7.47-7.69 (m, 1H); *C NMR (100 MHz, CDCls)  20.8, 55.4,
110.3, 114.6, 117.3, 117.6, 120.0, 120.7, 122.9, 125.9, 130.9, 132.2, 133.2, 158.1,
168.3; MS (El): m/z (relative intensity) 281 (M", 22), 239 (100), 210 (15), 77

(12).

5-Methoxy-1-(4-methylphenyl)-1H-indol-3-yl acetate (Table 2.3, entry 3)

Me

>
Weos

OAc

EA: Petroleum ether: EtsN = 1: 4: 0.1, Rt = 0.5; *"H NMR (400 MHz, CDCls) &
2.44 (d, J=6.8 Hz, 3H), 3.92 (s, 3H), 6.93 (dd, J=2.0, 6.8 Hz, 1H), 7.07 (d, J=2.8
Hz, 1H), 7.32 (d, J=4.0, 2H), 7.39-7.46 (m, 5H), 7.56 (s, 1H); *C NMR (100

MHz, CDCls) & 20.8, 20.9, 55.7, 98.8, 111.6, 113.5, 117.5, 121.2, 123.9, 128.1,
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130.0, 130.9, 136.0, 136.9, 154.4, 158.3; MS (EIl): m/z (relative intensity) 295
(M*, 22), 253 (100), 210 (15); HRMS: calcd. for C1gH;1sNO3": 296.1287, found

296.1295.

1-(3,5-Dimethylphenyl)-5-methoxy-1H-indol-3-yl acetate (Table 2.3, entry 4)

Me

Qm
N
IO,
MeO

OAc

EA: Petroleum ether: EtsN = 1: 4: 0.1, Rt = 0.5; *H NMR (400 MHz, CDCls) &
2.43 (d, J=3.6 Hz, 9H), 3.93 (s, 3H), 6.95 (dd, J=2.8, 6.4 Hz, 1H), 7.00 (s, 1H),
7.07 (d, J=2.4 Hz, 1H), 7.14 (s, 2H), 7.50 (d, J=8.8 Hz, 1H), 7.58 (s, 1H); **C
NMR (100 MHz, CDCl3) 6 20.9, 21.2, 55.7, 98.7, 111.7, 1135, 117.4, 121.3,
121.7, 127.8, 128.0, 131.0, 139.2, 139.3, 154.4, 158.3; MS (EI): m/z (relative
intensity) 309 (M", 24), 267 (100), 251 (18); HRMS: calcd. for CigH20NO5":

310.1443, found 310.1454.

5-Methoxy-1-o-tolyl-1H-indol-3-yl acetate (Table 2.3, entry 5)

N; Me
IO,
MeO

OAc

EA: Petroleum ether: EtsN = 1: 4: 0.1, R; = 0.7; *H NMR (400 MHz, CDCls) §
2.13 (s, 3H), 2.43 (s, 3H), 3.92 (s, 3H), 6.88-6.97 (m, 2H), 7.09 (d, J=2.0 Hz,
1H), 7.33-7.43 (m, 5H); *C NMR (100 MHz, CDCls) & 17.5, 20.9, 55.7, 98.7,
111.6, 113.5, 118.3, 120.2, 126.6, 128.1, 128.1, 129.3, 130.4, 131.1, 135.7, 137.8,
154.3, 168.2; MS (El): m/z (relative intensity) 295 (M, 23), 253 (100), 238 (20);

HRMS: calcd. for C1gH;7NOsNa™: 318.1106, found 318.1093.

64



1-Allyl-1H-indol-3-yl acetate (Scheme 2.1)
N\

N
W
OAc
EA: Petroleum ether: EtsN = 1: 9: 0.1, Rt = 0.5; *H NMR (400 MHz, CDCls) &
2.39 (s, 3H), 4.70-4.72 (m, 2H), 5.12-5.14 (m, 1H), 5.17-5.18 (m, 1H), 5.22-5.26
(m, 1H), 5.96-6.06 (m, 1H), 7.14-7.18 (m, 1H), 7.24-7.28 (m, 1H), 7.31-7.33 (m,
2H), 7.58-7.61 (m, 1H); *C NMR (100 MHz, CDCls) § 20.9, 48.7, 109.5, 116.8,
117.4, 1175, 119.4, 120.3, 122.3, 129.5, 133.1, 133.1, 168.3; MS (El): m/z

(relative intensity) 215 (M, 28), 173 (100), 132 (76); HRMS: calcd. for

C13H13NO2Na™: 238.084, found 238.0851.

1-Isopropyl-1H-indol-3-yl acetate (Scheme 2.1)

OAc

EA: Petroleum ether: Et;N = 1: 9: 0.1, R; = 0.45; 'H NMR (400 MHz, CDCls) &
1.56 (d, J=6.8 Hz, 6H), 2.41 (s, 3H), 4.68-4.75 (m, 1H), 7.16-7.20 (m, 1H), 7.27-
7.31 (m, 1H), 7.41 (d, J=8.4 Hz, 1H), 7.47 (s, 1H), 7.63 (d, J=8.0 Hz, 1H); **C
NMR (100 MHz, CDCIs) 6 20.8, 22.5, 47.0, 109.3, 112.7, 117.5, 119.1, 120.1,
121.9, 129.5, 132.4, 168.5; MS (El): m/z (relative intensity) 217 (M", 34), 175
(89), 160 (100), 132 (44); HRMS: calcd. for C13H1sNO,Na*: 240.1000, found

240.1002.

1-Methyl-2-phenyl-1H-indol-3-yl acetate (Scheme 2.1)

Me

N
/ Ph
OAc

EA: Petroleum ether: EtsN = 1: 9: 0.1, R; = 0.5; *H NMR (400 MHz, CDCls) &

2.33 (s, 3H), 3.72 (s, 3H), 7.21-7.25 (m, 1H), 7.31-7.35 (m, 1H), 7.41-7.57 (m,
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7H); ©C NMR (100 MHz, CDCl5) 5 20.4, 30.8, 109.7, 117.3, 119.9, 120.5, 122.4,
126.4, 128.2, 128.5, 129.4, 130.0, 134.9, 169.8; MS (EI): m/z (relative intensity)
265 (M*, 13), 223 (100); HRMS: calcd. for Cy7HigNO,": 266.1181, found

266.1173.

1-Methyl-1H-indol-3-yl acetate (Scheme 2.3)*®

Me
N
v
OAc
EA: Hexane: EtsN = 1:4: 0.1, Ry = 0.5; *H NMR (400 MHz, CDCls) § 2.39 (s,
3H), 3.77 (s, 3H), 7.14-7.18 (m, 1H), 7.26-7.34 (m, 3H), 7.57-7.60 (m, 1H); °C
NMR (100 MHz, CDCls) 6 20.9, 32.7, 109.2, 117.4, 117.8, 119.2, 120.0, 122.2,

129.0, 133.6, 168.7; MS (El): m/z (relative intensity) 189 (M*, 21), 147 (100),

132 (11), 77 (13).

N,N-Dimethyl-2-(1-methyl-1H-indol-3-yloxy)ethanamine (Scheme 2.3)

\/\o i\ Z§

Me=pN
Me

MeOH: CHCl; = 1: 9, R; = 0.45; *H NMR (400 MHz, C¢Ds) & 2.18 (s, 6H), 2.64
(t, J=6.0 Hz, 2H), 2.97 (s, 3H), 3.98 (t, J=6.0 Hz, 2H), 6.11 (s, 1H), 6.98 (d,
J=8.0 Hz, 1H), 7.09-7.22 (m, 2H), 7.94 (d, J=8.0 Hz, 1H); *C NMR (100 MHz,
CsDs) 0 31.9, 46.0, 58.7, 70.0, 109.2, 110.0, 118.5, 118.7, 120.6, 122.5, 135.3,
140.4; MS (EI): m/z (relative intensity) 218 (M, 8), 146 (10), 72 (100), 58 (33) ;

HRMS: calcd. for C13H19N,0": 219.1497, found 219.15086.
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N,N-Dimethyl-2-(1-benzyl-1H-indol-3-yloxy)ethanamine (Scheme 2.3)
Bn
N
Y
O

Me~pN
Me

MeOH: CHCl; = 1: 9, R; = 0.5; *H NMR (400 MHz, C¢Ds) 5 2.16 (s, 6H), 2.62 (t,
J=6.0 Hz, 2H), 3.93 (t, J=8.0 Hz, 2H), 4.68 (s, 2H), 6.27 (s, 1H), 6.81-6.84 (m,
2H), 6.97-7.03 (m, 4H), 7.07-7.16 (m, 2H), 7.96-7.98 (m, 1H); **C NMR (100
MHz, C¢Ds) 6 46.6, 50.1, 59.2, 70.4, 109.6, 110.2, 119.4, 119.5, 121.5, 123.6,
127.4,128.1, 128.3, 129.4, 135.7, 139.1, 141.6; MS (EI): m/z (relative intensity)
294 (M*, 7), 91 (32), 72 (100), 58 (23) ; HRMS: calcd. for CigH23N,O":

295.1810, found 295.1796.
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Chapter 3 Palladium-Catalyzed ortho-CH-Bond

Oxygenation of Aromatic Ketones

3.1 Introduction

Phenols bearing an acyl group are important and commonly found sub-unit
in a number of drug-relevant and bioactive molecules (Figure 3.1)." In particular,
ortho-acylphenols are versatile synthetic building blocks for preparing various
pharmaceuticals and natural products.? Thus, method development for accessing

this structural motif is of high interest.

OH O

ey JO

Me

o v Y]
_ glu

OH O

€~ Me .
OMe HO Me NMe,
Olympicin A Hesperidin OH Tetracycline

Figure 3.1. Pharmaceuticals and natural products bearing ortho-acylphenol skeleton

Transition metal-catalyzed directed Cp2)-H bond cleavage/Csp2)-O bond
formation approach is a desirable protocol. Sanford, Yu, Rao and Lei groups
recently showed that Ru, Cu, Pd complexes could be applied in hydroxylation of
substituted arenes and carboxylic acid salts.®> However, additional steps are
necessary to directly obtain the phenol with ketone moiety. Therefore, it would
be attractive to access ortho-acylphenols if ketone group could be directly

employed as the directing group for direct C(sp2)-H bond oxygenation.

Inspired by the need for efficient synthesis of ortho-acylphenol motifs

from arylketones, we started to embark this challenge by using a Pd-catalyzed
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arene oxygenation approach. In continuing our research program on Pd-
catalyzed ortho-acylaniline synthesis* and direct C-H acetoxylation, herein we
report our investigation on the ketone-directed ortho-oxygenation of aromatic
ketones.  This protocol demonstrates a straightforward access of ortho-
acylphenol frameworks and also allows enolizable ketones to react smoothly. In
particular, halo groups are found to be compatible under these mild reaction
conditions (80 °C).  The hydroxylation of aryl ketone protocol is attractive as
aryl ketones have rich available feedstock and can be prepared in one step
through electrophilic aromatic acylation, benzylic oxidations or other related

means.

3.2 Result and Discussion

3.2.1 Preliminary Evaluation of Palladium-Catalyzed Oxygenation of
Aromatic Ketones

In order to test the feasibility of the palladium-catalyzed oxygenation of
aromatic ketones, we initially started our investigation by using benzophenone as
the model substrate (Table 3.1). Commonly used oxidants were examined
(entries 1-4). A more electrophilic oxidants, PhI(OTFA),, was found
significantly better than PhI(OAc), (entry 3 vs 4). However, there was no
essential difference between Pd(OAc), and Pd(OTFA), when they were used as
the pre-catalysts (entry 10 vs 12). A screening of solvent revealed that DCE was
the solvent of choice (entries 4-7). Lowering the catalyst loading to 5 mol % Pd

was found capable (entries 8-10). Indeed, the initial product formed from this
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reaction was the 2-trifluoroacetoxylbenzophenone. Upon aqueous workup, the

desired hydrolyzed phenolic product was obtained.

Table 3.1. A screening of Pd-catalyzed ortho-oxygenation reaction conditions?

i oxidant 4
B solvent 7
~ e S la
entry Pd (mol %) oxidant solvent  temp/°C % yield"
1 Pd(OACc); (10) BQ DCE 80 0
2 Pd(OAc);, (10) K2S,0s DCE 80 0
3 Pd(OAc);, (10) Phl(OAC), DCE 80 0
4 Pd(OAc), (10)  PhI(OTFA), DCE 80 82
5 Pd(OAc), (10)  PhI(OTFA),  toluene 110 0
6 Pd(OAc), (10)  PhI(OTFA),  dioxane 80 4
7 Pd(OAc); (10)  PhI(OTFA),  THF 80 6
8 Pd(OAc), (1)  PhI(OTFA), DCE 80 5
9 Pd(OAc), (2)  PhI(OTFA),  DCE 80 45
10 Pd(OAc), (5)  PhI(OTFA),  DCE 80 79 (71)
11  Pd(OAc); (10) PhI(OTFA),  DCE 50 10
12 Pd(TFA), (5)  PhI(OTFA); DCE 80 80
13 Pd(TFA), (5) Phl(OAC), DCE 80 0
14° Pd(OACc); (10) Phl(OAC), CHsCN 80 0

®Reaction conditions: Benzophenone (0.5 mmol), Pd source (mol % as indicated), oxidant (1.0
mmol) and solvent (2.0 mL) were stirred at specified reaction temperature for 2 h under air.
bCalibrated GC yields were reported using dodecane as the internal standard. Isolated yield in
parenthesis. “KOAc was added as base.

3.2.2 Scope of Palladium-Catalyzed Oxygenation of Aromatic Ketones

With our optimized reaction conditions in hand, we next tested the

substrate scope of this oxgyenation reaction (Table 3.2).
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Table 3.2. Pd-catalyzed ortho-oxygenation of benzophenone derivatives?

O 5 mol % Pd(OAc), O OH
PhI(OTFA),
B —% > = Z
Ry | SR DCE R | TR
Z “ 19 80°C,2h X N~ 1a9a
entry ArC(O)Ar' product % yieldP®
(0] (0]
1 1 ~ | la 81
x
(0] (0]
2 | = 2 | A 2a 70
MeO = OMe MeO = OMe
(@] (@]
F F
o o]
72

N
<
$

I
<

zﬂb
I
D

Me O Me O
(e} (0]
6¢ 6 |\ 6a 86
Me Me Me = Me
(@] (0]
7d 6 |\ 6b 68
Me Me Me Z Me
(0] (e} (e}
© *
Me X Me Me
7 Ta 7b
7a:7b =1:1
(@] (@] (@]
cl cl = cl
8 8a ga:8b =201 B8P
(0] (0] (0]
Br & Br & 7 Br
9 9a 9b
9a:9b = 20:1

®Reaction conditions: Substituted benzophenones 1-9 (0.5 mmol), Pd(OAc), (5 mol %),
PhI(OTFA), (1.0 mmol) and DCE (2.0 mL) were stirred at 80 °C for 2 h under air. "Isolated
yields were reported. “0.75 mmol of PhI(OTFA), was used. “1.2 mmol of PhI(OTFA), was used.
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The aromatic ketones proceeded smoothly to give the corresponding
product in good yields. Fluoro, chloro and bromo groups were compatible under
these reaction conditions (entries 3, 9-10). This halo group tolerance is versatile
for further modification of ortho-acylphenol using traditional cross-coupling
technology.® Apart from the symmetrical diarylketones, we also probed the
hydroxylation regioselectivity of the unsymmetrical diarylketones (entries 3-5, 8-
10). Steric effect allowed regioselective hydroxylation of the unsubstituted
phenyl ring (entries 4-5). The electron-withdrawing group on the unsymmetrical
diarylketones offered a regioselective electrophilic palladation on other phenyl
ring. Essentially complete regioselectivity was observed when 4-
fluorobenzophenone was employed (entry 3). Less electron-withdrawing groups
(e.g. —ClI & -Br) provided regioselectivity as high as 20 to 1 (entries 9-10). On
contrary, no regioselective hydroxylation was observed when tolylphenylketone
was used (entry 8). Addition of 2.4 equivalents of PhlI(OTFA), promoted
dihydroxylation product (entry 7). When benzophenone substituted with

electron-withdrawing group, the hydroxylation process was failed (Scheme 3.1).

O @) (0]
0% 0% 0%

Scheme 3.1. Unsuccessful substrates in the hydroxylation protocol

3.2.3 Scope of Palladium-Catalyzed Oxygenation of Arylalkylketones

Enolizable arylalkylketones were also examined in this Pd-catalyzed ortho-
oxygenation reaction (Scheme 3.2). Tetralone reacted smoothly to give

corresponding product in good yield (10a). Cyclohexylphenylketone and
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cyclopropylarylketones furnished the hydroxylated products without being
affected by the substituted groups at the para-position (13a-15a, with respected
to the acyl group). Primary alkyl arylketone (e.g. acetophenone & p-OMe-
acetophenone) proceeded to form the desired products 16a and 17a. In general,
lower yield was obtained since the alpha-proton of primary alkylarylketones can

be easily oxidized through Baeyer-Villiger-type oxidation to give side-products.

(0] 10 mol % Pd(OAc), O

PhI(OTFA),
X R' —_— = R'
R DCE RC ]
Z  10-19 80 °C, 2-16 h X 10a-19a
Q o
Me\f;ilj o o
i C t MeO” i
Me ¢

10a, 74% 11a, 78%¢ 12a, 82% 13a, 66%
0
(0] O (0]
Me
Me
cl F
OMe
14a, 60% 15a, 63% 16a, 51¢ 17a, 63¢
0 0
©/Lkn-8u ©)J\I-Bu
18a, 50% 19a, 62%

Scheme 3.2. Pd-catalyzed ortho-oxygenation of alkylarylketones (Reaction conditions:
Substituted benzophenones 10-19 (0.5 mmol), Pd(OAc), (10 mol %), PhI(OTFA), (1.0
mmol) and DCE (2.0 mL) were stirred at 80 °C for 2 h under air. "Isolated yields were
reported. °16 h were used. 5 mol% of Pd(OAc), was used, and 0.2 mmol of
PhI(OTFA), was used.)

Shaliisaulicas
db*iﬁb@é
Sesleecacelven

Scheme 3.3. Unsuccessful arylalkylketones in the hydroxylation protocol
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3.2.4 Application of Palladium-Catalyzed Oxygenation of
Arylalkylketones

The hydroxylated arylalkyl ketone products are versatile materials for
synthesizing various substituted flavones through a modular assembly with
arylaldehydes (Scheme 3.4).” Importantly, the t-butylphenyl ketone was
applicable in this reaction. This substrate was found to be problematic in Fries

rearrangement.’

CHO 5096 NaOH
@)‘\ @ ethanol ‘\)J\/\‘
rt, 12 h DMSO
OH

120°C, 24 h

20, 66%
(2 steps)

Scheme 3.4. Application of the hydroxylated product for the modular synthesis of flavones

3.2.5 Proposed Mechansim of Palladium-Catalyzed Oxygenation of

Aromatic Ketone

H O

? Pd(OAc), R
R ©otrFa
S)
OAc \
——> Pd(OTFA), electrophilic
Taq workup i palladation
- ,|,2,
P QwnPd—
o |
R
R 0
‘\ OrvPd-
| X
RE. R _ oxidant ‘

PA(IV)

Scheme 3.5. Proposed mechanism of Pd-catalyzed oxygenation of aryl ketones

For the mechanism of oxygenation, there is a ligand exchange for
Pd(OAc); to PA(OTFA), for the first step. After that, similar mechanism was

carried out with that of acetoxylation. Electrophilic plladation of aryl ketones
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occurred that the Pd(Il) coordinated to the ketone carbonyl oxygen and then
undergo chelate-directed C-H activation to afford a cylcophalladium(Il) dimeric
intermediate.  Then, subsequent oxidation occur from Pd(ll) to Pd(IV)
complexes. Reductive elimination was then followed to give the
trifluoroacetated products and regenerate the Pd(Il) species. Finally, the
trifluoroacetated aryl ketones was converted into the hydroxylated ketone after

aqueous workup.

3.3 Conclusion

In summary, we have reported the first ketone-directed Pd-catalyzed
oxygenation of arenes. This protocol represents a direct and facile approach for
accessing a variety of ortho-acylphenol compounds from arylketones. In view of
the rich feedstock of arylketones in nature, we believe this method has a
significant value in organic synthesis. In particular, the success of this research
would inspire further explorations of simple ketone-directed C-H bond

functionalizations.

3.4 Experimental Section

3.4.1 General Considerations

Unless otherwise noted, all reagents were purchased from commercial
suppliers and used without purification. All oxygenation reactions were

performed in reaction tube (approx. 10 mL volume) equipped with a septum in
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the presence of Teflon coated magnetic stirrer bar (3 mm x 10 mm).
Dichloroethane (DCE) was distilled under calcium hydride under reduced
pressure. Dioxane and tetrahydrofuran (THF) were distilled from sodium under
nitrogen. Acetonitrile was distilled from calcium hydride under nitrogen prior to
use. Thin layer chromatography was performed on Merck precoated silica gel 60
Fas4 plates. Silica gel (Merck, 70-230 and 230-400 mesh) was used for column
chromatography. *H NMR spectra were recorded on a Bruker (400 MHz) or
Varian (500 MHz) spectrometer. Spectra were referenced internally to the
residual proton resonance in CDClz (6 7.26 ppm), or with tetramethylsilane
(TMS, 6 0.00 ppm) as the internal standard. Chemical shifts (5) were reported as
part per million (ppm) in & scale downfield from TMS. *C NMR spectra were
referenced to CDClIs (6 77.0 ppm, the middle peak). Coupling constants (J) were
reported in Hertz (Hz). Mass spectra (EI-MS and ES-MS) were recorded on a
HP 5989B Mass Spectrometer. High-resolution mass spectra (HRMS) were
obtained on a Briker APEX 47e FT-ICR mass spectrometer (ESIMS). GC-MS
analysis was conducted on a HP 5973 GCD system using a HP5MS column (30
m x 0.25 mm). The products described in GC yield were accorded to the

authentic samples/dodecane calibration standard from HP 6890 GC-FID system.

3.4.2 General Procedures for Initial Reaction Conditions Screening

General Procedure for reaction condition screenings: Pd(OAc); (11.2 mg,
0.05 mmol), oxidant (1.0 mmol), benzophenone (0.5 mmol) and solvent (2.0 mL)
were loaded into a reaction tube equipped with a septum in the presence of
Teflon coated magnetic stirrer bar under air. The tube was then placed into a

preheated oil bath (80 °C) and stirred for the time as indicated. After completion
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of reaction, the reaction tube was allowed to cool to room temperature. Ethyl
acetate (~2 mL), dodecane (113 pL, internal standard) and water were added.
The organic layer was subjected to GC analysis. The GC yield obtained was

previously calibrated by authentic sample/dodecane calibration curve.

3.4.3 General Procedures for Oxygenation of Aromatic Ketones

General procedures for oxygenation of aromatic ketones (the Pd catalysts
loading range from 5-10 mol%): Pd(OAc),, PhI(OTFA), (1.0 mmol), aromatic
ketones (0.5 mmol) and DCE (2.0 mL) were loaded into a reaction tube equipped
with a septum in the presence of Teflon coated magnetic stirrer bar under air.
The tube was then placed into a preheated oil bath (80 °C) and stirred for the
time as indicated. After completion of reaction as judged by GC analysis, the
reaction tube was allowed to cool to room temperature and quenched with water.
Ethyl acetate was then added for dilution. The organic layer was separated and
the aqueous layer was washed with ethyl acetate. The filtrate was concentrated
under reduced pressure. The crude products were purified by flash column

chromatography on silica gel (230-400 mesh) to afford the desired product.

3.4.4 General Procedures for Further Synthesis of Flavones

General procedures for further synthesis of flavones from hydroxylated
products: Pd(OAc), (10.0 mol%), PhI(OTFA), (4.0 mmol), acetophenone (2.0
mmol) and DCE (8.0 mL) were loaded into a reaction tube equipped with a
septum in the presence of Teflon coated magnetic stirrer bar under air. The tube

was then placed into a preheated oil bath (80 °C) and stirred for 2 h. After
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isolation of the desired hydroxylated product, benzaldehyde was added with 50%
NaOH and ethanol and further reaction was carried out by adding I, in DMSO to

form flavones according to the literature procedures.’

3.5 Characterization Data of Hydroxylated Products

(2-Hydroxyphenyl)phenylmethanone (Table 3.2, entry 1, product 1a)™

EA: Hexane = 1:9, Ry = 0.6, yellow liquid; *H NMR (400 MHz, CDCl3) & 6.90 (t,
J = 7.6 Hz, 1H), 7.09-7.12 (m, 1H), 7.53 (t, J = 7.6 Hz, 3H), 7.59-7.62 (m, 2H),
7.70 (d, J = 7.2 Hz, 1H), 12.07 (s, 1H); *C NMR (100 MHz, CDCls) & 118.4,
118.6, 118.7, 118.8, 119.1, 119.8, 128.3, 129.1, 131.9, 133.0, 133.6, 135.9, 136.3,

137.9, 163.2, 201.6.

(2-Hydroxy-4-methoxyphenyl)(4-methoxyphenyl)methanone (Table 3.2,

O OH
MeO Il il OMe

EA: Hexane = 1:9, Ry = 0.25, yellow solid; 'H NMR (400 MHz, CDCls) 6 3.87

entry 2, product 2a)™

(d, J = 10.8 Hz, 6H), 6.42-6.53 (M, 1H), 7.00 (d, J = 8.4 Hz, 2H), 7.56 (d, J = 9.2
Hz, 1H), 7.67 (d, J = 8.4 Hz, 2H), 12.70 (s, 1H); *C NMR (100 MHz, CDCl3) &
55.4, 55.5, 101.1, 107.1, 113.2, 113.6, 130.7, 131.3, 134.4, 134.9, 162.5, 165.88,

166.0, 198.7.
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(4-Fluorophenyl)(2-hydroxyphenyl)methanone (Table 3.2, entry 3, product

3a)12
OO0

EA: Hexane = 1.9, R; = 0.6, yellow solid; *H NMR (400 MHz, CDCls) & 6.90 (t,
J=7.6 Hz, 1H), 7.10 (d, J = 8.4 Hz, 1H), 7.20 (t, J = 8.8 Hz, 2H), 7.53 (1, J = 7.2
Hz, 1H), 7.58 (d, J = 8.0 Hz, 1H), 7.73 (m, 2H), 11.91 (s, 1H); *C NMR (100
MHz, CDCls) & 115.4, 115.6, 118.5, 118.7, 119.0, 128.4, 129.0, 131.7, 131.8,

133.2, 134.0, 136.4, 163.1, 163.7, 166.2, 199.9.

(2-Hydroxyphenyl)(m-tolyl)methanone (Table 3.2, entry 4, product 4a)**
O OH

Me

EA: Hexane = 1:9, Rt = 0.6, yellow liquid; 'H NMR (400 MHz, CDCls3) 6 2.27 (s,
3H), 7.00 (d, J = 8.4 Hz, 1H), 7.36 (t, J = 8.4 Hz, 2H), 7.53 (t, J = 8.8 Hz, 2H),
7.63 (d, J = 7.6 Hz, 1H), 7.69 (d, J = 7.2 Hz, 2H) , 11.86 (s, 1H); *C NMR (100
MHz, CDCl3) & 20.4, 118.1, 118.8, 127.7, 128.3, 129.1, 131.7, 133.2, 137.3,

138.1, 161.1, 201.6.

(2-Hydroxyphenyl)(o-tolyl)methanone (Table 3.2, entry 5, product 5a)**

Me O OH

EA: Hexane = 1:9, R; = 0.6, colorless liquid; *H NMR (400 MHz, CDCl3) § 2.33
(s, 3H), 6.83 (t, J = 7.6 Hz, 1H), 7.08 (d, J = 8.4 Hz, 1H), 7.29-7.33 (m, 4H),
7.41-7.45 (m, 1H), 7.52 (t, J = 7.6 Hz, 2H) , 12.27 (s, 1H); **C NMR (100 MHz,
CDCls) 6 19.5, 118.3, 118.8, 119.9, 125.3, 127.4, 130.1, 130.8, 133.7, 135.5,

136.7, 137.8, 163.3, 204.4.
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(2-Hydroxy-4-methylphenyl)(p-tolyl)methanone (Table 3.2, entry 6, product

6a)15
(0] OH
Me’ I il Me

EA: Hexane = 1:9, Ry = 0.65, yellow liquid; '"H NMR (400 MHz, CDCls) § 2.39
(s, 3H), 2.47 (s, 3H), 6.70 (d, J = 8.0 Hz, 1H), 6.90 (s, 1H), 7.31 (d, J = 8.0 Hz,
2H), 7.51 (d, J = 8.4 Hz, 1H), 7.60 (d, J = 8.0 Hz, 2H), 12.17 (s, 1H); *C NMR
(100 MHz, CDCls) 6 21.6, 21.9, 117.9, 118.4, 119.8, 128.9, 129.3, 133.4, 135.3,

142.4, 147.7, 163.3, 200.8.

Bis(2-hydroxy-4-methylphenyl)methanone (Table 3.2, entry 7, product 6b)*
OH O OH

MeMe
EA: Hexane = 1.9, R = 0.6, yellow solid; 'H NMR (400 MHz, CDCls3) 6 2.40 (s,
6H), 6.76 (d, J = 8.0 Hz, 2H), 6.90 (s, 2H), 7.52 (d, J = 8.0 Hz, 2H), 10.78 (s,
2H); 3c NMR (100 MHz, CDCIs) 6 21.8, 117.5, 118.6, 120.0, 132.9, 147.3,

161.9, 201.4.

(2-Hydroxyphenyl)(p-tolyl)methanone (Table 3.2, entry 8, product 7a)'" (2-
Hydroxy-4-methylphenyl)(phenyl)methanone (Table 3.2, entry 8, product
7b)Y’

O OH O OH

7a b

EA: Hexane = 1:9, Ry = 0.5, yellow liquid; 'H NMR (400 MHz, CDCls3) 6 2.40 (s,
3H), 2.47 (s,3H), 6.70 (d, J = 8.0 Hz, 1H), 6.90 (d, J = 6.8 Hz, 2H), 7.09 (d, J =
8.4 Hz, 1H), 7.33 (d, J = 8.0 Hz, 1H), 7.48-7.53 (m, 4H), 7.58-7.64 (m, 3H), 7.68

(d, J = 7.6 Hz, 3H), 12.05 (s, 1H), 12.14 (s, 1H); *C NMR (100 MHz, CDCl3) &
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21.6, 22.0, 116.9, 118.3, 118.4, 118.5, 119.3, 119.9, 128.3, 129.0, 129.4, 131.7,

1335, 135.1, 136.0, 138.1, 142.7, 148.0, 163.1, 163.4, 201.1, 201.3.

(4-Chlorophenyl)(2-hydroxyphenyl)methanone (Table 3.2, entry 9, product
8a)'’ (4-Chloro-2-hydroxyphenyl)(phenyl)methanone (Table 3.2, entry 9,
product 8b)*

(6] OH O OH
8a 8b

EA: Hexane = 1:9, R; = 0.5, yellow solid; *H NMR (400 MHz, CDCls)  6.90 (d,
J=17.2Hz, 1H), 7.09 (d, J = 8.4 Hz, 1H), 7.47-7.57 (m, 4H), 7.67 (d, J = 7.2 Hz,
2H), 7.79 (d, J = 6.8 Hz, 1H), 11.9 (s, 1H), 12.21 (s, 1H); *C NMR (100 MHz,
CDCls) & 118.5, 118.8, 118.9, 119.3, 128.4, 128.6, 128.7, 129.0, 129.9, 130.6,

131.4,132.2, 133.2, 134.5, 136.1, 136.5, 138.4, 163.2, 200.1.

(4-Bromophenyl)(2-hydroxyphenyl)methanone (Table 3.2, entry 10, product
9a)!® (4-Bromo-2-hydroxyphenyl)(phenyl)methanone (Table 3.2, entry 10,
product 9b)*°

(0] OH O OH
9a 9b

EA: Hexane = 1:9, R = 0.5, yellow solid; *"H NMR (400 MHz, CDCls) & 6.90 (t,
J=8.0 Hz, 1H), 7.09 (d, J = 8.0 Hz, 1H), 7.51-7.58 (m, 4H), 7.67 (d, J = 8.4 Hz,
3H), 11.90 (s, 1H); **C NMR (100 MHz, CDCls) § 118.5, 118.8, 121.6, 122.2,
126.9, 128.4, 128.5, 129.1, 129.9, 130.7, 130.9, 131.5, 131.6, 132.2, 133.2, 134.4,

136.6, 163.2, 163.6, 200.3.
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3,4-Dihydro-8-hydroxy-5,7-dimethylnaphthalen-1(2H)-one  (Scheme 3.4,

product 10a)*
OH O

Me

EA: Hexane = 1:9, R = 0.7, pale yellow solid; '"H NMR (400 MHz, CDCls) &
2.08-2.14 (m, 2H), 2.20 (d, J = 10.0 Hz, 6H), 2.67 (d, J = 6.8 Hz, 2H), 2.82 (d, J
= 6.4 Hz, 2H), 7.16 (s, 1H), 12.72 (s, 1H); **C NMR (100 MHz, CDCl5) & 14.9,

18.6, 22.5, 26.6, 38.8, 116.3, 123.7, 124.8, 139.2, 139.9, 159.5, 205.6.

Cyclohexyl(2-hydroxyphenyl)methanone (Scheme 3.4, product 11a)%
OH O

EA: Hexane = 1:9, R = 0.5, yellow liquid; '"H NMR (400 MHz, CDCls) & 1.28-
1.65 (m, 5H), 1.78 (d, J = 11.2 Hz, 1H), 1.90 (s, 4H), 3.32 (t, J = 11.2 Hz, 1H),
6.91 (t, J = 7.2 Hz, 1H), 7.00 (d, J = 8.8 Hz, 1H), 7.47 (t, J = 7.2 Hz, 1H), 7.80 (d,
J = 7.2 Hz, 1H), 12.60 (s, 1H); **C NMR (100 MHz, CDCls) & 25.7, 25.8, 29.5,

45.2,118.2,118.7, 129.7, 136.1, 163.1, 210.1.

Cyclopropyl(2-hydroxyphenyl)methanone (Scheme 3.4, product 12a)?®
OH O

EA: Hexane = 1:9, R; = 0.5, yellow liquid; '"H NMR (400 MHz, CDCls) & 1.1-
1.14 (m, 2H), 1.30-1.34 (m, 2H), 2.69-2.76 (m, 1H), 6.93-7.01 (m, 2H), 7.49 (t, J
= 7.6 Hz, 1H), 7.99 (d, J = 7.6 Hz, 1H), 12.52 (s, 1H); *C NMR (100 MHz,

CDCl3) 6 12.1, 16.4, 118.3, 118.8, 120.1, 130.0, 136.0, 162.1, 205.5.
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Cyclopropyl(2-hydroxy-4-methoxyphenyl)methanone (Scheme 3.4, product

13a)
OH O

o
MeO
EA: Hexane = 1:9, R; = 0.35, yellow liquid; "H NMR (400 MHz, CDCls) & 1.06-
1.09 (m, 2H), 1.26-1.30 (M, 2H), 2.57-2.63 (m, 1H), 3.86 (s, 3H), 6.44-6.51 (m,
2H), 7.88 (d, J = 9.2 Hz, 1H), 13.04 (s, 1H); *C NMR (100 MHz, CDCl5) § 11.6,
16.0, 55.5, 100.9, 107.5, 114.2, 131.5, 165.0, 165.8, 203.6; HRMS: calcd. for

C11H1303": 193.0864, found 193.00869.

Cyclopropyl(2-hydroxy-4-chlorophenyl)methanone (Scheme 3.4, product
14a)

OH O
SV
EA: Hexane = 1.9, Ry = 0.45, yellow liquid; 'H NMR (400 MHz, CDCl3) 6 1.12-
1.17 (m, 2H), 1.31-1.35 (m, 2H), 1.59 (s, 1H), 2.61-2.68 (m, 1H), 6.93 (dd, J =
7.2, 1.2 Hz, 1H), 7.02 (s, 1H), 7.91 (d, J = 8.4, 1H), 12.68 (s, 1H); *C NMR
(100 MHz, CDCls;) 6 12.4, 16.6, 118.4, 118.6, 119.5, 130.9, 141.7, 162.8, 182.6,

204.8: HRMS: calcd. for C1oH100,CI™: 197.0369, found 197.0366.

Cyclopropyl(2-hydroxy-4-fluorophenyl)methanone (Scheme 3.4, product

15a)*
OH O

o
EA: Hexane = 1:9, R; = 0.45, yellow liquid; "H NMR (400 MHz, CDCls) § 1.12-
1.15 (m, 2H), 1.31-1.63 (m, 2H), 2.60-2.66 (m, 1H), 6.64-6.69 (m, 2H), 7.99 (t, J
= 6.8 Hz, 1H), 12.88 (s, 1H); **C NMR (100 MHz, CDCls) & 12.2, 16.5, 104.7,

105.0, 106.9, 107.1, 117.2, 132.2, 132.3, 164.6, 164.8, 166.1, 168.6, 204.4.
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1-(2-Hydroxyphenyl)ethanone (Scheme 3.4, product 16a)?

OH O
o
EA: Hexane = 1:9, Ry = 0.45, yellow liquid; "H NMR (400 MHz, CDCls) & 2.66
(s, 3H),6.92 (t, J=7.6 Hz, 1H), 7.00 (t, J = 8.4 Hz, 1H), 7.49 (t, J = 8.4 Hz, 1H),
7.76 (d, J = 8.0 Hz, 1H), 12.26 (s, 1H); *C NMR (100 MHz, CDCls) & 26.5,

118.4, 118.9, 119.7, 130.6, 136.4, 162.4, 204.4.

1-(2-Hydroxy-5-methoxyphenyl)ethanone (Scheme 3.4, product 17a)?
OH O

Me

OMe

EA: Hexane = 1:9, Ry = 0.25, yellowish orange solid; 'H NMR (400 MHz,
CDCls) 6 2.65 (s, 3H), 3.92 (s, 3H), 6.86 (t, J = 8.0 Hz, 1H), 7.07 (d, J = 7.6 Hz,
1H), 7.36 (t, J = 8.0 Hz, 1H), 12.58 (s, 1H); 3¢ NMR (100 MHz, CDCl3) 6 27.0,

56.2,117.0,118.2,119.7, 121.8, 148.9, 152.8, 204.9.

1-(2-Hydroxyphenyl)pentan-1-one (Scheme 3.4, product 18a)?’
OH O

n-Bu

EA: Hexane = 1:9, Ry = 0.8, yellow liquid; *H NMR (400 MHz, CDCl3) & 0.99 (t,
J =7.6 Hz, 3H), 1.40-1.50 (m, 2H), 1.72-1.79 (m, 2H), 2.97-3.03(m, 2H), 6.91 (t,
J=7.2Hz, 1H), 7.00 (d, J = 8.0 Hz, 1H), 7.47(dd, J = 6.8, 1.2 Hz, 1H), 7.79 (d, J
= 6.8 Hz, 1H), 12.42 (s, 1H); **C NMR (100 MHz, CDCls) & 13.8, 22.4, 26.6,

38.0, 118.5, 118.8, 119.3, 128.0, 128.5, 130.0, 136.1, 162.5, 206.9.
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1-(2-Hydroxyphenyl)-2,2-dimethylpropan-1-one (Scheme 3.4, product 19a)"
OH O

t-Bu

EA: Hexane = 1:9, Ry = 0.7, yellow liquid; *H NMR (400 MHz, CDCls) & 1.47 (s,
9H), 6.86 (t, J = 8.4 Hz, 1H), 7.03 (d, J = 8.4 Hz, 1H), 7.43 (t, J = 8.0 Hz, 1H),
8.04 (d, J = 7.6 Hz, 1H), 12.71 (s, 1H); *C NMR (100 MHz, CDCls) & 28.7, 44.6,

117.5, 117.7, 119.3, 130.8, 135.3, 163.6, 212.1.

2-Phenyl-4H-chromen-4-one (Scheme 3.6, product 20)*
(0]

)

EA: Hexane = 1:4, R; = 0.7, white solid; '"H NMR (400 MHz, CDCls) & 6.86 (s,
1H), 7.45 (t, J = 7.6 Hz, 1H), 7.57 (m, 4H), 7.73 (t, J = 8.4 Hz, 1H), 7.96 (m, 2H),
8.26 (d, J = 8.0 Hz, 1H); **C NMR (100 MHz, CDCls) & 107.5, 118.1, 123.9,

125.2,125.7, 126.3, 129.0, 131.6, 131.8, 133.8, 156.2, 163.4, 178.4.
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Chapter 4 Palladium-Catalyzed Direct Arylation of

Polyfluoroarenes with Aryl Tosylates and Mesylates

4.1 Introduction

Polyfluorobiphenyl motifs are commonly found in numerous
pharmaceutically attractive and materially valuable molecules.' For instance, the
perfluorinated polyphenylene sub-unit in photovoltaic polymer (P5FQ), 2
perfluorosubstituted hydroxycoumarins (2H-1-benzopyran-2-one) in
rodenticides, * and trypanosomal cathepsin ThcatB inhibitors (9H-purine-2-
carbonitrile)* have aroused considerable focus in the polyfluorinated biaryl

synthesis.

P5FQ 2-H-1-benzopyran-2-one 9H-purine-2-carbonitrile
(TBcatB inhibitor)

Figure. 4.1. Examples of useful perfluoroarene containing molecules

Although the traditional cross-coupling repertoire has been successful for
connecting two aromatic fragments, multi-step syntheses of organometallic

nucleophiles are possibly the drawbacks. Indeed, in addition to the difficult

92



preparation of highly electron-deficient nucleophiles (e.g. CsFsB(OH),), the
application of electron-poor nucleophilic partners in aromatic bond-forming
reactions remain problematic.> Recent notable findings showed a great
achievement in cross-coupling by using direct arylation of C-H bond from
electron-deficient polyfluoroarenes.® Aryl halides’ and aryl organometallic
reagents® such as arylboronic acids® can both act as efficient coupling partners
with polyfluoroarenes. These new protocols are attractive when compared to
conventional coupling methods. However, the substrates scope is mainly limited
to aryl halides associating with particular reactivity. Apart from aryl halides, it is
worth to establish method for phenolic electrophile (pseudo-halide) in these
reactions. In fact, aryl sulfonates would have complementary advantage with
respected to aryl halides. They potentially offer different or unique substituted
pattern in the aromatic ring, in which the corresponding aryl halides may not be
commonly available. Thus, the exploration of less expensive, yet more stable
aryl arenesulfonates (when compared to aryl triflates) in coupling reaction is
highly favourable. Precedence for palladium-catalyzed direct arylation of
polyfluoroarenes using aryl sulfonates remains less explored. In 2006, Fagnou
group reported one example of palladium-catalyzed direct arylation of
pentafluorobenzene using phenyl triflate.”® Very recently, the coupling of aryl
triflates was further improved by Seayad and co-workers employing Pd/MePhos
catalyst system.®® Additionally, steric encumbered aryl triflates could be coupled
with pentafluorobenzene with Pd/RuPhos complex.® Apart from triflates, the
coupling of aryl tosylates with polyfluoroarenes was only developed recently. In

2011, Zhang reported the palladium-catalyzed direct coupling of
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polyfluoroarenes with activated heteroaryl tosylates.'* Yet, no examples of non-

activated tosylates were shown.

Aryl mesylates is more atom economical than corresponding aryl tosylates
due to their significantly lower molecular weight. However, aryl mesylates are
relatively more inactive and challenging to be applied in C-H bond
functionalization under palladium catalysis. In 2012, Seayad showed the first
palladium-catalyzed coupling of aryl mesylates with polyfluoroarenes.'®
However, only activated aryl mesylates were successfully applied in this
transformation under the conditions of high Pd loading (10 mol%) and at high
temperature (120 °C). To the best of our knowledge, a general procedure for
non-activated (hetero)aryl mesylates and aryl tosylates has been sporadically
reported to date. Herein, we report our effort in developing general and efficient
catalyst system for handling aryl tosylates/mesylates in direct arylation of

perfluoroarenes.

4.2 Result and Discussion

4.2.1 Preliminary Evaluation of Palladium-Catalyzed Direct Arylation
of Aryl Arenesulfonates

We initially embarked the coupling of aryl tosylates with polyfluoroarenes
by using non-activated 4-tert-butylphenyl tosylate and pentafluorobenzene as the
benchmark substrates (Table 4.1). A series of reaction parameter screenings

were then deployed.
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Table 4.1. Initial catalyst screenings of Pd-catalyzed arylation of

polyfluoroarenes with aryl tosylates®

Pd source O
I|gand

base solvent Cy,P
90YC, 18 h

CM-phos
23aa
entry Pd source ligand Base %yield”
1 Pd(OAc),  CataCXium® A K,CO; 0
2 Pd(OAc),  CataCXium®PCy K,CO; 0
3 Pd(OACc), SPhos K2CO3 47
4 Pd(OAc), XPhos K.CO3 37
5 Pd(OACc), Cy-JohnPhos K2CO3 4
6 Pd(OAC). MePhos K2CO3 12
7 Pd(OAc), RuPhos K.CO3 43
8 Pd(OACc), CM-phos K2CO3 76
9 Pd(OAC). Pi-Pr,-CM-phos K2CO3 33
10 Pd(OAC)z Pth-CI\/I-phOS K2C03 0
11° Pd(OAc);  CM-phos K,CO; 43
12 Pd(TFA), CM-phos K,CO3 26
13 sz(dba)3 CM-phOS K,CO3 0
14 PdCl, CM-phos K2CO3 10
Ligands: O
e e, O
@/ \@ © PCy> i-Pr i-Pr
MeO O OMe ‘
i-Pr
CataCXium A CataCXium PCy SPhos XPhos
C
O O PCY, N
PCY2 Me PCY. i-PrO Oi-Pr O 7 O
g 9 S
Oi-Pr Pi-Pr-CM-phos (R=i-Pr)
Cy-JohnPhos MePhos RuPhos PPhz-CM-phos (R=Ph)

®Reaction conditions: ArOTs 2la (0.3 mmol), CsFsH (0.6 mmol), Pd(OAc), (5.0 mol%),
(Pd:ligand = 1:4), base (0.45 mmol) and t-BuOH (1.0 mL) under N, at 90 °C for 18 h. °GC
yields were reported. 2.0 mol% of Pd(OAc), was used.
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Commercially available and well-recognized phosphine ligands* such as
CataCXium®A, CataCXium®PCy, SPhos, Xphos, Cy-JohnPhos, MePhos and
RuPhos were initially screened (entries 1-7). Moderate substrate conversions
and fair product yields were afforded by using biaryl-type monodentate
phosphines (entries 3-7). Catalyst system comprising Pd(OAc), and CM-phos™®

was found superior for this tosylate coupling (entry 8).

Of commonly used organic solvents examined, alcoholic solvent t-BuOH
was found to be the best solvent of choice whereas DMF and dioxane gave
moderate and poor conversions, respectively (Table 4.2, entries 1, 8, 10). t-
BuOH/ DMF solvent mixtures also afforded good yield for this direct arylation
(entries 9). The addition of pivalic acid (to K,COj3 system) greatly improved the
conversion (entries 1 vs 3) while other additives showed slightly improvement
(entries 2-7). Surprisingly, weak base such as KOAc, Na;HCO3; or Na,CO3 were
equally efficient to give excellent yield even without the employment of
additional PivOH (entries 14, 15, 18). Lowering the reaction tempearture to 50
°C, the yield significantly dropped to 3% (entry 1 vs 11) while increasing the

temperature to 110 °C, comparable result 72% was obtained (entry 1 vs 12).
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Table 4.2. Initial reaction condition screenings of Pd-catalyzed arylation of

polyfluoroarenes with aryl tosylate *

! ,Me
" 5 mol% Pd(OAC) e O F ! O \
mol% C)2 '
B H F -
u\@\ . 20 mol% CM-phos O F; 7 O

. E additives F FE Cy,P

F F 5

2la 22a

base, solvent
tmperature, 18 h

CM-phos
23aa
entry  Additives (mol%) Solvent Base %yield”
1 - t-BuOH K2COs 76
NO,
2 @ t-BuOH K,CO3 62
COOH (10)

3 PivOH (10) t-BuOH K,COs 87
4 TsCOOH<H,0 (10)  t-BuOH K,CO3 75
5 PhCOOH(10) t-BuOH K,COs 80
6 AcOH (10) t-BuOH K,COs 82
7 CFs;COOH (10) t-BuOH K,COs 70
8 -- DMF K,COs3 51
9 - t-BUOH/ DMF (1:1)  K,COs 77
10 -- Dioxane K2COs3 32
11° -- t-BuOH K2COs3 3
12 - t-BuOH K,COsq 72
13 -- t-BuOH Na;HPO, 17
14 -- t-BuOH Na;HCOs3 89
15 -- t-BuOH Na,COs 90
16 PivOH (10) t-BuOH NazCOs 84
17 PivOH (20) t-BuOH Na;COs 78
18 -- t-BuOH KOACc 90
19  PivOH (10) t-BuOH KOAC 92
20 -- t-BuOH NaOAc 73
21 -- t-BuOH CF;COONa 7

®Reaction conditions: ArOTs 2la (0.3 mmol), CsFsH (0.6 mmol), Pd(OAc), (5.0 mol%),
(Pd:ligand = 1:4), base (0.45 mmol) and t-BuOH (1.0 mL) under N, at 90 °C for 18 h. °GC
yields were reported. °50 °C was used. 110 °C was used.
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4.2.2 Scope of Pd-Catalyzed Direct Arylation of Pentafluorobenzene
with Aryl Tosylates and Mesylates

Having the preliminary optimized reaction conditions in hand, we

examined a range of aryl tosylates in this reaction (Table 4.3).

Table 4.3. Palladium-catalyzed arylation of pentafluorobenzene with aryl and

heteroaryl tosylates®

F.

F 5 mol% Pd(OAc),
20 mol% CM-phos Q
R_
- KOAc, tBUOH P

90°C, 18 h RE Cy,P
X 1 CM-phos

O -
X
F

23ac 91%

NC

23ab 86%

S F
e
S
':

23ah 61%, 60%"

F
R = OEt, 23aj 83%" 23am 90%
R = Ph, 23ak 62%
®Reaction conditions: ArOTs (0.3 mmol), C¢FsH (0.6 mmol), Pd(OAc), (5.0 mol%), (Pd:CM-
phos = 1:4), KOAc (0.45 mmol) and t-BuOH (1.0 mL) under N, at 90 °C for 18 h (reaction time
for each substrate was not optimized). Isolated yields were reported. "Na,CO; was used as base.
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To the best of our knowledge, there has been no successful example of
non-activated aryl tosylates reported to date in direct arylation of perfluoroarenes.
Electronically neutral aryl tosylates were effective and gave the corresponding
products in good to excellent yields. Functional groups such as methoxy, keto,
cyano, ester and aldehyde were compatible under these reaction conditions.
Heterocyclic benzothiazoyl and quinolinyl tosylates furnished the corresponding

coupling products smoothly.

Table 4.4. Palladium-catalyzed arylation of pentafluorobenzene with neutral aryl

mesylates?
OMs \)\/ f Me
5 mol% Pd(OAc), | ; N
= ) 20 mol% CM-phos = I Y Q
R—— _— :
X KOAc, t-BuOH - '
90°C, 18 h RC | ! CyzP
222 X 1 CM-phos
M
t-Bu ¢ Va
g ) %
L e 0 )
23aa 85% 23ab 75% 23ai 89%
‘*O Me s 0
23aq 63% 23ar 52% 23au 12%

®Reaction conditions: ArOMs (0.3 mmol), CsFsH (0.6 mmol), Pd(OAc), (5.0 mol%), (Pd:CM-
phos = 1:4), KOAc (0.45 mmol) and t-BuOH (1.0 mL) under N, at 90 °C for 18 h (reaction time
for each substrate was not optimized). Isolated yields were reported.
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Table 4.5. Palladium-catalyzed arylation of pentafluorobenzene with aryl and

hetreroaryl mesylates®

E Me
F 5 mol% Pd(OAc), : N
20 mol% CM- phos = Eo Y O
R—— :
F KOAc t-BuOH = !

90°C, 18 h RL | CyzP
X CM-phos

23ae 67%

S F
Me
«NF
F F
F

23ah 63%

eO
F
]F
F F

23aw 54%

Q@
F
e
F"N OF
F

23an 24%

23as 48%

o)
OMe
Me F
I
F F
23am 47% 23at 35% -

®Reaction conditions: ArOMs (0.3 mmol), CsFsH (0.6 mmol), Pd(OAc), (5.0 mol%), (Pd:CM-
phos = 1:4), KOAc (0.45 mmol) and t-BuOH (1.0 mL) under N, at 90 °C for 18 h (reaction time
for each substrate was not optimized). Isolated yields were reported.
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In view of commonly used arenesulfonate leaving groups, the mesylate can
be regarded as the most inert group since the pK, of the corresponding conjugate
acid is the highest among the others. Nevertheless, mesylate provides the best
atom efficiency when compared with tosylate and triflate. Inspired by its
intrinsic attractiveness, we turned to examine the possibility of using more
difficult, yet more beneficial aryl mesylate as the electrophilic partner in the
direct arylation of polyfluoroarenes. The Pd/CM-phos catalytic system was also
found to be effective in promoting the coupling of aryl mesylates (Table 4.4 and
4.5). An array of aryl mesylates were tested in this coupling reaction. Sterically
hindered aryl mesylates resulted in a lower product yield. Heteroaryl mesylates

were found applicable in this system.

4.2.3 Scope of Pd-Catalyzed Direct Arylation of Polyfluoroarenes with
Aryl Tosylates and Mesylates

To further expand the substrate scope, we next investigated the feasibility
of using other polyfluoroarenes as the coupling partners (Table 4.6). In general,
a slightly higher amount of polyfluoroarenes (3 equivalent) was needed when
compared to that of pentafluorobenzenes (2 equivalent). Moderate to excellent

yields were resulted.

When 1,2,4,5-tetrafluorobenzene was coupled with 3-methoxytosylates,
mixture of products was resulted with mono-arylation and di-arylation (Scheme
4.1). High temperature favours di-arylation from the experimental result. 1,3,5-

Trifluorobenzene and 1,2,3,4- were attempted but no desired product was formed.
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Table 4.6. Palladium-catalyzed arylation of polyfluoroarenes with (hetero)aryl

tosylates and aryl mesylates?

OMs/OTs R I
Ho 5 mol% Pd(OACc), | ! N
A . \GFH 20 mol% CM-phos </:\>—C\ | P Q
- _— /, |
~% KOAc, t-BUOH —/ \ R
90°C, 18 h Foooo Cy,P

23ce (OTs) 97% 23dc (OTs) 61%

23dj (OMs) 45% 23gc (OTs) 56%

N t
= O =
\ F
': I

-Bu

':
23en (OTs) 35% 23ec (OTs) 56% 23ba (OTs) 51%
F F = F
F F N o F
|O |O |
N
F OMe F Me F7YN
F F F
23bi (OMs) 58% 230i (OMs) 47% 23fi (OTs) 90%¢

(OMs) 899%¢

®Reaction conditions: ArOTs/OMs (0.3 mmol), polyfluoroarene (0.9 mmol), Pd(OAc), (5.0
mol%), (Pd:CM-phos = 1:4), KOAc (0.45 mmol) and t-BuOH (1.0 mL) under N; at 90 °C for 18
h (reaction time for each substrate was not optimized). Isolated yields were reported. 1.2 mmol
of polyfluoroarene was used. °0.6 mmol of polyfluoroarene was used. “24 h was used.
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MeO
OTs 5 mol% Pd(OAC),
20 mol% CM-phos
+
+
KOAc, t-BuOH AN
OMe 90°C, 18 h \

0.3 mmol 0.9 mmol 56% 14%

Scheme 4.1.  Palladium-catalyzed coupling of 3-methoxytosylate with 1,2,4,5-
tetrafluorobenzene (Reaction conditions: ArOTs (0.3 mmol), 1,2,4,5-tetrafluorobenzene
(0.9 mmol), Pd(OACc), (5.0 mol%), (Pd:CM-phos = 1:4), KOAc (0.45 mmol), and t-
BuOH (1.0 mL) under N, at 90 °C for 18 h.)

4.2.4 Application of Pd-Catalyzed Direct Arylation of Polyfluoroarenes
with Aryl Tosylates and Mesylates

To further show the potential application of this coupling process in
synthesizing related cathepsin ThcatB inhibitors (consist of —C¢Fs, N-Ar and —
CN moieties),” a tandem reaction was attempted. To our delight, the one-pot
synthesis of an N-aryl aminobenzonitrile (65% yield in two steps) was successful
from direct coupling of aryl tosylate with pentafluorobenzene and subsequent N-

arylation of the amino moiety (Scheme 4.2).

TsO
| =
(i) 5.0 mol% Pd(OAc), O
CN NH
_—

20.0 mol% CM-phos

+

KOAc, t-BuOH .
— 90 °C, 18 h O (i) Pd-catalyzed @
TsO ' amination

NH 65%

(two steps)
Scheme 4.2. One pot sequential reaction (Reaction conditions: i. ArOTs (0.3 mmol),
pentafluorobenzene (0.6 mmol), Pd(OAc), (5.0 mol%), (Pd:CM-phos = 1:4), KOAc
(0.45 mmol), and t-BuOH (1.0 mL) under N, at 90 °C for 18 h. ii. ArrOTs (0.158
mmol), K;COj3 (0.395 mmol), and t-BuOH (1.0 mL) under N, at 110 °C for 24 h.)
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4.2.5 Proposed Mechanism of Pd-Catalyzed Direct Arylation of

Polyfluoroarenes with Aryl Tosylates and Mesylates

0 \

~
/L oY
Pd! = : 1
| X ',Dd\
L || —+ L

=

0OSO,R

HOAc
KOSO,R

/L
<: :}—Pd”\
Ac I "OAc
ol .
x Pd';
J 5
= ~L
—

hal
=
Scheme 4.3. Proposed mechanism for Pd-catalyzed direct arylation of polyfluoroarenes

Initially, oxidative addition of aryl sulfonates to the Pd(0) complex leads to
Pd(I1)(aryl)sulfonate intermediate complex A. After that, there is an exchange of
the sulfonate with the base (i.e. acetate or carbonate depend on the substrate
applied). The Pd(Il) complex B activated the polyfluoroarenes by the
cyclometallation deprotonation (CMD) pathway assisted by acetate or carbonate
anion to form complex C. Reductive elimination was then followed from Pd(l1)

diaryl intermediate D to regenerate the Pd(0) species.

F t-Bu | d( ) t-Bu
5 mol% Pd(OAc),
D/H:©:F © CM-phos
+
KOAc, t-BuOH
F F 90 °C
E OTs

Scheme 4.4. Kinetic isotope effect experiment for C-H bond cleavage determination

kH/kD =12
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In order to further investigate the mechanism for dependence of the C-H
bond cleavage, a kinetic isotope effect (KIE) experiment was carried out. A KIE
of 12 was observed from the competitive experiment of
deuteropentafluorobenzene and pentafluorobenzene (Scheme 4.3). This result
indicated that the C-H bond cleavage is likely to be not the kinetically rate-

determining step in this catalysis.

4.3 Conclusion

In summary, we showed the first general palladium-catalyzed direct
arylation of polyfluoroarenes with aryl tosylates and mesylates. This protocol
offers a convenient access to polyfluorobiaryl scaffold from phenolic derivatives.
Particularly noteworthy is that the reaction conditions are relatively mild (weak
base, KOAc; at 90 °C, without acid additives). Moreover, the cascade direct
arylation/C-N bond-coupling sequence could be carried out by using one Pd/CM-
phos catalyst system. We believe this direct arylation protocol using sulfonate
coupling partners is versatile for diversified functional materials and

pharmaceuticals.

4.4  Experimental Section

4.4.1 General Considerations

Unless otherwise noted, all reagents were purchased from commercial

suppliers and used without purification. All arylation reactions were performed
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in Rotaflo® (England) resealable screw cap Schlenk flask (approx. 8 mL volume)
in the presence of Teflon coated magnetic stirrer bar (3 mm x 10 mm). Toluene
and dioxane were distilled from sodium under nitrogen. N,N-
Dimethylformamide (DMF) was distilled from calcium hydride under reduced
pressure. tert-Butanol was distilled from sodium under nitrogen and stored with
calcium hydride.** K,CO3 was purchased from Fluka. KOAc and Na,COs were
purchased from Aldrich. CM-phos ligand was developed and prepared by our
group.”® All aryl/heteroaryl tosylates and mesylates used were generated from
the corresponding phenols according to the literature. *®  Thin layer
chromatography was performed on Merck precoated silica gel 60 Fas4 plates.
Silica gel (Merck, 70-230 and 230-400 mesh) was used for column
chromatography. *H NMR spectra were recorded on a Briiker (400 MHz) or
Varian (500 MHz) spectrometer. Spectra were referenced internally to the
residual proton resonance in CDClz (6 7.26 ppm), or with tetramethylsilane
(TMS, 6 0.00 ppm) as the internal standard. Chemical shifts (5) were reported as
part per million (ppm) in & scale downfield from TMS. **C NMR spectra were
referenced to CDClIs (6 77.0 ppm, the middle peak). Coupling constants (J) were
reported in Hertz (Hz). Mass spectra (EI-MS and ES-MS) were recorded on a
HP 5989B Mass Spectrometer. High-resolution mass spectra (HRMS) were
obtained on a Briker APEX 47e FT-ICR mass spectrometer (ESIMS). GC-MS
analysis was conducted on a HP 5973 GCD system using a HP5MS column (30
m x 0.25 mm). The products described in GC yield were accorded to the

authentic samples/dodecane calibration standard from HP 6890 GC-FID system.
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4.4.2 General Procedures for Initial Ligand and Reaction Conditions
Screening

General Procedure for reaction condition screenings: Pd(OAc), (3.4 mg,
0.015 mmol) and ligand (Pd:L = 1:4) were loaded into a Schlenk tube equipped
with a Teflon-coated magnetic stir bar. The tubes were evacuated and backfilled
with nitrogen (3 cycles). Precomplexation was applied by adding freshly
distilled dichloromethane (1.0 mL) and EtsN (0.05 mL) into the tube. The
palladium complex stock solution was stirred and warmed using a hair drier for 1
to 2 minutes until the solvent started boiling. The solvent was then evaporated
under high vacuum. 4-tert-Butylphenyl tosylate (0.3 mmol) and base (0.45 mmol)
were loaded into the tube, and the system was further evacuated and flushed with
nitrogen for three times. The solvent (1.0 mL) was then added with stirring at
room temperature for several minutes and pentafluorobenzene (0.6 mmol) was
then loaded into the tube. The tube was then placed into a preheated oil bath (90
°C) and stirred for 18 hours. After completion of reaction, the reaction tube was
allowed to cool to room temperature and quenched with water and diluted with
ethyl acetate. Dodecane (68 L, internal standard) was then added. The organic
layer was subjected to GC analysis. The GC yield obtained was previously

calibrated by authentic sample/dodecane calibration curve.

4.4.3 General Procedures for Direct Arylation of Polyfluoroarenes with

Aryl Arenesulfonates

General procedures for direct arylation of polyfluoroarenes with aryl
sulfonates: Pd(OAc), (3.4 mg, 0.015 mmol) and ligand (Pd:L = 1:4) were loaded

into a Schlenk tube equipped with a Teflon-coated magnetic stir bar. The tubes
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were evacuated and backfilled with nitrogen (3 cycles). Precomplexation was
applied by adding freshly distilled dichloromethane (1.0 mL) and EtsN (0.05 mL)
into the tube. The palladium complex stock solution was stirred and warmed
using a hair drier for 1 to 2 minutes until the solvent started boiling. The solvent
was then evaporated under high vacuum. Aryl tosylates/ mesylates (0.3 mmol)
and base (0.45 mmol) were loaded into the tube, and the system was further
evacuated and flushed with nitrogen for three times. The solvent (1.0 mL) was
then added with stirring at room temperature for several minutes and
polyfluoroarenes (0.6 mmol) was then loaded into the tube. The tube was then
placed into a preheated oil bath (90 °C) and stirred for the time as indicated.
After completion of reaction, the reaction tube was allowed to cool to room
temperature and quenched with water and diluted with ethyl acetate (EA). The
organic layer was separated and the aqueous layer was washed with EA. The
filtrate was concentrated under reduced pressure. The crude products were
purified by flash column chromatography on silica gel (230-400 mesh) to afford

the desired product.

4.4.4 General Procedures for Sequential Arylation of Aryl Tosylates

General procedures for one-pot stepwise sequential arylation of aryl
tosylates: Pd(OAc), (3.4 mg, 0.015 mmol) and ligand (Pd:L = 1:4) were loaded
into a Schlenk tube equipped with a Teflon-coated magnetic stir bar. The tubes
were evacuated and backfilled with nitrogen (3 cycles). Precomplexation was
applied by adding freshly distilled dichloromethane (1.0 mL) and EtsN (0.05 mL)

into the tube. The palladium complex stock solution was stirred and warmed
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using a hair drier for 1 to 2 minutes until the solvent started boiling. The solvent
was then evaporated under high vacuum. 3-Aminophenyl tosylate (0.3 mmol)
and KOAc (0.45 mmol) were loaded into the tube, and the system was further
evacuated and flushed with nitrogen for three times. The solvent tert-butanol
(1.0 mL) was then added with stirring at room temperature for several minutes
and pentafluorobenzene (0.6 mmol) was then loaded into the tube. The tube was
then placed into a preheated oil bath (90 °C) and stirred for 18 hours. After
completion of reaction, the reaction tube was allowed to cool to room
temperature. The system was flushed with nitrogen while 4-cyanophenyl
tosylate (0.158 mmol) and K;CO3 (0.395 mmol) were loaded into the tube.
Another 1.0 mL solvent of tert-butanol was then added to the system. The tube
was then placed into a preheated oil bath (110 °C) and stirred for another 24
hours. After the completion of reaction, the tube was allowed to cool to room
temperature. The reaction was then quenched with water and diluted with EA
and judged as GC. The organic layer was separated and the aqueous layer was
washed with EA. The filtrate was concentrated under reduced pressure. The
crude products were purified by flash column chromatography on silica gel (230-

400 mesh) to afford the desired product.

4.4.5 Kinetic Isotope Experiment
= t-Bu . t-Bu
D/H F ?:{,T_‘;',{‘;,SP d(OAC),
I j .
KOAc, t-BuOH
F F o
F OTs 90°c

Deuteropentafluorobenzene used was synthesized from

kH/kD =12

bromopentafluorobenzene. Bromopentafluorobenzene was refluxed with Mg in
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anhydrous diethyl ether for 1 h and was quenched by deuterium oxide according

to the literature.!”8

Pd(OAC); (3.4 mg, 0.015 mmol) and ligand (Pd:L = 1:4) were loaded into a
Schlenk tube equipped with a Teflon-coated magnetic stir bar. The tubes were
evacuated and backfilled with nitrogen (3 cycles). Precomplexation was applied
by adding freshly distilled dichloromethane (1.0 mL) and EtsN (0.05 mL) into
the tube. The palladium complex stock solution was stirred and warmed using a
hair drier for 1 to 2 minutes until the solvent started boiling. The solvent was
then evaporated under high vacuum. 4-tert-Butylphenyl tosylate (0.3 mmol) and
KOAc (0.45 mmol) were loaded into the tube, and the system was further
evacuated and flushed with nitrogen for three times. tert-Butanol (1.0 mL) was
then added with stirring at room temperature for several minutes and
pentafluorobenzene or deuteropentafluorobenzene (0.6 mmol) was then loaded
into the tube. The tube was then placed into a preheated oil bath (90 °C) and
stirred for assigned time intervals. The reaction tube was allowed to cool to
room temperature and quenched with water and diluted with ethyl acetate
(EtOAc). Dodecane (68 L, internal standard) was then added. The organic
layer was subjected to GC analysis. The GC yield obtained was previously

calibrated by authentic sample/dodecane calibration curve.

4.5 Characterization Data of Coupling Products

2,3,4,5,6-Pentafluoro-4'-tert-butylbiphenyl (Table 4.3, 4.4; Product 23aa)"°

t-Bu
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Pure Hexane, R; = 0.4; m.p. 81-83.2 °C; 'H NMR (400 MHz, CDCls) & 1.41 (s,
9H), 7.39-7.42 (m, 2H), 7.53-7.57 (m, 2H); *C NMR (100MHz, CDCl5) & 31.2,
34.7,115.9 (m), 123.4, 125.7, 129.8, 136.6 (m), 139.1 (m), 141.4 (m), 143.12 (m)
145.4 (m), 152.4; °F NMR (400 MHz, CDCls) § -162.5 (m, 2F), -156.2 (t, 1F), -

143.3 (dd, 2F).

2,3,4,5,6-Pentafluoro-3',5’-dimethyl-1,1’-biphenyl (Table 4.3, 4.4; Product
23ab)*

Pure Hexane, R; = 0.7; m. p. 83-84.1 °C; 'H NMR (400 MHz, CDCls) 6 2.42 (s,
3H), 7.06 (s, 2H), 7.14 (s, 1H); *C NMR (100MHz, CDCl3) 6 21.2, 116.3 (m),
126.1, 127.8, 130.9, 136.5 (m), 138.3, 139.0 (m), 141.4 (m), 142.9 (m), 145.4
(m); *F NMR (400 MHz, CDCl5) 5 -162.6 (m, 2F), -156.2 (t, 1F), -143.0 (dd,

2F).

6'-(2,3,4,5,6-Pentafluorophenyl)quinoline (Table 4.3, 4.5; Product 23ac)

Hexane: EA = 4:1, Ry = 0.45; m. p. 172-173.6 °C; *H NMR (400 MHz, CDCl3) &
7.48 (g, J=4.4Hz, 1H), 7.75 (dd, J=7.2, 1.6Hz, 1H), 7.93 (s, 1H), 8.21-8.25 (m,
2H), 9.01 (d, J=2.8Hz, 1H); *C NMR (100MHz, CDCls) & 121.8, 124.6, 127.9,
129.9, 130.0, 130.6, 136.3, 147.9, 151.6, 192.2; **F NMR (400 MHz, CDCl5) § -
161.7 (m, 2F), -154.5 (t, 1F), -142.9 (dd, 2F); HRMS: calcd. for CisH;NFs":

296.0499, found 296.0495.
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2,3,4,5,6-Pentafluoro-3'-aminobiphenyl (Table 4.3, 4.5; Product 23ad)®

Hexane: EA = 10:1, Ry = 0.2; m. p. 100-101.2 °C; *H NMR (400 MHz, CDCl3) &
3.81 (s, 2H), 6.73 (s, 1H), 6.78-6.82 (m, 2H), 7.29 (dd, J=5.2, 2.8Hz, 1H); *C
NMR (100MHz, CDCls) & 115.9, 116.2, 116.5, 120.3, 127.2, 129.6, 136.4 (m),
139.0 (M), 141.5 (m), 142.9 (m), 145.3 (m), 146.6; °F NMR (400 MHz, CDCls)

8 -162.5 (m, 2F), -156.0 (t, 1F), -142.7 (dd, 2F).

3'-(2,3,4,5,6-Pentafluorophenyl)acetophenone (Table 4.3, 4.5; Product 23ae)

Hexane: EA = 9:1, R; = 0.4; m. p. 106-108 °C; *H NMR (400 MHz, CDCls) &
2.65 (s, 3H), 7.62 (d, J=3.6Hz, 2H), 8.03-8.07 (m, 2H); *C NMR (100MHz,
CDCl3) 6 26.5, 114.9 (m), 126.9, 129.0, 130.0, 134.4, 136.6 (m), 137.5, 139.1
(m), 142.8 (m), 145.3 (m), 197.0; °F NMR (400 MHz, CDCls) & -161.8 (m, 2F),
-154.5 (t, 1F), -143.1 (dd, 2F); HRMS: calcd. for Cy4HgOFs": 287.0495, found

287.0485.

2',3"',4'5",6"-Pentafluoro-[1,1'-biphenyl]-4-carboxaldehyde (Table 4.3, 4.5;
Product 23af)*

Hexane: EA = 9:1, Ry = 0.4; m. p. 75.8-78.2 °C; *H NMR (400 MHz, CDCls) &
7.63 (g, J=6.8, 1.2Hz, 2H), 8.01-8.04 (m, 2H), 10.1 (s, 1H); *C NMR (100MHz,

CDCl3) § 129.7, 130.9, 132.3, 134.3 (m), 136.8 (d), 139.5 (d), 141.4 (m), 142.8
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(m), 145.3 (), 191.4; °F NMR (400 MHz, CDCls) § -161.4 (m, 2F), -153.6 (t,

1F), -142.7 (dd, 2F).

2,3,4,5,6-Pentafluoro-3'-methoxybiphenyl (Table 4.3, 4.5; Product 23ag)*

Hexane: EA = 20:1, Ry = 0.45; m. p. 33.8-34.7 °C; *H NMR (400 MHz, CDCl) &
3.87 (s, 3H), 6.97 (s, 1H), 7.02-7.05 (m, 2H), 7.43 (t, J=7.6Hz, 1H); *C NMR
(100MHz, CDCl3) § 55.3, 114.8, 115.8, 122.4, 127.4, 129.7,134.1 (m), 136.5 (m),
139.0 (m), 141.6 (m), 142.8 (m), 145.5 (m), 159.6; °F NMR (400 MHz, CDCls)

8 -162.3 (m, 2F), -155.6 (t, 1F), -142.8 (dd, 2F).

2-Methyl-5-(pentafluorophenyl)benzo[d]thiazole (Table 4.3, 4.5; Product

23ah)
S F
woe

oy
F F

F

Hexane: EA = 20:1, R; = 0.25; m. p. 152.6-154.7 °C; *H NMR (400 MHz, CDCl,)
5 2.88 (s, 3H), 7.39 (dd, J=6.8, 1.6, 1H), 7.94 (d, J=8.4Hz, 1H), 8.03 (s, 1H); *°C
NMR (100MHz, CDCl3) § 20.1, 121.7, 124.0, 124.1, 126.2, 136.8, 153.5, 168.3;
F NMR (400 MHz, CDCl5) § -161.9 (m, 2F), -155.1 (t, 1F), -143.0 (dd, 2F);

HRMS: calcd. for C14H;NSFs™: 316.0219, found 316.0207.

2-(2,3,4,5,6-Pentafluorophenyl)naphthalene (Table 4.3, 4.4; Product 23ai)*

F
o4
F F

F
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Hexane: EA = 9:1, Ry = 0.7; m. p. 168-169.8 °C; *H NMR (400 MHz, CDCls) &
7.51-7.62 (m, 3H), 7.91-7.99 (m, 4H); *C NMR (100MHz, CDCl3)§ 123.7,
126.6, 127.0, 127.1, 127.7, 128.2, 128.4, 130.1, 133.0, 133.2; °F NMR (400

MHz, CDCls) § -162.1 (m, 2F), -155.4 (t, 1F), -142.9 (dd, 2F).

[1,1'-Biphenyl]-4-carboxylic acid, 2'3'4'5"6'"-pentafluoro-, ethyl ester
(Table 4.3, 4.5; Product 23aj)

Hexane: EA = 20:1, Ry = 0.25; m. p. 147-149.1 °C; *H NMR (400 MHz, CDCls)
8 1.43 (t, J=7.2Hz, 3H), 4.43 (g, J=7.2Hz, 2H), 7.51-7.54 (m, 2H), 8.16-8.19 (m,
2H); *C NMR (100MHz, CDCls) § 14.2, 61.2, 115.0, 129.8, 130.1, 130.7, 131.2,
136.6 (M), 139.2 (M), 139.6 (m), 142.0 (m), 142.8 (m), 145.3 (m), 165.8; °F
NMR (400 MHz, CDCl3) 8 -161.7 (m, 2F), -154.3 (t, 1F), -142.8 (dd, 2F);

HRMS: calcd. for C15HgO,F5 " 316.0523, found 316.0533.

(2',3',4",5",6'-Pentafluoro[1,1'-biphenyl]-4-yl)phenylmethanone (Table 4.3,
4.5; Product 23ak)*

Hexane: EA = 9:1, Ry = 0.5; *H NMR (400 MHz, CDCl3) & 7.51-7.66 (m, 5H),
7.85-7.93 (m, 4H); *C NMR (100MHz, CDCls) § 128.2, 128.3, 130.0, 130.1,
130.3, 132.3, 132.7, 136.6 (m), 137.1, 138.1, 138.1 (m), 138.9 (m), 139.6 (m),
142.8, 145.4 (m), 195.8; °F NMR (400 MHz, CDCls) § -161.5 (m, 2F), -154.1 (t,

1F), -142.7 (dd, 2F).
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2,3,4,5,6-Pentafluoro-4'-cyanobiphenyl (Table 4.3, 4.5; Product 23al)**
NC

Hexane: EA = 10:1, Ry = 0.4; m. p. 126-128.8 °C; *H NMR (400 MHz, CDCl3) &
7.59 (d, J=8.4Hz, 2H), 7.80-7.83 (M, 2H); **C NMR (100MHz, CDCls) § 113.3,
118.0, 130.9, 131.1, 132.4, 136.7 (M), 139.1 (m), 142.7 (m), 145.2 (m); °F NMR

(400 MHz, CDCl3) § -161.0 (m, 2F) , -152.9 (t, 1F), -142.8 (dd, 2F).

2,7-Bis(pentafluorophenyl)naphthalene (Table 4.3; Product 23am)

Hexane: EA = 9:1, Ry = 0.8; m. p. 140.7-143.8 °C: *H NMR (400 MHz, CDCl) &
7.61 (dd, J=1.2, 7.6Hz, 2H), 8.03 (t, J=8.8, 10Hz, 3H); *C NMR (100MHz,
CDCl3) § 124.7, 128.3, 130.4, 132.7, 133.0; *°F NMR (400 MHz, CDCl3) § -
161.8 (m, 4F), -154.8 (t, 2F), -142.9 (dd, 4F); HRMS: calcd. for CpHeF1o™:

460.0310, found 460.0313.

2,3,4,5,6-Pentafluoro-3'-cyanobiphenyl (Table 4.3, 4.5; Product 23an)*

Hexane: EA = 20:1, Ry = 0.25; *H NMR (400 MHz, CDCl3) § 7.64 (d, J=8.0Hz,
1H), § 7.70 (d, J=8.0Hz, 1H), & 7.76 (s, 1H), & 7.78-7.80 (dt, J=6.0, 1.2, 1.6Hz,
1H); *C NMR (100MHz, CDCl3) § 113.3, 113.6, 117.9, 127.8, 129.7, 132.8,
133.6, 134.4, 139.2, 142.8, 145.3; **F NMR (400 MHz, CDCls) & -161.0 (m, 2F) ,

-153.0 (t, 1F), -143.0 (dd, 2F).
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3-(Perfluorophenyl)pyridine (Table 4.5; Product 23a0)%

Hexane: EA = 10:1, Rf = 0.2; *H NMR (400 MHz, CDCls) & 7.45-7.48 (m, 1H),
8 7.79 (d, J=8.0Hz, 1H), & 8.71-8.72 (dd, J=3.6, 1.2Hz, 2H); *C NMR (100MHz,
CDCl3) § 123.0, 1235, 137.4, 150.3, 150.4; *°F NMR (400 MHz, CDCl3) § -

161.2 (m, 2F) , -153.4 (t, 1F), -142.9 (dd, 2F).

5-(Perfluorophenyl)benzo[d][1,3]dioxole (Table 4.3, 4.5; Product 23ap)*

Hexane: EA = 20:1, Ry = 0.5; ‘H NMR (400 MHz, CDCls) § 6.06 (s, 2H), 5 6.90-
6.96 (m, 3H); °C NMR (100MHz, CDCls) & 101.5, 108.6, 110.3, 119.4, 124.2,
147.9, 148.4; **F NMR (400 MHz, CDCls) § -162.4 (m, 2F) , -156.0 (t, 1F), -

143.1 (dd, 2F).

2,3,4,5,6-Pentafluoro-1,1'-biphenyl (Table 4.4; Product 23aq)®

Hexane: EA = 20:1, R = 0.6; *H NMR (400 MHz, CDCls) § 7.46 (s, 3H), 7.51 (s,
2H); *C NMR (100MHz, CDCls) § 126.4, 128.7, 129.3, 130.1, 139.1; **F NMR

(400 MHz, CDCl3) § -162.3 (m, 2F) , -155.6 (t, 1F), -143.3 (dd, 2F).
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2,3,4,5,6-Pentafluoro-3'-methyl-1,1'-biphenyl (Table 4.4; Product 23ar)*

Hexane: EA = 20:1, Ry = 0.7; *H NMR (400 MHz, CDCls) § 2.45 (s, 3H), 7.23-
7.31 (m, 3H), 7.41 (t, J=7.6Hz, 1H); *C NMR (100MHz, CDCl3) § 21.3, 126.2,
127.1, 128.5, 130.0, 130.7, 138.5; *°F NMR (400 MHz, CDCl) & -162.4 (m, 2F) ,

-155.9 (t, 1F), -143.1 (dd, 2F).

2,3,4,5,6-Pentafluoro-3'-(trifluoromethyl)-1,1'-biphenyl (Table 4.5; Product
23as)®

Hexane: EA = 20:1, Ry = 0.6; *H NMR (400 MHz, CDCls) § 7.65-7.68 (m, 2H), 5
7.72 (s, 1H), & 7.76 (d, J=5.2Hz, 1H); *C NMR (100MHz, CDCls) & 125.0,
126.1 (m), 127.0, 127.2, 129.3, 131.2, 131.5, 133.4; *°F NMR (400 MHz, CDCls)

8 -161.4 (m, 2F) , -153.9 (t, 1F), -143.0 (dd, 2F), -62.8 (s, 3F).

1-(2',3",4',5',6'-Pentafluoro-2-methoxy-[1,1'-biphenyl]-4-yl)ethanone (Table
4.5; Product 23at)

Hexane: EA = 20:1, Ry = 0.15; *H NMR (400 MHz, CDCl3) § 2.67 (s, 3H), &
3.90 (s, 3H), 7.36 (d, J=8.4Hz, 1H), 7.64-7.66 (m, 2H); *C NMR (100MHz,
CDCl3) § 26.6, 55.9, 110.0, 120.2, 121.1, 131.9, 139.6, 157.4, 197.3; *°F NMR

(400 MHz, CDCl3) § -162.5 (m, 2F) , -154.8 (t, 1F), -139.9 (dd, 2F).
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1-(Perfluorophenyl)naphthalene (Table 4.4; Product 23au)®

Hexane: EA = 20:1, R = 0.6; *H NMR (400 MHz, CDCls) & 7.46-7.63 (m, 5H),
7.96-8.03 (m, 2H); *C NMR (100MHz, CDCls) § 123.7, 124.5, 125.2, 126.4,
127.0, 128.6, 128.9, 130.1, 131.5, 133.6; *°F NMR (400 MHz, CDCl3) § -161.8

(m, 2F) , -154.6 (t, 1F), -139.4 (dd, 2F).

2,3,4,5,6-Pentafluoro-4'-methoxy-1,1'-biphenyl (Table 4.5; Product 23av)?

MeO

Hexane: EA = 20:1, Ry = 0.6; *H NMR (400 MHz, CDCls) & 3.89 (s, 3H), 5 7.05
(d, J=6.8Hz, 2H), & 7.38 (d, J=8.8Hz, 2H); *C NMR (100MHz, CDCls) § 55.3,
114.2, 131.4, 160.2; *°F NMR (400 MHz, CDCls) § -162.6 (m, 2F) , -156.5 (t,

1F), -143.6 (dd, 2F).

6'-(2,3,5,6-Tetrafluoro-4-methoxyphenyl)quinoline (Table 4.6; Product 23bc)

R F
7
= F F

Hexane: EA = 9:1, Ry = 0.15; m. p. 162.8-165.1 °C; *H NMR (400 MHz, CDCls)
5 4.13 (s, 3H), 7.42 (dd, J=4.4, 4.0Hz, 1H), 7.75 (d, J=8.8Hz, 1H), 7.90 (s, 1H),
8.18 (dd, J=9.2, 2.0Hz, 2H), 8.96 (d, J=3.2Hz, 1H); *C NMR (100MHz, CDCl)
5 62.07, 113.2, 121.6, 125.4, 127.9, 129.7, 130.8, 136.2, 137.8 (m), 139.9 (m),

142.4 (m), 143.0 (m), 145.6 (m), 147.7, 151.2; **F NMR (400 MHz, CDCls) § -
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157.8 (dd, 2F), -144.7 (m, 2F); HRMS: calcd. for C16H10NOF,": 308.0699, found

308.0706.

3'-(2,3,5,6-Tetrafluoro-4-(trifluoromethyl)phenyl)acetophenone (Table 4.6;
Product 23ce)

Hexane: EA = 9:1, Ry = 0.25; m. p. 86.3-88.3 °C; *H NMR (400 MHz, CDCls) &
2.661 (s, 3H), 7.66 (d, J=7.2Hz, 2H), 8.10 (dd, 4.4, 4.8Hz, 2H); *C NMR
(100MHz, CDCls) § 26.4, 119.3, 123.8, 126.5, 129.2, 129.6, 129.7, 134.1, 137.6,
142.9 (m), 145.4 (m), 196.8; *°F NMR (400 MHz, CDCls) & -141.3 (m, 2F), -
140.3 (m, 3F), -56.4 (t, 2F); HRMS: calcd. for C;sH;OF;": 336.0385, found

336.0375.

6-(2,3,4,6-Tetrafluorophenyl)quinoline (Table 4.6; Product 23dc)
N
z F
AL
F F

Hexane: EA = 4:1, Ry = 0.25; m. p. 130-132.3 °C; *H NMR (400 MHz, CDCls) §
6.90-6.97 (m, 1H), 7.46 (dd, J = 4.4, 4.0 Hz, 1H), 7.76 (dd, J = 1.2, 7.6 Hz, 1H),
7.92 (s, 1H), 8.21 (t, J = 8.8 Hz, 2H), 8.98 (s, 1H); **C NMR (100MHz, CDCl3)
§ 101.0 (m), 121.6, 125.7, 127.9, 129.6, 129.7, 130.9, 136.3, 147.7, 151.2; *°F

NMR (400 MHz, CDCls) § -164.3 (m, 1F), -135.2 (dd, 1F), -132.3 (dd, 1F), -

117.8 (d, 1F); HRMS: calcd. for C1sHgNF,": 278.0593, found 278.0605.
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[1,1'-Biphenyl]-3-carboxylic acid, 2',3'5',6'-tetrafluoro-4'-methoxy-, ethyl
ester (Table 4.6; Product 23bj)

EtO

Hexane: EA = 9:1, Ry = 0.5; m. p. 87.3-88.8 °C; *H NMR (400 MHz, CDCls) §
1.42 (t, J = 7.2 Hz, 3H), 4.14 (s, 3H), 4.42 (dd, J = 7.2, 6.8 Hz, 2H), 7.54-7.63 (m,
2H), 8.13 (d, J = 7.6 Hz, 2H),; *C NMR (100MHz, CDCls) § 14.2, 61.2, 62.1,
113.1, 127.5, 128.6, 129.9, 131.0, 131.2, 134.3, 139.8 (M), 142.4 (M), 143.0 (M),
145.5 (m), 165.9; °F NMR (400 MHz, CDCls) § -157.9 (dd, 2F), -145.1 (dd, 2F);

HRMS: calcd. for C16H1,05F,": 328.0723, found 328.0722.

2,3,5,6-Tetrafluoro-4'-tert-butyl-4-(trifluoromethyl)-1,1'-biphenyl (Table 4.6;
Product 23ca)

Pure hexane, R; = 0.7; m. p. 67-68.8 °C; *H NMR (400 MHz, CDCls) & 1.42 (s,
9H), 7.46 (d, J = 8.4 Hz, 2H), 7.59 (d, J = 8.8 Hz, 2H),; **C NMR (100MHz,
CDCls) § 31.1, 34.8, 123.1, 124.9 (m), 125.8, 129.6, 143.0 (M), 145.6 (m), 153.3;
F NMR (400 MHz, CDCls) §-141.7 (m, 3F), -141.0 (m, 2F), -56.2 (t, 2F);

HRMS: calcd. for C17H13F-": 350.0905, found 350.0906.

3'-(2,3,5,6-Tetrafluorophenyl)acetophenone (Table 4.6; Product 23ee)
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Hexane: EA = 9:1, Ry = 0.48; m. p. 104.9-107 °C; *H NMR (400 MHz, CDCl5) 5
2.66 (s, 3H), 7.08-7.17 (m, 1H), 7.60-7.68 (m, 2H), 8.06-8.07 (t, J=5.2, 1.6Hz,
2H); *C NMR (100MHz, CDCl3) § 26.5, 105.4 (t), 120.6, 127.9, 128.9, 130.0,
134.5, 137.4, 142.5, 144.9, 147.5 (m), 150.9 (m), 197.2; °F NMR (400 MHz,
CDCly) & -143.7 (dd, 2F), -138.6 (dd, 2F); HRMS: calcd. for CisHeOF,":

269.0590, found 269.0582.

3'-(2,3,5,6-Tetrafluoro-4-methoxyphenyl)acetophenone (Table 4.6; Product
23be)

Hexane: EA = 9:1, Ry = 0.35; m. p. 97.8-99.9 °C; 'H NMR (400 MHz, CDCl3) &
2.65 (s, 3H), 4.14 (s, 3H), 7.58-7.65 (m, 2H), 8.03 (t, J=4.8, 1.6Hz, 2H): **C
NMR (100MHz, CDCls) & 26.6, 62.1, 113.1, 127.8, 128.6 (d), 130.1, 134.6,
137.4 (m), 139.9 (d), 142.3 (m), 142.4 (m), 143.0 (m), 145.5 (m), 197.3; °F

NMR (400 MHz, CDCls) § -157.8 (dd, 2F), -145.1 (dd, 2F).

2,3,5,6-Tetrafluoro-4-(naphthalene-2-yl)pyridine (Table 4.6; Product 23fi)

QO
\F

Hexane: EA = 9:1, Ry = 0.65; m. p. 139.8-141.9 °C; *H NMR (400 MHz, CDCls)
8 7.59-7.66 (m, 3H), 7.94-8.08 (m, 4H): **C NMR (100MHz, CDCl3) § 125.9,
127.0, 127.8, 127.0, 128.6, 128.7, 1303., 132.8, 133.7, 201.2; °F NMR (400
MHz, CDCl3) § -144.9 (dd, 2F), -90.7 (dd, 2F); HRMS: calcd. for CisH17NF,":

277.0515, found 277.0514.
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6-(2,3,5,6-Tetrafluoro-4-methylphenyl)quinoline (Table 4.6; Product 23gc)

Hexane: EA = 4:1, Ry = 0.3; m. p. 197-198.4 °C; *H NMR (400 MHz, CDCls) &
2.36 (s, 3H), 7.46 (dd, J = 4.4, 4.0 Hz, 1H), 7.79 (d, J = 7.6 Hz, 1H), 7.95 (s, 1H),
8.22 (t, J = 4.8, 4.0 Hz, 2H), 8.99 (d, J = 2.4 Hz, 1H); *C NMR (100MHz,
CDCl3) & 7.6, 121.6, 127.9, 129.7, 130.9, 136.3, 147.9, 151.3; °F NMR (400
MHz, CDCls) & -145.4 (dd, 2F), -143.6 (dd, 2F); HRMS: calcd. for CigH1oNF,":

292.0749, found 292.0737.

Ethyl 2',3",4',6'-tetrafluoro-[1,1'-biphenyl]-3-carboxylate ~ (Table 4.6;
Product 23dj)

EtO X

o @S
Hexane: EA = 4:1, Ry = 0.3; *H NMR (400 MHz, CDCl) § 1.41-1.44 (m, 3H), &
4.40-4.45 (g, J=7.2Hz, 2H), & 6.88-6.95 (m, 1H), & 7.55-7.63 (m, 2H), & 8.13-
8.15 (m, 2H); **C NMR (100MHz, CDCls) § 14.2, 61.2, 100.8, 101.0, 101.3,
127.7, 128.6, 129.9, 131.0, 131.2, 134.4, 165.9; **F NMR (400 MHz, CDCl5) § -
164.4 (dd, 1F), -135.0 (m, 1F), -132.5 (d, 1F), -118.0 (d, 1F); HRMS: calcd. for

C15H10N02F4+: 2980617, found 298.0615.
6-(2,3,5,6-Tetrafluorophenyl)quinolone (Table 4.6; Product 23ec)

N
= O
0
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Hexane: EA = 9:1, Ry = 0.2; ‘H NMR (400 MHz, CDCls) § 7.10-7.18 (m, 1H),
7.46-7.50 (q, 1H), 7.79-7.81 (dd, J=7.2, 1.6Hz, 1H), 7.97 (s, 1H), 8.23 (t, J=8.4,
7.2Hz, 2H), 9.00-9.01 (dd, J=2.4, 1.6Hz, 1H); *C NMR (100MHz, CDCl3) &
105.1, 105.3, 105.6, 120.7, 121.7, 125.7, 129.9, 130.7, 136.4, 142.5, 145.1, 147.5,
148.0, 151.5; **F NMR (400 MHz, CDCls) § -143.6 (dd, 2F), -138.6 (dd, 2F);

HRMS: calcd. for C15HgNF,™: 278.0593, found 278.0588.

2-(2,3,5,6-Tetrafluoro-4-methoxyphenyl)naphthalene (Table 4.6; Product

23bi)
L

¥

Hexane: EA = 4:1, Ry = 0.3; *H NMR (400 MHz, CDCl3) § 4.17 (s, 3H), 7.54-
7.59 (m, 3H), 7.91-7.93 (m, 2H), 7.96-7.98 (m, 2H); *C NMR (100MHz, CDCls)
8 62.2, 114.2, 124.6, 1265, 126.9, 127.3, 127.7, 128.2 (m), 130.0 , 133.1 (m),

142.5; **F NMR (400 MHz, CDCls) & -158.1 (dd, 2F), -144.9 (dd, 2F).

4'-(tert-Butyl)-2,3,5,6-tetrafluoro-4-methoxy-1,1'-biphenyl (Table  4.6;

Product 23ba)
t-Bu

|
Hexane: EA = 9:1, R = 0.8; *H NMR (400 MHz, CDCls) & 1.40 (s, 9H), 4.14 (s,
3H), 7.40 (d, J = 8.4 Hz, 2H), 7.52 (d, J = 8.4 Hz, 2H); *C NMR (100MHz,
CDCl3) § 31.2, 34.7, 62.1, 114.2, 124.2, 125.5, 129.8, 137.2, 139.8, 142.3, 142.5,
1455, 151.9; **F NMR (400 MHz, CDCls) § -158.4 (dd, 2F), -145.2 (dd, 2F);

HRMS: calcd. for C17H160F,": 312.1137, found 312.1147.
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2-(2,3,5,6-Tetrafluoro-4-methylphenyl)naphthalene (Table 4.6; Product 23gi)

Hexane: EA = 9:1, Ry = 0.6; *H NMR (400 MHz, CDCl3) & 2.38 (s, 3H), 7.56-
7.60 (m, 3H), 7.91-7.99 (m, 4H): *C NMR (100MHz, CDCl3)§ 7.5, 115.1,
125.1, 126.4, 126.9, 127.2, 127.7, 128.1, 128.2, 129.9, 133.0, 133.1; °F NMR
(400 MHz, CDCl5) § -145.4 (dd, 2F), -144.0 (dd, 2F); HRMS: calcd. for

C17H10F4+: 2900719, found 290.0714.

2',3',5',6'-Tetrafluoro-[1,1'-biphenyl]-3-carbonitrile  (Table 4.6; Product

23en)
NC

Hexane: EA = 9:1, Ry = 0.5; ‘H NMR (400 MHz, CDCls) § 7.13-7.21 (m, 1H),
7.63-7.79 (m, 4H); *C NMR (100MHz, CDCl3) § 105.8, 106.1, 106.3, 113.2,
118.0, 128.8, 129.5, 132.6, 133.6, 134.4, 144.8, 147.5; **F NMR (400 MHz,
CDCl3) & -143.7 (dd, 2F), -137.9 (dd, 2F); HRMS: calcd. for CisHsNF,*:

251.0358, found 251.0365.

2,3,5,6-Tetrafluoro-3'-methoxy-1,1'-biphenyl (Scheme 4.1)

MeO

N
2

Hexane: EA = 20:1, Ry = 0.4; *H NMR (400 MHz, CDCls) & 3.87 (s, 3H), 7.01-

7.13 (m, 4H), 7.43 (t, J = 8.0 Hz, 1H); *C NMR (100MHz, CDCls) § 55.3, 104.6,
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104.8, 105.1, 114.8, 115.7, 122.4, 1285, 129.6, 159.6; “°F NMR (400 MHz,
CDCls) § -143.4 (dd, 2F), -139.1; HRMS: calcd. for CisHsOF4": 256.0511,

found 256.0514.

4-((3-(Pentafluorophenyl)phenyl)amino)benzonitrile (Scheme 4.1)
R F
S8a®
F F NH

NC
Hexane: EA = 9:1, Ry = 0.15; m. p. 127-128.1 °C; *H NMR (400 MHz, CDCl3) &

6.37 (s, 1H), 7.06 (d, J = 8.4 Hz, 2H), 7.17 (d, J = 7.6 Hz, 1H), 7.26 (d, J = 2.8
Hz, 2H), 7.49 (dd, J = 8.0, 6.4 Hz, 3H); *C NMR (100MHz, CDCls) § 14.1,
102.2, 115.3, 115.4, 119.7, 121.4, 122.2, 125.3, 127.7, 130.0, 133.8, 140.7, 147.4;
F NMR (400 MHz, CDCls) § -162.4 (M, 2F), -156.0 (t, 2F), -142.7 (dd, 1F);

HRMS: calcd. for C19H1oN,F5™: 361.0764, found 361.0762.
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Chapter 5 Palladium-Catalyzed Sonogashira Coupling
of Aryl Mesylates and Tosylates

5.1 Introduction

Aryl alkynes are important synthetic precursor and sub-unit for a range of
pharmaceutically attractive and material science valuable organic compounds.!
One of the most straightforward and versatile protocols for the construction of
C(sp2)-C(sp) bond is the palladium-catalyzed cross-coupling of aryl
halides/sulfonates and terminal alkynes, namely Sonogashira coupling.? This
methodology features a modular approach to assemble an array of diversified

compounds from commonly available electrophilic and nucleophilic partners.?

A number of palladium catalyst systems have been developed for
facilitating the Sonogashira coupling to proceed even without Cu(l) co-catalyst
and at room temperature,*” as well as showing the applicability of aryl chloride
substrates.® Although the alkyne coupling of aryl halides has been extensively
established, the popularity of aryl triflates has been limited. These constrain
possibly due to the expensiveness of the triflating agent (e.g. Tf,0),” and the low
hydrolytic stability of aryl triflates under basic coupling reaction conditions. In
fact, it is worth to develop methods for phenolic compound derivatives to be
used as electrophiles. Since they usually offer different or unique substituted
groups in the aromatic ring, in which the corresponding aryl halides are not
commonly available, or require additional synthetic steps to manipulate the

pattern of complementary substitution. Thus, the exploration of less expensive,
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yet more stable aryl arenesulfonates in Sonogashira coupling is highly favourable.
Nevertheless, the higher stability of aryl arenesulfonate (e.g. aryl tosylate) makes
this less reactive to subject oxidative addition under palladium catalytic system.
Thus, the use of C(sp,)-tosylates as coupling partners in C(sp2)-C(sp) bond
forming reaction has seldom been reported. Only vinyl tosylates were successful
in this transformation.®2 Recently, the Sonogashira coupling of strongly activated
and electron-deficient para- and meta-substituted aryl tosylates was disclosed
using the Pd/X-Phos complex under the refluxing propionitrile solvent.” These
pioneering examples required the slow addition of diluted alkyne substrates in 8
hours over the course of reaction. Moreover, a note was found that a high purity
of the aryl tosylates was prerequisite for these successful couplings. An
operationally-simple and general protocol for Sonogashira coupling of non-
activated aryl and heteroaryl tosylate was reported by Kwong’s group in 2010.
In the meanwhile, Lindernschmidt and Nazaré described the application of
Pd(TFA)./Josiphos-type ligand system for this reaction.® A wide variety of
functionalized aryl and heteroaryl alkynes was used for further transformation to
indoles and isoquinolines in high yields. In 2013, Quan and Wang reported a
coupling reaction of pyrimidin-2-yl sulfonates with terminal alkynes using
Pd(OAC),/Cul/DPE-Phos as the catalytic system. The pyrimidine scaffolds are

useful for subunit for compounds having biological activities."*

Recently, metal-free Sonogashira cross-coupling reactions become a
popular topic to investigate.’* Up to now, a variety of modifications of the
Sonogashira-coupling have been developed with palladium complex, ligands,
and additives. Herein, we report a general and efficient catalyst system for aryl

tosylates in C(sp2)-C(sp) coupling. In particular, we also uncover the first

129



examples of more difficult but more atom-economical aryl mesylates coupling

with alkynes.

5.2 Result and Discussion

5.2.1 Preliminary Evaluation of Palladium-Catalyzed Sonogashira
Coupling of Aryl Sulfonates

We started to embark investigation of Sonogashira coupling of aryl
tosylate by using an unactivated 4-tert-butylphenyl tosylate and 1-heptyne as the
model substrates (Table 5.1). Alcoholic solvent t-BuOH was our preference of
choice instead of nitrile solvents. A survey of often-used inorganic bases
revealed that KsPO,4 and K3PO4H,O were equally efficient (entries 1-4). The
best Pd:CM-phos ratio was found to be 1:3 (entries 4, 7-8). Commonly well-
recognized and commercially available phosphine ligands™ such as Dit-BuPF,
CataCXium®A, CataCXium®PCy and XPhos were tested for the feasibility of
aryl tosylate-alkyne coupling (entries 9-12). Moderate substrate conversions and
fair product yields were afforded by using biaryl-type monodentate phosphines
as the supporting ligands (entries 11-12). A combination of Pd(OAc), with CM-
phos** was found to be the best catalyst system for this tosylate coupling (entry
7). Effect of solvent concentration was tested that 2 ml of t-BuOH gave the best

product yield (entry 7 vs 13).
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Table 5.1. Initial screenings of palladium-catalyzed Sonogashira coupling of

aryl tosylates®

0.5-2.0 mol% Pd(OAc),

t'BUO\ ) ‘| ligand - PBU@\
e S

entry Pd:L ligand base %yield"

1 1:4 CM-phos K3PO4e H,O 89

2 1:4 CM-phos Cs,CO3 59

3 1:4 CM-phos K2COs3 Trace

4 1:4 CM-phos K3PO4 90

5¢ 1:4 CM-phos K3POy 32

60 14 CM-phos K3PO,4 59

7 1:3 CM-phos K3PO4 93

8 1:2 CM-phos K3PO4 62

9 1:3 Dit-BuPF K3POy4 4

10 1.3 CataCXium® A KsPO, 0

11 13 CataCXium® PCy K3PO, 30

12 1:3 XPhos K3PO4 39

13° 13 CM-phos K3POy 69

Ligands:

=Pty e QP%_ O PCY;

| P.
Fe
> prpy, EQ @

Dit-BuPF

CataCXium A  CataCXium PCy

Pr O i-Pr

i-Pr
XPhos

® %’ )

Cy2P

CM-phos

®Reaction conditions: ArOTs (0.5 mmol), alkyne (1.0 mmol), Pd(OAc), (2.0 mol%), base (1.5
mmol) and t-BuOH (2.0 mL) under N, at 110 °C for 24 h (reaction time was not optimized).
bCalibrated GC yields were reported, using dodecane as the internal standard. °0.5 mol% of
Pd(OAc), was used. %0.6 mmol of the corresponding alkyne was used. °4 mL of t-BuOH was

used.
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5.2.2 Scope of Palladium-Catalyzed Sonogashira Coupling of
Aryl/alkenyl Tosylates

The preliminary results revealed that the Pd(OAc),/CM-phos catalytic
system was effective towards the Sonogashira coupling reaction of aryl tosylates.
To further evaluate the scope of this catalytic system, a variety of aryl tosylates
coupling partners were examined with 1-heptyne under the optimized reaction
conditions. (Table 5.2). In general, complete conversions were observed within
18 hours when 2 mol% of palladium was applied. Common functional groups
such as cyano, keto, ester and aldehyde were compatible under the stated
reaction conditions. Aryl tosylates bearing ortho-substituted groups were also
effective substrates towards the coupling reaction. The electron-rich (deactivated)
p-anisyl tosylate was also demonstrated to be a feasible coupling partner. Apart
from functionalized aryl tosylates, heterocyclic benzthiazolyl and quinolinyl
tosylates furnished the corresponding coupling products smoothly. Alkenyl
tosylates were successfully coupled with terminal alkynes to afford moderate to
good product yield with lower temperature or even at room temperature. 1-
Ethynylcyclohex-1-ene could serve as an effective nucleophile for tosylate
coupling (Table 5.2). However, except phenylacetylene, other aryl alkynes were
not effective coupling partner for the coupling of aryl tosylates using the
Pd(OACc)/CM-phos catalytic system. Homo-coupling product of aryl alkynes

was resulted instead of Sonogashira coupling product (Scheme 5.1).
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Table 5.2. Palladium-catalyzed Sonogashira coupling of aryl and heteroaryl

OTs R' 2.0 mol% Pd(OAc),
CM-phos
N - |
R& K4PO,, t-BUOH
H R_

tosylates®

100 °C, 18 h CY2F’
CM-phos

Me Me O

Me
82% 74% 52%
_ o S Me
o }—@——\—_> Me—<\
Ph Me N
cN A
Me
66% 63% 83%
Me
(@]
— NC —— —
eO Me Me Me
Me
68% 78%
(@]
H /N Me
—— N N
Me N
57% 82% 77%b
Me
(0] )y
(@)
47%P.C 50%¢
O
75% 62%

®Reaction conditions: ArOTs (1.0 mmol), alkyne (2.0 mmol), Pd(OAc), (2.0 mol%), (Pd:CM-
phos = 1:3), KsPO, (3.0 mmol) and t-BuOH (2.0 mL) under N, at 100 °C for 18 h (reaction time
for each substrate was not optimized). Isolated yields were reported. °50 °C was used. °2 h was
used. “Room temperature was used.

Scheme 5.1. Unsuccessful alkynes for Sonogashira coupling of aryl tosylate
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5.2.3 Scope of Palladium-Catalyzed Sonogashira Coupling of
Aryl/alkenyl Mesylates

Aryl mesylates are more attractive than the corresponding aryl tosylates as
coupling substrates due to the atom economy of lower molecular weight.
However, the application of aryl mesylates in Sonogashira coupling remains
highly challenging. Gratifyingly, the Pd/CM-phos catalytic system was found to

be effective in promoting the Sonogashira coupling of aryl mesylates (Table 5.3).

Table 5.3. Palladium-catalyzed Sonogashira coupling of aryl and heteroaryl

mesylates®
! Me
OMs R' 2.0 mol% Pd(OAc), R : N
I CM-phos | ! 7 Q
. . !
R | K3PO,, t-BUOH ! Y—=-r|
H  110°C, 18h ! Cy,P
! CM-phos
Me
(o) Me
g =
-O—' O— OO -
R = tBu, 76% 71% 68%
R = C(O)Me, 75%
R = C(O)Ph, 44%
Me
S /N
I\/Ie—<\ Me Me MeO —
N \ T
X X
70% 78% 68%P
N
o COL OO
=
= NS X
X NV
/©/\Ll\/le N N
. >
OMe
53940 8294cd 82%
OMe P —
z \\  //
o ve Me—N == Me
Me 36% J 20%¢

®Reaction conditions: ArOMs (1.0 mmol), alkyne (2.0 mmol), Pd(OAc), (2.0 mol%), (Pd:CM-
phos = 1:3), KsPO, (3.0 mmol) and t-BuOH (2.0 mL) under N, at 110 °C for 18 h (reaction time
for each substrate was not optimized). Isolated yields were reported. °5 mol% of Pd(OAc), was
used. °3.0 mmol of alkyne was used. 9K,CO; was used instead of KsPO,. °Room temperature
was used.
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An array of aryl mesylates were examined in this coupling reaction using
1-hexyne as the nucleophile. Heteroaryl mesylates were also compatible in this
system. Aromatic alkyne and conjugated alkyne were found to be capable
coupling partners (Table 5.3). These examples represent the first aryl mesylate-

alkyne coupling reaction.

5.2.4 Application of Palladium-Catalyzed Sonogashira Coupling of Aryl
Tosylates

In order to further show the application of this coupling process, a tandem
reaction was investigated. The tosylate Sonogashira approach provided a facile
access to nitrogen heterocycle, such as isoginoline scaffold. To our best
knowledge, this is the first example to target isoquinoline using a phenolic
derivative (tosylate) precursor. The formylphenyl tosylate and 1-heptyne was
directly transformed to 2-substituted isoquinoline effectively by an operationally

simple one-pot two-steps cascade process (Scheme 5.2).

(i) 2.0 mol% Pd(OAc),/CM-phos
@H K3PO4, t-BuOH
90 °C, 18 h SN
OTs

(ii) EtOH /(NM5 (2 M)
* 80 °C, 18 h

49%

— | One-pot two-steps cascade reaction |

Scheme 5.2. One pot synthesis of substituted isoquinoline from aryl tosylate. (Reaction
conditions: i. ArOTs (2.0 mmol), alkyne (4.0 mmol), Pd(OAc), (2.0 mol%), (Pd:CM-
phos = 1:3), KsPO,4 (6.0 mmol) and t-BuOH (4.0 mL) under N, at 110 °C for 18 h; ii.
Without purification/isolation processes, ethanolic ammonia was directly added to the
reaction mixture and stirred at 80 °C for 18 h. Isolated yield in two steps.)
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5.25 Proposed Mechanism of Palladium-Catalyzed Sonogashira

Coupling of Aryl Sulfonates

OSO,R
R
=
AN
| Z // Pd°L,
g L
1

L
P
©~Il°/d" R ,Ld “OSO,R
L

H-Base*

-0SO,R
L

@Pd"-OSOZR L
Base + L |

—==r

Scheme 5.3. Proposed mechanism of Pd-catalyzed Sonogashira cross-coupling

For the general mechanism of Sonogashira coupling, the catalytic cycle is
initiated by oxidative addition of aryl sulfonates to complex A with Pd(ll)
species. Then, coordination of terminal alkyne to the complex A, which
produced an alkyne-Pd(11) complex B. After that, deprotonation was underwent
which the base removed the proton from coordinated alkynes to form square
planar Pd(ll)-acetylide complex C. Finally, reductive elimination was carried

out the expelled the desired products and regenerated the Pd(0) species.

5.3 Conclusion

In summary, we have established a general Sonogashira coupling of aryl

and heteroaryl tosylates. This finding is of high significance as this procedure
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enables difficult phenolic derivative as the electrophilic partners, which usually
offer different substitution patterns with respect to aryl halides, for aromatic
alkyne synthesis. Notably, we have also succeeded in showing the first examples
of even more difficult, yet more atom-economical aryl mesylate couplings under
Sonogashira methodology. Indeed, the inertness of the mesylate group would
feature aryl mesylate as a protecting group during multi-step synthesis and allow
a number of orthogonal organic transformations and perform modular Cs2)-C(sp)
bond construction at appropriate stage in the whole synthetic sequence.
Particularly noteworthy is that this versatile alkyne-tosylate/mesylate coupling
also provides a facile access to 2-substituted isoquinoline by a one-pot cascade

process.

5.4 Experimental Section

5.4.1 General Considerations

Unless otherwise noted, all reagents were purchased from commercial
suppliers and used without purification. All Sonogashira reactions were
performed in Rotaflo® (England) resealable screw cap Schlenk flask (approx. 8
mL volume) in the presence of Teflon coated magnetic stirrer bar (3 mm x 10
mm). tert-Butanol was distilled from sodium under nitrogen. Commercially
available alkynes were used as received. K3PO4 was purchased from Fluka.
Thin layer chromatography was performed on Merck precoated silica gel 60 Fs4
plates. Silica gel (Merck, 70-230 and 230-400 mesh) was used for column
chromatography. *H NMR spectra were recorded on a Bruker (400 MHz) or

Varian (500 MHz) spectrometer. Spectra were referenced internally to the
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residual proton resonance in CDClz (6 7.26 ppm), or with tetramethylsilane
(TMS, & 0.00 ppm) as the internal standard. Chemical shifts (5) were reported as
part per million (ppm) in & scale downfield from TMS. *C NMR spectra were
referenced to CDClIs (6 77.0 ppm, the middle peak). Coupling constants (J) were
reported in Hertz (Hz). Mass spectra (EI-MS and ES-MS) were recorded on a
HP 5989B Mass Spectrometer. High-resolution mass spectra (HRMS) were
obtained on a Briker APEX 47e FT-ICR mass spectrometer (ESIMS). GC-MS
analysis was conducted on a HP 5973 GCD system using a HP5MS column (30
m x 0.25 mm). The products described in GC yield were accorded to the

authentic samples/dodecane calibration standard from HP 6890 GC-FID system.

5.4.2. General Procedures for Sonogashira Couplings of Aryl Tosylates
and Mesylates

General procedures for Sonogashira couplings of aryl tosylates and
mesylates (the Pd catalysts loading range from 0.5-5 mol%): Pd(OAc), and CM-
phos (Pd:L = 1:3) were loaded into a Schlenk tube equipped with a Teflon-
coated magnetic stir bar. The tube was evacuated and flushed with nitrogen for
three times.  Precomplexation was applied by adding freshly distilled
dichloromethane and EtsN into the tube. The palladium complex stock solution
was stirred and warmed using hair drier for 1 to 2 minutes until the solvent
started boiling. The solvent was then evaporated under high vacuum. Aryl
tosylate/ mesylate (0.5 mmol) and K3PO,4 (1.5 mmol) were loaded into the tube,
and the system was further evacuated and flushed with nitrogen for three times.

The solvent tert-butanol (2.0 mL) was then added. The tube was stirred at room
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temperature for several minutes and alkyne (1.0 mmol) was then loaded into the
tube. The tube was then placed into a preheated oil bath (110/ 100 °C) and
stirred for 18 hours. After completion of reaction as judged by GC analysis, the
reaction tube was allowed to cool to room temperature and quenched with water
and diluted with ethyl acetate. The organic layer was separated and the aqueous
layer was washed with ethyl acetate. The filtrate was concentrated under
reduced pressure.  The crude products were purified by flash column

chromatography on silica gel (230-400 mesh) to afford the desired product.

5.4.3. General Procedures for Sequential Cyclization of Aryl Tosylates

General procedures for cyclization of aryl tosylates: Pd(OAc), and ligand
(Pd:L = 1:3) were loaded into a Schlenk tube (100 mL) equipped with a Teflon-
coated magnetic stir bar. The tube was evacuated and flushed with nitrogen for
three times. Precomplexation was applied by adding freshly distilled
dichloromethane and EtsN into the tube. The palladium complex stock solution
was stirred and warmed using hair drier for 1 to 2 minutes until the solvent
started boiling. The solvent was then evaporated under high vacuum. Aryl
tosylate (2 mmol) and K3PO,4 (7.5 mmol) were loaded into the tube, and the
system was further evacuated and flushed with nitrogen for three times. The
solvent tert-butanol (8.0 mL) was then added. The tube was stirred at room
temperature for several minutes and alkyne (4.0 mmol) was then loaded into the
tube. The tube was then placed into a preheated oil bath (110 °C) and stirred for
18 hours. After completion of reaction, the reaction tube was allowed to cool to

room temperature. The system was flushed with nitrogen and ammonia in
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ethanol (2 M, 10 mL) was added. The tube was then placed into a preheated oil
bath (80 °C) and stirred for another 18 hours. After the completion of reaction,
the tube was allowed to cool to room temperature and the solvent was removed
under vacuum. The reaction was then quenched with water and diluted with
ethyl acetate and judged as GC. The organic layer was separated and the aqueous
layer was washed with ethyl acetate. The filtrate was concentrated under reduced
pressure. The crude products were purified by flash column chromatography on

silica gel (230-400 mesh) to afford the desired product.

5.5. Characterization data of coupling products

1-tert-Butyl-4-(hept-1-ynyl)benzene (Table 5.2)"

t—BUAQ%n-Cg)Hﬂ
Pure Hexane, Ry = 0.4; *H NMR (400 MHz, CDCl3) § 0.95 (t, J=7.2Hz, 3H), 1.32
(s, 9H), 1.375-1.48 (m, 4H), 1.63 (q, J=7.2Hz, 2H), 2.41 (t, J=7.0Hz, 2H), 7.30-
7.37 (g, 4H); °C NMR (L00MHz, CDCl3) 6 13.9, 19.3, 22.2, 28,5, 31.1, 31.2,
34.6, 80.5, 89.6, 121.1, 125.1, 131.2, 150.5; MS (EI): m/z (relative intensity) 228

(M*, 20), 213 (100), 199 (5).

2-(Hept-1-ynyl)benzaldehyde (Table 5.2)*
Me
Z
_0O
EA: Hexane = 1:9, Ry = 0.6; 'H NMR (400 MHz, CsDs) & 0.81 (t, J=7.2Hz, 3H),

1.52-1.37 (m, 6H), 2.11 (t, J=7.2Hz, 2H), 6.81-6.90 (m, 2H), 7.29 (dd, J=6.8,
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0.8Hz, 1H), 7.88-7.90 (m, 1H), 10.76 (d, J=0.8Hz, 1H); *C NMR (100MHz,
CsDs) 6 13.7,19.2, 22.0, 28.0, 30.9, 76.6, 97.8, 126.8, 127.5, 127.7, 132.9, 133.0,
136.4, 190.5; MS (El): m/z (relative intensity) 200 (M*, 13), 157 (41), 144 (100),

128 (33), 115 (90).

2-(Hex-1-ynyl)benzonitrile (Table 5.2)"'
CN

EA: Hexane=1:20, R; = 0.4; *H NMR (400 MHz, CDCl3) § 0.97 (t, J=7.4Hz, 3H),
1.50-1.58 (m, 2H), 1.62-1.67 (M, 2H), 2.50 (t, J=7.0Hz, 2H), 7.33-7.37 (M, 1H),
7.50-7.61 (m, 2H), 7.627 (d, J=0.8Hz, 1H); *C NMR (100MHz, CDCls) § 13.5,
19.2, 21.9, 30.3, 97.9, 115.2, 117.7, 127.4, 128.0, 132.1, 132.2, 132.4; MS (EI):

m/z (relative intensity) 182 (M", 82), 168 (100), 140 (90), 127 (39).

4-(Hex-1-ynyl)benzonitrile (Table 5.2)*

EA: Hexane= 1:20, R; = 0.4; 'H NMR (400 MHz, CDCls) & 0.95 (t, J=7.4Hz,
3H), 1.44-1.50 (m, 2H), 1.56-1.61 (m, 2H), 2.43 (t, J=7.0Hz, 2H), 7.43 (d,
J=8.4Hz, 2H), 7.54 (d, J=8.4Hz, 2H); *C NMR (100MHz, CDCls) 5 13.4, 19.0,
21.8, 30.3, 79.3, 95.5, 110.6, 118.4, 129.0, 131.7, 131.9; MS (EI): m/z (relative

intensity) 183 (M*, 38), 168 (100), 154 (46), 140 (74), 127 (79).

5-(Hex-1-ynyl)-2-methylbenzothiazole (Table 5.2, Table 5.3)

n-C4H9%Q\j\
N™ “Me

EA: Hexane= 1.9, R = 0.4; *H NMR (400 MHz, CDCls) § 0.96 (t, J=7.2Hz, 3H),

1.46-1.55 (m, 2H), 1.58-1.66 (m, 2H), 2.44 (t, J=6.8Hz, 2H), 2.81 (s, 3H), 7.36
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(dd, J=1.6, 6.8Hz, 1H), 7.70 (d, J=8.0Hz, 1H), 7.97 (bs, J=8.0Hz, 1H); **C NMR
(100MHz, CDCIs) & 13.5, 19.0, 20.4, 21.9, 30.7, 80.1, 90.5, 120.9, 121.8, 125.2,
127.9, 134.8, 153.2, 167.5; MS (El): m/z (relative intensity) 229 (M", 68), 214
(66), 200 (62), 186 (100); HRMS: calcd. for Ci4HigNS™: 230.0992, found

230.10083.

6-(Hept-1-ynyl)quinoline (Table 5.2)

gz
segl
X
N

EA: Hexane= 1:4, Ry = 0.3; *H NMR (400 MHz, CDCl5) § 0.92 (t, J=7.4Hz, 3H),

n-CsHy4

1.33-1.48 (m, 4H), 1.59-1.66 (m, 2H), 2.43 (t, J=7.2Hz, 2H), 7.31-7.34 (q,
J=4.4Hz, 1H), 7.66 (dd, J=2.0, 1.6Hz, 1H), 7.83 (d, J=2.0Hz, 1H), 7.99-8.03 (t,
J=8.4Hz), 8.83 (d, J=3.2Hz, 1H); *C NMR (100MHz, CDCl5) § 13.8, 19.3, 22.1,
28.2, 31.0, 80.1, 91.9, 121.3, 122.3, 127.8, 129.2, 130.5, 132.3, 135.3, 147.2,
150.3; MS (EI): m/z (relative intensity) 223 (M*, 51), 194 (100), 180 (71), 168

(89), 139 (36); HRMS: calcd. for C1gH1gN™: 224.1429, found 224.1439.

1-(Hept-1-ynyl)naphthalene (Table 5.2)15

o

Pure hexane, Ry = 0.5; *H NMR (400 MHz, CDCls) § 1.00 (t, J=7.2Hz, 3H),
1.44-1.59 (m, 4H), 1.75-1.78 (m, 2H), 2.61 (t, J=7.2Hz, 2H), 7.43 (t, J=7.6Hz,
1H), 7.53-7.60 (m, 1H), 7.60 (d, J=1.6Hz, 1H), 7.86 (dd, J=8.0, 0.4Hz, 2H), 8.39
(d, 8.4Hz, 1H); **C NMR (100MHz, CDCls) § 14.0, 19.7, 22.2, 28.6, 31.2, 78.5,

95.6, 121.8, 125.2, 126.2, 126.3, 126.4, 127.8, 128.2, 129.9, 133.2, 133.5; MS
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(EN: m/z (relative intensity) 222 (M*, 44), 193 (27), 179 (35), 165 (100), 152

(23).

1-(Hept-1-ynyl)-3,5-dimethylbenzene (Table 5.2)

n-CsHy1
Me //

Me
Pure hexane, Ry = 0.6; '"H NMR (400 MHz, CDCls) & 0.96 (t, J=7.2Hz, 3H),

1.36-1.60 (m, 4H), 1.62-1.65 (m, 2H), 2.30 (s, 6H), 2.42 (t, J=7.0Hz, 2H), 6.93 (s,
1H), 7.06 (s, 2H); *C NMR (100MHz, CDCls) & 13.9, 19.3, 21.0, 22.2, 28.5,
31.1, 80.7, 89.6, 123.7, 129.2, 129.3, 137.6; MS (EI): m/z (relative intensity) 200

(M*, 44), 171 (41), 156 (35), 143 (100), 128 (44), 115 (27).

2,7-Di(hept-1-ynyl)naphthalene (Table 5.2)

n-CsHq4 n-CsHq4
A =Z

Pure hexane, Ry = 0.3; '"H NMR (400 MHz, CDCl3) & 0.98 (t, J=7.2Hz, 6H),
1.39-1.54 (m, 8H), 1.64-1.72 (m, 4H), 2.48 (t, J=7.2Hz, 4H), 7.45 (dd, J=1.2,
7.2Hz, 2H), 7.73 (d, J=8.4Hz, 2H), 7.85 (s, 2H); **C NMR (100MHz, CDCls) &
14.0, 19.5, 22.2, 28.5, 31.2, 80.7, 91.2, 122.0, 127.5, 129.1, 130.5, 131.4, 132.7,
MS (EI): m/z (relative intensity) 316 (M*, 100), 259 (31), 215 (38), 202 (62), 179

(37).

4-(Cyclohexenylethynyl)benzonitrile (Table 5.2)*°

=0
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EA: Hexane=1:9, Ry = 0.5; '"H NMR (400 MHz, CDCls) & 1.63-1.72 (m, 4H),
2.18-2.24 (m, 4H), 6.29-6.31 (m, 1H), 7.50 (t, J=6.4Hz, 2H), 7.58-7.60 (m, 2H);
3C NMR (100MHz, CDCls) 6 21.2, 22.1, 25.7, 28.8, 95.8, 110.7, 118.5, 120.1,
128.7, 131.7, 131.8, 137.1; MS (EI): m/z (relative intensity) 207 (M*, 100), 192

(56), 179 (55), 165 (29), 151 (29), 140 (29).

4-Hept-1-ynyl-benzoic acid methyl ester (Table 5.2)15
0

OMe

Z
n-CsHyq

EA: Hexane=1:9, R; = 0.5; *H NMR (400 MHz, CDCl5) § 0.93 (t, J=7.2Hz, 3H),
1.36-1.46 (m, 4H), 1.60-1.64 (m, 2H), 2.42 (t, J=7.2Hz, 2H), 3.90 (s, 3H), 7.44
(d, J=8.4Hz, 2H),7.94 (d, J=8.4Hz, 2H); *C NMR (100MHz, CDCls) & 13.8,
19.4, 22.1, 28.2, 31.0, 52.0, 80.0, 93.9, 128.7, 128.9, 129.3, 131.3, 166.5; MS
(EN: m/z (relative intensity) 230 (M*, 35), 201 (58), 142 (55), 129 (100), 115

(42).

1-(Hept-1-ynyl)-4-methoxybenzene (Table 5.2)15

EA: Hexane= 1:50, R; = 0.25; *H NMR (400 MHz, CDCl5) & 0.95 (t, J=7.2Hz,
3H), 1.47-1.60 (m, 4H), 2.39 (t, J=7.0Hz, 2H), 3.79 (s, 3H), 6.80 (d, J=8.8Hz,
2H), 7.32 (d, J=8.8Hz, 2H); *C NMR (100MHz, CDCls) 5 13.6, 19.0, 30.9, 55.2,
80.2, 88.7, 113.7, 116.2, 132.8, 158.9; MS (EI): m/z (relative intensity) 188 (M",

50), 173 (32), 159 (32), 145 (100).
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1-Methyl-4-(phenylethynyl)quinolin-2(1H)-one (Table 5.2)%

EA: Hexane= 1:4, Ry = 0.2; *H NMR (400 MHz, CDCls) & 3.68 (s, 3H), 6.92 (s,
1H), 7.27-7.33 (m, 2H), 7.39-7.41 (m, 3H), 7.56-7.62 (m, 3H), 8.08 (dd, J=1.2,
4Hz, 1H); *C NMR (100MHz, CDCls) & 29.2, 83.8, 114.1, 119.8, 121.6, 122.1,
124.2, 127.2, 128.3, 129.3, 130.9, 131.8, 132.2, 139.6,161.2; MS (El): m/z

(relative intensity) 259 (M*, 100), 230 (54).

4-(Hex-1-yn-1-yl)-1-methylquinolin-2(1H)-one (Table 5.2, 5.3)

|| Me

E\ 2
ZSN" N0

Me
EA: Hexane= 1:4, R = 0.3; 'H NMR (400 MHz, CDCI3) 0 0.95 (t, J=7.2 Hz,
3H), 1.38-1.51 (m, 4H), 1.66-1.73 (m, 2H), 2.54 (t, J=7.2 Hz, 2H), 3.69 (S, 3H),
6.81 (S, 1H), 7.24-7.34 (m, 2H), 7.54-7.59 (m, 1H), 8.01 (dd, J=6.4,1.2Hz, 1H);

13C NMR (100MHz, CDCl3) 5 13.8, 19.6, 22.0, 28.0, 29.2, 31.0, 75.6, 100.9,

114.0, 120.4, 122.0, 124.1, 127.4, 130.7, 133.2, 139.6, 161.5.

4-(Hept-1-yn-1-yl)-2H-chromen-2-one (Table 5.2)

H Me

X

(O]

EA: Hexane= 1:6, Ry = 0.5; *H NMR (400 MHz, CDCls) § 0.95 (t, J=7.2 Hz, 3H),
1.39-1.50 (m, 4H), 1.67-1.75 (m, 2H), 2.57 (t, J=7.2 Hz, 2H), 6.49 (s, 1H), 7.28-

7.33 (m, 2H), 7.52-7.56 (m, 1H), 7.83-7.86 (dd, J=1.6, 6.4Hz, 1H); *C NMR
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(100MHz, CDCls) 6 13.8, 19.7, 22.0, 27.8, 31.0, 74.7, 105.1, 116.8, 118.1, 118.7,

124.2, 126.6, 132.0, 138.0, 153.4, 160.3

(4-(Hex-1-ynyl)phenyl)(phenyl)methanone (Table 5.2)*
0

X
n-C4H9

EA: Hexane= 1:9, R; = 0.5; *H NMR (400 MHz, CDCls) & 0.98 (t, J=7.2Hz, 3H),
1.48-1.56 (m, 2H), 1.59-1.65 (m, 2H), 2.46 (t, J=7.2Hz, 2H), 7.47-7.51 (m, 4H),
7.57-7.61 (m, 1H), 7.74-7.80 (m, 4H); *C NMR (100MHz, CDCls) & 13.5,
19.1,21.9, 30.6, 80.0, 94.0, 128.2, 128.5, 129.8, 129.9, 131.3, 132.3, 136.0, 137.4,
195.9; MS (El): m/z (relative intensity) 262 (M, 50), 185 (57), 105 (100), 77

(40).

2-(Hex-1-ynyl)naphthalene (Table 5.3)%

Pure Hexane, Rf = 0.45; *H NMR (400 MHz, CDCls) § 1.03 (t, J=7.2Hz, 3H),

% Me

1.55-1.61 (m, 2H), 1.66-1.71 (m, 2H), 2.52 (t, J=7.2Hz, 2H), 7.49-7.53 (m, 3H),
7.78-7.85 (m, 3H), 7.97 (s, 1H); *C NMR (100MHz, CDCl5) & 13.6; 19.1, 22.0,
30.8, 80.9, 90.8, 121.4, 126.1, 126.3, 127.5, 127.6, 127.7, 128.7, 130.9, 132.4,
133.0; MS (EI): m/z (relative intensity) 208 (M", 60), 193 (36), 179 (66), 165

(100).

4-(1-Hexyn-1-yl)-1,2-(methylenedioxy)benzene (Table 5.3)*

M
0 Z °
<
o)
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EA: Hexane= 1:40, R; = 0.25; *H NMR (400 MHz, CDCls) & 0.97 (t, J=7.2Hz,
3H), 1.46-1.52 (m, 2H), 1.56-1.62 (m, 2H), 2.40 (t, J=7.2Hz, 2H), 5.96 (s, 2H),
6.74 (d, J=8Hz, 1H), 6.88 (d, J=1.6Hz, 1H), 6.93 (dd, J=6.4, 1.6Hz, 1H),; **C
NMR (100MHz, CDCls) 6 13.5, 19.0, 20.0, 21.9, 30.7, 80.2, 90.5, 120.9, 121.8,
125.2, 128.0, 134.8, 153.3, 167.6; MS (EI): m/z (relative intensity) 229 (M, 70),

214 (64), 200 (61), 186(100).

6-(Hex-1-ynyl)quinoline (Table 5.3)

N
AN
7
=

n—C4H9

EA: Hexane= 1:4, Ry = 0.3; 'H NMR (400 MHz, CDCls) & 0.95 (t, J=7.2Hz, 3H),
1.46-1.52 (m, 2H), 1.57-1.63 (m, 2H), 2.44 (t, J=7.2Hz, 2H), 7.33 (dd, J=4.4,
3.6Hz, 1H), 7.67 (dd, J=6.8, 2.0Hz, 1H), 7.83 (d, J=1.6Hz, 1H), 8.08 (t, J=8.8Hz,
2H), 8.84 (t, J=1.6Hz, 1H); *C NMR (100MHz, CDCl;) & 13.5, 19.0, 21.9, 30.6,
80.1,91.8,121.4,122.3,127.8,129.1, 130.5, 132.3, 135.4, 147.2, 150.3; MS (EI):
m/z (relative intensity) 209 (M*, 55), 194 (73), 180 (100), 166 (68); HRMS:

calcd. for C1sHisN™: 210.1285, found 210.1283.

1-(Hex-1-ynyl)-4-methoxybenzene (Table 5.3)%

OMe
/©/

n-C4H9

EA: Hexane= 1:50, Ry = 0.25; *H NMR (400 MHz, CDCls) & 0.98 (t, J=7.2Hz,
3H), 1.48-1.54 (m, 2H), 1.60-1.63 (m, 2H), 2.42 (t, J=7.2Hz, 2H), 3.81 (s, 3H),
6.82 (d, J=8.8Hz, 2H), 7.35 (d, J=8.8Hz, 1H): **C NMR (100MHz, CDCls) &
13.6, 19.0, 21.9, 30.9, 55.1, 80.1, 88.6, 113.7, 116.2, 132.8, 158.9; MS (El): m/z

(relative intensity) 188 (M*, 55), 173 (34), 159 (33), 145 (100).
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1-(4-(Hex-1-ynyl)phenyl)ethanone (Table 5.3)*
O

Me
Me //

EA: Hexane= 1:4, Ry = 0.5; *H NMR (400 MHz, CDCls) § 0.97 (t, J=7.2Hz, 3H),
1.48-1.52 (m, 2H), 1.60-1.63 (m, 2H), 2.45 (t, J=7.2Hz, 2H), 2.59 (s, 3H), 7.46
(d, J=8.8Hz, 2H), 7.87 (t, J=6.8Hz, 2H); *C NMR (100MHz, CDCls) § 13.6,
19.0, 21.9, 30.9, 55.1, 80.1, 88.6, 113.7, 116.2, 132.8, 158.913.5, 19.1, 21.9, 26.4,
30.5, 80.0, 94.3, 128.0, 129.1, 1315, 135.5, 197.3;: MS (El): m/z (relative

intensity) 200 (M, 23), 185 (100), 129 (26).

6-((4-Methoxyphenyl)ethynyl)quinoline (Table 5.3)*°
N\
e
=
e
EA: Hexane= 1:3, Ry = 0.25; 'H NMR (400 MHz, CDCls) & 3.78 (s, 3H), 6.86 (d,
J=8.8Hz, 2H), 7.32-7.36 (m, 1H), 7.50 (d, J=8.8Hz, 2H), 7.78 (dd, J=6.8, 1.6Hz
1H), 7.94 (d, J=1.6Hz, 1H), 8.03-8.06 (m, 2H), 8.86-8.87 (m, 1H); *C NMR
(100MHz, CDCls) 8 55.1, 87.6, 90.6, 113.9, 114.8, 121.5, 121.7, 127.8, 129.3,
130.5, 131.9, 133.0, 135.4, 147.3, 150.5, 159.6; MS (EI): m/z (relative intensity)

259 (M*,100), 244 (47), 216 (24).

6-(Cyclohex-1-enylethynyl)quinoline (Table 5.3)
N\
o

o

EA: Hexane= 1:6, R; = 0.35; *H NMR (400 MHz, CDCl3) & 1.60-1.69 (m, 4H),

2.14-2.26 (m, 4H), 6.25-6.27 (m, 1H), 7.32-7.35 (m, 1H), 7.70 (g, J=6.8, 2.0Hz

148



1H), 7.86 (d, J=1.6Hz, 1H), 7.99-8.04 (m, 2H), 8.84-8.86 (m, 1H); *C NMR
(100MHz, CDCl3) 6 21.3, 22.1, 25.6, 29.0, 86.3, 92.5, 120.4, 121.4, 122.0, 127.8,
129.2, 130.4, 132.1, 135.4, 135.8, 147.3, 150.4; MS (EI): m/z (relative intensity)
233 (M*, 100), 218 (42), 204 (42). HRMS: calcd. for C1oH1sN™: 234.1287, found

234.1283.

1-(Hex-1-ynyl)-2,4-dimethylbenzene (Table 5.3)"
Me C4Hg

ol

Me

Hexane, Ry = 0.5; '"H NMR (400 MHz, CDCls) § 0.97-1.02 (m, 3H), 1.53-1.58
(m, 2H), 1.62-1.66 (m, 2H), 2.33-2.34 (d, J=2.0Hz, 3H), 2.42 (d, J=3.2, 3H),
2.46-2.51 (m, 2H), 6.94-6.96 (d, J=7.6, 1H), 7.03 (s, 1H), 7.28-7.31(m, 1H); **C
NMR (100MHz, CDCI3) 6 13.6, 19.2, 20.5, 21.2, 21.9, 31.0, 79.4, 93.4, 120.8,
126.1, 130.0, 131.6, 137.2, 139.6; MS (EI): m/z (relative intensity) 186 (M", 71),

171 (57), 143 (93), 128 (100).

3-Pentylisoquinoline (Scheme 5.2)%’
XN Me
W
EA: Hexane= 1:4, R = 0.5; *H NMR (400 MHz, CDCls) 5 0.91 (t, J=7.2Hz, 3H),
1.37-1.41 (m, 4H), 1.79-1.86 (m, 2H), 2.93 (t, J=7.6Hz, 2H), 7.45 (s, 2H), 7.50 (¢,
J=7.2Hz 1H), 2.62 (1, J=8.8Hz, 1H), 7.72 (d, J=8.8Hz, 1H), 7.89 (d, J=7.2Hz,
1H), 9.20 (s, 1H): 3C NMR (100MHz, CDCls) § 13.9, 22.5, 29.6, 31.5, 38.0,
117.8, 125.9, 126.1, 126.9, 127.3, 130.0, 136.4, 151.9, 155.7; MS (EI): m/z

(relative intensity) 199 (M*, 3), 170 (14), 156 (20), 143(100), 115(14).
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Chapter 6 Designs and syntheses of New Classes of

Indolyl Phosphine Ligands

6.1 Introduction

Phosphine ligands have emerged as one of the most important parts in
transition metal-catalyzed catalysis. The steric and electronic properties of the
phosphine ligands may be varied by fine tuning of the ligand skeleton. Various
supporting ligands have been designed by several research groups, such as biaryl
monophosphines, * alkyl monophosphines, 2 and N-heterocyclic carbenes.
Although scientists have made intense contributions to cross-coupling by
introducing specially designed catalyst, there is still limitations for instance, the

complicated/ expensive synthetic methods of ligands.

Inspired by the previous fruitful works, our group focused on the
development and exploration of simple and efficient ligands, which have a great
potential of diversification to deal with particular challenge in coupling
methodology. With the development of new series of indolyl phosphine ligands
(Scheme 6.1), various palladium-catalyzed cross-coupling reactions were
successfully achieved.* Notably, CM-phos facilitates the Suzuki cross-couplings
and amination even for the unexplored aryl sulfonates in good-to-excellent yields

with low catalyst loadings.”

In light of the performance of the catalyst, a modification of CM-phos was
carried out to demonstrate the importance of altering the steric hinderance and

electron density on N-substituted group. Moreover, as an extension of our
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continuous interest in the ligand, new classes of indolyl phosphine ligands were
developed to tackle the problematic and difficult substrates in aromatic bond-

construction processes.

Class of N-P bound amino-phosphine
p

N -PR,
=
R— | R' = OMe, Me, etc.

Me
N
I/

igand template

Fischer

~ Indolization
2 7 A

N
Me. 0O "a modular R"
approach”

Q

CM-phos RoP
N-Me R = Cy, i-Pr, Ph, etc.
N oM O N,Me y

O
Cy,P O

Class of C-P bound phosphine

Scheme 6.1. N-P type and C-P type indolyl phosphine ligands developed by Kwong

6.2 Strategic Design of New Classes of Ligands

The design of ligand is possibly a key to succeed of challenging cross-
coupling. With our previous experiences in dealing with indolyl phosphines, we

plan to the following considerations for the ligand skeleton fine-tuning:

1) To modify the well-developed CM-phos by incorporating groups at the

N-position to expand the ligand diversification;

Offers extra
tunability from
different substituent
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6.3

6.3.

2) To develop a family of easily accessible C3-indolyl phosphine ligands
which can be synthesized from phenylhydrazine and different substituted

1-acetonaphthone;

Fine tuning of

I? donor atom

PR",

. = ‘
Offers extra i] R i
Offers extra tunability

'([ju_]q(abilitty frgrr;_t t from substitued acetonaphthone
imerent substituen starting materials

3) To develop a family of easily accessible indolyl morpholine phosphine
ligands with the original phenyl ring is replaced by morpholine or related

heterocycles.

Fine tuning of

I? donor atom

PR',
AN / \
(I%*N Z<:I Offers extra tunability
Z>N from attaching different
Me

N-heterocycles
e.g. morpholine, piperidine...
Z=0,S,C.. 9 P pip

Result and Discussion

1 Modification of Well-Developed CM-phos Skeleton

With our previous experiences in dealing with CM-phos, the modified

Fischer indolization was successful in synthesizing sterically hindered 2’-

substituted 2-arylindoles.

Inexpensive phenylhydrazines and 2’-bromoacetophenone were used to

synthesize the ligand precursors 2-(2-bromophenyl)-1H-indole. Initially,

phe

nylhydrazone was formed when the starting materials were mixed together

under acidic condition. Then, it would undergo isomerization to yield enamine.

After protonation, a cyclic [3,3]-sigmatropic rearrangement occurred to produce
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an imine. The imine was then transformed into a cyclic aminoacetal and yielding
the indole ligand precursor by elimination of NHs. This approach benefits in a

large-scale synthesis (Scheme 6.2).

N. Polyphosphoric acid | N
©/ NH2 + (\ Me P N
120 °C H

Zpr Br

/

Phenylhydrazone Enamine

NHz .jt‘

Aminoacetal Indole

Scheme 6.2. Synthesis of 2-(2-bromophenyl)-1H-indole by Fischer Indolization

The acidic proton on the nitrogen atom was protected before the
phosphination, otherwise, it would be firstly reacted under basic condition. The
selection of the protecting group is the target tunable part of our ligand design, in
which the substituent is attached to the nitrogen atom an thus offers extra steric
and electronic tuning. For CM-phos, methyl group was chosen as the substituent
in order to rapidly synthesize and examine the catalytic activity. After the well
development of CM-phos, further substitution of the N-H group of the ligand

was then continued.

N-Methylated 2-arylindole was obtained in excellent yield by using sodium
hydride to abstract the acidic proton of 2-arylindoles and then quenching with
dimethylsulfate. For other substituted groups, the corresponding alkyl bromides

or tosylates were used with KOH in DMF (Table 6.1). However, substitution
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also occurred at the C-3 position of indole ring under strong basic condition. By
tuning the basicity, the corresponding N-substituted ligand precursors could be
afforded in moderate to good yields. However, there was no reaction while
cyclohexyl bromide was applied. No target substitutions were resulted when
cyclopropyl, cyclobutyl, cyclopentyl bromides, and 2-bromo-2-methylpropane

were employed as the starting materials. This may due to the high steric effect.

Table 6.1. Protection of indoles at the N-position with different substituents®

Br
| KOH | N
+ RBrorROTs ——> _
DMF g

Br

N\ /
Iz

entry ligand precurosr RBr/OTs product % yield®
y
Br Br
1c NN BB [T\ 60%
Z N Z N
H Et
Br Br
2 (N nProTs [ N 69%
Z N Z N
H n-Pr
Br, Br,
3 [N P TN 71%
Z N Z N
H i-Pr
Br Br
4 | N i-BuBr || N 52%
Z N Z N
H i-Bu
Br Br
5 TN Brar [ ] N 74%
Z N Z N
H Bn
Br Br
e [ TN MOMBr O N\ O 33%
H MOM
Br
7 N Z~N NR
Z N
H

®Reaction conditions: 2-(2-bromophenyl)-1H-indole: R’Br/OTs: KOH = 1:3:5, stirred at room
temperature overnight. °Isolated yields were reported. °NaH was used instead of KOH (indole:
NaH: R’Br = 1: 2: 1.5).
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The straightforward deprotonation of 2-arylindole by n-BuLi and trapping
by CIPR, afforded the corresponding phosphine ligands in moderate-to-good
yields (Table 6.2). For 1-benzyl-2-(2-bromophenyl)-1H-indole, there is no
desired product was obtained. After the lithiation by n-BuLi, the bromo-group
was abstracted and replaced by lithium and yielding n-butyl bromides. However,
the proton at the benzyl group (-CH,) was very reactive that it is easy to undergo
metal-hydrogen exchange. The lithium is then exchanged to the benzylic
position. When chlorodiphenyl- or chlorodicyclohexylphosphine are added into
the mixture, both n-BuBr and R;PCI exist and they compete with each other to
attack the lithium. Due to the steric effect, smaller n-BuBr is therefore finally

attached to the indole and give to the unwanted side product (Scheme 6.3).

. C-O
n-BuLi N
| = N + CIPR, —————
Z~N THF, -78 °C
Bn

Scheme 6.3.  Side product formation from phosphination of 1-benzyl-2-(2-
bromophenyl)-1H-indole
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Table 6.2. Phosphination of the N-substituted 2-(2’-bromophenyl)indoles?

Br R2R
T e 2 OO
+ 2 _—

Z N, THF, -78 °C N,
entry ligand precurosr CIPR, product % yield®
y
Br Cy2R
1 NN CIPCy, O A\ O 80%
Z~N N
Et Et
Br Cy2R
2 |m CIPCy, O A\ O 61%
Z N N
n-Pr n-Pr
Br Ph,R
3 |m CIPPh, O A\ O 57%
Z N N
n-Pr n-Pr
Br Cy2R
LD e OO -
Z N N
i-Pr i-Pr
Br Ph,P
D e OO
i-Pr i-Pr
Br i-ProP
NesSoRiNesS ol
Z N N
i-Pr i-Pr
Br Cy2R
D - OO =
i-Bu i-Bu
Br Ph,R
8 (m CIPPh, O \ O 60%
Z N N
i-Bu i-Bu
Br i-ProP
D e OO -
N N
i-Bu i-Bu

®Reaction conditions: 2-arylindole: CIPR,: n-BuLi = 1: 1.1: 1.1, THF, -78 °C. °Isolated yields
were reported.
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Bond distance (A) Bond angle (°)

P(1)-C(2) 1849(2) | C(2)-P(1)-C(24) 100.54 (11)
P(1)-C(18) 1858(3) | C(2)-P(1)-C(18) 104.07 (11)
P(1)-C(24) 1856 (3) | C(18)-P(1)-C(24) 102.50 (12)

Figure 6.1. X-ray crystal structure ORTEP representation of CM-phos-N-iPr

Bond distance (A) Bond angle (°)
P(1)-C(1) 1.861 (4) . C(1)-P(1)-C(25) 102.21 (19)
P(1)-C(19) 1.860 (4) C(1)-P(1)-C(19) 102.68 (12)
P(1)-C(25) 1.847 (5) C(19)-P(1)-C(25) 103.00 (2)

Figure 6.2. X-ray crystal structure ORTEP representation of CM-phos-N-iBu
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Bond distance (A) Bond angle (°)

P(1)-C(1) 1.833 (3) C(1)-P(1)-C(25) 102.38(12)
P(1)-C(19) 1842(3) | C(1)-P(1)-C(19) 100.83 (12)
P(1)-C(25) 1.819 (3) C(19)-P(1)-C(25) 101.32 (12)

Figure 6.3. X-ray crystal structure ORTEP representation of PPh,-CM-phos-N-iBu

Bond distance (A) . Bond angle (°)
P(1)-C(1) 1.8389(16) : C(1)-P(1)-C(24) 101.56 (8)
P(1)-C(18) 1.8385 (14) C(1)-P(1)-C(18) 101.89 (7)
P(1)-C(24) 1.825 (2) C(18)-P(1)-C(24) 100.76 (7)

Figure 6.4. X-ray crystal structure ORTEP representation of PPh,-CM-phos-N-nBu
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6.3.2 Development of New Class C-3 Naphdole Phosphine Ligands

By our previous work on new series of indolyl phosphine ligands,* C-3
indolyl phosphine category was developed. They were successfully applied in
the Suzuki-cross coupling of aryl chlorides. In order to further improve this
ligand skeleton, different substituted acetonaphthone was attempted to use as the
starting material for Fischer indolization. The naphthyl scaffold would give
extra steric effect to the catalytic system. Disappointingly, the steric effect
retarded the Fischer indolization (Table 6.3). Acetonaphthone was the only one

successful starting material to afford our target naphdole precursor.

Table 6.3. Synthesis of Naphdole ligand precursors by Fischer Indolization®

(0]
H R
N NS Me Polyphosphoric acid
NH, , |l _
= 120 °C

entry acetophenone product % yieldP

O

e

z . CO-O
N NR
e

o
s w OO0
N NR
H

4 Me

®Reaction conditions: Phenylhydrazine: acetonaphthone = 1.1:1, stirred at 120 °C for 2 h.
®Isolated yield were reported.

Iz

NR
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In order to synthesize our proposed ligand skeleton, an alternative synthetic
pathway was carried out (Scheme 6.4).° Oxindole was activated by a
combination of trifluoromethanesulfonic anhydride (Tf,0) and pyridine to afford
the O-triflyliminium trifate. 2-Naphthol was then added to the reaction mixture
to afford 1-(1H-indol-2-yl)naphthalen-2-ol which cannot be synthesized through

traditional Fischer indolization.

o) HO
Tf,0 AN 2-naphthol AN A
0T CIon™™ T ) — T
H © H 1102 H H
TfO 0
5

2%
Scheme 6.4. Synthesis of 1-(1H-indol-2-yl)naphthalen-2-ol
1-(1H-Indol-2-yl)naphthalen-2-ol can further transform into a wide range
of ligand precursors by alkylation process (Scheme 6.5). By similar alkylation
process, methylation can be simply done by using NaH and Me,SO, while others
can be afforded by KOH and corresponding alkyl bromides. Bromination step
was then performed by addition of N-bromosuccinimide to undergo electrophilic
substitution at the C-3 position of the indole. Lithium/bromide exchange of 3-
bromo-2-arylindole and subsequently trapping with CIPR, was done to afford the

desired naphdolyl phosphine ligand in moderate yields.

Br PCy
HO NaH MeO O \ OMe Q ) Gme
A O Me,SO, N\ O NBS N n-BuLi, CIPCy, N
\ — N ~  Me . Me
N O DMF N O DMF I THF, -78 °C !

80% 95% 58%

. . Br
" ko -Pro NaH -PrQ Oi-Pr
N\ i-PrBr i~ SN\ Me,SO, N\ NBS n-BulLi, CIPCy,

ey P . > Il\\l/I —  “,trace

N DME N DMF N DMF THF, -78 °C
Do the et e il

74% 99% 98%

Scheme 6.5. Methylation, alkylation, bromination and phosphination of 1-(1H-indol-2-
yl)naphthalen-2-ol
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Unfortunately, although an alternative pathway can be applied to
synthesize the desired ligand precursor, the yield of target naphdolyl phosphine
ligands was fair. Only trace amount of 3-(dicyclohexylphosphino)-2-(2-
isopropoxynaphthalen-1-yl)-1-methyl-1H-indole can be obtained while only
debromination side reaction was resulted. The main reason for this failure is due
to the bulky isopropyl group exerting a high steric hindrance to avoid the

phosphination step to occur.

6.3.3 Development of New Class Indolyl Morpholine Phosphine Ligands

To further develop our indolyl phosphine ligands, we designed a new
scaffold which keeping the original indole ring but replacing the 2-phenyl ring
with N-heterocycles such as morpholine, piperidine etc. This would provide
further modification with lone pair electrons from N or O atom, which can

possibly affect the coordination.

Electrophile-promoted tandem reaction is a common method for the
synthesis of heterocyclic compounds. According to Liang’s report,” iodine-
induced regioselective C-N bond formation of N-protected indole derivatives was
applied to obtain the 4-(1-methyl-1H-indol-2-yl)morpholine.” With this method,
other heterocycles were also applied to synthesize the new ligand precursors
(Table 6.4). Thiomorpholine and piperidine could be coupled at C-2 position of

N-protected indole under reflux conditions, yet in low yields (entries 3 and 4).
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Table 6.4. Synthesis of indolyl morpholine ligand precursor®

I, (2 equiv.)
@ S\ K,COj3 (2 equiv.) Ny Y
+ HN z — >
N /" CH4CN N
Z=0,5,C
entry Indole N-heterocycles product % yield?
= N K/O N _/
Me Me

A /N
2 (I\B HN/\ mN S 20%
Z N N _/ 0
Me K/S Me
36 e
o 0 O .
N N
Me
N N
Lo T O -
o o o) _/

®Reaction conditions: N-protected indole (10 mmol), N-heterocycles (25-30 mmol), 1, (20 mmol),
K,COj3 (20 mmol), CH;CN (20 ml), stirred at room temperature in dark overnight. °lsolated
yields were reported.

After the reaction completed, saturated sodium bisulfite solution was used
to wash the mixture to remove the excessive iodine. It should be noted that there
is not enough washing of iodine, 4-(N-alkyl-3-iodo-1H-indol-2-yl)morpholine
was given as the main product (Scheme 6.6). Nevertheless, this side product
would be useful for further phosphination which can skip the bromination step.

However, this compound is highly unstable under light that should be stored in

dark.
I, (2 equiv.) !
A\ /N K,CO3 (2 equiv.) N\ SN
/7 + HN 0 — > N O
N \__/ CHiCN N

Et Et

63%

Scheme 6.6. Synthesis of 4-(1-ethyl-3-iodo-1H-indol-2-yl)morpholine
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Bromination step was carried out as before by adding NBS in THF to the
reaction. However, the reaction must be quenched in 5 minutes, otherwise, 1-
methylisatin was resulted instead of the desired product (Scheme 6.7). The
brominated product was found air- and light-sensitive which the solid turned

from white to grey in 24 hours.

0]

@ []Iz K,COs3 AR NBS KOH _~
CH4CN, R‘Ae ( N ©

H dark R.T.
5 min 30 min Me
66% 61%

Scheme 6.7. Synthesis of 4-(3-bromo-1-methyl-1H-indol-2-yl)morpholine

In the phosphination step, high instability of the brominated ligand
precursor becomes a concern. Chlorodiisopropylphosphine was used and only

10% isolated product was obtained (Scheme 6.8).

Br n-BulLi Pi-Pr;

—_ Pi-Pr,CI —\
N N o — > N N O
N / THF N /
Me -78 °C Me

10%

Scheme 6.8. Synthesis of  4-(3-(diisopropylphosphino)-1-methyl-1H-indol-2-
yl)morpholine

Interestingly, during the characterization process, 4 morpholyl proton
signals were broadened in the "H-NMR and one CH, peak was missing in C-
NMR (DEPT). Further VT-NMR was then attempted. The missing proton signal
and carbon peak were appeared when higher temperature (348K) of NMR
analysis was applied (Figure 6.5). Crystallization was therefore successfully

proved the structure of desirable ligand (Figure 6.6).
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Bond distance (A) Bond angle (°)

P(1)-C(16) 1839(4) | C(16)-P(1)-C(2) 102.48 (16)
P(1)-C(2) 1881(3) | C(16)-P(1)-C(13) 102.64 (18)
P(1)-C(13) 1889 (4) | C(2)-P(1)-C(13) 102.10 (16 )

Figure 6.6. X-ray crystal structure of 4-(3-(diisopropylphosphino)-1-methyl-1H-indol-
2-yl)morpholine

6.4 Conclusion

In conclusion, we have modified the N-substituted group with the existing
CM-phos scaffold. Moreover, we designed simple approaches to potentially
synthesize the proposed new ligands: C-3 naphdole phosphine ligands and C-3
indolyl morpholine phosphine ligands. These three ligand templates have
advantages over other phosphine ligands: 1) inexpensive and can be prepared
from well-developed synthetic pathway; 2) readily available from commercially

accessible starting materials; 3) high potential for diversification and fine-tuning.

168



6.5 Experimental Section

6.5.1 General considerations

Unless otherwise noted, all reagents were purchased from commercial
suppliers and used without purification. Tetrahydrofuran (THF) was distilled
from sodium under nitrogen.® N,N-Dimethylformamide (DMF) was distilled
with calcium hydride under reduced pressure. Chlorodiphenylphosphane was
distilled under vacuum prior to use. . New bottle of n-butyllithium was used
(Note: since the concentration of n-BuLi from old bottle may vary, we
recommend performing a titration prior to use). Thin layer chromatography was
performed on Merck precoated silica gel 60 F,s4 plates. Silica gel (Merck, 70-
230 and 230-400 mesh) was used for column chromatography. Melting points
were recorded on an uncorrected Biichi Melting Point B-545 instrument. 'H
NMR spectra were recorded on a Bruker (400 MHz). Spectra were referenced
internally to the residual proton resonance in CDCls (6 7.26 ppm), or with
tetramethylsilane (TMS, & 0.00 ppm) as the internal standard. Chemical shifts (3)
were reported as part per million (ppm) in & scale downfield from TMS. **C
NMR spectra were referenced to CDCl; (5 77.0 ppm, the middle peak). P
NMR spectra were referenced to 85% H3PO, externally. Coupling constants (J)
were reported in Hertz (Hz). Mass spectra (EI-MS and ES-MS) were recorded
on a HP 5989B Mass Spectrometer. High-resolution mass spectra (HRMS) were
obtained on a Briker APEX 47e FT-ICR mass spectrometer (ESIMS). GC-MS
analysis was conducted on a HP 5973 GCD system using a HP5MS column (30

m x 0.25 mm). All yields reported refer to the isolated yield of compounds.
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6.5.2 General Procedures and Characterization Data

6.5.2.1 Preparation of Phosphine Ligand with Modified CM-phos
Skeleton

2-(2’-Bromophenyl)-1H-indole (Scheme 6.2)°

Br,
-0

2'-Bromoacetophenone (2.70 mL, 20 mmol) was mixed with
phenylhydrazine (1.97 mL, 20 mmol) in ethanol (10 mL), with 10 drops of
glacial acetic acid. The reaction was heated to 80 °C and stirred for 1 hour.
Solvent was evaporated to yield the phenylhydrazone intermediate, which was
added to polyphosphoric acid (40 g). Exothermic reaction was observed and the
reaction mixture was slowly heated to 120 °C (keep for 1 hour). The mixtures
were poured into crashed ice cube and then neutralized with 2 M NaOH and
extracted with CH,Cl,. The combined organic extracts were washed with water,
dried over anhydrous Na,SO,4, and concentrated to give the desired 2-(2’-
Bromo)-1H-indole (4.07 g, 75%) as offwhite solid, which was then dried under
reduced pressure. "H NMR (400 MHz, CDCl5) & 6.85 (s, 1H), 7.15-7.28 (m, 3H),
7.39-47 (m, 2H), 7.63-7.73 (m, 3H), 8.65 (s, 1H); *C NMR (100 MHz, CDCls) §
103.6, 111.0, 115.2, 120.1, 120.8, 121.2, 122.5, 127.6, 128.1, 129.1, 131.4, 133.4,
133.9, 136.2; MS (EI): m/z (relative intensity) 271 (M", 100), 191 (19), 165 (49),

95 (13).

2-(2-Bromophenyl)-1-ethyl-1H-indole (Table 6.1, entry 1)



2-(2’-Bromophenyl)-1H-indole (2.17 g, 8 mmol) was dissolved in a freshly
distilled DMF (15 mL) at room temperature under a nitrogen atmosphere. The
solution was cooled to 0 °C in ice/water bath. NaH (0.34 g, 16 mmol) was then
added into the reaction mixture and kept stirring at 0 °C until no bubbles were
released. Bromoethane (0.90 mL, 12 mmol) was added dropwise and stirred
overnight. 25 ml of water was added to the mixture and then extracted with
dichloromethane (50 mL). The organic layer was washed with water (5 x 100
mL) and the solvent was then removed by reduced pressure. The crude product
was filtered through a short silica pad (3 x ~10 cm) and washed with hexane then
DCM/ hexane (1:3). The solution was evaporated and the residue was
crystallized under hexane. Small amount of cold hexane was used to further
wash the product. The product was then dried under vacuum to afford the
desired 2-(2-bromophenyl)-1-ethyl-1H-indole (1.44 g, 60%) as offwhite solid.
Melting point 79.6-82.3 °C; ‘H NMR (400 MHz, CDCls) & 1.22 (t, J = 7.2 Hz,
3H), 4.05 (d, J = 7.2 Hz, 2H), 6.51 (bs, 1H), 7.15-7.19 (m, 1H), 7.26-7.36 (m,
2H), 7.41-7.44 (m, 3H), 7.68-7.75 (m, 2H); **C NMR (100 MHz, CDCls) & 15.2,
38.7, 102.5, 109.7, 119.6,120.8, 121.6, 125.1, 127.1, 128.0, 130.1, 132.7, 132.8,
134.4, 135.9, 138.8; IR (cm™): 3422.28, 3052.57, 2978.88, 1565.17, 1536.68,
1450.47, 1431.82, 1393.09, 1384.26, 1350.15, 1308.64, 1194.72, 1163.06,
1058.58, 1014.11, 782.39, 759.18, 750.15, 732.40, 672.30, 643.80, 583.64,
545.65, 422.16; MS (El): m/z (relative intensity) 299 (M*, 75), 284 (16), 205

(100), 190 (16); HRMS: calcd. for C1H1sBrN*: 300.0388, found 300.0384.
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2-(2-Bromophenyl)-1-propyl-1H-indole (Table 6.1, entry 2)

Br,
\
> Y

2-(2’-Bromophenyl)-1H-indole (1.36 g, 5 mmol) was dissolved in a freshly
distilled DMF (15 mL) at room temperature under a nitrogen atmosphere. KOH
(2.0 g, 50 mmol) was then added into the reaction mixture and kept stirring at
room temperature. After all the KOH were dissolved, propyl tosylate (1.1 mL,
5.5 mmol) was added dropwise and stirred overnight. 25 ml of water was added
to the mixture and then extracted with dichloromethane (100 mL). The organic
layer was washed with water (5 x 100 mL) and the solvent was then removed by
reduced pressure. The crude product was filtered through a short silica pad (3 x
~10 cm) and washed with hexane then DCM/ hexane (1:3, Ri= 0.25). The
solution was evaporated and the residue was crystallized under hexane. Small
amount of cold hexane was used to further wash the product. The product was
then dried under vacuum to afford the desired 2-(2’-bromophenyl)-1-propyl-1H-
indole (1.08 g, 69%) as offwhite solid. '"H NMR (400 MHz, CDCls) & 0.78-0.85
(m, 3H), 1.69-1.75 (q, J = 7.2, 7.6 Hz, 2H), 4.04 (s, 2H), 6.58 (s, 1H), 7.23 (t, J =
7.6 Hz, 1H), 7.31-7.39 (m, 2H), 7.44-7.51 (m, 3H), 7.74-7.79 (m, 2H); *C NMR
(100 MHz, CDCls) 611.3, 23.1, 45.6, 102.4, 109.7, 110.0, 118.7, 119.5, 120.7,
121.5, 127.0, 130.0 (overlapped) 132.7, 132.9, 133.3, 134.4, 136.4, 139.1; MS
(ED: m/z (relative intensity) 419 (M, 63), 376 (100), 342 (8), 298 (12), 222 (28);

HRMS: calcd. for C17H17NBr™: 314.0544, found 314.0530.

2-(2-Bromophenyl)-1-isopropyl-1H-indole (Table 6.1, entry 3)

Br



2-(2’-Bromophenyl)-1H-indole (0.68 g, 2.5 mmol) was dissolved in a
freshly distilled DMF (15 mL) at room temperature under a nitrogen atmosphere.
KOH (1.40 g, 25 mmol) was then added into the reaction mixture and kept
stirring at room temperature. After all the KOH were dissolved, 2-bromopropane
(1.41 mL, 15 mmol) was added dropwise and stirred overnight. 25 ml of water
was added to the mixture and then extracted with dichloromethane (100 mL).
The organic layer was washed with water (5 x 100 mL) and the solvent was then
removed by reduced pressure. The crude product was filtered through a short
silica pad (3 x ~10 cm) and washed with hexane then DCM/ hexane (1:3). The
solution was evaporated and the residue was crystallized under hexane. Small
amount of cold hexane was used to further wash the product. The product was
then dried under vacuum to afford the desired 2-(2’-bromophenyl)-1-isopropyl-
1H-indole (0.56 g, 71%) as offwhite solid. Melting point 103.0-105.6 °C; 'H
NMR (400 MHz, CDCl3) & 1.50 (d, J = 7.2 Hz, 3H), 1.73 (d, J = 7.2 Hz, 3H),
4.21-4.28 (m, 1H), 6.44 (bs, 1H), 7.12-7.24 (m, 2H), 7.31-7.35 (m, 3H), 7.38-
7.41 (m, 3H); *C NMR (100 MHz, CDCls) & 21.5 (overlapped), 48.4, 102.3,
112.0,119.3, 121.0, 121.1, 125.4, 127.0, 128.8, 130.0, 132.6, 132.7, 134.5, 135.1,
139.2; IR (cm™): 3060.95, 2970.35, 2931.00, 1450.32, 1433.42, 1405.58,
1385.52, 1361.98, 1346.20, 1303.22, 1176.28, 1156.23, 1139.60, 1113.42,
1101.18, 1049.08, 1016.68, 1001.40, 798.80, 760.57, 750.26, 741.34, 670.56,
608.97, 443.65, 427.11; MS (EI): m/z (relative intensity) 313 (M*, 100), 298
(45), 271 (57), 219 (27), 204 (33), 191 (27), 165 (33); HRMS: calcd. for

C17H17NBF+: 3140544, found 314.0559.
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2-(2-Bromophenyl)-1-isobutyl-1H-indole (Table 6.1, entry 4)

Br,
\
O MU Y

2-(2’-Bromophenyl)-1H-indole (1.36 g, 5 mmol) was dissolved in a freshly
distilled DMF (15 mL) at room temperature under a nitrogen atmosphere. KOH
(1.40 g, 25 mmol) was then added into the reaction mixture and kept stirring at
room temperature. After all the KOH were dissolved, 1-bromo-2-methylpropane
(1.70 mL, 15 mmol) was added dropwise and stirred overnight. 25 ml of water
was added to the mixture and then extracted with dichloromethane (100 mL).
The organic layer was washed with water (5 x 100 mL) and the solvent was then
removed by reduced pressure. The crude product was filtered through a short
silica pad (3 x ~10 cm) and washed with hexane then DCM/ hexane (1:3, Rf =
0.6). The solution was evaporated and the residue was crystallized under hexane.
Small amount of cold hexane was used to further wash the product. The product
was then dried under vacuum to afford the desired 2-(2’-bromophenyl)-1-
isobutyl-1H-indole (0.61 g, 52%). *H NMR (400 MHz, CDCls) & 0.70 (s, 6H),
2.01-2.12 (m, 1H), 3.84 (bs, 2H), 6.51 (s, 1H), 7.14-7.26 (m, 1H), 7.30-7.34 (m,
2H), 7.40-7.47 (m, 3H), 7.67-7.73 (q, J = 8.0 Hz, 2H); *C NMR (100 MHz,
CDCls) 6 20.1, 28.8, 51.6, 102.6, 110.3, 119.5, 120.7, 121.4, 125.0, 127.0, 127.7,
129.8, 132.7, 133.1, 134.5, 136.7, 139.4; HRMS: calcd. for CigHigNBr':

328.0701, found 328.0694.

1-Benzyl-2-(2-bromophenyl)-1H-indole (Table 6.1, entry 5)
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2-(2’-Bromophenyl)-1H-indole (1.36 g, 5 mmol) was dissolved in a freshly
distilled DMF (15 mL) at room temperature under a nitrogen atmosphere. KOH
(0.84 g, 15 mmol) was then added into the reaction mixture and kept stirring at
room temperature. After all the KOH were dissolved, benzyl bromide (0.71 mL,
6 mmol) was added dropwise and stirred overnight. 25 ml of water was added to
the mixture and then extracted with dichloromethane (100 mL). The organic
layer was washed with water (5 x 100 mL) and the solvent was then removed by
reduced pressure. The crude product was filtered through a short silica pad (3 x
~10 cm) and washed with hexane then DCM/ hexane (1:3, Rf = 0.55). The
solution was evaporated and the residue was crystallized under hexane. Small
amount of cold hexane was used to further wash the product. The product was
then dried under vacuum to afford the desired 1-benzyl-2-(2-bromophenyl)-1H-
indole (1.34 g, 74%). H NMR (400 MHz, CDCls) & 5.23 (s, 2H), 6.62 (s, 1H),
6.91 (t, J = 3.2, 4.8 Hz), 7.15-7.23 (m, 5H), 7.27-7.35 (m, 4H), 7.70-7.72 (m,
2H): **C NMR (100 MHz, CDCls) & 47.7, 103.2, 110.5, 119.9, 120.8, 121.9,
125.1,126.3, 127.1, 128.0, 128.4, 130.1, 132.8, 132.9, 134.0, 136.8, 137.8, 139.4;
MS (EI): m/z (relative intensity) 361 (M*, 49), 280 (7), 204 (10), 191 (10), 91

(100), 65 (8).

2-(2-Bromophenyl)-1-(methoxymethyl)-1H-indole (Table 6.1, entry 5)

Br
N\
(4
MOM
2-(2’-Bromophenyl)-1H-indole (2.71 g, 10 mmol) was dissolved in a
freshly distilled DMF (15 mL) at room temperature under a nitrogen atmosphere.

The solution was cooled to 0 °C in ice/water bath. NaH (0.34 g, 16 mmol) was

then added into the reaction mixture and kept stirring at 0 °C until no bubbles
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were released. Chloromethyl methyl ether (1.14 mL, 15 mmol) was added
dropwise and stirred overnight. 25 ml of water was added to the mixture and
then extracted with dichloromethane (50 mL). The organic layer was washed
with water (5 x 100 mL) and the solvent was then removed by reduced pressure.
The crude product was filtered through a short silica pad (3 x ~10 cm) and
washed with hexane then EA/ hexane (1:9, Rf = 0.5). The solution was
evaporated and the residue was crystallized under hexane. Small amount of cold
hexane was used to further wash the product. The product was then dried under
vacuum to afford the desired 2-(2-bromophenyl)-1-(methoxymethyl)-1H-indole
(1.04 g, 33%) as offwhite solid. *H NMR (400 MHz, CDCls) & 3.16 (s, 3H),
5.43 (s, 2H), 6.68 (s, 1H), 7.32 (t, J = 8, 6.8 Hz, 1H), 7.37-7.43 (m, 2H), 7.49 (t,
J=176,7.2Hz, 1H), 7.58 (dd, J = 6.4, 1.2 Hz, 1H), 7.67 (d, J = 8 Hz), 7.79 (t, J
=8, 7.6 Hz, 2H); *C NMR (100 MHz, CDCl5) 5 55.5, 74.8, 104.2, 110.4, 120.5,
120.7, 122.3, 124.9, 127.1, 128.0, 130.1, 132.7, 133.0, 133.5, 136.9, 139.1; MS
(EN: m/z (relative intensity) 315 (M*, 100), 284 (41), 205 (84), 190 (41), 165

(31), 102 (19), 63 (15).

N-Ethyl-2-(2’-dicyclohexylphosphinophenyl)indole (Table 6.2, entry 1)

CyZP
N\
ShaW
Et
2-(2’-Bromophenyl)-1-ethyl-1H-indole (1.50 g, 5 mmol) was dissolved in
freshly distilled THF (15 mL) at room temperature under a nitrogen atmosphere.
The solution was cooled to -78 °C in dry ice/acetone bath. Titrated n-BuLi (5.5
mmol) was added dropwise by syringe. After the reaction mixture was stirred

for 30 min at -78 °C, chlorodicyclohexylphosphine (1.21 mL, 5.5 mmol) in THF

(5 mL) was added. The reaction was allowed to warm to room temperature and
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stirred overnight. Solvent was removed under reduced pressure. After the
solvent was removed under vacuum, the product was successively washed with
cold MeOH/EtOH mixture. The product was then dried under vacuum. White
solid of N-Ethyl-2-(2’-dicyclohexylphosphinophenyl)indole (3.45 g, 80%) were
obtained. Melting point 121.3-123.0 °C; 'H NMR (400 MHz, CDCls) & 1.08-
1.22 (m, 14H), 1.65-1.74 (m, 12H), 3.91-4.06 (m, 2H), 6.39 (s, 1H), 7.10-7.24
(m, 2H), 7.37-7.48 (m, 4H), 7.65 (d, J = 7.6 Hz, 2H); *C NMR (100 MHz,
CDCls) 6 15.2, 26.3, 27.3, 38.6, 103.8, 109.7, 119.2, 120.4, 120.9, 127.7, 127.9,
131.9, 132.0, 132.5, 135.4 (unresolved complex C-P splittings were observed);
P NMR (162 MHz, CDCls) & -10.5; IR (cm™): 3448.70, 2892.66, 2923.71,
2843.98, 1446.90, 1384.70, 1340.37, 1308.71, 1264.38, 1191.56, 1163.06,
1134.56, 995.25, 887.60, 852.77, 779.54, 750.71, 729.29, 678.63, 520.32; MS
(ED: m/z (relative intensity) 417 (M, 18), 388 (9), 334 (100), 252 (30), 222 (47);

HRMS: calcd. for CogH3sNP™: 416.2507, found 416.2518.

N-Propyl-2-(2’-dicyclohexylphosphinophenyl)indole (Table 6.2, entry 2)

Cy,R
N\
> Y
2-(2’-Bromophenyl)-1-propyl-1H-indole (1.57 g, 5 mmol), n-BuLi (5.5
mmol) and chlorodicyclohexylphosphine (1.21 mL, 5.5 mmol) were used to
afford N-propyl-2-(2’-dicyclohexylphosphinophenyl)indole (1.31 g, 61%) as
white solid. Melting point 92.7-93.7 °C; *H NMR (400 MHz, CDCls) & 0.73 (t,
J=7.6 Hz, 3H), 1.10 (bs, 11H), 7.70 (d, 14H), 2.10 (s, 1H), 3.80 (s, 1H), 3.98 (s,
1H), 6.38 (s, 1H), 7.13 (t, J = 7.2 Hz, 1H), 7.21 (t, = 7.2 Hz, 1H), 7.36-7.47 (m,

4H), 7.63 (d, J = 7.6 Hz, 2H): **C NMR (100 MHz, CDCls) § 11.4, 18.7, 23.1,

26.3, 27.4, 28.4, 30.2, 45.8, 103.8, 109.9, 119.2, 120.3, 121.0, 127.8, 129.2,
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132.2, 132.3, 135.9, 140.8 (unresolved complex C-P splittings were observed);
1P NMR (162 MHz, CDCls) & -10.37; MS (EI): m/z (relative intensity) 431 (M",
17), 388 (6), 348 (100), 266 (21), 222 (33); HRMS: calcd. for CygH3gNP™:

432.2820, found 432.2821.

N-Propyl-2-(2’-diphenylphosphinophenyl)indole (Table 6.2, entry 3)

Ph,P
\
> '
2-(2’-Bromophenyl)-1-propyl-1H-indole (1.57 g, 5 mmol), n-BuLi (5.5
mmol) and chlorodiphenylphosphine (1.02 mL, 5.5 mmol) were used to afford
N-propyl-2-(2’-diphenylphosphinophenyl)indole (1.19 g, 57%) as white solid.
Melting point 135.1-136.0 °C; *H NMR (400 MHz, CDCl5) § 0.83 (t, J = 7.2 Hz,
3H), 1.72 (t, J = 7.2 Hz, 2H), 3.89 (s, 2H), 6.06 (s, 1H), 7.97-7.22 (m, 7H), 7.33-
751 (m, 11H); C NMR (100 MHz, CDCl;) & 11.5, 23.4, 455,
104.7 )ooverlapped), 109.9, 119.3, 120.6, 121.3, 127.7, 128.3, 1284
(overlapped), 128.6, 131.4, 131.5, 133.7, 133.9 (overlapped), 136.4, 138.6, 138.8,
138.9 (overlapped) (unresolved complex C-P splittings were observed); 3'P

NMR (162 MHz, CDCl3) § -13.73; HRMS: calcd. for C,gHNP™: 420.1881,

found 420.1878.

N-Isopropyl-2-(2’-dicyclohexylphosphinophenyl)indole (Table 6.2, entry 4)

Cy,R
N\
PV
i-Pr
2-(2’-Bromophenyl)-1-isopropyl-1H-indole (1.57 g, 5 mmol), n-BuLi (5.5
mmol) and chlorodicyclohexylphosphine (1.21 mL, 5.5 mmol) were used to

afford N-isopropyl-2-(2’-dicyclohexylphosphinophenyl)indole (1.90 g, 88%) as
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pale yellow solid. Melting point 155.2-159.9 °C; *H NMR (400 MHz, CDCls) §
1.03-1.24 (m, 10H), 1.29-1.77 (m, 17H), 1.80 (s, 1H), 4.14-4.18 (m, 1H), 6.32
(bs, 1H), 7.07-7.18 (m, 2H), 7.30-7.33 (m, 1H), 7.38-7.48 (m, 2H), 7.59-7.64 (m,
3H); **C NMR (100 MHz, CDCls) & 26.4, 26.93, 27.0 (overlapped), 27.1, 27.5
(overlapped), 27.6, 28.7, 28.8, 29.7, 29.8, 30.0, 30.2, 30.6, 30.8, 33.3, 33.4, 35.9,
36.1, 47.9, 103.9, 112.0, 118.8, 120.4, 120.6, 127.7, 127.9, 128.8, 131.6, 131.7,
132.5, 132.6, 134.0, 137.3, 140.5 (overlapped), 141.6, 141.9 (unresolved
complex C-P splittings were observed); *'P NMR (162 MHz, CDCls) & -11.5; IR
(cm™): 3415.82, 2978.67, 2920.09, 2843.42, 1453.79, 1431.01, 1404.94, 1384.93,
1349.81, 1306.47, 1264.38, 1174.80, 1128.80, 1001.59, 884.43, 849.60, 780.65,
769.14, 749.25, 730.29, 678.63, 615.30; MS (EI): m/z (relative intensity) 413
(M", 16), 388 (96), 348 (84), 266 (16), 222 (100), 207 (13), 55 (25); HRMS:

calcd. for CooH3sNP™: 432.2820, found 432.2812.

N-Isopropyl-2-(2’-diphenylphosphinophenyl)indole (Table 6.2, entry 5)

Ph,R
N\
paly
2-(2’-Bromophenyl)-1-isopropyl-1H-indole (0.94 g, 3 mmol), n-BuLi (3.3
mmol), chlorodiphenylphosphine (0.6 mL, 3.3 mmol) were used to afford N-
isopropyl-2-(2’-diphenylphosphinophenyl)indole (0.87 g, 69%) as a white crystal.
Melting point 174.2-179.9 °C; *H NMR (400 MHz, CDCl5) & 1.55 (d, J = 6.8 Hz,
3H), 1.63 (d, J = 7.2 Hz, 3H), 4.33-4.40 (m, 1H), 6.02 (s, 1H), 7.07-7.39 (m, 17),
7.41-7.43 (dd, J = 1.6, 6.0 Hz, 1H); *C NMR (100 MHz, CDCls) 5 21.4
(overlapped), 21.7, 104.6, 112.0, 118.9, 120.8 (overlapped), 128.3 (overlapped),

128.4, 128.6, 131.3, 133.5, 133.6, 133.7, 133.8, 134.0, 134.5, 138.9, 139.1, 139.3

(unresolved complex C-P splittings were observed); P NMR (162 MHz, CDCls)
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o -14.7; IR (Cm'l): 3463.35, 3053.47, 2976.41, 2932.40, 1584.17, 1473.35,
1453.10, 1429.45, 1384.47, 1342.89, 1304.57, 1172.56, 1153.56, 1068.07,
1023.75, 998.42, 792.67, 768.05, 749.39, 737.68, 695.16, 615.30, 497.06; MS
(ED): m/z (relative intensity) 419 (M", 12), 376 (100), 222 (33); HRMS: calcd. for

Ca9H27NP*: 420.1881, found 420.1897.

N-Isopropyl-2-(2’-diisopropylphosphinophenyl)indole (Table 6.2, entry 6)

i-Pr,R
\
O Npr Y
2-(2’-Bromophenyl)-1-isopropyl-1H-indole (1.56 g, 5 mmol), n-BuLi (3.3
mmol), chlorodiisopropylphosphine (0.88 mL, 5.5 mmol) were used to afford N-
isopropyl-2-(2’-diisopropylphosphinophenyl)indole (0.96 g, 55%) as a white
crystal. 'H NMR (400 MHz, CDCls) § 0.92-1.15 (m, 12H), 1.50 (d, J = 6.8 Hz,
3H), 1.58 (s, 3H), 1.71 (d, J = 7.2 Hz, 3H), 1.92-1.93 (m, 1H), 2.26-2.67 (m, 1H),
4.17-4.20 (m, 1H), 6.33 (s, 1H), 7.11 (t, J = 6.8 Hz, 1H), 7.14-7.18 (td, J = 6.0,
1.6 Hz, 1H), 7.31-7.34 (m, 1H), 7.40 (t, J = 7.2 Hz, 1H), 7.45-7.48 (td, J = 6.0,
1.6 Hz, 1H), 7.59-7.64 (m, 3H); *C NMR (100 MHz, CDCls) & 18.9
(overlapped), 19.9, 20.1, 20.2, 20.3, 20.5, 21.6, 21.8, 21.9, 23.1, 23.2, 26.1, 26.3,
27.6, 48.0, 103.9, 112.1, 118.9, 120.5, 120.7, 127.9, 128.1, 128.9, 131.7, 131.8,
132.3, 132.4, 134.1, 137.9, 138.1, 140.5 (overlapped), 141.4, 141.7 (unresolved

complex C-P splittings were observed); P NMR (162 MHz, CDCls) & -3.32;

MS (EI): m/z (relative intensity) 351 (M", 12), 308 (100), 266 (17), 222 (50).

N-Isobutyl-2-(2’-dicyclohexylphosphinophenyl)indole (Table 6.2, entry 7)

Cy,R
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2-(2’-Bromophenyl)-1-isobutyl-1H-indole (0.63 g, 2 mmol), n-BuLi (2.2
mmol) and chlorodicyclohexylphosphine (0.49 mL, 2.2 mmol) were used to
afford N-isobutyl-2-(2’-dicyclohexylphosphinophenyl)indole (0.25 g, 28%) as
pale yellow solid. Melting point 124.1-125.2 °C; *H NMR (400 MHz, CDCls) §
0.58 (s, 3H), 0.78 (s, 3H), 0.98-1.32 (m, 9H), 1.5901.72 (m, 13H), 3.67 (s, 1H),
3.93 (s, 1H), 6.39 (s, 1H), 7.08-7.22 (m, 2H), 7.36-7.47 (m, 4H), 7.62 (d, J = 8.0
Hz, 2H); *C NMR (100 MHz, CDCls) & 20.3, 26.4, 27.1, 27.5, 28.2, 28.8, 29.8,
30.4, 32.3, 35.8, 51.9 (overlapped), 103.8, 110.3, 119.1, 120.2, 120.9, 127.6,
127.8, 128.1, 132.4, 132.8 (overlapped), 136.4, 136.5, 136.7, 140.9, 141.2,
(overlapped) (unresolved complex C-P splittings were observed); 3P NMR (162
MHz, CDCl3) & -10.08; HRMS: calcd. for CzHzgNP™: 444.2820, found

444.2805.

N-Isobutyl-2-(2’-diphenylphosphinophenyl)indole (Table 6.2, entry 8)

Ph,R
\
O MU Y
2-(2’-Bromophenyl)-1-isobutyl-1H-indole (0.65 g, 2 mmol), n-BuLi (2.2
mmol), chlorodiphenylphosphine (0.4 mL, 2.2 mmol) were used to afford N-
isobutyl-2-(2’-diphenylphosphinophenyl)indole (0.52 g, 60%) as a white crystal.
Melting point 134.0-134.6 °C; *H NMR (400 MHz, CDCls) & 0.79 (s, 6H), 2.05-
2.15 (m, 1H), 3.82 (bs, 2H), 6.05 (s, 1H), 7.09 (t, J = 7.2 Hz, 1H), 7.11-7.26 (m,
6H), 7.33-7.50 (m, 11H); *C NMR (100 MHz, CDCls)  20.4, 28.9, 51.4, 104.9
(overlapped), 110.1, 119.2, 120.5, 121.2, 127.5, 128.3 (overlapped), 128.4, 131.6,
131.7, 133.6, 133.8, 134.2, 136.8, 138.7, 138.9, 139.0 (unresolved complex C-P

splittings were observed); 3P NMR (162 MHz, CDCls) & -13.82; HRMS: calcd.

for C30H29NP+: 4342038, found 434.2036.
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N-Isobutyl-2-(2’-diisopropylphosphinophenyl)indole (Table 6.2, entry 9)

i-Pr,R
\
O MU Y
2-(2’-Bromophenyl)-1-isobutyl-1H-indole (0.63 g, 2 mmol), n-BuLi (2.2
mmol) and chlorodiisopropylphosphine (0.49 mL, 2.2 mmol) were used to afford
N-isobutyl-2-(2’-diisopropylphosphinophenyl)indole (0.25 ¢, 28%) as pale
yellow solid. Melting point 124.1-125.2 °C; 'H NMR (400 MHz, CDCls)
0.80-1.83 (m, 18H), 3.68 (bs, 1H), 3.97 (bs, 1H), 6.42 (s, 1H), 7.10-7.14 (m, 1H),
7.20-7.24 (m, 1H) 7.38-7.50 (m, 4H), 7.61-7.65 (m, 2H); *C NMR (100 MHz,
CDCls) 6 20.2, 28.7, 51.8, 51.9, 103.8, 110.3, 119.0, 120.1, 120.9, 127.7, 128.2,
132.1 (overlapped), 132.7, 132.8, 136.3, 140.7, 141.0, 141.1 (unresolved

complex C-P splittings were observed); P NMR (162 MHz, CDCls) & -1.60;

HRMS: calcd. for CosH33NP™: 366.2351, found 366.2348.

2-Phenyl-1-(1-phenylbutyl)-1H-indole (Scheme 6.3)
N\
d\\\Me

2-(2’-Bromophenyl)-1-benzyl-1H-indole (0.72 g, 2 mmol), n-BuLi (2.2
mmol), chlorodiphenylphosphine (0.4 mL, 2.2 mmol) were used to afford 2-
phenyl-1-(1-phenylbutyl)-1H-indole (86%) as a white crystal. '"H NMR (400
MHz, CDCls) § 0.74 (t, 4H), 0.93-0.95 (m, 1H), 1.09-1.15 (m, 2H), 2.26-2.33 (m,
1H), 2.45-2.52 (m, 1H), 5.60-6.61 (m, 1H), 6.61 (s, 1H), 7.05-7.15 (m, 4H),
7.32-7.49 (m, 11H), 7.69 (d, J = 7.6 Hz, 1H); *C NMR (100 MHz, CDCls) §

13.7, 22.2, 28.1, 32.3, 58.3, 102.3, 113.1, 119.7, 120.6, 121.1, 126.3, 126.9,
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127.9, 128.4, 128.6, 129.0, 129.4, 133.4, 135.8, 141.4, 143.2; MS (El): m/z

(relative intensity) 339 (M*, 58), 282 (6), 193 (100), 165 (14), 91 (86).

6.5.2.2 Preparation of C-3 Naphdole Phosphine Ligands

2-(Naphthalen-1-yl)-1H-indole (Table 6.3, entry 1)*°

1-Acetonaphthone (7.6 ml, 50 mmol) was mixed with phenylhydrazine
(4.9 ml, 50 mmol) in 10 ml phosphoric acid and stir at room temp for 30 min.
About 50 g of PPA was added to the mixture and an exothermic reaction ensured
whereupon the mixture was heated slowly to 120 °C and kept at this temperature
for 1 h. The mixture was poured into ice water and then extract with Et,O. The
organic phase was combined and dried over Na,SO,. The concentrated organic
phase was filtered over a pad of silica (5 x 2 inch) and washed with hexane then
EA/hexane (1:9). The solution was evaporated to yield light yellow solid
product. Pretty amount of cooled hexane was used to further purify of the
product. The final product 2-(naphthalen-1-yl)-1H-indole was dried under
vacuum (7.0 g, 58%) and formed a light yellow solid. 'H NMR (400 MHz,
CDCls) & 6.83 (s, 1H), 7.19-7.28 (m, 1H), 7.28-7.30 (m, 1H), 7.47-7.59 (m, 1H),
7.66-7.76 (m, 5H), 7.91-7.97 (m, 2H), 8.34-8.36 (m, 2H); MS (EIl): m/z (relative

intensity) 243 (M", 100), 207 (8), 120 (19).
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1-(1H-Indol-2-yl)naphthalen-2-ol (Scheme 6.4)°

HO
\
Seua

Oxindole (0.67g, 5 mmol) was mixed with 2-chloropyridine (0.57 ml, 6
mmol) in DCM (35 ml) under nitrogen. The mixture was then cooled to -78°C
and Tf,0 (0.93 ml, 5.5 mmol) was added dropwisely via syringe. After 5
minutes, the reaction was warmed to 0 °C and 2-naphthol (0.721g, 5 mmol) was
added. The mixture was allowed to warm to room temperature and stirred for 3
hours. After the completion of reaction by monitoring the TLC, saturated NaOH
and NaHCO; solution were added to quench the reaction and neutralize the
acidic salts. The organic phase was separated, washed with brine (20 ml), and
dried over anhydrous Na;SOs. The solvent was evaporated under reduce
pressure and the residue purified by column chromatography (toluene: EA = 30:1,
Rf = 0.45) to afford 1-(1H-indol-2-yl)naphthalen-2-ol as white solid. *H NMR
(400 MHz, CDCl3) 6 6.80 (s, 1H), 7.23-7.49 (m, 6H), 7.71 (d, J = 8.0 Hz, 1H),
7.75 (d, J = 7.6 Hz, 1H), 7.86 (t, J = 8.4 Hz, 2H), 8.28 (bs, 1H); *C NMR (100
MHz, CDCls) & 104.5, 111.1, 111.8, 117.3, 120.5, 120.8, 122.8, 123.7, 124.2,

127.2,128.3, 128.7, 128.8, 130.2, 133.3, 137.0, 152.1.

2-(2-Methoxynaphthalen-1-yl)-1-methyl-1H-indole (Scheme 6.5)

MeO
Dhad

N

- O

Sodium hydride (11 mmol) was stirred in THF (10 ml) under nitrogen. To
a solution of 1-(1H-indol-2-yl)naphthalen-2-ol (0.73 g, 2.5 mmol) in anhydrous

THF (10 ml) was added dropwise at room temperature. Afterward, Me,SO, (1.04
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ml, 11 mmol) was added dropwise in the mixture. After stirring for 2 hours, the
reaction mixture was extracted with CH,C1,/H,O. The combined organic
extracts were dried over anhydrous Na,SO4, and concentrated. The concentrated
organic phase was filtered over a pad of silica (5 x 2 inch) and washed with
EA/hexane (1:6, Rf = 0.5). The solution was evaporated to yield light yellow
solid product. The product was washed with hexane to further purify of the
product. The final product 2-(2-methoxynaphthalen-1-yl)-1-methyl-1H-indole
was dried under vacuum (0.61 g, 85%) and formed a white solid. *H NMR (400
MHz, CDCl3) & 3.51 (s, 3H), 3.91 (s, 3H), 6.62 (s, 1H), 7.21 (t, J = 7.2 Hz, 1H),
7.31 (t, J = 8 Hz, 1H), 7.37-7.46 (m, 4H), 7.64 (t, J = 4.4 Hz, 1H), 7.65 (d, J =
7.6 Hz, 1H), 7.88 (t, J = 4 Hz, 1H), 8.02 (d, J = 8.8 Hz, 1H); **C NMR (100
MHz, CDCls3) 6 30.1, 56.5, 103.1, 109.3, 113.2, 115.4, 119.3, 120.5, 121.0, 123.8,
125.3, 126.9, 127.8, 128.1, 128.8, 130.7, 134.7, 134.9, 137.4, 155.7; MS (El):
m/z (relative intensity) 287 (M*, 100), 270 (15), 254 (18), 228 (15), 202 (8), 169

(24), 144 (16), 127 (10).

3-Bromo-2-(2-methoxynaphthalen-1-yl)-1-methyl-1H-indole (Scheme 6.5)

To a solution of 2-(2-methoxynaphthalen-1-yl)-1-methyl-1H-indole (0.3 g,
1.0 mmol) in anhydrous DMF (15 mL), a solution of N-bromosuccinimide (0.22
g, 1.2 mmol) in anhydrous DMF (10 mL) was added at room temperature. After
stirring for 2 hours, the reaction mixture was poured onto crushed ice and DCM
was added to the flask followed by water. The organic phase was washed with

large amount of water, and was then concentrated. The concentrated solution was

185



filtered over a pad of silica (6 x 2 inch) and washed with hexane then EA/hexane
(1:6, Rf = 0.5). The solution was evaporated to give white solid product. The
final product 3-bromo-2-(2-methoxynaphthalen-1-yl)-1-methyl-1H-indole was
dried under vacuum (0.35 g, 93%) to give white solid as the desired compound.
'H NMR (400 MHz, CDCl3) & 3.52 (s, 3H), 3.92 (s, 3H), 7.29-7.46 (m, 7H), 7.72
(d, J = 8.0 Hz, 1H), 7.90-7.92 (m, 1H), 8.07 (d, J = 9.2 Hz, 1H); *C NMR (100
MHz, CDCls) 6 30.9, 56.6, 91.9, 109.6, 113.1, 113.4, 119.1, 120.0, 122.3, 124.0,
124.9, 127.2, 127.3, 128.1, 128.8, 131.6, 133.4, 133.8, 136.7, 156.4; MS (El):
m/z (relative intensity) 365 (M®, 84), 286 (100), 271 (73), 255 (23), 241 (31),
227 (15), 143 (22), 120 (18); HRMS: calcd. for C,oH;;NOBI™: 366.0494, found

366.0500.

3-(Dicyclohexylphosphino)-2-(2-methoxynaphthalen-1-yl)-1-methyl-1H-

indole (Scheme 6.5)
O \ PC)SMe

N
Me

3-Bromo-2-(2-methoxynaphthalen-1-yl)-1-methyl-1H-indole (0.37 g, 1
mmol), n-BuLi (1.1 mmol), chlorodicyclohexylphosphine (0.25 mL, 1.1 mmol)
were used to afford 3-(dicyclohexylphosphino)-2-(2-methoxynaphthalen-1-yl)-1-
methyl-1H-indole as a white crystal. ‘H NMR (400 MHz, CDCls) & 3.52 (s, 3H),
3.92 (s, 3H), 7.29-7.46 (m, 7H), 7.72 (d, J = 8.0 Hz, 1H), 7.90-7.92 (m, 1H), 8.07
(d, J = 9.2 Hz, 1H); *C NMR (100 MHz, CDCls) § 30.9, 56.6, 91.9, 109.6, 113.1,
113.4,119.1, 120.0, 122.3, 124.0, 124.9, 127.2, 127.3, 128.1, 128.8, 131.6, 133.4,
133.8, 136.7, 156.4; (unresolved complex C-P splittings were observed); 3'P

NMR (162 MHz, CDCl3) & -6.97; MS (El): m/z (relative intensity) 483 (M", 22),
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452 (100), 401 (15), 370 (11), 318 (84), 302 (21), 286 (31), 256 (10), 55 (21);

HRMS: calcd. for C3,H3gsNOP™: 484.2769, found 484.2793.

2-(2-1sopropoxynaphthalen-1-yl)-1H-indole (Scheme 6.5)

i-Pro

1-(1H-indol-2-yl)naphthalen-2-ol (1.09 g, 4.2 mmol) and K,CO3 (1.74 g,
12.6 mmol) were stirred in anhydrous DMF (20 ml) at room temperature for 30
min. 2-Bromopropane (1.2 ml, 12.6 mmol) was added dropwise at room
temperature. After stirring for 2 hours, the reaction mixture was extracted with
CH,C1,/H,O. The combined organic extracts were dried over anhydrous
Na,;SO4, and concentrated. The concentrated organic phase was filtered over a
pad of silica (5 x 2 inch) and washed with EA/hexane (1:4, Rf = 0.55). The
solution was evaporated to yield light pink solid. The product was washed with
hexane to further purify of the product. The final product 2-(2-
isopropoxynaphthalen-1-yl)-1H-indole was dried under vacuum (0.93 g, 74%)
and formed a light pink solid (EA: Hexane=1:4, Rf=0.55). '"H NMR (400 MHz,
CDCls) 5 1.23 (d, J = 6 Hz, 6H), 4.47-4.53 (m, 1H), 6.79 (s, 1H), 7.20 (t, J = 7.2
Hz, 1H), 7.26 (t, J = 7.6 Hz, 1H), 7.34 (d, J = 9.2 Hz, 1H), 7.41-7.49 (m, 3H),
7.75 (d, J = 8 Hz, 1H), 7.87 (t, J = 7.6 Hz, 2H), 8.26 (d, J = 8.4 Hz, 1H), 8.74 (s,
1H); *C NMR (100 MHz, CDCls) & 22.35, 73.2, 104.9, 110.7, 118.3, 119.0,
119.6, 120.3, 121.7, 124.3, 125.6, 126.8, 128.0, 128.4, 129.9, 133.5, 136.1, 153.3;

HRMS: calcd. for Cy;H,oNO™: 302.1545, found 302.1538.
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2-(2-1sopropoxynaphthalen-1-yl)-1-methyl-1H-indole (Scheme 6.5)

i-Pro

Follow the General procedure for synthesis of the N-methyl-indole, 2-(2-
isopropoxynaphthalen-1-yl)-1H-indole (1.03 g, 3.5 mmol), sodium hydride (7
mmol) and Me,SO, (0.66 ml, 7 mmol) were given the desired product as light
brown solution. The concentrated organic phase was filtered over a pad of silica
(5 x 2 inch) and washed with EA/hexane (1:4, Rf = 0.65). The final product 2-
(2-isopropoxynaphthalen-1-yl)-1-methyl-1H-indole was dried under vacuum
(1.08 g, 98%) and formed light brown solid. *H NMR (400 MHz, CDCl3) & 1.21
(d, J =6 Hz, 3H), 1.34 (d, J = 6 Hz, 3H), 3.61 (s, 3H), 4.58-4.65 (m, 1H), 6.69 (s,
1H), 7.31 (t, J = 7.6 Hz, 1H), 7.38-7.54 (m, 5H), 7.75 (d, J = 2 Hz, 1H), 7.77-
7.84 (m, 1H), 7.95 (d, J = 6.8 Hz, 1H), 8.01 (d, J = 8.8 Hz, 1H); *C NMR (100
MHz, CDCls) 6 22.3, 22.5, 30.4, 72.3, 103.4, 109.4, 117.5, 117.9, 119.3, 120.4,
120.9, 124.1, 125.6, 126.8, 127.8, 128.3, 130.5, 135.0, 135.4, 137.4, 154.5;

HRMS: calcd. for C,oH»2NO™: 316.1701, found 316.1714.

3-Bromo-2-(2-isopropoxynaphthalen-1-yl)-1-methyl-1H-indole (Scheme 6.5)

To a solution of 2-(2-isopropoxynaphthalen-1-yl)-1-methyl-1H-indole (0.3
g, 1 mmol) in anhydrous DMF (15 mL), a solution of N-bromosuccinimide (0.22
g, 1.2 mmol) in anhydrous DMF (10 mL) was added at room temperature. After
stirring for 2 hours, the reaction mixture was poured onto crushed ice and DCM

was added to the flask followed by water. The organic phase was washed with
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large amount of water, and was then concentrated. The concentrated solution was
filtered over a pad of silica (6 x 2 inch) and washed with hexane then EA/hexane
(1:6, Rf = 0.5). The final product 3-bromo-2-(2-isopropoxynaphthalen-1-yl)-1-
methyl-1H-indole was dried under vacuum (0.35 g, 93%) to give pink solid as
the desired compound. *H NMR (400 MHz, CDCls) & 1.13 (d, J = 6 Hz, 3H),
1.26 (d, J = 6 Hz, 3H), 3.52 (s, 3H), 4.51-4.60 (m, 1H), 7.27-7.45 (m, 8H), 7.70
(d, J = 8 Hz, 1H), 7.88-7.90 (m, 1H), 8.00 (d, J = 9.2 Hz, 1H); **C NMR (100
MHz, CDCl3) 6 22.2, 22.5, 30.9, 72.5, 91.8, 109.5, 117.2, 119.0, 119.9, 122.1,

124.1,125.1, 127.1, 127.2, 128.0, 129.1, 131. 2, 133.8, 133.9, 136.6, 155.1.

6.5.2.3 Preparation of C-3 Indolyl Morpholine Phosphine Ligands

4-(1-Methyl-1H-indol-2-yl)morpholine (Table 6.4, entry 1)’
O
N /
Me
N-Methylindole (2.5 ml, 20 mmol), morpholine (4.37 ml, 50 mmol),
K2COs3 (10 g, 40 mmol), I, (10 g, 40 mmol), and acetonitrile (80 ml) were stirred
at room temperature under air overnight. The reaction mixture was washed with
saturated Na,S;03. The combined organic phases were extracted with brine,
dried over anhydrous sodium sulfate. The concentrated organic phases was
purified by column chromatography with EA: hexane (1:4, Rf = 0.5) to afford
the desired 4-(1-methyl-1H-indol-2-yl)morpholine (2.76 g, 64%) as white solid.
'"H NMR (400 MHz, CDCls) § 3.07 (dd, J = 4.4, 2 Hz, 4H), 3.67 (s, 3H), 3.93 (dd,

J =28, 1.6 Hz, 4 H), 5.99 (s, 1H), 7.11-7.29 (m, 3H), 7.54-7.57 (m, 1H); °C
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NMR (100 MHz, CDCls) 6 29.0, 52.7, 66.8, 86.8, 108.6, 119.3, 119.5, 120.2,

127.4,135.2, 149.9.

4-(1-Methyl-1H-indol-2-yl)thiomorpholine (Table 6.4, entry 2)
OO
N _/
Me
N-Methylindole (1.3 ml, 10 mmol), thiomorpholine (3 ml, 30 mmol),
K2COs3 (5 g, 20 mmol), 1, (5 g, 20 mmol), and acetonitrile (40 ml) were stirred at
room temperature under air overnight. The concentrated organic phases was
purified by column chromatography with EA: hexane (1:4, Rf = 0.55) to afford
4-(1-methyl-1H-indol-2-yl)thiomorpholine (2.33 g, 20%) as white solid. ~ 'H
NMR (400 MHz, CDCls) 6 2.87 (t, J = 4.8 Hz, 4H), 3.31 (t, J = 4.4 Hz, 4H), 3.62
(s, 3H), 5.98 (s, 1H), 7.08-7.28 (m, 3H), 7.52 (d, J = 7.6 Hz, 1H); **C NMR (100
MHz, CDCl3) 6 27.8, 28.6, 28.7, 28.9, 53.2, 96.2, 109.0, 119.0, 119.5, 121.3,

128.5, 134.2, 147.3.

1-Methyl-2-(piperidin-1-yl)-1H-indole (Table 6.4, entry 3)*
N
CryO

N-Methylindole (1.3 ml, 10 mmol), piperidine (2.6 ml, 25 mmol), Cs,CO3
(6.5 g, 20 mmol), I, (5 g, 20 mmol), and acetonitrile (20 ml) were stirred under
reflux and air for 18 hours. The concentrated organic phases was purified by
column chromatography with EA: hexane (1:15, Rf = 0.5) to afford 1-methyl-2-
(piperidin-1-yl)-1H-indole (18%) as white solid. *H NMR (400 MHz, CDCls) &
1.65-1.69 (m, 2H), 1.78-1.83 (m, 4H), 3.01 (t, J = 5.2 Hz, 4H), 3.65 (s, 3H), 5.93
(s, 1H), 7.09-7.28 (m, 3H), 7.52-7.54 (m, 1H); *C NMR (100 MHz, CDCls) &

24.2,26.0, 29.0, 53.7, 86.1, 108.4, 119.0, 119.2, 119.7, 127.7, 135.2, 151.6.
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2-Morpholinobenzo[d]oxazole (Table 6.4, entry 4)*
N
©:o\>—N©o

Benzoxazole (1.19 ml, 10 mmol), morpholine (2.2 ml, 25 mmol), Cs,CO3
(6.5 g, 20 mmol), I (5 g, 20 mmol), and acetonitrile (40 ml) were stirred under
reflux and air for 18 hours. The concentrated organic phases was purified by
column chromatography with EA: hexane (1:3, Rf = 0.2) to afford 2-
morpholinobenzo[d]oxazole (30%) as white solid. *H NMR (400 MHz, CDCls)
§ 3.69-3.71 (m, 4H), 3.81-3.84 (m, 4H), 7.03-7.07 (m, 1H), 7.17-7.29 (m, 1H),
7.38 (d, 1H), 7.40 (d, 1H); **C NMR (100 MHz, CDCl;) & 45.6, 66.1, 108.7,

116.4, 120.9, 124.0, 142.7, 148.6, 162.0.

4-(1-Ethyl-3-iodo-1H-indol-2-yl)morpholine (Scheme 6.6)

|
Oy

N

Et
N-Ethylindole (1.41 ml, 20 mmol), morpholine (5.2 ml, 60 mmol), K,CO3
(2.76 g, 20 mmol), 1> (5 g, 20 mmol), and acetonitrile (100 ml) were stirred at
room temperature under air overnight. The reaction mixture was washed with
saturated Na,S;03. The combined organic phases were extracted with brine,
dried over anhydrous sodium sulfate. The concentrated organic phases was
purified by column chromatography with EA: hexane (1:4, Rf = 0.45) to afford
the desired 4-(1-ethyl-3-iodo-1H-indol-2-yl)morpholine (2.15 g, 63%) as yellow
solid. *H NMR (400 MHz, CDCls) 6 1.36 (t, J = 7.2 Hz, 3H), 3.37 (bs, 4H), 3.89
(s, 4H), 4.20-4.26 (m, 2H), 7.17-7.28 (m, 3H), 7.42 (d, J = 7.6 Hz, 1H); *C
NMR (100 MHz, CDCl3) 6 15.6, 37.1, 48.1, 51.0, 53.5, 67.7, 109.6, 120.2,

120.6, 122.4, 129.5, 133.3, 145.1.
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4-(3-Bromo-1-methyl-1H-indol-2-yl)morpholine (Scheme 6.7)

Br
O
N _/
Me
To a solution of 4-(1-methyl-1H-indol-2-yl)morpholine (0.216 g, 1 mmol)
in anhydrous DCM (5 mL), a solution of N-bromosuccinimide (0.178 g, 1.1
mmol) in anhydrous DCM (5 mL) was added at room temperature. After stirring
for 5 minutes, the reaction mixture was poured into crushed ice and DCM was
added to the flask followed by water. The organic phase was washed with large
amount of water, and was then concentrated. The concentrated solution was
filtered over a pad of silica (6 x 2 inch) and washed with hexane then EA/hexane
(1:4, Rf = 0.35). The final product 4-(3-bromo-1-methyl-1H-indol-2-
yl)morpholine was dried under vacuum (0.18 g, 61%) to give white solid as the
desired compound. 'H NMR (400 MHz, CDCl3) & 3.34 (bs, 4H), 3.68 (s, 3H),
3.88 (t, J = 4.4 Hz, 4H), 7.16-7.20 (m, 1H), 7.25-2.78 (m, 2H), 7.51 (d, J = 8 Hz,
1H); **C NMR (100 MHz, CDCls) & 28.6, 50.8, 67.6, 81.6, 109.3, 118.3, 120.1,

122.1, 126.4, 133.5.

4-(3-(Diisopropylphosphino)-1-methyl-1H-indol-2-yl)morpholine (Scheme 6.8)

Pi-Pr,
Me
4-(3-bromo-1-methyl-1H-indol-2-yl)morpholine (0.29 g, 1 mmol), n-BuLi
(1.1 mmol), chlorodiisopropylphosphine (0.175 mL, 1.1 mmol) were used to
afford 4-(3-(diisopropylphosphino)-1-methyl-1H-indol-2-yl)morpholine (33.2
mg, 10%) as a white crystal. ‘H NMR (400 MHz, CDCl3) & 0.86-0.96 (m, 6H),
1.18-1.35 (m, 6H), 1.64 (bs, 4H), 2.54-2.63 (m, 2H), 3.67 (s, 3H), 3.85 (s, 4H),

7.06-7.10 (m, 1H), 7.20-7.28 (m, 2H), 7.70 (d, J = 8 Hz, 1H); *C NMR (100
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MHz, CDCls) & 21.5, 21.7, 22.0, 22.2, 24.4, 24.5, 28.4, 53.3, 53.4, 67.8, 98.8,

99.0, 109.6, 119.3, 121.2, 121.5, 129.2, 135.7, 154.4, 154.8 (unresolved complex

C-P splittings were observed); **P NMR (162 MHz, CDCls) § -11.97.
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Chapter 7 Palladium-Catalyzed Suzuki-Miyaura
Coupling for Tri-ortho-Substituted Biaryl Compounds
Synthesis with Aryl Tosylates and Mesylates

7.1 Introduction

Over the past decade, palladium-catalyzed Suzuki-Miyaura coupling have
been shown to be one of the most versatile synthetic tools in organic chemistry.
The formation of carbon-carbon bonds has shown increasing utility in
pharmaceutical, advanced materials, natural products and agricultural chemistry.
Huge efforts have been undertaken by researchers to aim at reaching a high
degree of efficiency in such cross-coupling reaction toward the development of
new ligands with the ability to achieve excellent catalytic generality and activity.
Moreover, the activation of aryl iodides, bromides and even more challenging
chlorides as electrophiles for the cross-coupling reactions is another research
focus. A plethora of ligands have been developed to cater the catalysis with
broad substrate scope, wide functional group tolerance, and at even low catalyst
loadings.?  Electron-rich and sterically demanding ligands such as biaryl
monophosphines,® alkyl monophosphines,* N-heterocyclic carbenes,® and other
ligands, have led to considerable progress in this area. In the past few years,
Kwong’s group has also reported specially designed ligands for palladium-
catalyzed Suzuki-Miyaura coupling of aryl halides with arylboronic acids and
other organoboron nucleophiles.® Notably, CM-phos facilitates the couplings
even for the unexplored aryl arenesulfonates in good to excellent yields with low

catalyst loadings.” In light of the performance of the catalyst, we focused on the
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less explored reactions of sterically hindered aryl arenesulfonates to afford tri-

ortho-substituted biaryl compounds.

To the best of our knowledge, general tri-ortho-substituted biaryls
synthesis from aryl chlorides by Suzuiki-Miyaura coupling reactions remains
sporadically reported to date. ®  Particularly noteworthy is that aryl
arenesulfonates are even rarely applied in the preparation of tri-ortho-substituted
biaryls. Recent superb findings by the Buchwald group demonstrated only one
example  of  2,4-dimethylphenyl  mesylate  coupled  with  2,6-
dimethylphenylboronic acid by using a biarylphosphine ligand (BrettPhos).*"
Therefore, the development of efficient and general catalyst to address this
limitation is still a challenging area of research. We herein disclose exceptional
capabilities of our newly designed ligand and the first general examples of
sterically hindered Suzuki-Miyaura cross-coupling of ortho-substituted aryl

tosylates/mesylates with arylboronic acids.

7.2 Result and Discussion

7.2.1 Preliminary Evaluation of Pd-Catalyzed Tri-ortho-Suzuki Cross-
Coupling

With our newly developed ligands in hand, we evaluated their performance
in the synthesis of tri-ortho-substituted biaryl compounds. Non-activated 2,6-
dimethylphenyl tosylates and o-tolylboronic acid were initially used as model
substrates in the prototypical reaction (Table 7.1). A series of commercially
available ligands as well as our previously developed indolylphosphines were

tested for their efficacy in this reaction (Scheme 7.1). Poor conversion of aryl
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tosylates was observed with the phosphine ligands XPhos,’ and BrettPhos,™
whereas the ligands CataCXium A'! and CataCXium PCy*2 did not promote the
coupling reaction. By expanding the alkyl group from methyl to isopropyl, CM-
phos-N-iPr gave the best product yield (84% yield) when compared to CM-phos-
N-Et and CM-phos with 61% and 59% respectively. Not surprisingly, CM-phos-
N-nPr gave comparable result as CM-phos-N-Et with similar steric effect (62%).
The product yield was slightly increased when CM-phos-N-iBu (75%) was used
when compared to CM-phos-N-Et and CM-phos-N-nPr. These results indicated
that more bulky group on the heterocyclic ring could improve the efficacy of the
biaryl synthesis. PPh,-CM-phos-N-iPr (with a diphenylphosphino moiety)
provided low conversion.

B(OH), 0.5 mol% Pd(OAc), MeMe
. Me 2.0 mol% ligand O O
Me Me - - =
K,CO3, t-BuOH
Me

OTs 90 °C, 18 h

Ligands:

OMe
® ® oL
PCy2 MeO PCy, l N~ PCy;

i-Pr g i-Pr j.pr ] i-Pr @/P

i-Pr i-Pr
XPhos (27%) BrettPhos (5%)  CataCXium A (0%) CataCXium PCy (0%)
l\l/le I\Et \i—Pr
v L) v L) v L)
Cy2P Cy2P Cy2P
CM-phos (56%) CM-phos-N-Et (61%) CM-phos-N-iPr (84%)

CM-phos-N-nPr (62%) CM-phos-N-iBu (75%) PPh,-CM-phos-N-iPr (8%)

Scheme 7.1. Ligand screening for the palladium-catalyzed Suzuki-Miyaura cross-
coupling of 2,6-dimethylphenyl tosylate. (Reaction conditions: aryl tosylates (0.5 mmol),
arylboronic acid (1.0 mmol), Pd(OAc), (0.0025 mmol, 0.5 mol%), ligand (2.0 mol%,;
Pd/L 1:4), K,COj3 (1.5 mmol), t-BuOH (1 mL), 90°C, 18 h. Yields were determined by
GC with dodecane as the internal standard. Cy=cyclohexyl. Ph=phenyl.)
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Table 7.1. Initial screenings of Pd-catalyzed Suzuki coupling of aryl tosylates?

Q B(OH), Pd(OAC),:L MeMe
Me Base
OTs 90 °C, 18 h M€

entry Pd loding/ mol%  Pd:L base %yield”
1 1.0 1:4 K2C03 78
2 1.0 1:4 K3PO4 69
3 1.0 1:4 K3PO4°H,O 60
4 1.0 1:4 C82C03 20
5 1.0 1:4 N&zCOg 0
6 1.0 1:1 K,CO3 26
7 1.0 1:2 K>,CO3 75
8 1.0 1:3 K2C03 68
9 0.2 1:4 K2C03 69
10° 05 1:4 K,CO3 84
11¢ 0.5 1:4 K,CO3 15
12° 1.0 1:4 K2C03 87
13 2.0 1:4 K2C03 90
14 05 1:4 K3PO4 68
15 2.0 1:4 K3PO4 66
16° 05 1:4 K,CO3 35
17" 0.5 1:4 K,CO3 71
189 05 1:4 K>,CO3 23
19" 0.5 1:4 K,COs 76

®Reaction conditions: ArOTs (0.5 mmol), Ar’B(OH), (1.0 mmol), base (1.5 mmol), Pd/CM-phos-
N-iPr = 1:4, t-BuOH (2.0 mL) were stirred for 18 h at 90 °C under nitrogen. °Calibrated GC
yields were reported using dodecane as the internal standard. “1 ml t-BuOH was used. % ml t-
BUuOH was used. ‘°Reaction was conducted at 50 °C. 'Reaction was conducted at 70 °C.

9Reaction was conducted at 140 °C with t~-AmOH as solvent. "Reaction was conducted at 120 °C.

We carried out further experiments to optimize the reaction parameters.
(Table 7.1). A survey of often-used inorganic bases revealed that K,COs;
afforded the best result (entry 1), whereas the reactions with K3PO, and

K3PO4¢H,0 provided the product in moderate yield (entries 2-3). However,
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other carbonated bases gave poor conversion (entries 4-5). The best Pd/CM-
phos-N-iPr ratio was found to be 1:4 (entries 1, 6-8). It is not surprisingly that
higher palladium loading gave higher yield and 0.5 mol% of Pd(OAc), gave 84%
yield (entry 10 vs 12, entry 1 vs 13). Concentration effect altered the reaction
that 1.0 ml of t-BuOH (0.5 M) gave the best conversion even lowering the Pd
loading (entry 1 vs 10). 4.0 ml t-BuOH gave poor conversion (entry 11). The
reaction could proceed when lower temperature was used (70 °C), yet gave

slightly lower yield (entry 10 vs 17).

7.2.2 Scope of Pd-Catalyzed Tri-ortho-Suzuki Cross-Coupling of Aryl
Tosylates and Mesylates

To test the effectiveness of Pd/ CM-phos-N-iPr catalytic system, a range of
sterically congested aryl tosylates (prepared from substituted phenols with p-
toluenesulfonyl chloride) and hindered arylboronic acids were examined using
the preliminary optimized reaction conditions (Table 7.2). In general, the
coupling of non-activated aryl tosylates was achieved with 0.5 mol% of Pd
(Table 7.2, entries 1, 7, 9, 15-16). Catalyst loading for the aryl tosylates with
functional group keto, aldehyde and methoxy group could be reduced to 0.2
mol% of Pd at 90 °C. This represents the lowest catalyst loading achieved so far
for arenesulfonate coupling for tri-ortho-substituted biaryls (entries 5, 11, 12).
Generally, aldehyde group is sensitive but they remain intact in our catalytic
system (entries 2-4, 10, 11, 14). Cyano group containing substrate could furnish
coupling products smoothly with good vyield (entries 8, 17). Ortho-aldehyde-,
ester- and keto-substituted aryl tosylates were feasible substrates for coupling
with various arylboronic acids to afford corresponding biaryl products in

moderate-to-excellent yield (entries 2-4, 11-14).
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Table 7.2. Palladium-catalyzed Suzuki coupling of aryl tosylates®

Me

f JiPr
B(OH), Pd(OAc), / CM-phos-N-iPr O ! N
_R" (0.2-0.5 mol% Pd) R R P O
R R K,COj, t-BUOH R" |
oTs 90°C, 18 h O ; Cy,P
! CM-phos-N-iPr
entry ArOTs Ar'B(OH), product mol% Pd  %yield®
Me Me MeMe
1 SE ST
OTs (HO),B
M

[

CHO
R=Me 05 94

R=Ph 05 60

OTs R=OMe 05 87

OMe

4¢ )2B

/_\
3
saleaNe!

5

o

o0
» g
(@]

O MeR
5 Me Me 0 R=Me 02 94
6d (HO).B Q O R=F 0.5 71
OTs Me
Me Me
Me MeMe

7° R=Me 05 86
R=CN 05 83
R =Ph 0.5 70

R=CHO 05 61

90

©
d
O <
o 0]
T

8

N
Ej
/i:

10 Me Me
- CHO B(OH), y O y
1 g €0 CHO 02 90
OTs
CC
O OTs Me O
12 Me O R=Me 02 77
3¢ R OO (HO),B OO o R=OMe 05 86

Me
t-Bu CHO Me CHO O
14 0.2 40
OTs (HO),B O
CHO t-Bu CHO
Me
Me Me Me MeMe
15 / \ R=Me 05 87
Me R Me R
M M
NC Me e MeMe
17¢ (HO)ZB@OMe NC O OMe 05 85
OTs

Me Me
®Reaction conditions: ArOTs (0.5 mmol), Ar’'B(OH), (1.0 mmol), Pd:L = 1:4, K,CO5 (1.5 mmol)

and t-BuOH (1.0 mL) under N, at 90 °C for 18 h (reaction time for each substrate was not
optimized). "lsolated yields were reported. °K3PO, was used instead of K,CO;. °110 °C was
used.
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In order to show the efficiency of the newly developed system, challenging
electron-deficient'® or sterically hindered arylboronic acids were used as the
nucleophilic partners.  Moderate product yields were obtained when 2-
fluorophenylboronic acid and 2-biphenylboronic acid were used (entries 5, 12).
These examples represent the first sterically hindered aryl tosylates — arylboronic

acid coupling reaction for tri-ortho-substituted biaryls synthesis.

Table 7.3. Palladium-catalyzed Suzuki coupling of aryl mesylates®

iPr
B(OH)2 Pd(OACc), / CM-phos-N-iPr O ! N
R (0.2-0.5 mol% Pd) R R | P O
R R KsPO,, t-BUOH R" |
OMs 90 °C, 18 h O | Cy,P
! CM-phos-N-iPr
entry ArOMs Ar'B(OH), product mol% Pd  %yield®

MeMe

0.5 81

e

<

o
<
o

R=Me 0.2 92
R=Et 0.2 87

R=0OMe 0.5 82

a N wN
<
o,
©) <
=z ®
2]
T
e
N
os]
@m
<
® O
I <
)
o

R=F 0.5 86
Me Me
Me M
R Me MeMe
6 7 N\ R=Me 05 81
ol Y %
7 QiOMs _ R =Ph 0.5 80
Me Me
Me Me MeMe Me
Me Me Me
; =0 05 &
OMs (HO)ZB@
Me Me
Me
R Me B(OH),
9 R R=Me 05 66
X
10 OMs \ R =Ph 0.5 90
Me = l\/Ie
NC Me Me MeMe
1 (HO),B 7 N\ NC 2 0.5 78
OMs — _
Me Me Me Me
NC Me Ph Me Ph
. O ORI
\@OMS (HO),B & H
Me — Me

®Reaction conditions: ArOTs (0.5 mmol), Ar’B(OH), (1.0 mmol), Pd:L = 1:4, KsPO, (1.5 mmol)
and t-BuOH (1.0 mL) under N, at 90 °C for 18 h (reaction time for each substrate was not
optimized). "Isolated yields were reported.
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Gratifyingly, the Pd/CM-phos-N-iPr catalyst system was found to be
effective in promoting the tri-ortho-substituted biaryl coupling of aryl mesylates
(Table 7.3). Aryl mesylate electrophiles are proposed to be less susceptible to
oxidative addition than the corresponding aryl arenesulfonates.* Ortho-
substitution on both aryl mesylates and arylboronic acids were tolerated to give
moderate-to-excellent yield. For instance, the coupling of sterically more
hindered 2-ethylphenylboronic acid with 4-acetyl-2,6-dimethylphenyl mesylate
was successfully achieved with slightly lower yield than o-tolylboronic acid
using 0.2 mol% of catalyst loading to give excellent yield (entries 2 and 3).
Electronically neutral aryl mesylates could be coupled with hindered arylboronic
acids to afford the corresponding desired biaryl products in good yields (entries 1,

6-10).

The newly developed catalyst system was further extended to test the
feasibility of the coupling of 2,6-disubstituted arylboronic acids with various
hindered aryl arenesulfonates to afford naphthalene derivatives which are useful
scaffold in pharmaceutical and material chemistry.’> Naphthalen-1-yl tosylates
and naphthalen-1-yl mesylates coupled smoothly to give the desired product with
good to excellent yield (Table 7.3). However, higher catalyst loading (1.0-1.5
mol%) and longer reaction time (24 h) were required that presumably the
transmetallation of the bulky organoboron nucleophile is not efficient. When 9-
anthracenylboronic acid was used as the coupling partner, the isolated yield
dropped significantly. It is mainly due to the low solubility of the substrate,
which got loss easily during purification of column chromatography. So far,
these examples represent the lowest catalyst loading for coupling of di-ortho-

arylboronic acid with ortho-aryl tosylates and mesylates.
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Table 7.4. Palladium-catalyzed Suzuki coupling of aryl tosylates and mesylates
with di-ortho-substituted arylboronic acids®

1 iPr
B(OH), Pd(OAc), / CM-phos-N-iPr OO i O N
. R'\©/ R" (1.0-1.5 mol% Pd) | P O

Ao mord 7O ‘
R R"!
K3POy,, t-BUOH ;

OTs/OMs 98 ocj1 18 h O ! Cy2P

* CM-phos-N-iPr
entry ArOTs/ OMs ArB(OH), product %yield®

X
OTs/OMs | —

88 (OTs)
MeO OMe 87 (OMs)

NC oM
L
@ 5
B(OH),

g

2¢

5;

OTs/OMs O
3 OMe 85 (OTs)
OO l l OMe 89 (OMs)
O

Ts B(OH), OO
44 = 58
) ) 90

CN

OMe B(OH); O
> NCGOMs ( OMe 28

X =
0

OTs/OMs Ve,

6 (H%B{}Me O O e s oy
M I\/Ie

®Reaction conditions: ArOTs/OMs (0.5 mmol), Ar’'B(OH); (1.0 mmol), Pd(OAc), (1 mol%),
Pd:L = 1:4, KsPO,4 (1.5 mmol) and t-BuOH (1.0 mL) under N, at 90 °C for 18 h (reaction time
for each substrate was not optimized). °lsolated yields were reported. “1.5 mol% Pd(OAc), was
used in 120 °C for 24 h. 110 °C was used with 24 h.
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7.3 Conclusion

In conclusion, we have succeeded in achieving the first difficult palladium-
catalyzed Suzuki-Miyaura tri-ortho-substituted biaryl synthesis of di-ortho-aryl
tosylates/ mesylates with ortho-arylboronic acids using a newly developed
phosphine ligand CM-phos-N-iPr.  We found that the highly challenging
coupling is sensitive to the ligand bulkiness. Ligand bearing the more hindered
iso-propyl group at the N-position in the heterocyclic ring favoured the catalysis.
This experimental result may provide important information for the future ligand
design to solve the difficult challenging coupling process. Moreover, this
finding is of high significance as this procedure enables difficult phenolic
derivative as the electrophilic partners, which usually offer different substitution
patterns with respect to aryl halides, for tri-ortho-substituted biaryl synthesis.
Notably, this system also allowed the cross-coupling with catalyst loading as low

as 0.2 mol% Pd which is the lowest among other literature reports.

7.4  Experimental Section

7.4.1 General considerations

Unless otherwise noted, all reagents were purchased from commercial
suppliers and used without purification. All Suzuki-Miyaura reactions were
performed in Rotaflo® (England) resealable screw-cap Schlenk flask (approx. 15
mL volume) in the presence of Teflon coated magnetic stirrer bar (4 mm x 10

mm). tert-Butanol was distilled from sodium under nitrogen and distilled
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calcium hydride. Most commercially available arylboronic acids were used as
received.  Some arylboronic acids may require further recrystallization
depending on the received conditions. Pd(OAc), was purchased from Strem
Chemical. K,;CO3z and K3PO,4 were purchased from Fluka and used without
grinding. Thin layer chromatography was performed on Merck precoated silica
gel 60 Fas4 plates. Silica gel (Merck, 70-230 and 230-400 mesh) was used for
column chromatography. Melting points were recorded on an uncorrected Biichi
Melting Point B-545 instrument. 'H NMR spectra were recorded on a Bruker
(400 MHz). Spectra were referenced internally to the residual proton resonance
in CDCl3 (6 7.26 ppm), or with tetramethylsilane (TMS, 6 0.00 ppm) as the
internal standard. Chemical shifts (5) were reported as part per million (ppm) in
§ scale downfield from TMS. *C NMR spectra were referenced to CDCl; (8
77.0 ppm, the middle peak). *P NMR spectra were referenced to 85% HsPO,
externally. Coupling constants (J) were reported in Hertz (Hz). Mass spectra
(EI-MS and ES-MS) were recorded on a HP 5989B Mass Spectrometer. High-
resolution mass spectra (HRMS) were obtained on a Briker APEX 47e FT-ICR
mass spectrometer (ESIMS). GC-MS analysis was conducted on a HP 5973
GCD system using a HP5MS column (30 m x 0.25 mm). The products described
in GC vyield were accorded to the authentic samples/dodecane calibration
standard from HP 6890 GC-FID system. All yields reported refer to the isolated
yield of compounds. Compounds described in the literature were characterized
by comparison of their *H, and/or *C NMR spectra to the previously reported
data. The procedures in this section are representative, and thus the yields may

differ from those reported in tables.
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7.4.2 Preparation of Substrates for Coupling Reaction

7

2,6-Dimethylphenyl tosylates, *° 2,3,6-trimethylphenyl tosylates, *’ mesityl

18 19

tosylates, 2-formyl-6-methoxyphenyl  tosylates, 2,6-dimethylphenyl
mesylates,?® mesityl mesylates®* were prepared from their corresponding phenols
with TsCl and MsCI respectively in the presence of triethylamine in dry CH,Cl,
according to the literature methods.?> Other aryl tosylates and mesylates were

prepared according to the literature procedures.?

4-Acetyl-2,6-dimethylphenyl tosylate

Me

O,
OTs
Me

Me

EA: Hexane = 1:4, R=0.25; 91% yield as white crystals; melting point 89.6-91.6
°C; 'H NMR (400 MHz, CDCl3) & 2.19 (s, 6H), 2.50 (s, 3H), 2.58 (s, 3H), 7.40
(d, J = 8.0 Hz, 2H), 7.65 (s, 2H), 7.86 (d, J = 8.4 Hz, 2H); **C NMR (100 MHz,
CDCls) 6 17.4, 21.7, 26.6, 128.0, 129.3, 129.9, 132.8, 134.0, 135.1, 145.5, 150.8,
197.2; MS (EI): m/z (relative intensity) 318 (M*, 35), 155 (85), 135 (15), 91

(100), 65 (18); HRMS: calcd. for C17H1904S™: 319.1004, found 319.0995.

2-Acetylnaphthalen-1-yl tosylate

EA: Hexane = 1:4, R=0.2; 88% yield as white crystals; melting point 100.2-
101.8 °C; 'H NMR (400 MHz, CDCls) & 2.44 (s, 3H), 2.64 (s, 3H), 7.27 (d, J =
7.2 Hz, 2H), 7.37-7.42 (t, J = 5.6, 8.0 Hz, 1H), 7.51-7.55 (t, J = 0.8, 8.0 Hz, 1H),

7.66-7.13 (m, 3H), 7.81-7.89 (m, 3H); *C NMR (100 MHz, CDCl5) § 21.6, 30.1,

207



123.4,124.8, 127.0, 127.2, 127.3, 127.7, 128.1, 128.6, 129.8, 131.3, 131.8, 135.9,
143.3, 145.9, 199.2; MS (EI): m/z (relative intensity) 340 (M*, 100), 325 (39),
233 (25), 201 (30), 91 (32); HRMS: calcd. for Ci9H1604NaS™: 363.0667, found

363.0663.

4-Cyano-2,6-dimethylphenyl tosylate

Me

NCQOTS

Me

EA: Hexane = 1:4, Ri=0.4; 90% vyield as white crystals; melting point 150.2-
151.7 °C; *H NMR (400 MHz, CDCls) § 2.19 (s, 6H), 2.51 (s, 3H), 7.37 (s, 2H),
7.42 (d, J = 8.0 Hz, 2H), 7.88 (dd, J = 1.6, 4.8 Hz, 2H); *C NMR (100 MHz,
CDCls) 6 17.2, 21.7, 110.6, 118.0, 128.0, 130.0, 132.8, 133.7, 134.2, 145.8,
150.5; MS (EI): m/z (relative intensity) 301 (M", 10), 151 (86), 91 (100), 65 (21);

HRMS: calcd. for C15H16NO3S™: 302.0851, found 302.0861.

2,3,6-Trimethylphenyl mesylate

Me Me

QOMS

Me

EA: Hexane = 1:4, R=0.4; 91% vyield as white crystals; melting point 47.9-52.7
°C; 'H NMR (400 MHz, CDCls) § 2.29 (d, J = 5.2 Hz, 6H), 2.37 (s, 3H), 3.30 (s,
3H), 7.01 (t, J = 8.4 Hz, 2H); **C NMR (100 MHz, CDCls) & 13.9, 17.3, 19.8,
38.9, 128.2, 128.3, 129.0, 130.4, 136.3; MS (EIl): m/z (relative intensity) 214 (M",
31), 135 (100), 91 (42), 79 (17); HRMS: calcd. for C1oH150sS™: 215.0742, found

215.0746.
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4-Acetyl-2,6-dimethylphenyl mesylate

Me
(@)
OMs
Me
Me

EA: Hexane = 1:2, R=0.4; 85% yield as white crystals; melting point 86.1-94.0
°C; *H NMR (400 MHz, CDCls) § 2.44 (s, 3H), 2.58 (s, 3H), 3.34 (s, 3H), 7.69 (s,
2H); *C NMR (100 MHz, CDCls) & 17.4, 39.5, 132.9, 134.1; MS (El): m/z
(relative intensity) 242 (M*, 93), 227 (97), 163 (100), 149 (53), 135 (68), 120

(18), 91 (55); HRMS: calcd. for C11H1504S™: 243.0691, found 243.0679.

4-Cyano-2,6-dimethylphenyl mesylate

Me

NC—QOMS

Me

EA: Hexane = 1:4, R=0.4; 81% vyield as white crystals; melting point 99.1-109.9
°C; 'H NMR (400 MHz, CDCl5) & 2.43 (s, 6H), 3.36 (d, J = 2.8 Hz, 3H), 7.41 (s,
2H); °C NMR (100 MHz, CDCls) & 17.3, 39.4, 132.8, 134; MS (El): m/z
(relative intensity) 225 (M*, 43), 146 (100), 116 (25), 91 (26); HRMS: calcd. for

Ci1oH1:NO3NaS™: 248.0357, found 248.0354.

Me
Br Me
* @B(OH)Z PA(OAC) PPhs O O OTs/OMs
OTs/OMs Toluene/ K3PO,
Me Me

110°C

General procedure for the synthesis of ortho-substituted aryl tosylates/
mesylates were followed: Pd(OAc), (22 mg, 0.10 mmol) and PPhs (26 mg, 0.10
mmol) were loaded into a 50 mL Schlenk tube equipped with a Teflon-coated

magnetic stir bar. 4-Bromo-2,6-dimethylphenyl tosylate/ mesylate (10 mmol),
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phenylboronic acid (2.0 equiv.) and K3PO4 (3.0 equiv.) were then added to
Schlenk tubes. The tube was evacuated and flushed with nitrogen for three
cycles. The solvent toluene (10 mL) was then added. The tube was stirred at
room temperature for several minutes and then placed into a preheated oil bath
(110 °C) for 24 hours (reaction times and conditions were not optimized). After
the completion of reaction as judged by GC analysis, the reaction tube was
allowed to cool to room temperature and quenched with water and diluted with
EtOAc. The organic layer was separated and the aqueous layer was further
extracted with EtOAc (2 x 20 mL). The combined organic phases were
concentrated under reduced pressure. The crude products were purified by flash
column chromatography on silica gel (230-400 mesh). If necessary, the residue
was recrystallized from minimal amount of hexane in fridge and wash with cool

hexane to afford the corresponding aryl sulfonates.

4-Bromo-2,6-dimethylphenyl tosylate

Br Me
\©10Ts
Me
EA: Hexane = 1:4, R=0.5; 86% yield as white crystals; melting point 112.0-
114.9 °C; 'H NMR (400 MHz, CDCl3) & 2.11 (s, 6H), 2.49 (s, 3H), 7.18 (s, 2H),
7.39 (d, J = 8.4 Hz, 2H), 7.85 (d, J = 8.0 Hz, 2H); **C NMR (100 MHz, CDCl3) &
17.0, 21.6, 119.7, 127.9, 129.8, 131.7, 134.3, 145.3; MS (EIl): m/z (relative

intensity) 356 (M", 26), 199 (77), 155 (65), 91 (100), 65 (28); HRMS: calcd. for

C1sH1s03NaSBr*: 376.9823, found 376.9831.
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4-Phenyl-2,6-dimethylphenyl tosylate

Me

Me
EA: Hexane = 1:9, R=0.5; 46% yield as white crystals; melting point 146.0-
148.1 °C; *H NMR (400 MHz, CDCls) & 2.22 (s, 6H), 2.51 (s, 3H), 7.27 (s, 2H),
7.34-7.46 (m, 5H), 7.56 (d, J = 7.2 Hz, 2H), 7.91 (d, J = 8.4 Hz, 2H); **C NMR
(100 MHz, CDCl3) 6 17.4, 21.6, 127.0, 127.3, 128.0, 128.6, 129.8, 132.4, 134.3,
139.5, 140.1, 145.1, 146.9; MS (EIl): m/z (relative intensity) 352 (M", 12), 197

(100), 154 (7), 91 (11); HRMS: calcd. for C,1H203NaS™: 375.1031, found

375.1020.

4-Bromo-2,6-dimethylphenyl mesylate

Br Me
; OMs

Me

EA: Hexane = 1:4, R=0.4; 78% yield as white crystals; melting point 86.0-89.9
°C: 'H NMR (400 MHz, CDCls) & 2.37 (s, 6H), 2.31 (s, 3H), 7.24 (s, 2H); °C
NMR (100 MHz, CDCls) & 17.3, 39.1, 119.9, 131.9, 134.1, 145.8; MS (El): m/z
(relative intensity) 279 (M*, 26), 199 (100), 91 (49); HRMS: calcd. for

CoH1,03SBr*: 278.9691, found 278.9694.

4-Phenyl-2,6-dimethylphenyl mesylate

Me
Me

EA: Hexane = 1:4, R=0.3; 75% yield as white crystals; melting point 107.0-

108.8 °C; 'H NMR (400 MHz, CDCls) § 2.47 (s, 6H), 3.34 (s, 3H), 7.32-7.39 (m,
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3H), 7.43-7.47 (m, 2H), 7.55-7.57 (m, 2H); *C NMR (100 MHz, CDCls)  17.6,
39.1, 127.0, 127.4, 128.0, 128.7, 132.1; MS (EI): m/z (relative intensity) 276 (M",
22), 197 (100), 154 (13); HRMS: calcd. for CisH1603NaS™: 299.0718, found

299.0731.

7.4.3. General Procedures for Initial Ligand and Reaction Conditions
Screening

General procedure for reaction screening in Suzuki-Miyaura coupling of
aryl sulfonates (Pd catalysts loading ranging from 1-2 mol %): Pd(OAc), and
ligand were loaded into a Schlenk tube equipped with a Teflon-coated magnetic
stir bar (4 mm x 10 mm). The tube was evacuated and flushed with nitrogen for
three cycles.  Precomplexation was applied by adding freshly distilled
dichloromethane and EtsN into the tube. The palladium complex stock solution
was stirred and warmed using hair drier for about 1 to 2 minutes until the solvent
started boiling. The solvent was then evaporated under high vacuum. 2,6-
Dimethylphenyl tosylates (0.5 mmol), o-toly-phenylboronic acid (1.0 mmol),
base (1.5 mmol) were then added to Schlenk tubes. 1.0 mL of t-BuOH was
added (to rinse the tube wall) with stirring at room temperature for several
minutes. The tube was then placed into a preheated oil bath (90 °C) and stirred
for the duration as indicated. After completion of reaction, the reaction tube was
allowed to cool to room temperature. Ethyl acetate (~2mL), dodecane (113 pL,
internal standard) and water were added. The organic layer was subjected to GC
analysis. The GC vyield obtained was previously calibrated by authentic

sample/dodecane calibration curve.
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General procedure for reaction screening in Suzuki-Miyaura coupling of
aryl sulfonates (Pd catalysts loading lower than 0.5 mol %): A stock solution of
Pd(OACc); (5.6 mg) with ligand in freshly distilled dichloromethane was initially
prepared with continuous stirring at room temperature. The Schlenk tube was
equipped with a Teflon-coated magnetic stir bar (4 mm x 10 mm) and evacuated
and flushed with nitrogen for three cycles. The stock solution of palladium
complex were added to the Schlenk tube by syringe according to the Pd loading
indicated. Precomplexation was then applied by adding distilled EtsN into the
tube. The palladium complex solution was stirred and warmed using hair drier
for about 1 to 2 minutes until the solvent started boiling. The solvent was then
evaporated under high vacuum. 2,6-Dimethylphenyl tosylates (0.5 mmol), o-
toly-phenylboronic acid (1.0 mmol), base (1.5 mmol) were then added to Schlenk
tubes. 1.0 mL of t-BuOH was added (to rinse the tube wall) with stirring at room
temperature for several minutes. The tube was then placed into a preheated oil
bath (90 °C) and stirred for the duration as indicated. After completion of
reaction, the reaction tube was allowed to cool to room temperature. Ethyl
acetate (~2mL), dodecane (113 pL, internal standard) and water were added.
The organic layer was subjected to GC analysis. The GC yield obtained was

previously calibrated by authentic sample/dodecane calibration curve.

7.4.4. General Procedures for Suzuki-Miyaura Coupling of Aryl

Arenesulfonates

General procedure for reaction screening in Suzuki-Miyaura coupling of
aryl sulfonates (Pd catalysts loading ranging from 1-2 mol %): Pd(OAc), and

ligand were loaded into a Schlenk tube equipped with a Teflon-coated magnetic
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stir bar (4 mm x 10 mm). The tube was evacuated and flushed with nitrogen for
three cycles.  Precomplexation was applied by adding freshly distilled
dichloromethane and EtsN into the tube. The palladium complex stock solution
was stirred and warmed using hair drier for about 1 to 2 minutes until the solvent
started boiling. The solvent was then evaporated under high vacuum. Aryl
sulfonates (0.5 mmol), aryl boronic acid (1.0 mmol), base (1.5 mmol) were then
added to Schlenk tubes. 1.0 mL of t-BuOH was added (to rinse the tube wall)
with stirring at room temperature for several minutes. The tube was then placed
into a preheated oil bath (90 °C) and stirred for the duration as indicated. After
the completion of reaction as judged by GC or TLC analysis, the reactions were
allowed to reach room temperature and quenched with water and diluted with
ethyl acetate. The filtrate was concentrated under reduced pressure. The crude
products were purified by flash column chromatography on silica gel (230-400

mesh) to afford the desired product.

General procedure for reaction screening in Suzuki-Miyaura coupling of
aryl sulfonates (Pd catalysts loading lower than 0.5 mol %): A stock solution of
Pd(OACc); (5.6 mg) with ligand in freshly distilled dichloromethane was initially
prepared with continuous stirring at room temperature. The Schlenk tube was
equipped with a Teflon-coated magnetic stir bar (4 mm x 10 mm) and evacuated
and flushed with nitrogen for three cycles. The stock solution of palladium
complex were added to the Schlenk tube by syringe according to the Pd loading
indicated. Precomplexation was then applied by adding distilled EtsN into the
tube. The palladium complex solution was stirred and warmed using hair drier

for about 1 to 2 minutes until the solvent started boiling. The solvent was then
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evaporated under high vacuum. Aryl sulfonates (0.5 mmol), aryl boronic acid
(1.0 mmol), base (1.5 mmol) were then added to Schlenk tubes. 1.0 mL of t-
BuOH was added (to rinse the tube wall) with stirring at room temperature for
several minutes. The tube was then placed into a preheated oil bath (90 °C) and
stirred for the duration as indicated. After the completion of reaction as judged
by GC or TLC analysis, the reactions were allowed to reach room temperature
and quenched with water and diluted with ethyl acetate. The filtrate was
concentrated under reduced pressure. The crude products were purified by flash
column chromatography on silica gel (230-400 mesh) to afford the desired

product.

7.5 Characterization Data for Doupling Products

2,6,2'-Trimethylbiphenyl (Table 7.2, entry 1; Table 7.3, entry 1)

Me Me
Pure hexane, Ri=0.6; white solid; *"H NMR (400 MHz, CDCl3) & 2.06 (d, J = 8.0
Hz, 9H), 7.10-7.13 (m, 1H), 7.20-7.28 (m, 3H), 7.33-7.39 (m, 3H); °C NMR
(100 MHz, CDCls) 6 19.3, 20.2, 126.0, 126.8, 126.9, 127.2, 128.8, 129.9, 135.5,
135.8, 140.5, 141.0; MS (EI): m/z (relative intensity) 196 (M*, 65), 181 (100),

165 (48).

6-Methoxy-2'-methyl-1,1'-biphenyl-2-carboxaldehyde (Table 7.2, entry 2)*

MeO I CHO
"
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EA: Hexane = 1: 20, R=0.3; pale yellow solid; '"H NMR (400 MHz, CDCls) &
2.11 (s, 3H), 3.80 (s, 3H), 7.16-7.18 (m, 1H), 7.22-7.31 (m, 1H), 7.33-7.39 (m,
3H), 7.48-7.52 (m, 1H), 7.66-7.68 (m, 1H), 9.66 (s, 1H); **C NMR (100 MHz,
CDCl3) 6 19.9, 55.8, 115.8, 118.7, 125.3, 127.9, 128.1, 128.7, 129.7, 130.7,
130.9, 133.0, 134.5, 135.0, 137.1, 156.9, 192.3; MS (EI): m/z (relative intensity)

226.1 (M*, 100), 211 (46), 195 (25), 165 (64), 152 (38).

6-Methoxy-2'-phenyl-1,1'-biphenyl-2-carboxaldehyde (Table 7.2, entry 3)

MeO O CHO
O Ph
EA: Hexane = 1: 6, R=0.45; pale yellow solid; *"H NMR (400 MHz, CDCls) &
3.62 (s, 3H), 7.05 (d, J = 8.0 Hz, 1H), 7.10-7.12 (m, 2H), 7.17-7.23 (m, 3H),
7.34-7.39 (m, 2H), 7.46-7.56 (m, 4H), 9.79 (s, 1H); **C NMR (100 MHz, CDCl5)
o 55.6, 115.6, 118.8, 126.6, 126.9, 127.6, 128.4, 128.6, 128.7, 129.6, 131.7,
134.3, 134.9, 140.9, 142.6, 156.9, 192.0; MS (EI): m/z (relative intensity) 288
(M*, 100), 257 (28), 239 (49), 226 (41), 215 (39); HRMS: calcd. for

Ca0H160,Na"™: 311.1048, found 311.1046.

6-Methoxy-2'-methoxy-1,1'-biphenyl-2-carboxaldehyde (Table 7.2, entry 4)

MeO I CHO
O OMe

EA: Hexane = 1: 6, R=0.35; colorless liquid; *H NMR (400 MHz, CDCls) & 3.75
(s, 3H), 3.79 (s, 3H), 7.02-7.11 (m, 2H), 7.23-7.28 (m, 2H), 7.42-7.50 (m, 2H),
7.65-7.67 (m, 1H), 9.73 (s, 1H); **C NMR (100 MHz, CDCl5) § 55.3, 55.9, 110.6,

116.1, 118.5, 120.2, 121.7, 128.5, 129.6, 131.0, 132.3, 135.1, 157.0, 157.1, 192.6;
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MS (El): m/z (relative intensity) 242 (M*, 66), 211 (100), 168 (21), 139 (20);

HRMS: calcd. for C15H1403Na’: 265.0841, found 265.0844.

1-(2,6-dimethyl-2’-methyl-[1,1'-biphenyl]-4-yl)-ethanone (Table 7.2, entry 5;

Table 7.3, entry 2)
MeMe
(0]
OO
Me

EA: Hexane = 1: 9, R=0.4; white solid; '"H NMR (400 MHz, CDCl3) & 1.98 (s,
3H), 2.03 (s, 6H), 2.65 (s, 3H), 6.99 (t, J = 2.4, 5.6 Hz, 1H), 7.28-7.32 (m, 3H),
7.74 (s, 2H); *C NMR (100 MHz, CDCls) & 19.2, 20.3, 26.6, 126.1, 127.2, 127.4,
128.0, 130.1, 134.9, 135.8, 136.4, 139.5, 146.3, 198.3; MS (EI): m/z (relative
intensity) 238 (M*, 38), 223 (100), 180 (25), 165 (41); HRMS: calcd. for

C17H190™: 239.1436, found 239.1438.

1-(2,6-dimethyl-2’-fluoro-[1,1'-biphenyl]-4-yl)-ethanone (Table 7.2, entry 6;
Table 7.3, entry 5)
Me K

0
Me
Me

EA: Hexane = 1: 6, R=0.55; white solid; '"H NMR (400 MHz, CDCl3) & 2.13 (s,
6H), 2.63 (s, 3H), 7.11-7.28 (m, 3H), 7.37-7.43 (m, 1H), 7.74 (s, 2H); **C NMR
(100 MHz, CDCls) 6 20.4, 26.5, 115.6, 115.9, 124.3 (overlapped), 126.9, 127.1,
129.4, 129.5, 130.5, 130.6, 136.3, 137.2, 140.3, 157.8, 160.2, 198.1; *F NMR
(400 MHz, CDCl3) 6 -115.12; MS (EI): m/z (relative intensity) 242 (M", 38), 227

(100), 183 (37); HRMS: calcd. for C1sH160OF": 243.1185, found 243.1195.

2,2' 4,6-Tetramethyl-1,1'-biphenyl (Table 7.2, entry 7; Table 7.3, entry 6)*
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Pure hexane, R=0.4; white solid; '"H NMR (400 MHz, CDCls) § 2.02 (s, 6H),
2.07 (s, 3H), 2.43 (s, 3H), 7.04 (s, 2H), 7.11 (t, J = 1.2, 4.4 Hz, 1H), 7.32-7.36 (m,
3H); **C NMR (100 MHz, CDCls) § 19.4, 20.2, 21.0, 125.5, 125.9, 126.8, 127.1,
127.9, 129.1, 129.2, 129.7, 129.8, 135.6, 135.8, 136.3, 138.1, 140.5; MS (El):

m/z (relative intensity) 210 (M*, 75), 195 (100), 180 (34), 165 (32).

4-Cyano-2,2',6-trimethyl-1,1'-biphenyl (Table 7.2, entry 8)

Me

EA: Hexane = 1: 9, R=0.55; white solid; '"H NMR (400 MHz, CDCl3) & 1.97 (s,
3H), 2.00 (s, 6H), 6.96-6.98 (m, 1H), 7.27-7.34 (m, 3H), 7.43 (s, 2H); *C NMR
(100 MHz, CDCls) 6 19.0, 20.0, 110.6, 119.0, 126.3, 127.6, 127.8, 130.2, 130.6,
134.6, 137.4, 138.5, 146.1; MS (EI): m/z (relative intensity) 221 (M*, 58), 206

(100), 190 (40); HRMS: calcd. for CigH1sN™: 222.1283, found 222.1292.

4-Phenyl-2,2',6-trimethyl-1,1'-biphenyl (Table 7.2, entry 9; Table 7.3, entry 7)

Me

Pure hexane, R=0.3; white solid; *"H NMR (400 MHz, CDCls) § 2.16 (s, 9H),
7.20 (s, 1H), 7.39-7.58 (m, 8H), 7.77-7.79 (m, 2H); *C NMR (100 MHz, CDCls)
6 19.4, 20.4, 126.0 (overlapped), 127.0 (overlapped), 128.6, 128.9, 129.9, 135.6,
136.2, 139.7, 140.2 (overlapped), 141.1; MS (El): m/z (relative intensity) 272
(M*, 100), 257 (51), 242 (27); HRMS: calcd. for CyHa'™: 272.1565, found

272.1561.
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2,2',6-Trimethyl-[1,1'-biphenyl]-4-carbaldehyde (Table 7.2, entry 10)

MeMe

Me

EA: Hexane = 1: 9, R=0.55; white solid; *"H NMR (400 MHz, CDCl3) & 1.98 (s,
3H), 2.05 (s, 6H), 6.98-7.00 (m, 1H), 7.28-7.66 (m, 3H), 7.66 (s, 2H), 10.01 (s,
1H); **C NMR (100 MHz, CDCls) § 19.1, 20.2, 126.2, 127.5, 127.8, 128.6, 130.2,

134.7,135.2, 137.1, 139.3, 147.8, 192 4.

3-Methoxy-2-(1-naphthalenyl)benzaldehyde (Table 7.2, entry 11)

MeO I CHO

EA: Hexane = 1: 9, R=0.3; white solid; '"H NMR (400 MHz, CDCl3) & 3.70 (s,
3H), 7.30 (dd, J = 0.8, 7.2 Hz, 1H), 7.43-7.52 (m, 3H), 7.54-7.56 (m, 1H), 7.58-
7.63 (m, 2H), 7.81 (dd, J = 1.2, 6.8 Hz, 1H), 7.96-8.00 (g, J = 4.0 Hz, 2H), 9.60
(s, 1H); *C NMR (100 MHz, CDCls) & 55.8, 115.9, 118.7, 124.9, 125.7, 125.8,
126.3,128.2, 128.4, 128.6, 129.1, 131.2, 132.8, 133.0, 133.2, 136.0, 157.6, 192.0;
MS (EI): m/z (relative intensity) 262 (M, 100), 247 (25), 231 (39), 218 (28), 202

(33), 189 (49); HRMS: calcd. for C1gH10,": 262.0994, found 262.0982.

1-(1-o-Tolylnaphthalen-2-yl)ethanone (Table 7.2, entry 12)

EA: Hexane = 1: 6, Ri=0.6; yellow liquid; *H NMR (400 MHz, CDCls) & 2.04 (s,
6H), 7.20 (dd, J = 0.8, 6.4 Hz, 1H), 7.32-7.40 (m, 1H), 7.42-7.49 (m, 4H), 7.55-

7.59 (m, 1H), 7.81 (d, J = 8.4 Hz, 1H), 7.92-7.95 (m, 2H); *C NMR (100 MHz,

219



CDCls) 6 19.8, 30.1, 118.1, 124.3, 124.4, 124.8, 125.8, 126.7, 127.1, 127.2,
127.8,127.9, 128.3, 130.0, 130.3, 131.7, 134.4, 136.9, 137.1, 137.8, 138.2, 203.3;
MS (El): m/z (relative intensity) 260 (M*, 36), 245 (100), 215 (45), 202 (36);

HRMS: calcd. for C1gH1;60Na*: 283.1099, found 283.1111.

Methyl 1-(o-tolyl)-2-naphthoate (Table 7.2, entry 13)

(0] I Me
00

EA: Hexane = 1: 6, R=0.6; white solid; '"H NMR (400 MHz, CDCl3) & 2.00 (s,
3H), 3.67 (s, 3H), 7.12 (d, J = 7.6 Hz, 1H), 7.28-7.44 (m, 5H), 7.56-7.60 (m, 1H),
7.93 (d, J = 8.8 Hz, 2H), 8.02 (d, J = 8.8 Hz, 1H); *C NMR (100 MHz, CDCl3) 5
19.8, 51.9, 125.4, 125.6, 126.7, 127.5 (overlapped), 127.6 (overlapped), 127.9,
129.2, 129.4, 132.3, 134.8, 136.6, 138.6, 141.6, 168.1; HRMS: calcd. for

C1oH1602Na™: 99.1048, found 299.1044.

4-(tert-Butyl)-2'-methyl-[1,1'-biphenyl]-2,6-dicarbaldehyde (Table 7.2, entry 14)

t-Bu

OHC ‘ CHO
Me
Q)
EA: Hexane = 1: 9, R=0.5; white solid; *H NMR (400 MHz, CDCls3) & 1.44 (s,
9H), 2.07 (s, 3H), 7.24 (dd, J = 6.4, 1.2 Hz, 1H), 7.30-7.35 (m, 2H), 7.37-7.42 (m,
1H), 8.31 (s, 2H), 9.71 (s, 2H); **C NMR (100 MHz, CDCls) & 20.4, 31.0, 35.0,
125.9, 129.1, 129.6, 130.2, 130.8, 132.2, 134.3, 137.0, 145.4, 151.8, 191.2;

HRMS: calcd. for C19H,00,Na’: 303.1361, found 303.1353.
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2,2',3,5’,6-Pentamethyl-1,1'-biphenyl (Table 7.2, entry 15)

Me

Me
LK
Me O

Me

Pure hexane, R=0.4; colorless liquid; *H NMR (400 MHz, CDCls) & 1.99 (s, 3H),
2.03 (s, 6H), 2.40 (s, 3H), 2.45 (s, 3H), 6.95 (s, 1H), 7.13 (d, J = 7.6 Hz, 1H),
7.17 (d, J = 7.6 Hz, 2H), 7.28 (d, J = 7.6 Hz, 1H); *C NMR (100 MHz, CDCls) &
16.5, 18.9, 20.3 (overlapped), 20.9, 126.7, 127.5, 128.2, 129.6, 129.7, 132.5,
133.2, 133.7, 134.1, 135.2, 141.0, 141.1; MS (EI): m/z (relative intensity) 224
(M*, 71), 209 (100), 194 (41), 179 (35); HRMS: calcd. for Ci7Hz": 224.1565,

found 224.1560.

4-Cyano-4’-methoxy-2,2",6-trimethyl-1,1'-biphenyl (Table 7.2, entry 17)

NC Me
LK
OMe
EA: Hexane = 1: 9, Ri=0.5; colorless liquid; *"H NMR (400 MHz, CDCls) & 1.93
(s, 3H), 1.99 (s, 6H), 3.86 (s, 3H), 6.84-6.88 (m, 3H), 7.41 (s, 2H); **C NMR
(100 MHz, CDCls) 6 19.4, 20.1, 55.0, 110.5, 111.6, 115.6, 119.2, 128.8, 130.5,
130.9, 136.2, 138.0, 146.0, 158.9; MS (EI): m/z (relative intensity) 251 (M*, 100),

236 (64), 221 (26), 190 (17); HRMS: calcd. for Ci7H1sNO*: 252.1388, found

252.1383.

1-(2,6-Dimethyl-2’-ethyl-[1,1'-biphenyl]-4-yl)-ethanone (Table 7.3, entry 3)

(0]

Me
Me O Et
Me O

EA: Hexane = 1: 9, Ri=0.4; white solid; *"H NMR (400 MHz, CDCls) § 1.07 (t, J

= 7.6 Hz, 3H), 2.05 (s, 6H), 2.29 (g, J = 7.6 Hz, 2H), 2.64 (s, 3H), 6.97 (d, J =
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7.2 Hz, 1H), 7.28-7.38 (m, 3H), 7.74 (s, 2H); 3¢ NMR (100 MHz, CDCl3) 6
14.4, 20.5, 25.6, 26.5, 126.0 (overlapped), 127.1, 127.5, 128.2, 128.3, 135.7,
136.6, 138.7, 140.8, 146.1, 198.2; MS (EI): m/z (relative intensity) 252 (M, 42),

237 (100), 179 (20); HRMS: calcd. for C1gH»00": 252.1514, found 252.1520.

1-(2,6-Dimethyl-2’-methoxy-[1,1'-biphenyl]-4-yl)-ethanone (Table 7.3, entry 4)

(0]

Me
Me O OMe
Me O

EA: Hexane = 1: 9, R=0.4; white solid; '"H NMR (400 MHz, CDCl3) & 2.11 (s,
6H), 2.64 (s, 3H), 3.76 (s, 3H), 7.01-7.09 (m, 3H), 7.40 (t, J = 8.0, 7.6 Hz, 1H),
7.75 (s, 2H); *C NMR (100 MHz, CDCls) & 20.3, 26.4, 55.3, 110.8, 120.7, 126.9,
128.4, 128.8, 129.8, 135.7, 137.1, 143.5, 156.0, 198.2; MS (EI): m/z (relative
intensity) 254 (M*, 49), 239 (100), 196 (29); HRMS: calcd. for Ci7H190,":

255.1385, found 255.1376.

2,2',3,3’,6-Pentamethyl-1,1'-biphenyl (Table 7.3, entry 8)

Me

Me
Me
Me
Me O

Pure hexane, Ri=0.3; white solid; *"H NMR (400 MHz, CDCl3) & 2.00 (t, J = 6.8,
8.8 Hz, 9H), 2.40 (s, 3H), 2.45 (s, 3H), 6.96-6.99 (m, 1H), 7.12-7.19 (m, 2H),
7.23-7.26 (m, 2H); °C NMR (100 MHz, CDCl5) § 15.7, 16.3, 16.6, 20.3, 20.4,
20.5, 125.0, 125.5, 126.6, 126.7, 127.2, 128.2 (overlapped), 133.4, 133.7, 134.2,
134.3, 136.7, 141.1, 141.6; MS (El): m/z (relative intensity) 224 (M, 65), 209

(100), 194 (39), 179 (34); HRMS: calcd. for C17H0": 224.1565, found 224.1563.
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1-Mesitylnaphthalene (Table 7.3, entry 9; Table 7.4, entry 6)*°

()
U

Me
Pure hexane, R=0.5; white solid; *"H NMR (400 MHz, CDCls) & 2.00 (s, 6H),
2.50 (s, 3H), 7.13 (s, 2H), 7.37 (d, J = 6.8 Hz, 1H), 7.42-7.56 (m, 2H), 7.58 (t, J
= 1.2, 5.6 Hz, 1H), 7.63 (t, J = 7.2, 8.0 Hz, 1H), 7.94-8.01 (m, 2H); *C NMR
(100 MHz, CDCls) 6 20.2, 21.1, 125.4, 125.6, 125.9, 126.6, 127.0, 128.0, 128.2,
131.9, 133.7, 136.7 (overlapped), 136.8 (overlapped); MS (EI): m/z (relative

intensity) 246 (M", 100), 231 (67), 215 (52).

1-(4-Phenyl-2,6-Dimethylphenyl)naphthalene (Table 7.3, entry 10)

28,
VW

Me
Pure hexane, Ri=0.25; white solid; "H NMR (400 MHz, CDCls) § 2.11 (s, 6H),
7.43-7.84 (m, 10H), 7.83 (d, J = 7.2 Hz, 2H), 8.00 (q, J = 8.4, 7.6, 8.0 Hz, 2H);
3C NMR (100 MHz, CDCls) & 20.5, 125.4, 125.6, 125.8, 126.0, 126.5, 127.1,
127.2, 128.3, 128.7, 131.7, 133.7, 137.4, 138.5, 138.7, 140.1, 141.1; MS (El):
m/z (relative intensity) 308 (M*, 100), 293 (28); HRMS: calcd. for CosHzo':

308.1565, found 308.1571.

4-Cyano-2,2',5’,6-tetramethyl-1,1'-biphenyl (Table 7.3, entry 11)

NC Me
L
f U

Me

EA: Hexane = 1: 9, Ri=0.6; colorless liquid; "H NMR (400 MHz, CDCls) § 1.92
(s, 3H), 2.00 (s, 6H), 2.36 (s, 3H), 6.79 (s, 1H), 7.12-7.22 (dd, J = 7.6, 7.2 Hz,

2H), 7.42 (s, 2H); *C NMR (100 MHz, CDCl3) & 18.6, 20.0, 20.8, 110.5, 119.1,
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128.3, 128.4, 130.1, 130.6, 131.5, 135.7, 137.4, 138.4, 146.3; MS (El): m/z
(relative intensity) 236 (M®, 64), 220 (100), 190 (27); HRMS: calcd. for

Ci7H1gN™: 236.1439, found 236.1429.

1-(2,6-Dimethoxyphenyl)naphthalene (Table 7.4, entry 1)*'

MeO l OMe

EA: Hexane = 1: 6, R=0.55; colorless liquid; *H NMR (400 MHz, CDCls) & 3.73
(d, J = 3.6 Hz, 6H), 6.82-6.85 (m, 2H), 7.48-7.60 (m, 4H), 7.62-7.71 (m, 2H),
7.97-8.03 (m, 2H); *C NMR (100 MHz, CDCl5) & 55.8, 104.1, 125.3
(overlapped), 125.9, 127.3, 127.9, 128.0, 129.0, 158.4; MS (El): m/z (relative

intensity) 264 (M*, 100), 249 (25), 234 (22), 189 (19).

2-Methoxy-2",4",6'-trimethyl-[1,1'-biphenyl]-4-carbonitrile (Table 7.4, entry 2)

Me
"
OMe
O
CN
EA: Hexane = 1: 4, R=0.5; white solid; '"H NMR (400 MHz, CDCl3) & 1.98 (s,
6H), 2.36 (s, 3H), 3.81 (s, 3H), 6.98 (s, 2H), 7.15 (d, J = 7.6 Hz, 1H), 7.25 (s,
1H), 7.36-7.38 (dd, J = 6.4, 1.2 Hz, 1H); *C NMR (100 MHz, CDCls) & 20.2,

21.1, 55.8, 111.9, 113.9, 119.0, 124.9, 128.1, 131.9, 133.4, 135.3, 135.9, 137.4,

157.0;: HRMS: calcd. for C17H17NO™: 251.1310, found 251.1308.

2-Methoxy-1,1'-binaphthalene (Table 7.4, entry 3)%

l!OMe
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EA: Hexane = 1: 6, R=0.5; white solid; '"H NMR (400 MHz, CDCl3) & 3.79 (s,
3H), 7.19-7.38 (m, 5H), 7.47-7.51 (m, 3H), 7.66 (t, J = 7.2, 8.0 Hz, 1H), 7.91 (d,
J = 8.0 Hz, 1H), 7.97-8.01 (m, 3H); **C NMR (100 MHz, CDCl5) & 56.8, 113.8,
123.6, 125.5 (overlapped), 125.6, 125.8, 126.1, 126.3, 127.7 (overlapped), 128.2,
128.4, 129.0, 129.4, 132.9, 133.7, 134.2, 134.5, 154.6; MS (EI): m/z (relative

intensity) 284 (M, 100), 269 (25), 252 (25), 239 (44).

9-(Naphthalen-1-yl)anthracene (Table 7.4, entry 4)*"

Pure Hexane, Ry=0.8; white solid; "H NMR (400 MHz, CDCls) & 7.18-7.33 (m,
4H), 7.51-7.56 (m, 5H), 7.62 (d, J = 6.8 Hz, 1H), 7.76 (t, J = 7.6 Hz, 1H), 8.07-
8.17 (m, 4H), 8.66 (s, 1H); **C NMR (100 MHz, CDCls;) § 125.2, 125.6
(overlapped), 126.0, 126.6, 127.0, 128.1, 128.3, 128.4, 129.2, 131.1, 131.5, 133.6,
133.7, 135.0, 136.6; MS (El): m/z (relative intensity) 284 (M*, 100), 269 (25),

252 (25), 239 (44).

1-Mesitylnaphthalene (Table 7, entry 6)?°

Me
Pure hexane, R=0.5; white solid; *"H NMR (400 MHz, CDCls) & 2.00 (s, 6H),

2.50 (s, 3H), 7.13 (s, 2H), 7.37 (d, J = 6.8 Hz, 1H), 7.42-7.56 (m, 2H), 7.58 (t, J
= 1.2, 5.6 Hz, 1H), 7.63 (t, J = 7.2, 8.0 Hz, 1H), 7.94-8.01 (m, 2H); *C NMR
(100 MHz, CDCls) 6 20.2, 21.1, 125.4, 125.6, 125.9, 126.6, 127.0, 128.0, 128.2,
131.9, 133.7, 136.7 (overlapped), 136.8 (overlapped); MS (EI): m/z (relative

intensity) 246 (M", 100), 231 (67), 215 (52).
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Appendix

1-Benzyl-7-methoxy-1H-indole (Table 2.2, entry 9)

OMe
Bn
.

PCLO68H NAVE PCLO68
EXPNO 3
PROCNO 1
AYOWLAORNDAAN DD T I~ o Dat e 20100531
MADONNSOWOSTMONOST NN ON ©o Time 23.28
HHANNNNAAHOOOO GO M DG © | NP RUM Spect
NNNNNNNNNNNNNN GG 60w @ PROBHD 5 mm PABBO BB-

SOLVENT coa 3
NS 16
bs 2
SWH 4006. 410 Hz
FI DRES 0. 122266 Hz
AQ 4.0894966 sec
RG 64
bw 124.800 usec
DE 6. 50 usec
TE 296.1 K
DL 1..00000000 sec
TDO 1
CHANNEL f1
1H
14.70 usec
.00 dB
11.88122272 W

400. 1318007 MHz
32768

400. 1300000 MHz
EM

0
0.30 Hz
ez} 0
PC 1.00
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
J L
CEEEI 8
®|o|3| ol S S
<l Ele N o
NAME PCLO68
PCLO68C EXPHO S
PROCNO 1
NOOOMITMMN~ MM Date_ 20100531
OROOTOOVON ~O = g Time 23.32
<, INSTRUI spect
S83Q/RE3Y 88 N B o PROBHD 5 mm PABBO BB-
RRERERA R RLpapu L] [N 010 PULPROG 2gpg30
NIV :
SOLVENT cbci3
NS 32
DS 2
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 161
bw 20.800 usec
DE 6.50 usec
TE 297.3 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
= CHANNEL f1 =
13C
9.50 usec
-2.00 dB
58.52175522 W
100.6228298 MHz
CHANNEL f2
waltz16
1H
80.00 usec
0.00 dB
15.00 dB
.00 dB
11.88122272 W
0.37571725 W
0.37571725 W
400.1316005 MHz
32768
100.6127751 MHz
EM
0
1.00 Hz
1.40
T T T T T
200 80 60 40 20 0  ppm
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1-Benzyl-7-methoxy-1H-indole (Table 2.2, entry 9)

OMe Bn
N
Y
Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 5.0 PPM / DBE: min =-100.0, max = 1000.0
Selected filters: None
Monoisotopic Mass, Even Electron lons
63 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:
C:0-18 H:0-22 N:0-3 0:0-3 Na:0-1
KIN-DEPT-04062010 HS S8 45 (0.842) AM (Cen,10, 80.00, Ar,5000.0,0.00,1.00); Sm (SG, 2x3.00); Sb (10,10.00 ); Cm (35:55)
TOF MS ES+ 238.1225 2.10e4
246.1454
%
2891272 4 2851 |
|
237.1017 f 247.1482 253.1407 500 45
230.2487 ‘ J l [ 2581203 261‘|1460 263.1294
0+ | - . e . val 1l Ly ' _‘ e et e miz
230.0 235.0 240.0 245.0 250.0 255.0 260.0 265.0

Minimum: 100.0
Maximum: 5.0 5.0 1000.0
Mass Calc. Mass mbDa PPM DBE i-FIT Formula
238.1225  238.1232 -0.7 -2.9 9.5 425.5 c16 N O
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1-Methyl-1H-indol-3-yl acetate (Scheme 2.3)

Me
N
OAc
PCLOO2H NAVE PCLO02
PNO 1
PROCNO 1
HOOAOOONWNONTHO T AT LN®DON DLW © < Date_ 20100513
QNNONNTIMNMNAAAONDVOOOOVOOOOT S ~ [+ ime 15.17
e e R ~ & INSTRU spect
O N A e e e N N A A N N e N N N N L ™ ~ PROBHD 5 mm PABBO BB-
PULPR 2930
%NN\%W) b 32768
SOLVENT coci3
NS 16
DS 2
SWH 4006.410 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 57
bw 124.800 usec
DE 6.50 usec
TE 295.8 K
D1 1.00000000 sec
TDO 1
CHANNEL f1
NUCL
P1 14.70 usec
PL1 .00 dB
PL1W 11.88122272 W
SFO1 400.1318007 MHz
S1 32768
SF 400.1300000 MHz
WDwW EM
T T T T T SSB 0
7.6 7.5 7.4 7.3 7.2 ppm 'ég 0-33 Hz
PC 1.00
T T T T T T T T T
9 8 7 6 4 3 2 1 ppm
|
ﬁ roﬁ ﬁ ﬁ
ISTILS! S S
el ) o
NAME PCL002
PCLOO2C EXPRO s
PROCNO 1
o (00D [~ QO @ P~ Date_ 20100513
~ ©ONON®ITN 'y @ Time 15.21
w MONO BN~ N9 INSTRU spect
© MANNN—AA—HO o o PROBHD 5 mm PABBO BB-
= Ao oA Ao o« PULPRO 29pg30
W27 [ 5
SOLVENT CDCI3
NS 32
DS 2
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 203
pw 20.800 usec
DE 6.50 usec
TE 296.8 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1
NUC1 13C
P1 9.50 usec
PL1 -2.00 dB
PL1W 58.52175522 W
SFO1 100.6228298 MHz
CHANNEL f2
CPDPRG2 waltz16
NUC2 1H
PCPD2 80.00 usec
PL2 0.00 dB
PL12 15.00 dB
PL13 15.00 dB
PL2W 11.88122272 W
pPL12W 0.37571725 W
PL13W 0.37571725 W
SF02 400.1316005 MHz
S1 32768
SF 100.6127765 MHz
WDwW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
T T T T T T T T T T
200 180 160 140 120 80 60 40 20 0  ppm
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1-Benzyl-1H-indol-3-yl acetate (Table 2.2, entry 1-3; Scheme 2.3)

Bn
.
N
OAc
PCLO18C NAME PCLO18
EXPNO 2
PROCNO 1
2 LHRRIREIDBING No® < < Date._ 20100515
N Lodandddanng 9% 2 o Tine 1550
© MOANNNNNN—AAAO NN Q =} INSTRUI spect
— Adddddd A A ~~~ rd < PROBHD 5 mm PABBO BB-
iz v
D 65536
SOLVENT coci3
NS 32
DS 2
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 20
bw 20.800 usec
DE 6.50 usec
TE 297.3 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1
NUC1 13C
P1 9.50 usec
PL1 -2.00 dB
PL1W 58.52175522 W
SFO1 100.6228298 MHz
CHANNEL f2
CPDPRG2 waltz16
NUC2 1H
PCPD2 80.00 usec
PL2 0.00 dB
PL12 15.00 dB
PL13 5.00 dB
PL2W 11.88122272 W
PL12W 0.37571725 W
PL13W 0.37571725 W
SF02 400.1316005 MHz
Si 32768
SF 100.6127780 MHz
wow EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
PCLO18H NAME PCLO18
EXPNO 1
LOOVMNOANAHIORMNAONOMAOON I © PROCNO :
IEITAANNROLTANANOOIINNOONO O o) Date_ 20100515
COOOVOOMMMMMANNNNNNHAAA ©® ™ Time 15.41
H INSTRUI spect
I N e e N e e S ) o~ PROBHD. 5 mm PABBO BB
NNJ M ‘ PULPRO 2930
32768
SOLVENT cbci3
NS 16
DS 2
SWH 4006.410 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 45.2
bw 124.800 usec
DE 6.50 usec
TE 296.2
D1 1.00000000 sec
TDO 1
CHANNEL f1
NUC1
P1 14.70 usec
PL1 0.00 dB
PL1W 11.88122272 W
SFO1 400.1318007 MHz
Si 32768
SF 400.1300000 MHz
wow EM
T T T T T T T ESB o 38 "
- iz
7.7 7.6 7.5 7.4 7.3 7.2  ppm GB 0
PC 1.00
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
-
S|o|-|o|® =3 S
‘ri Si<fl=la — o
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1-Benzyl-5-cyano-1H-indol-3-yl acetate (Table 2.2, entry 4)

Bn
.
N
NC
OAc
NAME PCL092
PCLO92H EXPRO £y
PROCNO 1
Date_ 20100601
Time 17.34
2B8BIBAYGRIBALAELIER & @3 INSTRUM spect
ODOODLIELTOMDMMNMOD el N ] PROBHD 5 mm PABBO BB-
N N N N A N N A N [t} ~ PULPROG 2930
TD 32768
N\&‘ %ﬂ% ‘ SOLVENT coci3
NS 16
DS 2
SWH 4006.410 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 25.4
oW 124.800 usec
DE 6.50 usec
TE 296.2 K
D1 1.00000000 sec
TDO 1
CHANNEL f1
NUC1 1H
P1 14.70 usec
PL1 0.00 dB
e PLIW 11.88122272 W
SFO1 400.1318007 MHz
7.97 ppm st 32768
SF 400.1300000 MHz
T T T T T wou E
SSB 0
7.5 7.4 7.3 7.2 ppm LB 0.30 Hz
GB 0
PC 1.00
.
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
AN
| |o|S]|=|— — =
ol I-l-l<fla o o
NAME PCL092
PCLO92C EXPNo H
PROCNO 1
o DILTONNONOD N © Date_ 20100601
(<] ONOVON—H=AITINO %88 % 'r: IV:IETRUM 17.37
S ) . spect
g anﬁﬁgﬁmgagg ~~© Q o PROBHD 5 mm PABBO BB-
~ A A A A AA A A A ~ N [re] « PULPROG 2gpg30
SN2 3
SOLVENT coci3
NS 32
DS 2
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 203
ow 20.800 usec
DE 6.50 usec
TE .2 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1
NUC1 13C
P1 9.50 usec
PL1 -2.00 dB
PL1W 58.52175522 W
SFO1 100.6228298 MHz
CHANNEL f2
CPDPRG2 waltz16
PCPD2 80.00 usec
PL2 0.00 dB
PL12 15.00 dB
PL13 15. dB
PL2W 11.88122272 W
PL12W 0.37571725 W
PL13W 0.37571725 W
SF02 400.1316005 MHz
S1 32768
SF 100.6127846 MHz
wow EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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1-Benzyl-5-cyano-1H-indol-3-yl acetate (Table 2.2, entry 4)

Bn
N
Y
NC
OAC
Elemental Composition Report Page 1

Single Mass Analysis
Tolerance = 4.0 PPM / DBE: min =-100.0, max = 1000.0
Selected filters: None

Monoisotopic Mass, Even Electron lons

16 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:

C:0-18 H:0-18 N:0-2 0:0-3 Na:0-1

KIN-DEPT-04062010 HS S12 46 (0.861) AM (Cen, 10, 80.00, Ar,5000.0,0.00,1.00); Sm (SG, 2x3.00); Sb (10,10.00 ); Cm (39:51)

T'gfﬁMS ES+ 291.1140 6.76e3
i
0",,
2921178
270.1293 .5, - | 295,96
268.1453 2742747 276.2060 279.1351 53 450 2001857 | L 293 I‘”‘” 297.0707  302.2029
0 1 - L —t - o s o SRS SR U R SO O By
270.0 275.0 280.0 285.0 290.0 295.0 300.0

Minimum: -100.0
Maximum: 5.0 4.0 1000.0
Mass Calc. Mass mDa PPM DRE i=-FIT Formula
291.1140 291.1134 0.6 2.1 12.5 35.8 Cl8 H15 N2 02
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1-Benzyl-5-fluoro-1H-indol-3-yl acetate (Table 2.2, entry 5)

Bn
’
N
F
OAc
PCL104H NAME PCL104
EXPNO 2
PROCNO 1
Date_ 20100601
Time 17.43
OUODONONNNAOTRDAODOM N T OO0 N ©
NOITNANTDDONOCOAODNOITONDDN OO @ INSTRUM spect
TOOOMOOMOANNNNNNNAAATASDI OO O N [} PROBHD 5 mm PABBO BB-
NNNNNNNNNNNNENNNNNNNNNO O OO OW0n N PULPROG 2930
TD 32768
M\M%ﬁé/ SOLVENT coei3
NS 16
DS 2
SWH 4006.410 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 25.4
bw 124.800 usec
DE 6.50 usec
TE 296.2
D1 1.00000000 sec
TDO 1
CHANNEL f1
NUC1
P1 14.70 usec
PL1 0.00 dB
PL1W 11.88122272 W
SFO1 400.1318007 MHz
Sl 32768
SF 400.1300000 MHz
WDW EM
SSB 0
T T T T T T T LB 0.30 Hz
GB 0
7.5 7.4 7.3 7.2 7.1 7.0 ppm e 1.00
S~
T T T T T T T
9 8 7 6 5 4 ppm
) )
o|o|o|o o o
oSl<flesl o )
NAME PCL104
PCL104C EXPNO p
PROCNO 1
T LTOOHONOWN A NN O NN © A Date_ 20100601
G SBREBBRNRBIONSRoRbaom 8 2 Tine 17.48
D VOOPPPO~OCOONHOOONN + + + . . INSTRUM spect
O UHONNNNNNANNAAAAAOO NN © Q o PROBHD 5 mm PABBO BB-
A AT A A A A A A A A A A A A A A AN wn N PULPROG ngg30
N N | 3 o
SOLVENT CcDCI3
NS 32
DS 2
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 114
oW 20.800 usec
DE 6.50 usec
TE 297.3 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1
NUC1 13C
P1 9.50 usec
PL1 -2.00 dB
PL1W 58.52175522 W
SFO1 100.6228298 MHz
CHANNEL f2
CPDPRG2 waltz16
NUC2 1H
PCPD2 80.00 usec
PL2 0.00 dB
PL12 15.00 dB
PL13 15.00 dB
PL2W 11.88122272 W
PL12W 0.37571725 W
PL13W 0.37571725 W
SF02 400.1316005 MHz
S1 32768
SF 100.6127816 MHz
wow EM
SSB 0
LB 1.00 Hz
GB 0
y ' PC 1.40
T T T T T T T T T
200 180 160 140 120 100 80 60 20 ppm
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1-Benzyl-5-fluoro-1H-indol-3-yl acetate (Table 2.2, entry 5)

Bn

’

N
/

OAc

Elemental Composition Report Page 1

Single Mass Analysis
Tolerance =20.0 PPM / DBE: min =-100.0, max = 1000.0
Selected filters: None

Monoisotopic Mass, Even Electron lons

34 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:

C:0-17 H:0-15 N:0-1 0:0-3 F:0-2 Na:0-1

KIN-DEPT-04062010 HS §10 46 (0.861) AM (Cen, 10, 80.00, Ar,5000.0,0.00,1.00); Sm (SG, 2x3.00); Sb (10,10.00 ); Cm (42:52)

TSC MS ES+ 306.0903 3.04e4
%
|
307.0933
284.1048 \
303.0783 1
285108 o1 0865 295.9938 299.1540 1 |, | {§8oen 315.1350
e L . T " — L i M2
285.0 290.0 295.0 300.0 305.0 310.0 315.0

Minimum: 100.0
Maximum: 5.0 20.0 1000.0
Mass Calc. Mass mDa PPM DBE i-FIT Formula
284.1048 284.1087 3.9 -13.7 10.5 80.0 Cl7 H15 N 02 F
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1-Benzyl-5-bromo-1H-indol-3-yl acetate (Table 2.2, entry 6)

Bn
,
N
Br
OAc
NAME PCLO91
PCLO91H ol T
PROCNO 1
Date_ 20100530
QN T MNDDNML MO ® ) @ Time 22.33
COOOXMACORD T HON < ~ INSTRUM spect
RN N @ PROBHD 5 mm PABBO BB-
N A N N N A N N N NN ) [N PULPROG 2930
32768
SOLVENT CDCI3
NS 16
DS 2
SWH 4006.410 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 25.4
oW 124.800 usec
DE 6.50 usec
TE 296.5 K
D1 1.00000000 sec
TDO 1
CHANNEL f1
NUC1
P1 14.70 usec
PL1 .00 dB
PL1W 11.88122272 W
SFO1 400.1318007 MHz
S1 32768
SF 400.1300000 MHz
wow EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
|
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
)y
oo o — o
ollolslm o o
PCLO91C NAME PCL091
EXPNO 2
PROCNO 1
10 TOOOPDHO®R T © Date_ 20100530
8 CENBERRATHN 888 8 2 Tine 22.38
© ©OHOMNOLW O 0N ] 3 ' INSTRUM spect
© OONNNNNA o ~~© Q o PROBHD 5 mm PABBO BB-
— A A A A A A A N~~~ n I PULPROG 29pg30
22 v 5
SOLVENT CcDCI3
NS 32
DS 2
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 203
oW 20.800 usec
DE -50 usec
TE 297.7 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1
NUC1 13C
P1 9.50 usec
PL1 -2.00 dB
PL1W 58.52175522 W
SFO1 100.6228298 MHz
CHANNEL f2
CPDPRG2 waltz16
NUC2 1H
PCPD2 80.00 usec
PL2 0.00 dB
PL12 15.00 dB
PL13 15.00 dB
PL2W 11.88122272 W
PL12W 0.37571725 W
PL13W 0.37571725 W
SF02 400.1316005 MHz
S1 32768
SF 100.6127817 MHz
wow EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
" .
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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1-Benzyl-5-bromo-1H-indol-3-yl acetate (Table 2.2, entry 6)

Bn

’

N
/

OAc

Br

Elemental Composition Report

Page 1
Single Mass Analysis
Tolerance = 5.0 PPM / DBE: min =-100.0, max = 1000.0
Selected filters: None
Monoisotopic Mass, Even Electron lons
125 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:
C:0-18 H:0-22 N:0-3 0:0-3 Na:0-1 Br:0-2
KIN-DEPT-04062010 HS S9 43 (0.805) AM (Cen, 10, 80.00, Ar,5000.0,0.00,1.00); Sm (SG, 2x3.00); Sb (10,10.00 ); Cm (36:56)
TS & 366.0117_368.0100 3.10e4
\
|
N
) 344.0292346.0283 ‘
[
‘ 360.0131
) | 347.0321 5 . 1] ;
330.0160334.0127337.9806 339 9769 | 356;281(? 353.?4?5 | ' I 3700092 476 0535
0 A A B bt b ferjirt b “"‘ N i Llr—m/z
325.0 330.0 335.0 340.0 345.0 350.0 355.0 360.0 365.0 370.0 375.0 380.0
Minimum: -100.0
Maximum: 5.0 5.0 1000.0
Mass Calc. Mass mDa PPM DBE i-FIT Formula
366.0117 366.0106 3.0 10.5 10.1 €17 H14 N 02 Na Br
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1-Benzyl-5-methoxy-1H-indol-3-yl acetate (Table 2.2, entry 7)

OAc
MeO
N
Bn
PCLO98H NAME PCLO98
EXPNO 1
PROCNO 1
CRRNRAEIRREBIERN2E58 S S <] bate_ 20100601
DOOOOONNAAATACOO OO DD N > < Time 17.51
> 4 INSTRUM spect
NNNNNNSNNSNSNNNNNOOOOO W0 ™ ~ PROBAD. 5 mm PABBOpBBf
N /%/% ‘ PULPROG 293
32768
SOLVENT cbci3
NS 16
DS 2
SWH 4006.410 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 25.4
ow 124.800 usec
DE 6.50 usec
TE 296.3 K
D1 1.00000000 sec
TDO 1
CHANNEL f1
NUC1
P1 14.70 usec
PL1 0.00 dB
PL1W 11.88122272 W
SFO1 400.1318007 MHz
S1 32768
T T T T T T SF 400.1300000 MHz
7.4 73 7.2 7.1 7.0 ppm oW B
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
fr) \r ﬁ‘\ fﬁ fﬁ m
o] fs) o) (<)
—[o|o|e =1 S S
<lesl— ri‘ o o o
PCL0O98C NAME PCLO98
EXPNO 2
PROCNO 1
- © D0 OM0OO0dMm Date_ 20100601
< o ANMOLWOTONMN m ggg %2 8 Tim 17.54
) . > = 4 INSTRUM spect
g E Q%ﬁgggtﬂg @ N~~~ © n o o PROBHD 5 mm PABBO BB-
=1 — Adddddddd © ~~~ [} « PULPROG 29pg30
NN N T % i3
SOLVENT coci3
NS 32
DS 2
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 11
ow 20.800 usec
DE 6.50 usec
TE 297.3 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1
NUC1 13
P1 9.50 usec
PL1 -2.00 dB
PL1W 58.52175522 W
SFO1 100.6228298 MHz
CHANNEL f2
CPDPRG2 waltz16
NUC2 1H
PCPD2 80.00 usec
PL2 0.00 dB
PL12 15.00 dB
PL13 5.00 dB
PL2W 11.88122272 W
PL12W 0.37571725 W
PL13W 0.37571725 W
SF02 400.1316005 MHz
Si 32768
SF 100.6127839 MHz
wow EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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1-Benzyl-5-methoxy-1H-indol-3-yl acetate (Table 2.2, entry 7)

OAc
MeO
N\
N
Bn
Elemental Composition Report Page 1

Single Mass Analysis
Tolerance = 4.0 PPM / DBE: min =-100.0, max = 1000.0
Selected filters: None

Monoisotopic Mass, Even Electron lons

7 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:

C:0-18 H:0-18 N:0-1 0O:0-3 Na:0-1

KIN-DEPT-04052010 HS S11 47 (0.879) AM (Cen, 10, 80.00, Ar,5000.0,0.00,1.00); Sm (SG, 2x3.00); Sb (10,10.00 ); Cm (45:49)

1]95*MS ES+ 318.1088 2.01e4

%

296.1290 319.1150
315.0992
2840020 291.0940 2959954 2971309 4a5, 0 0 13 56 320.1175 s

[ e e S T L e - - e . . .

28640 285.0 290.0 295.0 300.0 305.0 310.0 315.0 326‘0 325.0 330.0
Minimum: -100.0
Maximum: 5.0 4.0 1000.0
Mass Calc. Mass mDa PPM DBE i-FIT Formula
296.1290  296.1287 0.3 1.0 10.5 31.4 C18 H1IB N 03
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1-Benzyl-5-methyl-1H-indol-3-yl acetate (Table 2.2, entry 8)

OAc
Me
N
Bn
PCL109H NAME PCL109
EXPNO 1
PROCNO 1
ONDOONOCDNINADOQHAN DO 1O <o Date_ 20100602
ANNNOOTNAODDRONNODNOO N~ O Time 21.56
AR % INSTRU spect
D e e e el e il ol R Te) [SNEN) PROBHD 5 mm PABBO BB-—
PULPROG 293
32768
SOLVENT coci3
NS 16
DS 2
SWH 4006.410 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 25.4
ow 124.800 usec
DE 6.50 usec
TE 295.9 K
D1 1.00000000 sec
TDO 1
CHANNEL f1
NUC1
P1 14.70 usec
PL1 0.00 dB
PL1W 11.88122272 W
SFO1 400.1318007 MHz
S1 32768
SF 400.1300000 MHz
wow EM
T T T T SSB 0
7.4 7.3 7.2 7.1 ppm Iég 0-38 Hz
PC 1.00
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
,)ﬁ\lﬁk‘ rj f\lj
Of i) o f}f=)
oo o ol
L’ Jm' -—1 o m‘m
NAME PCL109
PCL109C EXPNO >
PROCNO 1
B BERSLBRRRAIY  ggg 8 28 Tine R
o NEDOONOITONND N Q ] INSTRU spect
S PR R R R pp st NN 8 R PROBHD 5 mm PABBO BB-
PULPROG zgpg30
S 722 N Y w
SOLVENT coci3
NS 32
DS 2
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 203
ow 20.800 usec
DE 6.50 usec
TE 297.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1
NUC1 13
P1 9.50 usec
PL1 -2.00 dB
PL1W 58.52175522 W
SFO1 100.6228298 MHz
CHANNEL f2
CPDPRG2 waltz16
NUC2 1H
PCPD2 80.00 usec
PL2 0.00 dB
PL12 15.00 dB
PL13 15.00 dB
PL2W 11.88122272 W
PL12W 0.37571725 W
PL13W 0.37571725 W
SF02 400.1316005 MHz
Si 32768
SF 100.6127817 MHz
wow EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0  ppm
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1-Benzyl-5-methyl-1H-indol-3-yl acetate (Table 2.2, entry 8)

OAc
Me
N
N
o Bn
Elemental Composition Report Page 1

Single Mass Analysis
Tolerance = 5.0 PPM / DBE: min =-100.0, max = 1000.0
Selected filters: None

Monoisotopic Mass, Even Electron lons

40 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:

C:0-18 H:0-22 N:0-3 0:0-3 Na:0-1

KIN-DEPT-04062010 HS S7 45 (0.842) AM (Cen,10, 80.00, Ar,5000.0,0.00,1.00); Sm (SG, 2x3.00); Sb (10,10.00 ): Cm (38:53)

1’.95 MS ES+ 302.1150 4.78e4
%
303.11¢9
280.1339
40143 | 281:1382284.0060 2910005 2959959 290.1053 304.1239307.0691 S
280.0 ‘ 285.0 29&)40 295.0 300.0 305.0 310.0 315.0
Minimum: -100.0
Maximum: 5.0 5.0 1000.0
Mass Calc. Mass mDa PPM DBE i-FIT Formula
280.1339 280.1338 0.1 0.4 10.5 196.6 Cls H18 N 02

244



1-Benzyl-7-methoxy-1H-indol-3-yl acetate (Table 2.2, entry 9)

OAc
N
Bn
OMe
PCL108H NAME PCL108
EXPNO 1
PROCNO 1
LUNONYTONNOON DN DM N A ® Q ate_ 20100602
SNAOROHAOROD NN OO QM @ @ ime 22.41
RRRRNONIINIII N « N INSTRUM spect
NSNS0 O ;n ™ ~ PROBHD 5 mm PABBO BB-
PULPROG zg30
Te—\——"" 35708
SOLVENT cbCi3
NS 16
DS 2
SWH 4006.410 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 25.4
bw 124.800 usec
DE -50 usec
TE 295.9
D1 1.00000000 sec
TDO 1
CHANNEL f1
NUC1
P1 14.70 usec
PL1 0.00 dB
PL1W 11.88122272 W
SFO1 400.1318007 MHz
Si 32768
SF 400.1300000 MHz
T T T T T T T T T wow EM
SSB 0
74 73 72 71 70 69 6.8 ppm LB 0.30 Hz
GB 0
PC 1.00
A
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
| )
e @ g g
olo| |& =1 S S
~lel = o o o
PCL108C NAME PCL108
EXPNO 2
PROCNO 1
8 5899297998888  sow  wmw 2 pate_ 20190602
3 no o N ) ime 22.44
8 SHARREANRES8 NS ol S oo SPect
= RERURLRLRL PLRL P pa B [N fregis) I PROBHD ~ 5 mm PABBO BB
PULPROG zgpg30
RSS2 N :
SOLVENT CcDCI3
NS 32
DS 2
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 203
bw 20.800 usec
DE 6.50 usec
TE 297.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1
NUC1 13C
P1 9.50 usec
PL1 -2.00 dB
PL1W 58.52175522 W
SFO1 100.6228298 MHz
CHANNEL f2
CPDPRG2 waltz16
NUC2 1H
PCPD2 80.00 usec
L2 - dB
PL12 15.00 dB
PL13 15.00 dB
PL2W 11.88122272 W
PL12W 0.37571725 W
PL13W 0.37571725 W
SF02 400.1316005 MHz
Si 32768
SF 100.6127815 MHz
WwDw EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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1-Benzyl-7-methoxy-1H-indol-3-yl acetate (Table 2.2, entry 9)

Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 5.0 PPM / DBE: min =-100.0, max = 1000.0
Selected filters: None
Monoisotopic Mass, Even Electron lons
28 formula(e) evalualed with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:
C:0-18 H:0-22 N:0-3 0:0-3 Na:0-1
KIN-DEPT-04062010 HS S6 43 (0.805) AM (Cen, 10, 80.00, Ar,5000.0,0.00,1.00); Sm (SG, 2x3.00); Sb (10,10.00 ); Cm (38:43)
TOF MS ES+ 318.1104 1.72e4
%
296.1293 319.1157
0918 295.9948 2971321 5 E 320.1174
. sga0oss 291 : : 305.1332 302 1470 31&1.;87)315‘1051 2 01508
L - B T T — T R B S N L o i e e T T T miz
285.0 290.0 295.0 300.0 305.0 310.0 315.0 320.0 325.0 330.0
Minimum: -100.0
Maximum: 5.0 5.0 1000.0
Mass Calc. Mass mDa PPM DBE i-FIT Formula
296.1293  296.1287 0.6 2.0 10.5 96.0 Cc18 H18 N 03
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1-Benzyl-7-methyl-1H-indol-3-yl acetate (Table 2.2, entry 10)

OAc
N
Bn
Me
PCL149H NAME PCL149
EXPNO 1
OLONOIONINNOODD D ©ODIO oY PROCNO 1
NNUOUDAOOVONNWLOSTNONOSTANLW < ©
SITTMOMANNNANNOSO DD DO IO o 2?‘97 2’312%5%3
NSNS SIS SN NSNS OO0 OO 00 NN INSTRUM spect
\W“M/ \ / PROBHD 5 mm PABBO BB-
PULPROG 2930
32768
SOLVENT cocl3
NS 16
DS 2
SWH 4006.410 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 101
bw 124.800 usec
DE 6.50 usec
TE 298.0 K
D1 1.00000000 sec
TDO 1
CHANNEL f1
NUC1
P1 14.70 usec
PL1 .00 dB
PL1W 11.88122272 W
SFO1 400.1318007 MHz
sl 32768
SF 400.1300000 MHz
WOW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
T O N
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
\ (AN
ERER 8 €8
[=]iyk=]{) (=} oo
l<flled o oo
NAME PCL149
EXPNO 2
PCL149C PROCNO 1
QNMNODIT O ON Date_ 20100614
MANOOIIONRO O NO O 0 od ine 22.42
®o© ~ So©
ANRERELTEASE ¢ o a9 ST o paced e
Addd A A A A A A A N~~~ [Te) N PULPROG 29pg30
W v \ i
SOLVENT cpci3
NS 32
DS 2
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 161
bw 20.800 usec
DE 6.50 usec
TE 299.1 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1
NUC1 13C
P1 9.50 usec
PL1 -2.00 dB
PL1W 58.52175522 W
SFO1 100.6228298 MHz
CHANNEL 2
CPDPRG2 waltz16
NUC2 1H
PCPD2 80.00 usec
L2 .00 dB
PL12 15.00 dB
PL13 15.00 dB
PL2W 11.88122272 W
PL12W 0.37571725 W
PL13W 0.37571725 W
SF02 400.1316005 MHz
sl 32768
SF 100.6127713 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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1-Benzyl-7-methyl-1H-indol-3-yl acetate (Table 2.2, entry 10)

Elemental Composition Report Page 1

Single Mass Analysis
Tolerance = 5.0 PPM / DBE: min =-100.0, max = 1000.0
Selected filters: None

Monoisotopic Mass, Even Electron lons

155 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:

C:0-18 H:0-17 N:0-5 0:0-4 Na:0-1 104Pd: 0-1

KIN-DEPT-15062010 HS S4 3 44 (0.823) AM (Cen,10, 80.00, Ar,5000.0,0.00,1.00); Sm (SG, 2x3.00); Sb (10,10.00 ); Cm (38:54)

1;95 MS ES+ 302.1166 3.41ed
Y%
303.1203
282.2807 ‘
304.2631 318.0916
287.0724 291.0854 293.1163 2091324 | 311.1521 315.1473 321.0982
It A | 1 | [ | ! |
0 — A R RIS e - - — T - - miz
285.0 290.0 295.0 300.0 305.0 310.0 315.0 320.0
Minimum: -100.0
Maximum: 5.0 5.0 1000.0
Mass Calc. Mass mDa PPM DBE i-FIT Formula
302.1166 302.1157 0.9 3.0 10.5 138.1 Cl8 H17 N ©2 Na
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1-Benzyl-1H-pyrrolo[2,3-b]pyridine-3-yl acetate (Table 2.2, entry 11)

OAC
B
“N
Bn

PCL106H NAME PCL106
EXPNO 1
PROCNO 1
298080388 N8ERREYN8R8s § Tine- #1055
38538800 ANINNNI I8 3 INBru sect
WOMNNNINNINNNNNNNNSNNSSN D N PROBHD & mm PABBO BE-
\\W ‘ PULPROG 2930
32768
SOLVENT cocli3
NS 16
DS 2
SWH 4006.410 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 5.4
ow 124.800 usec
DE 6.50 usec
TE 296.3 K
D1 1.00000000 sec
TDO 1
T T T T T T T T T T T T T
845 840 835 830 825 820 815 810 805 8.00 7.95 7.90 ppm v CHANNEL 1
P1 14.70 usec
PL1 .00 dB
PLIW 11.88122272 W
SFO1 400.1318007 MHz
s1 32768
SF 400.1300000 MHz
wow EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
T T T
7.3 7.2 71 ppm
i
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
S < <) < <
- - o= o o™
PCL106C NAME PCL106
EXPNO 2
PROCNO 1
~ TOYILTONQOM®O Y Date_ 20100602
™ CXMOPOITNNNIN [NE=J-} ~ o Time 15.53
. nd© e} ~
© TONONNMNSGOLWDN il . . INSTRI spect
§ 35588558595 NN 5 5 PROEHD 5 nm PAZEO BB
PULPR zgpg30
IRV N :
SOLVENT cpci3
NS 32
DS 2
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 144
bw 20.800 usec
DE 6.50 usec
TE 297.4 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1
NUC1 13C
P1 9.50 usec
PL1 -2.00 dB
PL1W 58.52175522 W
SFO1 100.6228298 MHz
CHANNEL 2
CPDPRG2 waltz16
NUC2 1H
PCPD2 80.00 usec
L2 .00 dB
PL12 15.00 dB
PL13 15.00 dB
PL2W 11.88122272 W
PL12W 0.37571725 W
PL13W 0.37571725 W
SF02 400.1316005 MHz
s1 32768
SF 100.6127795 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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1-Benzyl-1H-pyrrolo[2,3-b]pyridine-3-yl acetate (Table 2.2, entry 11)

OAc
BH
N
Bn
Elemental Composition Report Page 1

Single Mass Analysis
Tolerance = 5.0 PPM / DBE: min =-100.0, max = 1000.0
Selected filters: None

Monoisotopic Mass, Even Electron lons

44 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:

C:0-20 H:0-22 N:0-3 0:0-2 Na:0-1

KIN-DEPT-04062010 HS S4 55 (1.028) AM (Cen, 10, 80.00, Ar,5000.0,0.00,1.00); Sm (SG, 2x3.00); Sb (10,10.00 ); Cm (55:63)

Tgf MS ES+ 267.1130 2.02e4
]
% |
i 268.1193
| 2291433 i 270.1302 295.9962
1 2371045 2450804 2531428 o5y 4479 } 279.1618 55, 1a14  291.0886
(1 e - ———t T : “ ——— "'if"“'“m/Z
230.0 240.0 250.0 260.0 270.0 280.0 290.0
Minimum: -100.0
Maximum: 5.0 5.0 1000.0
Mass Calc. Mass mDa PPM DBE i-FIT Formula
267.1130 267.1134 -0.4 -1.8 10.5 173.2 C16 H1S5 N2 02
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1-Benzyl-2-methyl-1H-indol-3-yl acetate (Table 2.2, entry 12)

Bn
'
N
/ Me
OAc
PCL151H NAME PCL151
EXPNO 1
PROCNO 1
[foXv) Date_ 20100629
I8 Time 17.09
o INSTRU spect
PROBHD 5 mm PABBO BB-
‘ ‘ PULPROG 2930
32768
SOLVENT coci3
NS 16
DS 2
SWH 4006.410 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 5.4
ow 124.800 usec
DE 6.50 usec
TE 297.5 K
D1 1.00000000 sec
TDO 1
CHANNEL f1
NUC1
P1 14.70 usec
PL1 .00 dB
PL1W 11.88122272 W
SFO1 400.1318007 MHz
S1 32768
SF 400.1300000 MHz
wow EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
—ruMJL U .
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
JAN
oln|o|® o ol
Al <flail— o oo
PCL151C NAME PCL151
EXPNO 2
PROCNO 1
~ OANYTOYOWLDITDAN Date 20100629
) DONMNDO TN ONM NO O @ < Time— 17.13
. ®oo© < 0o~
=3 NOONOOAdOD OO0 P : ¢ o INSTRUI spect
8 R N e BN ¢ g & PROBHD 5 mn PABBO BB
PULPRI zgpg30
S W ] :
SOLVENT coci3
NS 32
DS 2
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 20
ow 20.800 usec
DE 6.50 usec
TE 298.5 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1
NUC1 13
P1 9.50 usec
PL1 -2.00 dB
PL1W 58.52175522 W
SFO1 100.6228298 MHz
CHANNEL f2
CPDPRG2 waltz16
NUC2 1H
PCPD2 80.00 usec
PL2 0.00 dB
PL12 15.00 dB
PL13 5.00 dB
PL2W 11.88122272 W
PL12W 0.37571725 W
PL13W 0.37571725 W
SF02 400.1316005 MHz
Si 32768
SF 100.6127803 MHz
wow EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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1-Benzyl-2-methyl-1H-indol-3-yl acetate (Table 2.2, entry 12)

Elemental Composition Report Page 1

Single Mass Analysis
Tolerance = 30.0 PPM / DBE: min =-100.0, max = 1000.0
Selected filters: None

Monoisotopic Mass, Even Electron lons

5 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:

C:0-18 H:0-18 N:0-1 0:0-2 Na:0-1

KIN-DEPT-08072010-HS-SAMB8 47 (0.879) AM (Top,5, HI,10000.0,0.00,1.00); Sm (Mn, 2x3.00); Sb (10,10.00 ); Cm (36:57)

1"(35 MS ES+ 280.1341 302.1148 5.90e3
[
|
% 1
281.1404 303.1214
ol ez | Fouia 2901087 2?771575299'10_51 [ f 304'2647 312.1650 31‘?'?926] s
270.0 275.0 280.0 285.0 290.0 295.0 300.0 305.0 310.0 315.0 320.0
Minimum: -100.0
Maximum: 5.0 30.0 1000.0
Mass Cale. Mass mDa PPM DBE i-FIT Formula
280.1341 280.1338 0.3 x W ¢ 10.5 32.9 Cla H18 N 02
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1-Phenyl-1H-indol-3-yl acetate (Table 2.3, entry 1)

Ph
/
N
OAc
PCL133H NAME PCL133
EXPNO 1
PROAITNANANDDDOUUWTNNDIONT ADO DN ~ FRocno 5
SOORWANNOOINTHOIDN MNP DN I 016 5 Date_ 20100609
NRhOOOOOOOLMULITMNMMMMOMMANNNNNN < Time 13.47
: INSTRU spect
NSNS IS IS SIS SIS NSNS S NSNS NSNS S SIS SIS SIS o~ PROBHD & mm PABBOPBBf
M&s\%wg PULPROG 2930
32768
SOLVENT coci3
NS 16
DS 2
SWH 4006.410 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 5.4
ow 124.800 usec
DE 6.50 usec
TE 296.5 K
D1 1.00000000 sec
TDO 1
CHANNEL f1
NUC1
P1 14.70 usec
PL1 .00 dB
PL1W 11.88122272 W
SFO1 400.1318007 MHz
S1 32768
SF 400.1300000 MHz
wow EM
SSB 0
LB 0.30 Hz
GB 0
T T T T T T PC 1.00
7.7 7.6 7.5 7.4 7.3 ppm
)
T T T T T T T T T T T T T T T T T T T
90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 ppm
| WL
EE-E E
o|o|o|o|a S
i il Al <l o
NAME PCL133
PCL133C EXPNO >
PROCNO 1
0 M ON SO 00O M Date_ 20100609
™ ONIOOMAAMN OO N O [s2) Time 13.51
g DI e S INSTRU spect
© MOONNNNNS oA ~~© =) PROBHD 5 mm PABBO BB-
- A A A A A A= ~~~ & PULPROG 29pg30
S N i3
SOLVENT coci3
NS 32
DS 2
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 203
bw 20.800 usec
DE 6.50 usec
TE 297.7 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1
NUC1 13C
P1 9.50 usec
PL1 -2.00 dB
PL1W 58.52175522 W
SFO1 100.6228298 MHz
CHANNEL f2
CPDPRG2 waltz16
NUC2 1H
PCPD2 80.00 usec
PL2 0.00 dB
PL12 15.00 dB
PL13 15.00 dB
PL2W 11.88122272 W
PL12W 0.37571725 W
PL13W 0.37571725 W
SF02 400.1316005 MHz
Si 32768
SF 100.6127825 MHz
wow EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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1-(4-Methoxyphenyl)-1H-indol-3-yl acetate (Table 2.3, entry 2)

OMe
N
OAc
NAME PCL143
PCL143H EXPNO S
8 % PROCNO 1
> < Date_ 20100611
. H Time 14.11
©@ o INSTRUM spect
‘ PROBHD 5 mm PABBO BB-
PULPROG 2930
TD 32768
SOLVENT coci3
NS 16
DS 2
SWH 4006.410 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG -
ow 124.800 usec
DE .50 usec
TE 296.8
D1 1.00000000 sec
TDO 1
CHANNEL f1
14.70 usec
0.00 dB
11.88122272 W
400.1318007 MHz
32768
T T T T T T T 400.1300000 MHz
7.6 75 7.4 7.3 7.2 71 ppm E
0.30 Hz
0
1.00
T T T T T T T T T T T T
10 9 8 7 5 4 3 2 1 0 ppm
J L
o|o|olalH|o S S
ololHlailailai @ o
NAME PCL143
PCL143C EXPRO H
PROCNO 1
o o~ NOMOLTIO®OT© Date_ 20100611
® ANOOONOOMHO® xS 2 2 Hg%aum 14.14
> S A ) spect
€& 8 822RIYIR/ESIS NS 0 o PROBHD 5 mm PABBO BB-
- - Ao A A Ao ~S N ) N PULPROG 2gpg30
IRV =S
SOLVENT coci3
NS 32
DS 2
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 203
bw 20.800 usec
DE -50 usec
TE 297.8 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1
-2.00 dB
58.52175522 W
100.6228298 MHz
CHANNEL 2
waltz16
1H
80.00 usec
0.00 dB
15.00 dB
15.00 dB
11.88122272 W
0.37571725 W
0.37571725 W
400.1316005 MHz
100.6127838 MHz
EM
0
1.00 Hz
0
1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0  ppm
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MeO
OAc

3.929
2.436
8
]
©

ppm

e
3.07 =

PCL145C NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG

—168.34
—154.44
/136.91

136.06
f130.99
130.05
128018
—123.9

121.26
%117.51
N\ 113.59

111.61
—98.81

77.31
<7700
“\76.68
—55.72

20.93
<%0 89

D
SOLVENT
NS

= CHANNEL f1 =

PCL145
1

1
20100611

spect

5 mm PABBO BB-
z

g:
32768
cncl3
16
2
4006.410
0.122266
4.0894966
4

297.2
1.00000000
1

11.88122272
400.1318007
32768
400.1300000
EM

0

0.30

0

1.00

PCL145
2

1
20100611
21.39

spect
5 mm PABBO BB-

2
24038.461
0.366798
1.3631988
114

298.3
2.00000000
0.03000000

1

5-Methoxy-1-(4-methylphenyl)-1H-indol-3-yl acetate (Table 2.3, entry 3)
Me

Hz
Hz
sec

usec
usec

sec

Hz
Hz
sec

usec
usec

=

sec
sec

SSB
LB
GB
PC

T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0

ppm
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= CHANNEL f2

-2.00
58.52175522
100.6228298

waltz16
1H

0.37571725
400.1316005

7
100.6127817
EM

0
1.00
1.40




5-Methoxy-1-(4-methylphenyl)-1H-indol-3-yl acetate (Table 2.3, entry 3)

Me

MeO

OAc

Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 5.0 PPM / DBE: min =-100.0, max = 1000.0
Selected filters: None
Monoisotopic Mass, Even Electron lons
113 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:
C:0-18 H:0-20 N:0-3 0:0-4 Na:0-1 104Pd: 0-1
KIN-DEPT-15062010 HS S7 46 (0.860) AM (Cen,10, 80.00, Ar,5000.0,0.00,1.00); Sm (SG, 2x3.00); Sb (10,10.00 ); Cm (39:51)
TOF MS ES+ 318.1118 6.23e4
"
%
296.1295 319.1164
297.1333
& 282.2806 )0, 0945 201.0876 ‘ 304.2631 3434575 319.1004 ; S21.0080 330.1537 3
s - i Pt e ke ey r : miz
280.0 285.0 290.0 285.0 300.0 305.0 310.0 315.0 3200 3250 | 3300

Minimum: -100.0
Maximum: 5.0 5.0 1000.0
Mass Calc. Mass mDa PPM DRBRE i-FIT Formula
296.1295  296.1287 0.8 2.7 10.5 131.2 C18 H18 N 03
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1-(3,5-Dimethylphenyl)-5-methoxy-1H-indol-3-yl acetate (Table 2.3, entry 4)
Me

Me
MeO
OAc

NAME PCL147
PCL147H NAE 7
DNONNONO O o >0 PROCNO 1
RADINOODW MM V] n® Date_ 20100611
LT HOO0OOO® O =3 < s ime 14.02

NNNNNNN©OOO© ™ N INSTRUM

spect
5 mm PABBO BB

PROBHD

S V it 5%
T 32768
SOLVENT coci3
NS 16
DS 2
SWH 4006.410 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 25.4
ow 124.800 usec
DE 6.50 usec
TE 296.7 K
D1 1.00000000 sec
TDO 1

= CHANNEL f1 =
NUC1 1H
P1 14.70 usec
PL1 - B
PL1W 11.88122272 W
SFO1 400.1318007 MHz
Sl
SF 400.1300000 MHz
wow EM
SSB 0
LB 0.30 Hz
GB
pPC 1.00
A A A
T T T T T T T T T
9 6 5 4 3 2 1 ppm
ﬁ ﬁ
= =
o )
NAME PCL147
PCL147C EXPNO 2
PROCNO 1
~ N NOHONOTOMO Date_ 20100611
) ¥ ONCO®RmMIWN © No® o < Time 14.07
¢ gadenddreds  “%¢ R ae INSTRUM spect
© N OMOONNNN-AA N~~~ © 0 <o PROBHD 5 mm PABBO BB-
- A dddddddddd 0 NN e [NEN] PULPROG 2gpg30
NNV N v % it
SOLVENT cbci3
NS 32
DS 2
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG
ow 20.800 usec
DE 6.50 usec
TE 297.8 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1
-2.0
58.52175522 W
100.6228298 MHz
= CHANNEL f2 =
waltz16
1H
80.00 usec
0.00 dB
15.00 dB
.00 dB
11.88122272 W
0.37571725 W
0.37571725 W
400.1316005 MHz
32768
100.6127816 MHz
EM
0
1.00 Hz
0
1.40
]
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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1-(3,5-Dimethylphenyl)-5-methoxy-1H-indol-3-yl acetate (Table 2.3, entry 4)

Me
Me

MeO
OAc

Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 5.0 PPM / DBE: min =-100.0, max = 1000.0
Selected filters: None
Monoisotopic Mass, Even Electron lons
111 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:
C:0-19 H:0-20 N:0-3 0:04 Na:0-1 104Pd: 0-1
KIN-DEPT-15062010 HS S8 45 (0.842) AM (Cen,10, 80.00, Ar,5000.0,0.00,1.00); Sm (SG, 2x3.00); Sb (10,10.00 ); Cm (41:49)
TOF MS ES+ 3321277 4.05e4
v
|
%-| 310.1454
‘
333.1323
311.1493 348.1028
1, 224048 2059080 8091367 | | 315.1469321.1036 327.1721 3341343 3444683 | 3562819 361.1578
Ottt b T - * -ttt At gyt it A pr st MI2Z
280.0 300.0 3100 320.0 330.0 340.0 350.0 360.0

Minimum: -100.0
Maximum: 5.0 5.0 1000.0
Mass Calc. Mass mDa PPM DBE i-FIT Formula
310.1454  310.1443 : T 3.5 10.5 72.6 Cl9 H20 N 03
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5-Methoxy-1-o-tolyl-1H-indol-3-yl acetate (Table 2.3, entry 5)

Me

MeO
OAc

PCL152H

7.437
7.400
3.929
—2.436
—2.139

=

E

@

é
|

ppm

3.00= "1

PCL152C

—168.27
77.32
77.00
76.69

——55.74

——20.95

—17.54

200 180 160 140 120 100 80 60 40 20 0  ppm
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PCL152

1

1

20100629
18.16
spect

5 mm PABBO BB-
2930

32768

[ehle] k<

16

2

4006.410
0.122266
4.0894966
25.4
124.800
6.50

297.4
1.00000000
1

CHANNEL f1
1H

14.70

11.88122272
400.1318007

32768
400.1300000
EM

0

0.30

0

1.00

PCL152

2

1
20100629
18.18

spect
5 mm PABBO BB-

2
24038.461
0.366798
1.3631988
203

20.800
6.50

298.5
2.00000000
0.03000000
1

CHANNEL f1

CHANNEL 2
waltz16
1H

.00
11.88122272
0.37571725
0.37571725
400.1316005

100.6127810
EM

0

1.00

0

1.40

Hz

sec

usec
usec
K
sec

Hz
Hz
sec

usec
usec

sec
sec

usec
-2.00 dB

58.52175522

100.6228298

W
MHz




5-Methoxy-1-o-tolyl-1H-indol-3-yl acetate (Table 2.3, entry 5)

MeO

Elémental Composition Report

Single Mass Analysis
Tolerance = 5.0 PPM / DBE: min =-100.
Selected filters: None

Monoisotopic Mass, Even Electron lons

Me

OAc

Page 1

0, max = 1000.0

12 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)

Elements Used:
C:0-18 H:0-18 N:0-2 0:0-3 Na:0-1
KIN-DEPT-08072010-HS-SAM15 49 (0.916) AM (Cen, 10, 80.00

, Ar,5000.0,0.00,1.00); Sm (SG, 2x3.00); Sb (10,10.00 ); Cm (47:55)

TOF MS ES+ 318.11 3.50e4
LAV oy ‘
%
319.11
58.1 296.13 320.12
; 20813 2742757600 262.28286.10 290.09 302,08 30426 313.46315.10 | 328.07 330.15 2
: ; ; ] Ter? ‘ ittt b z
270.0 280.0 290.0 300.0 310.0 320.0 330.0
Minimum: 100.0
Maximum: 5.0 5.0 1000.0
Mass Calc. Mass mba PPM DBE i-FIT Formula
318.1093  318.1106 2053 4.1 10.5 87.1 C18 H17 N 03 Na
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1-Allyl-1H-indol-3-yl acetate (Scheme 2.1)

N\

N
OAc

PCL165H NAME PCL156
EXPNO 1
PROCNO 1
Date_ 20100706
Time 12.02
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2930
b 32768
SOLVENT coci3
NS 16
DS 2
Sw 4006.410 Hz

H
FIDRES 0.122266 Hz
A

Q 4.0894966 sec
RG 50.8

bw 124.800 usec
DE 6.50 usec
TE 298.4 K

D1 1.00000000 sec
TDO 1

CHANNEL f1

1H
14.70 usec
R dB
11.88122272 W
400.1318007 MHz
32768
400.1300000 MHz
EM

0
0.30 Hz
0

1.00

T
10 9 8 7 4 3 2 1 0 ppm

102~ o -
105\
106 ., ]

PCL156C NAME PCL156
EXPNO 2
PROCNO 1
N NS ONN®ODN© Date_ 20100706
2 R ERAR AL L 888 e 2 Tin 12.04
g BB2NEINNGE ig g s PROBND 5 mn PABBO BB
mm -
- Ao ddd A oo ~~ N < I PULPROG 29pg30
W22 v i
SOLVENT cbCI3
NS 32
DS 2
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 181
pw 20.800 usec
DE 6.50 usec
TE 299.5 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1
9.50 usec
-2.00 dB
58.52175522 W
100.6228298 MHz
CHANNEL T2
waltz16
1H
80.00 usec
0.00 dB
15.00 dB
.00 dB
11.88122272 W
0.37571725 W
0.37571725 W
400.1316005 MHz
100.6127758 MHz
EM
0
1.00 Hz
0
1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0  ppm
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1-Allyl-1H-indol-3-yl acetate (Scheme 2.1)
N\

N
/
- OAc
Elemental Composition Report Page 1
Single Mass Analysis (displaying only valid results)
Tolerance = 5.0 PPM / DBE: min =-1.5, max = 1000.0
Isotope cluster parameters: Separation = 1.0 Abundance = 1.0%
Monoisotopic Mass, Odd and Even Electron lons
34 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
KIN-DEPT-09072010-HS-SAM10 43 (0.805) Cn (Cen,4, 80.00, Ar); Sm (SG, 2x3.00); Sb (10,40.00 ); Cm (39:51)
TOF MS ES+ 238.0851 2.36e4
|
* |
216.1033 ‘ 239.0890
217.0705
201.1244 203.0448  211.0960 215.0895 23,0069 2201420 233.1131 J 240.0923
04 S — o, PSSISEE R T Y EOPSPAONS oot it ¢ L Vs s e miz
200.0 205.0 210.0 215.0 2200 2250 230.0 235.0 240.0

Minimum: -1.5
Max imum: 5.0 5.0 1000.0
Mass Calc. Mass mDa PPM DBE Score Formula
238.0851  238.0844 0.7 2.9 7:5 1 CI3 HI3 N 02 Na
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1-l1sopropyl-1H-indol-3-yl acetate (Scheme 2.1)

OAc

A\

N
i-Pr

PCL153H NAME PCL153
EXPNO 1
AAYTNAMONAITHDINANND NSy ] mo PROCNO 1
TANNOAADODONNO O WM O noM— O I ~umn Date 20100705
RRARRANARARRRRRAN NENRS N o9 ime 14.04
SIS SIS IS IS SIS IS IS SIS SIS S ST TS ~ - INSTRUM spect
\\N/ﬂ%% \‘/ ‘ \/ PROBHD 5 mm PABBO BB-
PULPROG 2930
TD 32768
SOLVENT CDCI3
NS 16
DS 2
SWH 4006.410 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 25.
bw 124.800 usec
DE 6.50 usec
TE 298.4 K
D1 1.00000000 sec
TDO 1
CHANNEL f1
NUC1
P1 14.70 usec
PL1 . dB
PL1W 11.88122272 W
SFO1 400.1318007 MHz
Si 32768
SF 400.1300000 MHz
WDwW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
I
5|%(S[o|o S S S
Slolldlo =} o ©
NAME PCL153
PCL153C EXPHO S
L=l dNY OO ANN PROCNO 1
v SoHannNm =83 3 53 Date_ 20100705
g EEERRERE Crg X S C, Lo
spect
i W N s i PROBHD 5 mm PABBO BB-
N7 Y
65536
SOLVENT cbci3
NS 32
DS 2
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 18
bw 20.800 usec
DE 6.50 usec
TE 299.5 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1
NUC1 13C
P1 9.50 usec
PL1 -2.00 dB
PL1W 58.52175522 W
SFO1 100.6228298 MHz
CHANNEL f2
CPDPRG2 waltzl6
NUC2 1H
PCPD2 80.00 usec
PL2 0.00 dB
PL12 15.00 dB
PL13 5.00 dB
PL2W 11.88122272 W
PL12W 0.37571725 W
PL13W 0.37571725 W
SF02 400.1316005 MHz
Si 32768
SF 100.6127847 MHz
Wow EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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1-l1sopropyl-1H-indol-3-yl acetate (Scheme 2.1)

OAc

A\

N
i-Pr

Elemental Composition Report Page 1

Single Mass Analysis
Tolerance = 10.0 PPM / DBE: min = -100.0, max = 1000.0
Selected filters: None

Monoisotopic Mass, Even Electron lons

16 formula(e) evaluated with 1 results within limits (up to 50 best isotopic malches for each mass)
Elements Used:

C:0-13 H:0-18 N:0-2 0O:0-3 Na:0-1

KIN-DEPT-08072010-HS-SAM16 54 (1.009) AM (Cen,10, 80.00, Ar,5000.0,0.00,1.00); Sm (SG, 2x3.00); Sb (10,10.00 ); Cm (54:60)

1:95 MS ES+ 240.1002 4.56e3

O/D

241.1039
: 218.1195 2370977 246.1454 253.1407
| da8, At 2111024 | 221.0806 | | 2611470 2081212574 573
0 e - L t—dep by ,“H" 1 B e e ) potpdr 4 L 4 miz
200.0 210.0 220.0 230.0 240.0 250.0 260.0 270.0

Minimum: -100.0
Maximum: 5.0 10.0 1000.0
Mass Calc. Mass mDa PPM DBE i-FIT Formula
240.1002 240.1000 0.2 0.8 6.5 38.8 €13 H15 N 02 Na
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1-Methyl-2-phenyl-1H-indol-3-yl acetate (Scheme 2.1)

Me
'
N
/ Ph
OAc
NAME PCL155
PCL155H EXPHO T
COUNTONAD OO NONONDMDIONT TN T NN 1<) o PROCNO 1
NNOOONTHOOOANOONHNWNMAILWLOMMN - I © Date. 20100705
AR NNRRRRRRRN ~ "’. Time 14.21
N A A e e N N N N N A A N N NN ® o INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2930
32768
SOLVENT coci3
NS 16
DS 2
SWH 4006.410 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 25.4
bw 124.800 usec
DE 6.50 usec
TE 298.5 K
D1 1.00000000 sec
TDO 1
CHANNEL f1
NUC1
P1 14.70 usec
PL1 - dB
PL1W 11.88122272 W
SFO1 400.1318007 MHz
Si 32768
SF 400.1300000 MHz
WwDw EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
T T T T T T T T T
9 6 4 3 2 1 ppm
ﬁ ﬁ
=1 S
o ]
NAME PCL155
PCL155C EXPHO >
8 535999898888 cew o @ PROCNO 1
) A A 8838 8 2 Date_ 20100705
g  39%R88588%58 SR S g Tine 14.23
=1 A A A A A A A A A N~~~ ® N INSTRUM spect
PROBHD 5 mm PABBO BB-
‘ ‘\‘\'\// //// \V ‘ ‘ PULPROG 2gpg30
65536
SOLVENT cbci3
NS 32
DS 2
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 161
bw 20.800 usec
DE 6.50 usec
TE 299.5 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1
NUC1 13C
P1 9.50 usec
PL1 -2.00 dB
PL1W 58.52175522 W
SFO1 100.6228298 MHz
CHANNEL f2
CPDPRG2 waltzl6
NUC2 1H
PCPD2 80.00 usec
PL2 0.00 dB
PL12 15.00 dB
PL13 .00 dB
PL2W 11.88122272 W
PL12W 0.37571725 W
PL13W 0.37571725 W
SF02 400.1316005 MHz
S1 32768
SF 100.6127831 MHz
Wow EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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1-Methyl-2-phenyl-1H-indol-3-yl acetate (Scheme 2.1)

Elemental Composition Report

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min =-100.0, max = 1000.0

Selected filters: None

Monoisotopic Mass, Even Electron lons
23 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)

Elements Used:

C:0-17 H:0-18 N:0-2 0:0-3 Na:0-1
KIN-DEPT-08072010-HS-SAM17 52 (0.972) AM (Cen,10, 80.00, Ar,5000.0,0.00,1.00); Sm (SG, 2x3.00); Sb (10,10.00 ); Cm (52:60)

TOF MS ES+
Y

288.0990

266.1173
%
267.1216 262.2802
253.1386 261.1328 | 269.1282 279.1393  284.2931
250.0 255.0 260.0 265.0 270.0 275.0 280.0 285.0
Minimum: -100.0
Maximum: 5.0 5.0 1000.0
Mass Calc. Mass mDa PPM DBE i-FIT
266.1173  266.1181 -0.8 -3.0 10.5 314.3

266

Ty

Page 1

1.36e4
289.1034
304.2631
201.00105g5 1395 302:2455
A NIRAR AR A i miz
290.0 295.0 300.0
Formula
H1é N 02



N,N-Dimethyl-2-(1-methyl-1H-indol-3-yloxy)ethanamine (Scheme 2.3)

Me
N

Y

Me
NAME PCL192
PCL192H EXPNO 7
338859828583 g2 28IgE pRocko :
CONNHAA—HOD O o coo ovoo o 2?;27 2013(2)?%
NSNS NSNS0 O © tmm aNNNN N INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2930
T 32768
SOLVENT C6D6
NS 16
DS 2
SWH 4006.410 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 12.7
bow 124.800 usec
DE -50 usec
TE 298.
D1 1.00000000 sec
TDO 1
= CHANNEL f1 =
P1 14.70
PL1 0.
PL1W 11.88122272 W
SFO1 400.1318007 MHz
Si 32768
SF 400.1300000 MHz
Wow EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
) )
3 @B B A [ERE
& olo o o S|l |&
S alo IS i ol [l o
PCL192C NAME PCL192
EXPNO 2
PROCNO 1
dNTOO0ONHDO0 Date_ 20100724
TONONDWONLON 5 e 8 S Tlge 22.44
> X > i INSTR spect
ggﬁﬁ'&mﬁﬁgag o o] © ~ PROBHD 5 mm PABBO BB
B R R R SR R PR R ) ~ o < ) PULPRO( 930
N2
SOLVENT C6eD6
NS 32
DS 2
WH 24038.461 Hz

S\
FIDRES 0.366798 H

N

AQ 1.3631988 sec
RG

ow 20.800 usec
DE 6.50 usec
TE 9.2 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 1

CHANNEL f1

9.50 usec

-2.00 dB
58.52175522 W

100.6228298 MHz

CHANNEL f2

waltzl6

1H

5.00 dB
11.88122272 W
0.37571725 W
0.37571725 W
400.1316005 MHz

32768
100.6127381 MHz
EM

0
1.00 Hz
0

1.40

i

T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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N,N-Dimethyl-2-(1-methyl-1H-indol-3-yloxy)ethanamine (Scheme 2.3)

Elemental Composition Report Page 1

Single Mass Analysis
Tolerance = 10.0 PPM / DBE: min =-100.0, max = 1000.0

Selected filters: None

Monoisotopic Mass, Even Electron lons

64 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:

C:0-19 H:0-23 N:0-2 0:0-4 Na:0-1

KIN-DEPT-27072010 HS S2 49 (0.916) AM (Cen, 10, 80.00, Ar,5000.0,0.00,1.00); Sm (SG, 2x3.00); Sb (10,10.00 ); Cm (38:55)

1:(35 MS ES+ 219.1506 1.22e4
217.0708
% |
b 229.1419
185.0536 187.0600 169.0663 201.0923 215.0898 220.1538 231.0854
183.1022 l 197.0921. 203.0518 229.0697 _235.1360
0L+ " ¢ st ’ H R | " f mz
180.0 190.0 200.0 210.0 220.0 230.0 240.0
Minimum: -100.0
Maximum: 5.0 10.0 1000.0
Mass Calc. Mass mDa PPM DBE i-FIT Formula
219.1506 219.1497 0.9 4.1 5.5 23.9 Cl13 H19 N2 O
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N,N-Dimethyl-2-(1-benzyl-1H-indol-3-yloxy)ethanamine (Scheme 2.3)

PCL196H
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EM

0
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T T T T T T T T T T T T T T T T T T T T
95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 ppm
ﬁ %Hﬂ roj ﬁ ﬁ ﬁ roj
] v =] S N < <
c il <l - N N e
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A A A A A A A AAA A A ~ 0 o3 PULPROG zgpg30
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N,N-Dimethyl-2-(1-benzyl-1H-indol-3-yloxy)ethanamine (Scheme 2.3)
B
N
o
O

s

Me~pN
Me

=}

* Elemental Composition Report Page 1

Single Mass Analysis
Tolerance = 10.0 PPM / DBE: min =-100.0, max = 1000.0
Selected filters: None

Monoisotopic Mass, Even Electron lons

37 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:

C:0-19 H:0-23 N:0-2 0:0-4 Na:0-1
KIN-DEPT-27072010 HS S1 57 (1.065) AM (Cen, 10, 80.00, Ar,5000.0,0.00,1.00); Sm (SG, 2x3.00); Sb (10,10.00 ); Cm (57:63)

TOF MS ES* 295.1796 7.27€3
IVVW |
|
|
% |
| 296.1841
|
297.1796
2531379 2610507 i ' 317.1628 327.1743 337.1895 3511892 3562808 365.1424
0 " . PITORITOURINY spdaedd I et + b brbddey bbb et miZ
20 260 | 270 | 280 | 200 300 310 320 330 340 350 360
Minimum: -100.0
Maximum: 5.0 10.0 1000.0
Mass Calc. Mass mDa PPM DBE i-FIT Formula
295.1796 295.1810 -1.4 -4.7 9.5 170.5 Cl9 H23 N2 O
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OH

PCL735b H

(2-Hydroxyphenyl)phenylmethanone (Table 3.2, entry 1, product 1a)
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(2-Hydroxy-4-methoxyphenyl)(4-methoxyphenyl)methanone (Table 3.2, entry 2,

product 2a)
O OH
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(4-Fluorophenyl)(2-hydroxyphenyl)methanone (Table 3.2, entry 3, product 3a)
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(2-Hydroxyphenyl)(m-tolyl)methanone (Table 3.2, entry 4, product 4a)
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(2-Hydroxyphenyl)(o-tolyl)methanone (Table 3.2, entry 5, product 5a)

Me O OH
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OH

Me I I Me

PCL745 (u) H

(2-Hydroxy-4-methylphenyl)(p-tolyl)methanone (Table 3.2, entry 6, product 6a)
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Bis(2-hydroxy-4-methylphenyl)methanone (Table 3.2, entry 7, product 6b)

OH O OH
Me’ Ii ii Me

PCL745 (L) H
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Hydroxy-4-methylphenyl)(phenyl)methanone (Table 3.2, entry 8, product 7b)

(2-Hydroxyphenyl)(p-tolyl)methanone (Table 3.2, entry 8, product 7a)
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(4-Chlorophenyl)(2-hydroxyphenyl)methanone (Table 3.2, entry 9, product 8a)
(4-Chloro-2-hydroxyphenyl)(phenyl)methanone (Table 3.2, entry 9, product 8b)
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(4-Bromophenyl)(2-hydroxyphenyl)methanone (Table 3.2, entry 10, product 9a)
(4-Bromo-2-hydroxyphenyl)(phenyl)methanone (Table 3.2, entry 10, product 9b)
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3,4-Dihydro-8-hydroxy-5,7-dimethylnaphthalen-1(2H)-one (Scheme 3.2, product

10a)
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Cyclohexyl(2-hydroxyphenyl)methanone (Scheme 3.2, product 11a)
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Cyclopropyl(2-hydroxyphenyl)methanone (Scheme 3.2, product 12a)
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Cyclopropyl(2-hydroxy-4-methoxyphenyl)methanone (Scheme 3.2, product 13a)
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Cyclopropyl(2-hydroxy-4-methoxyphenyl)methanone (Scheme 3.2, product 13a)

MeO f

OH O

KIN-DEPT-09112012-PCL793 98 (1.826) Cm (69:99) TOF MS ES+
100- 1931 8.01e3
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=
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PR30 200 g1 211
| N I 2000 |
(o ——— RMSSVOTES S R Ht .:.,.:.!,.‘...,:.:{,‘....,‘..’..‘,.:..,.:5.,!. .,’....,...l.,‘.:..{!.‘..],..‘.3,...[.'.... miz
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N
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0 I - f : \ m/z
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Mass Calc. Mass mDa PPM DBE i-FIT Formula
193.0869 193.0865 04 2.1 55 27.3 C11 H13 O3
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Cyclopropyl(2-hydroxy-4-chlorophenyl)methanone (Scheme 3.2, product 14a)
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Cyclopropyl(2-hydroxy-4-chlorophenyl)methanone (Scheme 3.2, product 14a)
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Mass Calc. Mass mDa PPM DBE i-FIT Formula
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Cyclopropyl(2-hydroxy-4-fluorophenyl)methanone (Scheme 3.2, product 15a)
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1-(2-Hydroxyphenyl)ethanone (Scheme 3.2, product 16a)
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1-(2-Hydroxy-5-methoxyphenyl)ethanone (Scheme 3.2, product 17a)
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1-(2-Hydroxyphenyl)pentan-1-one (Scheme 3.2, product 18a)
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1-(2-Hydroxyphenyl)-2,2-dimethylpropan-1-one (Scheme 3.2, product 19a)
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2-Phenyl-4H-chromen-4-one (Scheme 3.3, product 20)
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9.67L
15278
11278

="

|

T T T T T T T T
82 81 80 79 78 7.7 76 ppm

|

J

Flavone C

2L oL
vo.RW
9g7//

657 L0T—
0T"8TT

087€ET

627 95T —

Ly €9T—

O 8LT—

ppm

T T T T T
180 160 140 120 100 80

T
200
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2,3,4,5,6-Pentafluoro-4'-tert-butylbiphenyl (Table 4.3, 4.4; Product 23aa)

t-Bu
F
F
F F
F
PCL525H NAME PCL525
WO MOOON®L o EXPNO 1
NOOYIMAAHDD = PROCNO 1
LOOOLLOTITO® < Date, 20110712
[ N N N N N N N NN “ Time 16.29
INSTRUM spect
N/ % PROBHD 5 mm PABBO BB-
PULPROG zg30
T 32768
SOLVENT cbcl3
NS 16
DS 2
SWH 4006.410 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 3
pw 124.800 usec
DE 6.50 usec
TE 298.3 K
D1 1.00000000 sec
TDO 1
= CHANNEL f1 =
14.70
PL1 0.00 dB
pPL1W 11.88122272 W
SFO1 400.1318007 MHz
Si 32768
SF 400.1300000 MHz
T T T T Wow EM
7.55 7.50 7.45 7.40  ppm ss8 9
. . i . LB 0.30 Hz
GB 0
PC 1.00
Ly
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
F’T‘_W ﬁ
o|5 S
NN =
NAME PCL525
PCL525C oS 3
PROCNO 1
Date 20110712
2 8RS No© ©o Tine 16.43
N PR ®3S© ~a INSTRUM spect
[t} NN N ~~© < < PROBHD 5 mm PABBO BB-
- AnRniknl N~~~ ™o PULPROG zgpg30
\ VI N/ | 8 &3
SOLVENT coci3
NS 32
DS 2
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG
ow 20.800 usec
DE 6.50 usec
TE 299.3 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
= CHANNEL f1
9.50 usec
2.00 dB
58.52175522 W
100.6228298 MHz
CHANNEL f2
waltz16
1H
80.00 usec
0.00 dB
15.00 dB
.00 dB
11.88122272 W
0.37571725 W
0.37571725 W
400.1316005 MHz
32768
100.6127696 MHz
EM
0
1.00 Hz
0
1.40
A |
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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2,3,4,5,6-Pentafluoro-4'-tert-butylbiphenyl (Table 4.3, 4.4; Product 23aa)

t-Bu
F
F
F F
F
NAME PCL525
AYTROVMDNONMO® EXPNO 2
PCL525F R A i e PROCNO 1
goggeasddaaa pate. 200712
S A Ao -
T R R R MR INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zgfhiggn
TD 131072
SOLVENT coci3
NS 16
DS 4
SWH 89285.711 Hz
FIDRES 0.681196 Hz
AQ 0.7340532 sec
RG 3
bW 5.600 usec
DE 6.50 usec
TE 298.5 K
D1 1.00000000 sec
D11 0.03000000 sec
D12 0.00002000 sec
TDO 1
CHANNEL f1
9F
14.20 usec
-3. B
18.69428444 W
376.4607164 MHz
CHANNEL 2
waltz16
80.00 usec
. dB
15.00 dB
11.88122272 W
0.37571725 W
400.1316005 MHz
65536
376.4983660 MHz
EM
0
0.30 Hz
0
1.00
T T T T T T T T T T
0 -20 -40 -60 -80 -100 -120 -140 -160 -180 ppm
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2,3,4,5,6-Pentafluoro-3',5’-dimethyl-1,1’-biphenyl (Table 4.3, 4.4; Product 23ab)

——7.283
——7.142
——7.066

2.421

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 ppm

[l
o|m ©
cle N
—lai ©

77.33
77.01
76.69
21.23

Z
X
X
<
<
<

T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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2,3,4,5,6-Pentafluoro-3',5’-dimethyl-1,1’-biphenyl (Table 4.3, 4.4; Product 23ab)

)

]

T T T
0 =20 -40 -60 -80 -100 -120 -140 -160 -180 =200 ppm
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6'-(2,3,4,5,6-Pentafluorophenyl)quinoline (Table 4.3, 4.5; Product 23ac)

PCL581H

T T T T T T T T T T T T T T T T
9.1 90 89 88 8.7 86 85 84 83 82 81 80 79 78 7.7 7.6 7.5 ppm
L JL‘_J\_A_Jd
T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 ppm
LT
g 9 (212 (5
— ol ==l =
PCL581C
n N MO~V OM
N oo MOOOO W0 N O
. ] ®3 o
o o~ OO~ v 0
o n< MOMONNNN N~ O
I N7 N7
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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6'-(2,3,4,5,6-Pentafluorophenyl)quinoline (Table 4.3, 4.5; Product 23ac)

PCL581F
85882 IFIERNER
dydyzzrazdaag
S
.
T T T T T T T T T T T
0 =20 -40 -60 -80 -100 -120 =140 -160 -180 =200 ppm
Eleinental Composition Report Page 1

Single Mass Analysis
Tolerance = 10.0 PPM / DBE: min = -1.5, max = 50.0
Selected filters: None

Monoisotopic Mass, Even Electron lons

32 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)

Elements Used:

C:0-15 H:0-7 N:0-3 F:0-5 Na:0-1

Kin-Dept-10082011 S16 136 (2.565) AM (Cen,5, 80.00, Ar,5000.0,0.00,1.00); Sm (Mn, 1x1.00)

TOF MS ES+ 296.0495 1.40e3

%
297.0533

297.1949305 044

| 2850208 7308187780874 seoaerzeserso | [ T IROME  s3isaostsasrs  saraoms
260.0 270.0 280.0 290.0 300.0 310.0 320.0 330.0
Minimum: -1.5
Max imum: 5.0 10.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT Formula
296.0495  296.0499 -0.4 -1.4 10.5 3.1 Cl1S H7 N FS
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2,3,4,5,6-Pentafluoro-3'-aminobiphenyl (Table 4.3, 4.5; Product 23ad)

PCL600OH

0
=
@
™

9.0 85 80 75 70 65 6.0 55 50 45 40 385 30 25 2.0 15 1.0 05 ppm

N~ 0O omn oNO®

PCL6E00C ©CMOO ©ON AAO gr®
QUAN® ON 00O g
SSYO 0 AN Qoo ~N©
A A A N~~~

T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O ppm
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2,3,4,5,6-Pentafluoro-3'-aminobiphenyl (Table 4.3, 4.5; Product 23ad)

PCL600

»

—

T T !
-140 -160 -180 -200  ppm

T
-100 -120

0 -20 -40 -60 -80
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3'-(2,3,4,5,6-Pentafluorophenyl)acetophenone (Table 4.3, 4.5; Product 23ae)

PCL569H (KOAC)

2.654

8.1 8.0 7.9 7.8 7.7 7.6 ppm

PCL569C (KOAC)

2 229582388 5 Now® o

L A . MmO w

5 gigressge 3 voe o

— A A A A A A A A - NI~ N

NN \/
Jm o

T T T T T T T T T T T

200 180 160 140 120 100 80 60 40 20 0 ppm
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3'-(2,3,4,5,6-Pentafluorophenyl)acetophenone (Table 4.3, 4.5; Product 23ae)

PCL569F (KOAc) NOYQOANOTOON
OdAdA=ATWWLNNNOQ

H—

T T T T
-120 -140 -160 -180 =200 ppm

T T T T T
-20 -40 -60 -80 -100
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2',3",4" 5',6"-Pentafluoro-[1,1'-biphenyl]-4-carboxaldehyde (Table 4.3, 4.5; Product 23af)

OHC

PCL570H (KOAC)

——10.106
041
037
032
026
020
016
012
649
645
628
625
283

T
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 ppm

PCL570C
o MO0 VOO
< MOWOOMON~ NO
L S R mo©
o LNDONO D e
=} TTOMMMN ~~©
I NIIYZ Nz
e e L]
T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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2',3",4" 5',6"-Pentafluoro-[1,1'-biphenyl]-4-carboxaldehyde (Table 4.3, 4.5; Product 23af)

OHC

PCL570F (KOAC)

JNAS

T T T T T T T T T T
0 =20 -40 -60 -80 -100 =120 -140 -160 -180 -200 ppm

305



2,3,4,5,6-Pentafluoro-3'-methoxybiphenyl (Table 4.3, 4.5; Product 23ag)

PCL584H

<
~
©
®

T
90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 ppm

) J | A

i 8

S| |98 I

P B PN o

PCL584C

<3 QOO NN QO
© LOO ~Y T 0@ 0ndn o
d i I ®o o ]
3 LN O~ N S o 1
0 S9Ym 0 NN N oo NN o 0
— B R IR b DN )

T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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2,3,4,5,6-Pentafluoro-3'-methoxybiphenyl (Table 4.3, 4.5; Product 23ag)

PCL584F

JJb

T
=20

T
-40

T
-60

T
-80

T
-100

T
=120

307

T T
-140 -160

T
-180

T
=200 ppm



2-Methyl-5-(pentafluorophenyl)benzo[d]thiazole (Table 4.3, 4.5; Product 23ah)

=
Me—\ F
F F
F
IAME PCL609-H
EXPNO 1
PROCNO 1
2BRa5883 5 Date_ 20110816
COOTIMMON ® INSTRUM spict
e O O H Spec
QO I Pe I o 0BHD 5 mm PABBO BB-
PULPROG 2930
N7
SOLVENT coci3
NS 8
DS 2
SH 4006.410 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 57
oW 124.800 usec
DE 6.50 usec
TE 298.2 K
D1 1.00000000 sec
TDO 1
CHANNEL f1
14.70 usec
0.00 dB
11.88122272 W
400.1318007 MHz
32768
400.1300000 MHz
EM
0
0.30 Hz
1.00
S J - 1
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
I ||
s A 4
Sle S ¥
il I o
NAME PCL609-C
(o2} [oo] O VO EXPNO 1
; 2 zz::w #3x 3 ?mm mu%é
o o] ! ate_
B 3 % 8999 kR 5 Time 14.30
INSTRUM spect
‘ ‘ ‘ \\\/// \4// PROBHD 5 mm PABBO BB-
PULPROG zgpg30
65536
SOLVENT coci3
NS 32
DS 2
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 203
ow 20.800 usec
DE .50 usec
TE 299.1 K
D1 2.00000000 sec
D11 0-03000000 sec
TDO 1
= CHANNEL f1
1
9.50 usec
-2.00 dB
58.52175522 W
100.6228298 MHz
= CHANNEL 2
CPDPRG2 waltz16
NUC2 1H
PCPD2 80.00 usec
PL2 0.00 dB
PL12 15.00 dB
PL13 15.00 dB
PL2W 11.88122272 W
PL12W 0.37571725 W
PL13W 0.37571725 W
SFO2 400.1316005 MHz
Si
SF 100.6127690 MHz
Wow EM
SsB 0
LB 1.00 Hz
GB 0
PC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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2-Methyl-5-(pentafluorophenyl)benzo[d]thiazole (Table 4.3, 4.5; Product 23ah)

S

NTOOM®OTNO®AT NAME PCLE09-F

COO0HH—=NOO®OO E;gggo 2{

292983 BB388SS Date_ 20110816

A A A A A A A A A ime 14.37

[ T R T AT INSTRUM spect

N \/ \% PROBHD 5 mm PABBO BB-
PULPR( zgfhiggn
0 131072
SOLVENT [ehle] K<}
NS 16
DS 4
SWH 89285.711 Hz
FIDRES 0.681196 Hz
AQ 0.7340532 sec
RG 203
pw 5.600 usec
DE 6.50 usec
TE 298.
D1 1.00000000 sec
D11 0.03000000 sec
D12 0.00002000 sec
TDO 1
======== CHANNEL f1 ========
NUC1 19F
P1 14.20 usec
PL1 -3.
PL1W 18.69428444 W
SFO1 376.4607164 MHz
======== NNEL 2 ========
CPDPRG2 waltz16

uc2 1H
PCPD2 80.00 usec
PL2 0.00 dB
PL12 15.00 dB
PL2W 11.88122272 W
PL12W 0.37571725 W
SF02 400.1316005 MHz
Sl
SF 376.4983660 MHz
wow EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
T T T T T T T T T
0 -20 -40 -60 -80 -100 -120 -140 -160 -180 ppm

Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 20.0 PPM / DBE: min =-1.5, max = 50.0
Selected filters: None
Monoisotopic Mass, Even Electron lons
105 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:
C:0-14 H:0-7 N:0-2 Na:0-1 S:0-1 38K 0-1 F:05
Kin-Dept-25082011 $10 49 (0.917) Cn (Cen,4, 80.00, Ar); Sm (SG, 2x3.00); Sb (5,40.00 ); Cm (41:52)
TOF MS ES+ 316.0207 6.53e3
% |
i 317.0238
5 |287.1033268.0217 299.1096 301 1350 51623 | | 1802003232872 3330906 mar.1s48  347.208
T T T T T T ! i i —— — OO bttt k- AP T . m/
2850 2900 2950 3000 3050 3100 3150 3200 3250 3300 @ 3350  340.0 3450 e
Minimum: =13
Max imum: 5.0 20.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT Formula
316.0207 316.0219 -1.2 -3.8 9.5 5.0 Cl4 H7 N S FS
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0 ppm
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DS5869(PO02)H
DS5869(P002)C

2-(2,3,4,5,6-Pentafluorophenyl)naphthalene (Table 4.3, 4.4; Product 23ai)

8979
oo.RW
2e Ll

TL €T

mm.mmﬁ
oo.mmﬁ
mH.mNH
9,7 /2T —x
627821 \.
v 82T

oa.omak\\
€0°€EET

LTTEET
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2-(2,3,4,5,6-Pentafluorophenyl)naphthalene (Table 4.3, 4.4; Product 23ai)

F
=
F F
F
DS5869(POV2)F NAME DS5869(P002)
EXPNO 1
PROCNO 1
REEI8EHILE3352- Date_ 20110804
ANANNMMMOOLWOLNNNNNN INSTRUM spect
S33333888388888 PROBHD 5 mm PABBO BB-
T T T T T PULPROG 2gfhigan
N‘/ w W 131072
SOLVENT coci3
NS 16
DS 4
SWH 89285.711 Hz
FIDRES 0.681196 Hz
AQ 0.7340532 sec
RG
bw 5.600 usec
DE 6.50 usec
TE 298.2 K
D1 1.00000000 sec
D11 0-03000000 sec
D12 0.00002000 sec
TDO 1
CHANNEL f1
NUCL
P1 14.20 usec
PL1 ~00 dB
PL1W 18.69428444 W
SFO1 376.4607164 MHz
CHANNEL 2
CPDPRG2 waltz16
NUC2 1H
PCPD2 80.00 usec
PL2 0.00 dB
PL12 15.00 dB
L2W 11.88122272 W
PL12W 0.37571725 W
SFO2 400.1316005 MHz
S1 65536
SF 376.4983660 MHz
Wow EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
_J -
(”"*‘“W
T T T T T T T T T
0 -20 -40 -60 -80 -100 -120 -140 -160 -180 ppm
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[1,1'-Biphenyl]-4-carboxylic acid, 2',3',4",5",6'-pentafluoro-, ethyl ester (Table

4.3, 4.5; Product 23aj)
(e}

Et<
(0] F

PCL568H

4.464
4.446
4.428
4.411
1.456
1.438
1.420
]
o
=3
]

£
X
<
<

ppm

PCL568C

—165.86
——145.34
——142.87
131.27
130.78
130.18
129.80
—115.03
—61.27
14.26

£
X

i

160

200 180 140 120 100 80 60 40 20 0 ppm
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= CHANNEL f1

= CHANNEL f1 =:

= CHANNEL f2 =:
waltz

PCL56!
2011080
19.0!
spec

5 mm PABBO BB
293

3276
cocl

1
4006 . 41
0.12226¢
4.089496!
40.
124.80
6.5

298.
1.0000000!
14.7
11.8812227;
400-131800
32761
400.130000!
E

0.3
1.0

PCL568
1

1
20110804
19.02

spect
5 mm PABBO BB-

2gpg30
65536
cbcl3

32
24038.461
0.366798
1.3631988
203
20.800
6.50

9.1
2.00000000
003000000
1

13C

9.50

-2.00
58.52175522
100.6228298

15.00
11.88122272
0.37571725
0.37571725
400.1316005
32768
100.6127704
EM

0

1.00

0

1.40

8
2
1
4
5
t
0
8
3
6
2
0 Hz
6 Hz
6 sec

3
0 usec
0 usec

K
0 sec
1

0 usec
B

2 W
7
8
0 MHz
M
0
0 Hz
0
0

Hz
Hz
sec

usec
usec
K
sec
sec

usec
dB

=

MHz



[1,1'-Biphenyl]-4-carboxylic acid, 2',3',4',5',6'-pentafluoro-, ethyl ester (Table

4.3, 4.5; Product 23aj)

NAME PCL568
PCL568F ERBNO 4
PROCNO 1
SREBHEIBVONRERS bate_ 20110804
NNNNNS A A AN INSTRUM spect
S33338888383553 PROBHD 5 mm PABBO BB-
e [ PULPROG zgfhiggn
N \/ \% ™ 131072
SOLVENT cbcl3
NS 16
DS 4
SWH 89285.711 Hz
FIDRES 0.681196 Hz
AQ 0.7340532 sec
RG 203
pw 5.600 usec
DE 6.50 usec
TE 298.
D1 1.00000000 sec
D11 0.03000000 sec
D12 0.00002000 sec
TDO 1
======== CHANNEL 1 ========
NUC1 19F
P1 14.20 usec
PL1 -3.00 dB
PL1W 18.69428444 W
SFO1 376.4607164 MHz
======== CHANNEL 2 ========
CPDPRG2 waltz1l6
c2 1H
PCPD2 80.00 usec
PL2 0.00 dB
PL12 15.00 dB
pL2w 11.88122272 W
PL12wW 0.37571725 W
SF02 400.1316005 MHz
Sl
SF 376.4983660 MHz
WDwW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
T T T T T T T T T T T
0 -20 -40 -60 -80 -100 -120 -140 -160 -180 ppm

Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 5.0 PPM / DBE: min = -1.5, max = 50.0
Selected filters: None
Monoisotopic Mass, Odd and Even Electron lons
55 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:
C:0-15 H:09 0:0-2 F:0-5 Na:0-1 39K:0-1
Kin-Dept-31082011 EI HS S11 1 170 (2.834) Cm (147:171)
TOF MS El+ 316.0533 7.70e4
%
317.0575
g 1309.1614 310.1616 312.9734313 9821 315.0463 318.0598 319.0694 320.3447 3223543 3249900
e — - Tt —— ——— e S m,
310.0 3120 314.0 316.0 3180 | 3200 3220 3240 ‘
Minimum: =1.5
Max imum: 5.0 5.0 50.0
Mass Calc. Mass mDa PPM DRE i-FIT Formula
316.0533  316.0523 1.0 3.2 9.0 9.4 Cl5 HY 02 F5
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(2',3',4",5",6'-Pentafluoro[1,1'-biphenyl]-4-yl)phenylmethanone (Table 4.3, 4.5;
Product 23ak)

PCL586F

H—
T T T T T T

T T T T T
0 =20 -40 -60 -80 -100 =120 -140 -160 -180 -200 ppm
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2,3,4,5,6-Pentafluoro-4'-cyanobiphenyl (Table 4.3, 4.5; Product 23al)

NC

PCL579H

T T T T T T T T T 1
790 7.85 7.80 7.75 7.70 7.65 7.60 7.55 ppm

9 8 7 6 5 4 3 2 1 0 ppm

EE

PCL579C
e < o
< HO o m N O
. g mow©
NHO @ ™ g
aas 43 INNIS
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0  ppm
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2,3,4,5,6-Pentafluoro-4'-cyanobiphenyl (Table 4.3, 4.5; Product 23al)

PCL579F (CN)

2T 19T~
TT 19T~
60°T9T~
S0 T9T~
70" 19T~
00°T9T~

€0°€ST~
L672ST~
2672ST-
€872VT-
1872VT-

LL72YT-
SLTevT-

: —

7 I
N J

ppm

T T T
-40 -60 -80 -100 =120 -140 -160 -180 -200

T
=20
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2,7-Bis(pentafluorophenyl)naphthalene (Table 4.3; Product 23am)

PCL597H

8.058
8.036
8.011
7.627
7.624
7.605
7.603

£
<

4.04=

o
~

PCL597C

133.09
132.72
——130.45
128.36
124.75

A
~
~

NAME PCL597
EXPNO 6
PROCNO 1
Date_ 20110818
Time 12.05
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2930
T 32768
SOLVENT cbCI3
NS 16
DS 2
SWH 4006.410 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG
ow 124.800 usec
DE 6.50 usec
TE 297.8 K
D1 1.00000000 sec
TDO 1
= CHANNEL f1 =
14.70
PL1 0.00 dB
PL1W 11.88122272 W
SFO1 400.1318007 MHz
S1 32768
SF 400.1300000 MHz
wow EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
T
ppm
NAME PCL597
EXPNO 8
PROCNO 1
Date_ 20110818
ime 12.11
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2gpg30
T 65536
SOLVENT coci3
16

2
H 24038.461 Hz
FIDRES 0.366798 Hz

AQ 1.3631988 sec
RG 101
ow 20.800 usec
DE 6.50 usec
TE 298.9 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1 =:
13C
9.50 usec
B

58.52175522 W
100-6228298 MHz

CHANNEL f2 =:
waltz.

1H
80.00 usec
0.00 dB
15.00 dB
.00 dB
11.88122272 W
0.37571725 W
0.37571725 W
400.1316005 MHz
32768
100.6127690 MHz
EM

0
1.00 Hz
0

1.40

200 180

20 0 ppm



2,7-Bis(pentafluorophenyl)naphthalene (Table 4.3; Product 23am)

PCL597F ONOOHOOONTNO NAE PeLS97
POODNDONNDDWOD E;gggo I
9999333088883 Date_ 20110818
A A A A AAAAAA A Time 12.07
R T A R AT T AT INSTRUM spect
N N W PROBHD 5 mm PABBO BB-

PULPROG zgfhiggn
T 131072
SOLVENT cocl
NS 1
DS 4
SWH 89285.711 Hz
FIDRES 0.681196 Hz
AQ 0.7340532 sec
RG 203
pw 5.600 usec
DE 6.50 usec
TE 298.0 K
D1 1.00000000 sec
D11 0.03000000 sec
D12 0.00002000 sec
TDO 1
======== CHANNEL f1 ========
NUC1 19F
P1 14.20 usec
PL1 -3.00 dB
PL1W 18.69428444 W
SFO1 376.4607164 MHz
NUC2 1H
PCPD2 80.00 usec
PL2 0.00 dB
PL12 15.00 dB
PL2W 11.88122272 W
PL12W 0.37571725 W
SF02 400.1316005 MHz
Sl 65536
SF 376.4983660 MHz
wow EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00

T T T T T T T T T

0 -20 -40 -60 -80 -100 -120 -140 -160 -180 ppm

Elemental Composition Report

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min =-1.5, max = 50.0

Selected filters: None

Monoisotopic Mass, Odd and Even Electron lons
40 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)

Elements Used:

C:0-22 H:0-15 F:

0-10 Na: 0-1

39K: 0-1

Kin-Dept-31082011 EI HS S14 1 54 (0.900) Cm (52:54)

TOF MS El+
vy

443.0505
0t NE—
4440 448 0 4480
Minimum:
Max imum: 5.0 5.0
Mass Calc. Mass mDa PPM
460.0313  460.0310 0.3 0.7

450.0

-1.5
50.0

DBE
15.0

Page 1
460.0313 297
461.0386
452.0249 458.9949
T T T m/z
452.0 454.0 456.0 458.0 480.0
i-FIT Formula
2773035.5 (22 H6 FIO
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2,3,4,5,6-Pentafluoro-3'-cyanobiphenyl (Table 4.3, 4.5; Product 23an)

NC
F F

NAME PCL599
1

1

8L A8RIA Date_ 20110812

NRNNNNOOOO 13.55
~

UM spect

PROBHD 5 mm PABBO BB-

N % PULPROG 2930
™ 32768

SOLVENT cDci3

NS 8

DS 2
SWH 4006.410 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 se:
RG 45.2

Dw 124.800 usi
DE 6.50 usi
TE 298.0 K
D1 1.00000000 ser
TDO 1

CHANNEL f1 =:

1H
14.70 us:
0.00 d
11.88122272 W
400.1318007 MH:
32768
400.1300000 MH:
EM

T T T T T T T
7.85 7.80 7.75 7.70 7.65 7.60 ppm

0
0.30 Hz
0
1.00
J J\‘— L
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
NAME PCL599-C
NYMOMMLOON®0 EXPNO 1
MONTOONODOM WY N PROCNO 1
BND L OGN~ m o aen Date_ 20110812
STOOOONN A NN Time 13.59
B R R R R R R PR R R N~~~ INSTRUM spect
\\\\\/// / // \V PROBHD 5 mm PABBO BB
PULPROG 2gpg30
65536
SOLVENT cbci3
NS
DS 2
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 203
bw 20.800 usec
DE 6.50 usec
TE 298.8 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1
NUC1 13C
P1 9.50 usec
PL1 -2.00 dB
PL1W 58.52175522 W
SFO1 100.6228298 MHz
CHANNEL 2
CPDPRG2 waltz16
NUC2 1H
PCPD2 80.00 usec
PL2 0.00 dB
PL12 15.00 dB
PL13 5.00 dB
PL2W 11.88122272 W
PL12wW 0.37571725 W
PL13W 0.37571725 W
SF02 400.1316005 MHz
Si
SF 100.6127690 MHz
wow EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40

200 180 160 140 120 100 80 60 40 20 0  ppm
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2,3,4,5,6-Pentafluoro-3'-cyanobiphenyl (Table 4.3, 4.5; Product 23an)

F:
F
NC
F F
NAME PCL599-F
PCLS99F NOOLANNODO TN~ EXPNO 1
D000 0HOIO»OO OO PROCNO 1
NNOOMMOOO O o i o Date_ 20110812
IITTVLIHLOO GO0 Time 14.03
R R e e e e R R R R R R INSTRUM spect
Ll W s PROBHD 5 mm PABBO BB-
N \j \/% PULPROG 2gfhiggn
131072
SOLVENT cpel3
NS 16
DS 4
SWH 89285.711 Hz
FIDRES 0.681196 Hz
AQ 0.7340532 sec
RG 203
bw 5.600 usec
DE 6.50 usec
TE 298.1 K
D1 1.00000000 sec
D11 0.03000000 sec
D12 0.00002000 sec
TDO 1
CHANNEL f1
14.20 usec
-3.00 dB
18.69428444 W
376.4607164 MHz
CHANNEL f2 ==
waltz16
1H
80.00 usec
- dB
15.00 dB
11.88122272 W
0.37571725 W
400.1316005 MHz
65536
376.4983660 MHz
EM
0
0.30 Hz
0
1.00
T T T T T T T T T T
0 -20 -40 -60 -80 -100 -120 -140 -160 -180 -200 ppm

321



3-(Perfluorophenyl)pyridine (Table 4.5; Product 23a0)

N
N F
F F
F
OO STYTOTONOT TN NANE 5943-1
NN OODONN O©OWL 0 EXPNO 1
NSNS~ ONTIIIIITITTN PROCNO 1
Date 20110825
@ 0 © IS IS IS SN SIS~ e 15-25
\ V \N%/ INSTRUM spect
PROBHD 5 mm PABBO BB
PULPROG 2930
32768
SOLVENT coci3
NS 8
DS 2
SWH 4006.410 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG .
oW 124.800 usec
DE 6.50 usec
TE 298.1 K
D1 1.00000000 sec
TDO 1
CHANNEL f1 =
H
14.70 usec
.00 dB
11.88122272 W
400.1318007 MHz
32768
I — 400.1300000 MHz
8.72 %
0
’ ppm 0.30 Hz
0
1.00
T T T T T T
7.9 7.8 7.7 7.6 7.5 7.4 ppm
T T T T T T T T T T T T T T 1
9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 35 3.0 2.5 ppm
\ ] | \ )
5 =
(=] o o
— — —
DS5943C NAME 5943-1-C
o< © 0o EXPNO 1
<o < 0o ONO PROCNO 1
oo ~ nw “en Date_ 20110825
g ) N I~ © Time 15.49
Anin AN ARl N~ INSTRUM spect
v ‘ v \‘/ PROBHD 5 mm PABBO BB-
PULPROG zgpg30
65536
SOLVENT coci3
NS 32
DS 2
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 203
ow 20.800 usec
DE .50 usec
TE 298.9 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL 1
NUC1L 13C
P1 9.50 usec
PL1 -2.00 dB
PLIW 58.52175522 W
SFO1 100.6228298 MHz
CHANNEL 2
CPDPRG2 waltz16
NUC2 1H
PCPD2 80.00 usec
L2 0.00 dB
PL12 15.00 dB
PL13 15.00 dB
PL2W 11.88122272 W
PL12W 0.37571725 W
PL13W 0.37571725 W
SF02 400.1316005 MHz
s1 32768
SF 100.6127690 MHz
WoW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
T T T T T T T T T T
200 180 160 140 120 100 80 60 20 0 ppm
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3-(Perfluorophenyl)pyridine (Table 4.5; Product 23a0)

N
N F
F F
F
NAME 5943-1-F
DS5943F EXPNO 1
PROCNO 1
E288YYBB2ARAR Date_ 20110825
NNNNM®O oo o o ol INSTRUM spect
3333288885888 PROBHD 5 mm PABBO BB-
[T A T T PULPROG 2gfhiggn
N \j \% 131072
SOLVENT [ehle] k<
NS 16
DS 4
SWH 89285.711 Hz
FIDRES 0.681196 Hz
AQ 0.7340532 sec
RG 3
bw 5.600 usec
DE 6.50 usec
TE 298.2 K
D1 1.00000000 sec
D11 0.03000000 sec
D12 0.00002000 sec
TDO 1
CHANNEL f1
19F
14.20 usec
-3.00 dB
18.69428444 W
376.4607164 MHz
CHANNEL 2
waltz16
1H
80.00 usec
0.00 dB
.00 dB
11.88122272 W
0.37571725 W
400.1316005 MHz
65536
376.4983660 MHz
EM
0
0.30 Hz
0
1.00
T T T T T T T T T T T
0 -20 -40 -60 -80 -100 -120 -140 -160 -180 -200 ppm
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5-(Perfluorophenyl)benzo[d][1,3]dioxole (Table 4.3, 4.5; Product 23ap)

O F
SOLL,

F F
F
NAME PCL617
PCL617H EXPNO 1
PROCNO 1
g : R g % Date_ 20110824
] S Time 19.57
©© OO © INSTRUM spect
PROBHD 5 mm PABBO BB-
\\// ‘ PULPROG 2930
T 32768
SOLVENT CcDCI3
NS 16
DS 2
SWH 4006.410 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 50.8
pw 124.800 usec
DE 6.50 usec
TE 297.9 K
D1 1.00000000 sec
TDO 1
CHANNEL f1 =
1H
14.70 usec
0.00 dB
11.88122272 W
400.1318007 MHz
32768
400.1300000 MHz
T T EM
0
6.95 6.90 ppm 0.30 Hz
0
1.00
1 " D W l
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
) | )
a4 13
(3] (=]
‘rd o
PCL617C NAME PCL617
N~ © oY @ EXPNO 3
<o NS Mo 0 %53 PROCNO 1
g ':r § 37. 9« g S oo Date_ 20110824
Time 20.03
A et i I~ INSTRUM spect
\/ ‘ ‘ \/ ‘ \\k/ PROBHD 5 mm PABBO BB-
PULPROG zgpg30
T 65536
SOLVENT cocl3
NS 16
DS 2
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 80.6
bW 20.800 usec
DE 6.50 usec
TE 298.6 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1
NUC1 13
P1 9.50 usec
PL1 -2.00 dB
PL1W 58.52175522 W
SFO1 100.6228298 MHz
CHANNEL 2
CPDPRG2 waltzl6
NUC2 1H
PCPD2 80.00 usec
PL2 0.00 dB
PL12 15.00 dB
PL13 15.00 dB
PL2W 11.88122272 W
PL12W 0.37571725 W
PL13W 0.37571725 W
SF02 400.1316005 MHz
S1 32768
SF 100.6127690 MHz
wow EM
SSB 0
LB 1.00 Hz
GB 0
P 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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5-(Perfluorophenyl)benzo[d][1,3]dioxole (Table 4.3, 4.5; Product 23ap)

PCL617F

O F
SOLL,

F F

HTONOOONTAINOTOTOONO
P00 —AANNOOA—MMM T T~
ANNOOOOML OO OQNNNNNN
SIS SIITNONINOOOO0OO
I IR

|
i

NAME PCL617
EXPNO 2
PROCNO 1
Date_ 20110824
Time 20.00
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zgfhiggn
131072
SOLVENT CcDCI3
NS 16
DS 4
SWH 89285.711
FIDRES 0.681196
AQ 0.7340532
RG 203
bw 5.600
DE 6.50
TE 298.0
D1 1.00000000
D11 0.03000000
D12 0.00002000
TDO 1
CHANNEL f1
19F
14.20
18.69428444

376.4607164
CHANNEL 2
walt;

15.0
11.88122272
0.37571725
400.1316005
65536
376.4983660
EM

0
0.30
0

1.00

T
-100

T T T
-120 -140 -160 -180

325

T
-200 ppm

Hz
Hz
sec

usec
usec
K
sec
sec
sec




2,3,4,5,6-Pentafluoro-1,1'-biphenyl (Table 4.4; Product 23aq)

© o NAWE 5971-1
—©Q© EXPNO 1
ws A PROCNO 1
Date. 20110829
~~-~ Time 15.21
\/ / INSTRU! spect
PROBHD 5 mm PABBO BB
PULPROG 2g3
D 32768
SOLVENT cocl3
NS
DS 2
SiH 4006.410 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 50.8
DW 124.800 usec
DE 6.50 usec
TE 297.9 K
D1 1.00000000 sec
00 1

= CHANNEL f1

1H
14.70 usec
B

PL1 0.00 di
PLIW 11.88122272 W
SFO1 400.1318007 MHz
S1 32768

SF 400.1300000 MHz
wow EM
SSB 0

LB 0.30 Hz
GB 0

PC 1.00

9 8 7 6 5 4 3 2 1 ppm

NAWE 5971-1-C
ps5971C ™M LWOoNMm EXPNO 1
o =N [vE=l PROCNO 1
o OPw©© ®e Date_ 20110829
M OaNNN ~~ Time 15.28
IS ~r~ INSTRUM spect
‘ \\x/(/ \/ PROBHD 5 mm PABBO BB-
PULPROG zgpg30
65536
SOLVENT cocl3

NS

DS 2

WH 24038.461 Hz

S\
FIDRES 0.366798 Hz
A

Q 1.3631988 sec

RG 203

pw 20.800 usec

DE 6.50 usec

TE 298.7 K

D1 2.00000000 sec

D11 0.03000000 sec

TDO 1
CHANNEL f1

NUC1 13C

P1 9.50 usec

PL1 -2.00 dB

PL1W 58.52175522 W

SFO1 100.6228298 MHz
CHANNEL f2

CPDPRG2 waltzl6

NUC2

PCPD2 80.00 usec

PL2 0.00 dB

PL12 15.00 dB

PL13 15.00 dB

PL2W 11.88122272 W

pPL12wW 0.37571725 W

PL13W 0.37571725 W

SF02 400.1316005 MHz

Si 32768

SF 100.6127690 MHz

wow EM

SSB 0

LB 1.00 Hz

GB 0

PC 1.40

o

T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 O ppm
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2,3,4,5,6-Pentafluoro-1,1'-biphenyl (Table 4.4; Product 23aq)

DS5971F

F

-143.24
-143.26
-143.30
-143.32
-155.62
-155.68
-155.73
-162.24
-162.26
-162.30
-162.32

y
i

————— )

F

| N——

-

-162.36
-162.38
=
n
3
5

PCPD2

= CHANNEL f1 =;
1

= CHANNEL f2

T T
-80 -100  -120

T
-140

327

T
-160

T
-180

T
-200 ppm

5971-1-F
1

1
20110829
15.24

spect

5 mm PABBO_BB-

zgfhiggn
131072
[ehle] K<

16

4
89285.711
0.68119
0.7340532
203

298.0
1.00000000

0.03000000
0.00002000
1

F
14.20
-3.00
18.69428444
376.4607164
waltz16

1H

80.00

15.00
11.88122272
0.37571725
400.1316005
65536
376.4983660
EM

0

0.30

0

1.00

Hz

6 Hz

sec

usec
usec
K
sec
sec
sec




2,3,4,5,6-Pentafluoro-3'-methyl-1,1'-biphenyl (Table 4.4; Product 23ar)

Me

F F

N~ ® 0~ o NAME 5935-1
NHDH DRI D 0 EXPNO 1
SYOmmANNN < PROCNO 1
RRNRRRR H Date. 20110824

I N L N Ti 13.49
\\\/// INST! spect

PROBHD 5 mm PABBO BB-

PULPROG 2930

D 32768

SOLVENT [ohhle] k)

N: 8

2
SWH 4006.410 Hz
FIDRES 0.122266 Hz

AQ 4.0894966 sec
RG 64
ow 124.800 usec
DE 6.50 usec
TE 298.0
D1 1.00000000 sec
TDO 1
CHANNEL 1
1H
14.70 usec
.00 dB
11.88122272 W
400.1318007 MHz
32768
400.1300000 MHz
EM
0
0.30 Hz
0
1.00
T T T T T T
7.45 7.40 7.35 7.30 7.25 ppm
A |
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
) | ]|
{c: o~ ‘cw
S| S
il o
NAME 5935-1-C
OO O © EXPNO 1
LNObHN v RT3 © PROCNO 1
0O W~ O N ® Date_ 20110824
MMONNN N~ © I~ ime 13.55
PURNRERM PR A [N o INSTR
\ \\ ’ // \‘/ PROBHD 5 mm PABBO BB
PULPRO zgpg30
D 65536
SOLVENT cbci3
NS 32
DS 2
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG
bw 20.800 usec
DE 6.50 usec
TE 298.9 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1
NUC1 13C
P1 9.50 usec
PL1 -2.00 dB
PL1W 58.52175522 W
SFO1 100.6228298 MHz
CHANNEL 2
CPDPRG2 waltz16
NUC2 1H
PCPD2 80.00 usec
PL2 0.00 dB
PL12 15.00 dB
PL13 15.00 dB
PL2W 11.88122272 W
PL12W 0.37571725 W
PL13W 0.37571725 W
SF02 400.1316005 MHz
Si 32768
SF 100.6127690 MHz
WOW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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2,3,4,5,6-Pentafluoro-3'-methyl-1,1'-biphenyl (Table 4.4; Product 23ar)

DS5935F

-143.07
-143.09
-143.13
-143.15

Me

<

F

-155.87
-155.93
-155.98
-162.36
-162.38
-162.42
-162.44
-162.48
-162.50

%

F

T
-115

T
-120

T T T
-125 =130 -135

T
-140

T
-145 -150

T
-155

329

T
-160

T
-165

T
=170

ppm

NAME 5935-1-F
EXPNO 1
PROCNO 1
Date_ 20110824
Time 13.52
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zgfhiggn
131072
SOLVENT coci3
NS 16
DS 4
SWH 89285.711 Hz
FIDRES 0.681196 Hz
AQ 0.7340532 sec
RG 3
bw 5.600 usec
DE 6.50 usec
TE 298.1 K
D1 1.00000000 sec
D11 0.03000000 sec
D12 0.00002000 sec
TDO 1
CHANNEL f1 ==:
19F
14.20 usec
-3.00 dB
18.69428444 W
376.4607164 MHz

CHANNEL f2 ==:
waltzl!

5
11.88122272
0.37571725
400.1316005
65536
376.4983660
EM
0
0.30
0
1.00




2,3,4,5,6-Pentafluoro-3'-(trifluoromethyl)-1,1'-biphenyl (Table 4.5; Product 23as)

F3C
NAME 5937-1
NDODRO
r\nomwocrxﬁa‘o' EXPNO 1
~NNNNOOON PROCNO 1
e NNNNN. Date 20110824
SIS SN SIS S e 14 66
N’// INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2930
T 32768
SOLVENT coci3
NS 8
DS 2
SwH 4006.410 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 71.8
ow 124.800 usec
DE 6.50 usec
TE 298.0 K
D1 1.00000000 sec
TDO 1
CHANNEL f1 =:
14.70 usec
- B
11.88122272 W
400.1318007 MHz
32768
400.1300000 MHz
EM
0
0.30 Hz
0
1.00
T T T T T
7.80 7.75 7.70 7.65 ppm
T T T T T T T T T T T T T T 1
9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 35 3.0 2.5 ppm
|
EL
cle
il
NAME 5937-1-C
EXPNO 1
LBLIQENIS 2o PROCNO 1
P D )0 © Date_ 20110824
MMmMANNNNNN ~©© me 14.13
Ao Ao ~NN INSTI

spect
5 mm PABBO BB

/
<
§
s
N

2g9pg30
1D 65536
SOLVENT coci3
NS 32
DS 2
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 203
bw 20.800 usec
DE 6.50 usec
TE 298.7 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1
NUC1 13C
P1 9.50 usec
PL1 -2.00 dB
PLIW 58.52175522 W
SFO1 100.6228298 MHz
CHANNEL 2

CPDPRG2 waltz16

C2 1H
PCPD2 80.00 usec
PL2 0.00 dB
PL12 15.00 dB
PL13 5.00 dB
PL2W 11.88122272 W
PL12W 0.37571725 W
PL13W 0.37571725 W
SFO2 400.1316005 MHz
S1
SF 100.6127690 MHz
wow EM
SsB 0
LB 1.00 Hz
GB 0
PC 1.40

210 200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 O ppm
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2,3,4,5,6-Pentafluoro-3'-(trifluoromethyl)-1,1'-biphenyl (Table 4.5; Product 23as)

F
F
F3C
F F
F
NAME 5937-1-F
DS5937F MUDAQAN DN M EXPNO 1
% O D A PROCNO 1
g CEELEERERRERR pate. 20110824
© PRk ek el e R e ) Time 14.09
T [T T A R INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zgfhiggn
131072
SOLVENT cbci3
NS 16
DS 4
SWH 89285.711 Hz
FIDRES 0.681196 Hz
AQ 0.7340532 sec
RG 203
bw 5.600 usec
DE 6.50 usec
TE 298.0 K
D1 1.00000000 sec
D11 0.03000000 sec
D12 0.00002000 sec
TDO 1
CHANNEL f1
19F
14.20 usec
-3.00 dB
18.69428444 W
376.4607164 MHz
CHANNEL f2
waltz16
1H
80.00 usec
0.00 dB
15.00 dB
11.88122272 W
0.37571725 W
400.1316005 MHz
376.4983660 MHz
EM
0
0.30 Hz
0
1.00
T T T T T T T T T
0 -20 -40 -60 -80 -100 -120 -140 -160 -180 ppm
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1-(2',3',4',5',6'"-Pentafluoro-2-methoxy-[1,1'-biphenyl]-4-yl)ethanone (Table 4.5;

23at)

Product

O]
OMe
Me F
F
F F
F
NAWE 59591
I3BRID 8 N EXPNO 1
COCODMmMA ) © PROCNO 1
RN . f Date 20110828
DBl el el el (3] ~N ime 1 3
\\§§4// ﬁ?ﬁ// INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2931
3276
SOLVENT coci3
NS 8
DS 2
SUH 4006.410 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 57
oW 124.800 usec
DE 6.50 usec
TE 298.3 K
D1 1.00000000 sec
TDO 1
CHANNEL f1
14.70 usec
0.00 dB
11.88122272 W
400.1318007 MHz
32768
400.1300000 MHz
EM
0
0.30 Hz
1.00
T T T T T T T T T
7.70 765 7.60 7.55 750 7.45 7.40 7.35 ppm
| L 1 N
T T T T T T T T T
9 8 7 6 5 3 2 1 ppm
L)L I
e 3
3|3 >
818 K
NAME 5959-1-C
EXPNO 1
8 2 38 9k 8 mao © P PROCNO 1
~ ~ o o d6 o ®eN °’, < Date_ 20110828
[} n M M NN o N~ © [T} © Time 10.42
= = PEQERR R R (NN ) « INSTRUM spect
‘ ‘ ‘ \/ ‘ \\k/ ‘ PROBHD 5 mm PABBO BB-
PULPROG zgpg30
65536
SOLVENT cocl3
NS 32
DS 2
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 203
ow 20.800 usec
DE .50 usec
TE 299.2 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1
NUC1 13C
P1 9.50 usec
PL1 -2.00 dB
PL1W 58.52175522 W
SFO1 100.6228298 MHz
CHANNEL 2
CPDPRG2 waltz16
NUC2 1H
PCPD2 80.00 usec
PL2 0.00 dB
PL12 15.00 dB
PL13 .00 dB
PL2W 11.88122272 W
pL12W 0.37571725 W
PL13W 0.37571725 W
SF02 400.1316005 MHz
si
SF 100.6127690 MHz
Wow EM
SsB 0
LB 1.00 Hz
GB 0
PC 1.40
T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0  ppm
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1-(2',3',4',5',6'"-Pentafluoro-2-methoxy-[1,1'-biphenyl]-4-yl)ethanone (Table 4.5; Product
23at)

OMe

Me F
NAME 5959-1-F
DS5959F o °
PROCNO 1
Date_ 20110828
888 885 BRLHATB Tine 1057
Spes
2338 IBD SSC88Y PROBHD 5 mm PABBO BB-
ehefute EEEE PULPROG Zgthigan
A A Thigan
W \V W SOLVENT coei3
NS 16
DS 4

WH 89285.711 Hz

S\
FIDRES 0.681196 Hz
A

Q 0.7340532 sec
RG 203
bw 5.600 usec
DE .50 usec
TE 298.4 K
D1 1.00000000 sec
D11 0.03000000 sec
D12 0.00002000 sec
TDO 1
CHANNEL f1
19F
14.20 usec
-3.00 dB
18.69428444 W
376.4607164 MHz
== = CHANNEL f2 =
CPDPRG2 waltzl6
NUC2 1H
PCPD2 80.00 usec
PL2 0.00 dB
PL12 15.00 dB
pL2w 11.88122272 W
PL12W 0.37571725 W
SFO2 400.1316005 MHz
S1
SF 376.4983660 MHz
wDw EM
SSB 0
LB 0.30 Hz
GB 0
pPC 1.00
N
T T T T T T T T T T T T
-115 -120 -125 -130 =-135 -140 -145 -150 -155 =160 -165 =170 ppm
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1-(Perfluorophenyl)naphthalene (Table 4.4; Product 23au)

F
F
F F
F
NNODNONDOHOWIDMOQMNN DLW E%Eo 5957’%
NARONAOQDRRAN QMMM OO0
COPOCEOOLLBLWVBLLLLIIN PROCNO 1
OOMNNINNNNNNNNNNNNN NN NN bate_ 20110628
‘\N%/ INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zg30
32768
SOLVENT coci3
NS 8
DS 2
SWH 4006.410 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 144
ow 124.800 usec
DE 6.50 usec
TE 298.2 K
D1 1.00000000 sec
TDO 1
CHANNEL 1
14.70 usec
.00 dB
11.88122272 W
400.1318007 MHz
32768
400.1300000 MHz
EM
0
0.30 Hz
0
T T T T T T T T 1.00
8.1 8.0 7.9 7.8 7.7 7.6 7.5 ppm
T T T T T T T T T T T T T T 1
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 2.5 ppm
L) j r
=3 ©
S] <
L—J o
NAME 5957-1-C
EXPNO 1
8RIBBEIRBR B3R bate 20110828
MHOOONOWLT M P ?msf 10.29
MOHNNNNNNN ~~© -
A A A A A A N INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zgpg30
65536
SOLVENT cbcl3
NS 32
DS 2
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 203
bw 20.800 usec
DE 6.50 usec
TE 299.1 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1
NUC1
P1 9.50 usec
PL1 -2.00 dB
PL1W 58.52175522 W
SFO1 100.6228298 MHz
CHANNEL 2
CPDPRG2 waltz16
NUC2 1H
80.00 usec
.00 dB
15.00 dB
15.00 dB
11.88122272 W
0.37571725 W
0.37571725 W
400.1316005 MHz
32768
100.6127690 MHz
EM
0
1.00 Hz
1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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1-(Perfluorophenyl)naphthalene (Table 4.4; Product 23au)

F:
F:
F F
F:
NAME 5957-1-F
DS5957F o "
PROCNO 1
8893 D8R IR Date_ 20110828
Gaoa S99 dddddd Tine 10.23
moHono LW COOOOQ INSTRUM spect
R R K] B e o B e e I I PROBHD 5 mm PABBO BB-
R TR T T PULPROG zgfhigan
W \V W 131072
SOLVENT coci3
NS 16
DS 4
SWH 89285.711 Hz
FIDRES 0.681196 Hz
AQ 0.7340532 sec
RG 203
bw 5.600 usec
DE 6.50 usec
TE 298.3 K
D1 1.00000000 sec
D11 0.03000000 sec
D12 0.00002000 sec
TDO 1
CHANNEL f1
1
14.20 usec
-3. dB
18.69428444 W
376.4607164 MHz
CHANNEL f2
waltzl6
1H
PCPD2 80.00 usec
PL2 0.00 dB
PL12 15.00 dB
pL2w 11.88122272 W
PL12W 0.37571725 W
SFO2 400.1316005 MHz
S1 65536
SF 376.4983660 MHz
Wow EM
SSB 0
LB 0.30 Hz
GB 0
pPC 1.00
T T T T T T T T T T T T
-115 -120 -125 -130 -135 -140 -145 -150 -155 -160 -165 -170 ppm
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2,3,4,5,6-Pentafluoro-4'-methoxy-1,1'-biphenyl (Table 4.5; Product 23av)

MeO

DS5865(PO02)H

o~ Mo o
QN 1M =]
mm 00 @
N~ oS~ ™

T 1
7.4 7.3 7.2 7.1 7.0 6.9 ppm

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 ppm

DS5865(P002)C
wn (2] N~
3V (3] M~ N —HO N o
' Vo Mmoo © ™
o — o< Ve 3
2 5 993 Noo v
I T KT7 TQLT T
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0
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2,3,4,5,6-Pentafluoro-4'-methoxy-1,1'-biphenyl (Table 4.5; Product 23av)

MeO

DS5865(P002)F

)

R

T T T T
-100 -120 -140 -160 -180 -200 ppm

0 -20 -40 -60 -80
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6'-(2,3,5,6-Tetrafluoro-4-methoxyphenyl)quinoline (Table 4.6; Product 23bc)

NAME PCL611

PCL611H EXPNO 1

PROCNO 1

SR ShyFSEILBRY & Date. 20110893
00 NodddONNTTTT — .

1) . INSTRUM spect

© © ©0 G0 00 0O ™ M-I~ I~ I~ P~ I~ N PROBHD 5 mm PABBO BB-

vV W T

T 32768

SOLVENT CcDCI3

N 16

2
S 4006.410 Hz
FIDRES 0.122266 Hz
A

Q 4.0894966 sec
RG 25.4

bW 124.800 usec
DE 6.50 usec
TE 298.3

D1 1.00000000 sec
TDO 1

PL1 0.00 dB
PL1W 11.88122272 W
SFO1 400.1318007 MHz
S1 32768
SF 400.1300000 MHz
WDwW EM
SsB 0
LB 0.30 Hz
GB 0
PC 1.00
I J
T T T T T T T T T T T T T T T T T T T 1
90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 ppm
| )
g REgE g
IS 4 1S|8] |o S
i ol IHlEl = &

PCL611C NAME PCL611
DOONOLTHADINONNOW EXPNO 3
QRBIZZNBRTHTEY 888 & PROCNO 1
ANONONOCO DD = M ] f Date_ 20110805
LITTOOOONNNNN NN © o Time 19.32
BRI PURK PP RER PR RL RL A pai NN © INSTRUM spect
\\\\\\/ \V//// \‘/ ‘ PROBHD 5 mm PABBO BB-

PULPROG zgpg30
TD 65536
SOLVENT cpci3
NS 16
DS 2
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 50.
bw 20.800 usec
DE 6.50 usec
TE 299.4 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1
NUC1
P1 9.50 usec
PL1 -2.00 dB
PLIW 58.52175522 W
SFO1 100.6228298 MHz
CHANNEL f2
CPDPRG2 waltz16
NUC2 1H
PCPD2 80.00 usec
PL2 0. dB
PL12 15.00 dB
PL13 15.00 dB
PL2W 11.88122272 W
PL12W 0.37571725 W
PL13W 0.37571725 W
SF02 400.1316005 MHz
S1 32768
SF 100.6127759 MHz
wow EM
SSB 0
LB 1.00 Hz
GB
PC 1.40
T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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6'-(2,3,5,6-Tetrafluoro-4-methoxyphenyl)quinoline (Table 4.6; Product 23bc)

R F
/
= F F

PCL611F P OPIE NN RO o FeLe1y
DR e e s R R A i PROCNO 1
IIIISSSEEEE Yre- 20008
T R T T R R R INSTRUM spect
W \% PROBHD 5 mm PABBO BB-
PULPROG zgfhiggn
T 131072
SOLVENT [ehrle] K}
NS 16
DS 4
SWH 89285.711 Hz
FIDRES 0.681196 Hz
AQ 0.7340532 sec
RG 203
Dw 5.600 usec
DE 6.50 usec
TE 298.5 K
D1 1.00000000 sec
D11 0.03000000 sec
D12 0.00002000 sec
TDO 1
CHANNEL f1
NUC1 19F
P1 14.20 usec
PL1 -3.00 dB
PL1IW 18.69428444 W
SFO1 376.4607164 MHz
CHANNEL f2
CPDPRG2 waltz16
UC2
PCPD2 80.00 usec
L2 0.00 dB
PL12 15.00 dB
PL2W 11.88122272 W
PL12W 0.37571725 W
SF02 400.1316005 MHz
S1 65536
SF 376.4983660 MHz
wow EM
SSB 0
LB 0.30 Hz
GB
PC 1.00
.
T T T T T T T T T
0 -20 -40 -80  -100 -120 -140 -160 -180  -200 ppm
Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 20.0 PPM / DBE: min = -1.5, max = 50.0
Selected filters: None
Monoisotopic Mass, Even Electron lons
345 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:
C_; 0-16 H:0-10 N:0-2 0:0-2 F.0-5 Na:0-1 S:0-1 39K:0-1
Kin-Dept-25082011 $12 145 (2.898) AM (Top,5, Ht,5000.0,0.00,1.00); Sm (Mn, 1x1.00); Cm (144:147)
TOF MS ES+ 308.?706 648
%
309.0740
| : i 10.
. ﬁﬁff’?%,@&?ﬁ-mﬁf 3,01, _495 __30‘,‘ gsao 310.0856 3151619 3172262 3233008 ¢ 1o, /
295.0 300.0 305.0 310.0 315.0 3200 325.0
Minimum: -1.5
Max imum: 5.0 20.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT Formula
308.0706  308.0699 0.7 2.3 10.5 0.3 Cl16 HIDO N O F4
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3'-(2,3,5,6-Tetrafluoro-4-(trifluoromethyl)phenyl)acetophenone (Table 4.6; Product

23ce)

F
Me F
0o
F CF,4
F
PCL621H NAME PCL621
EXPNO 1
So88R3 b PROCNO 1
w-Hoccwvo © Date_ 20110903
000NN ~ Time 19.33
INSTRUI spect
\V \/ PROBHD 5 mm PABBO BB-
PULPR 2g30
D 32768
SOLVENT coci3
NS 16
DS 2
SWH 4006.410 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 25.4
ow 124.800 usec
DE 6.50 usec
TE 297.9 K
D1 1.00000000 sec
TDO 1
CHANNEL f1 =
14.70
0.00 dB
11.88122272 W
400.1318007 MHz
32768
400.1300000 MHz
EM
0
0.30 Hz
0
1.00
‘ J \ A
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
ﬁfﬁ ﬁ*j rci
o S) S
o o o
PCL621C NAME PCL621
~ QOHOMONDMO Y- EXPNO 3
) DRIONOANO N DM o @ PROCNO 1
© VOANNNYR IR ON T a%Q M Date_ 20110903
o SSESsTomOoNNNNNA ~ © © © Tim 19.39
— B R R b b R R R R R [NININ [ INSTR spect
\“ \ \ \///// \V PROBHD 5 mm PABBO BB-
PULPR( zgpg30
D 65536
SOLVENT coci3
NS 16
DS 2
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 64
bw 20.800 usec
DE -50 usec
TE 298.7 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1
NUC1 13C
P1 9.50 usec
PL1 -2.00 dB
PL1W 58.52175522 W
SFO1 100.6228298 MHz
CHANNEL 2
CPDPRG2 waltzl6
NUC2 1H
PCPD2 80.00 usec
PL2 0.00 dB
PL12 15.00 dB
PL13 .00 dB
PL2W 11.88122272 W
PL12W 0.37571725 W
PL13W .37571725 W
SF02 400.1316005 MHz
S 32768
SF 100.6127721 MHz
wow EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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3'-(2,3,5,6-Tetrafluoro-4-(trifluoromethyl)phenyl)acetophenone (Table 4.6; Product

23ce)

PCL621F IAME PCL621
VOMTORATNDHANWOONONWN EXPNO 2
Yoo AANNNNOOOOIIITONIIST
s8¢ ONAANNOOOONNSY AN PROCNO 1
Qg S22SS9298S9888599SST bate_ 20110993
regregee] R R R R L b DR R D] -
o T T T T T T T T T AT MR INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zgfhiggn
T 131072
SOLVENT cDCI3
NS 16
DS 4
SWH 89285.711 Hz
FIDRES 0.681196 Hz
AQ 0.7340532 sec
RG 203
bw 5.600 usec
DE 6.50 usec
TE 298.1 K
D1 1.00000000 sec
D11 0.03000000 sec
D12 0.00002000 sec
TDO 1
== CHANNEL f1 ==:
19
P1 14.20 usec
PL1 -3.00 dB
PL1W 18.69428444 W
SFO1 376.4607164 MHz
======== CHANNEL f2 ========
CPDPRG2 waltz16
uc2
PCPD2 80.00 usec
PL2 0.00 dB
PL12 15.00 dB
pL2W 11.88122272 W
PL12W 0.37571725 W
SF02 400.1316005 MHz
S1 65536
SF 376.4983660 MHz
wow EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
I
T T T T T T T T T T
0 -20 -40 -60 -80 -100 -120 -140 -160 -180 -200 ppm

Elemental Composition Report

Single Mass Analysis
Tolerance = 5.0 PPM / DBE: min =-1.5, max = 50.0
Selected filters: None

Monoisotopic Mass, Odd and Even Electron lons

Page 1

116 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)

Elements Used:

C:0-15 H:0-7 0O:0-4 F:0-7 Na 0-1 39K: 0-1
Kin-Dept-21092011 S5 181 (3.017) Cm (180:196)
TOF MS El+ 336.0375
v ‘
|
%
337.0421
Saan 331.1186331.8502 3350614  338.0453339.0489 54 g4q5 343.3463 a5 44y
325.0 327.5 330.0 332.5 335.0 3375 340.0 342.5 345.0 3417 5
Minimum: 5
Maximum: 5.0 5.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT Formula
336.0375 336.0385 -1.0 -3.0 9.0 3.4 Cl5 H7 0 F7
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6-(2,3,4,6-Tetrafluorophenyl)quinoline (Table 4.6; Product 23dc)

z F

NS F
PCL626aH g%ﬁo PCLGZGE{
PROCNO 1
NOTOINOOMTAOOOANONOANNONDN Date_ 20110904
DOXNHAONNNOOONOINOOITONHOO Time 19.45
DOONNAHONNMNNNTSIITITOODOODOOOO O INSTRUM spect
WO ONNNNNNNNNOOO©OOOOOOO PROBHD 5 mm PABBO BB

PULPROG zg30
N\\N\V \W ™ 32768
cocI3

SOLVENT

NS 16

DS 2

SWH 4006.410 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 45.2

pw 124.800 usec
DE 6.50 usec
TE 298.1 K

D1 1.00000000 sec
TDO 1

CHANNEL f1

1H
14.70 usec
0.00 di
11.88122272 W
400.1318007 MHz
32768
400.1300000 MHz
EM

0
0.30 Hz
0

1.00

T T T T T T T T T T
95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 ppm

PCL626aC NAVE PCL626a
EXPNO 2
QR B3r88RE &R8% 9% PROCNO 1
AN QOANWH  ddd9 T Date_ 20110904
ns MOMONNNNN o000 ~~© Time 19.47
A A A A AAA e N~~~ INSTRUM spect
\ / \\i\xJ(ﬁ/i// K\&;L/ \\L/ PROBHD 5 mm PABBO BB-
PULPROG zgpg30
D 65536
SOLVENT coCi3
NS 16
DS 2

WH 24038.461 Hz

S\
FIDRES 0.366798 Hz

AQ 1.3631988 sec
RG 114
ow 20.800 usec
DE 6.50 usec
TE 298.6 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1
NUC1 13C
P1 9.50 usec
PL1 -2.00 dB
PL1W 58.52175522 W
SFO1 100.6228298 MHz
CHANNEL 2
CPDPRG2 waltzl6
NUC2 1H
80.00 usec
0.00 dB
15.00 dB
.00 dB
11.88122272 W
0.37571725 W
0.37571725 W

400.1316005 MHz
32768
100.6127738 MHz
EM
0
1.00 Hz
0
1.40

T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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6-(2,3,4,6-Tetrafluorophenyl)quinoline (Table 4.6; Product 23dc)

N
z F
N F
F ‘ F
PCL626aF NOONHMOLWOLWO T OO0 NAME PCL626a
RRNNROTNNNNNH RO ® SRboNo 3
mnaNNdseeeIIIIde Date_ 20110904
A A A A A A A A A A A A A A Time 19.50
niini iR A i iy Time o .5
\\. % W PROBHD 5 mm PABBO BB-
PULPROG zgfhiggn
D 131072
SOLVENT cbci3
NS 16
DS 4
SWH 89285.711 Hz
FIDRES 0.681196 Hz
AQ 0.7340532 sec
RG 203
DW 5.600 usec
DE 6.50 usec
TE 298.2 K
D1 1.00000000 sec
D11 0.03000000 sec
D12 0.00002000 sec
TDO 1
14.20 usec
-3.00 dB
18.69428444 W
376.4607164 MHz
======== CHANNEL f2 ========
CPDPRG2 waltzl6
uc2 1H
PCPD2 80.00 usec
L2 0.00 dB
PL12 15.00 dB
PL2W 11.88122272 W
PL12W 0.37571725 W
SF02 400.1316005 MHz
S1 65536
SF 376.4983660 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB
PC 1.00
T T T T T T T T T T
0 =20 -40 -60 -80 -100 -120 -140 -160 -180 ppm
Elemental Composition Report Page 1
Single Mass Analysis (displaying only valid results)
Tolerance = 10.0 PPM / DBE: min =-100.0, max = 1000.0
Selected filters: None
Monoisotopic Mass, Even Electron lons
6 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:
C:0-16 H:5-10 N:0-1 F:.0-4
KIN-DEPT-21092011 S7 179 (3.375)
TOF MS ES+ 278.0605 553
]
%
| 279.0831
268.1273 |
oL _268.9720  270.9044 270 1130 273.1718 275.1612 277.1210 | ‘379'1617 2811204 281.9085
T f LB s s 1 T e e ) Y Y t bapeaguay shy — m/z
268.0 270.0 272.0 274.0 276.0 278.0 280.0 282.0
Minimum: -100.0
Maximum: 5.0 10.0 1000.0
Mass Calc. Mass mDa PPM DBE i-FIT Formula
278.0605 278.0593 1.2 4.3 10.5 0.3 C15 H8 N F4
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[1,1'-Biphenyl]-3-carboxylic acid, 2'3'5',6'-tetrafluoro-4'-methoxy-, ethyl ester
(Table 4.6; Product 23bj)

EtO.__O
F
F
F OMe
F
NAME PCL639
PCL639H o 2
2389332 52939 858 PROCNO 1
= ©OOWWnw S mA R Date_ 20110906
Time 22.57
WO NN~ STTSST B INSTRUM Spect
\/ \’// \\// \‘/ PROBHD 5 mm PABBO BB-
PULPROG 2930
™ 32768
SOLVENT coci3
NS 16
DS 2
SWH 4006.410 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 25.4
ow 124.800 usec
DE 6.50 usec
TE 299.9 K
D1 1.00000000 sec
TDO 1
CHANNEL f1
1H
P1 14.70 usec
PL1 . B
PLIW 11.88122272 W
SFO1 400.1318007 MHz
Sl 32768
SF 400.1300000 MHz
wow EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
L L
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
) J |
g [ gle 8
> S ofla =3
— ‘N ol [es )
PCL639C NAMEO PcLsag
EXPN
& 5833G S NO® oo o PROCNO 1
o dadod~ o ®og A N Date_ 20110906
© MOONNN o NNO o < in 22.58
= Aoddod o NSNS ©© — INSTRUM spect
N// ‘ \V \/ PROBHD 5 mm PABBO BB-
PULPROG 2gpg30
D 65536
SOLVENT cocl3
NS 16
DS 2
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 203
oW 20.800 usec
DE 6.50 usec
TE 300.4 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1 =:
13C
9.50 usec
2. B
58.52175522 W
100.6228298 MHz
CHANNEL 2
waltz16
1H
80.00 usec
0.00 dB
15.00 dB
15.00 dB
11.88122272 W
0.37571725 W
0.37571725 W
400.1316005 MHz
32768
100.6127720 MHz
EM
0
1.00 Hz
1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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[1,1'-Biphenyl]-3-carboxylic acid, 2'3"5",6'-tetrafluoro-4'-methoxy-, ethyl ester

(Table 4.6; Product 23bj)

PCL639F WA MO0

cenoa9s

LWL NN~

333383383

[ R NAME PCL639
EXPNO 3
PROCNO 1
Date_ 20110906
Time 23.01
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zgfhiggn
T 131072
SOLVENT [ehsle] ]
NS 16
DS 4
SWH 89285.711 Hz
FIDRES 0.681196 Hz
AQ 0.7340532 sec
RG 203
ow 5.600 usec
DE 6.50 usec
TE 299.9 K
D1 1.00000000 sec
D11 0.03000000 sec
D12 0.00002000 sec
TDO 1
======== CHANNEL f1 ========
NUC
P1 14.20 usec
PL1 -3.
PL1W 18.69428444 W
SFO1 376.4607164 MHz
======== CHANNEL f2 ========
CPDPRG2 waltzl6
NuC2 1H
PCPD2 80.00 usec
PL2 0.00 dB
PL12 15.00 dB
PL2W 11.88122272 W
PL12W 0.37571725 W
SF02 400.1316005 MHz
Si 65536
SF 376.4983660 MHz
wow EM
SSB 0
LB 0.30 Hz
GB
PC 1.00

T T T T T T T T T T
0 -20 -40 -60 -80 -100 -120 -140 -160 -180 ppm

Elemental Composition Report

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min =-1.5, max = 50.0

Selected filters: None

Monoisotopic Mass, Odd and Even Electron lons

78 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:

C:0-16 H:0-12 ©:0-4 Na:0-1 39K:0-1 F:0-4

Kin-Dept-21092011 S1 124 (2.087) Cm (124:135)
TOF MS El+ 328.0722
v

%

329.0756

316.3055 319.3270 32? 3577 453 3522 326.1123 327'0974. 330.0797 331.0835 333.365”5_ 336.3666 ‘337.3547 340.2445 3‘41 ?323

21]60 7777 31870 vvvvv 320'0 ' 32226 o 324A0 77777 :;260 77777 é?BBmI 33T0 0 332.0 334.0 3350 338.0 340.0 342.0
Minimum: aled
Maximum: 5.0 5.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT Formula
328.0722 328.0723 -0.1 -0.3 9.0 5.0 Cl6 H12 03 F4

345
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2,3,5,6-Tetrafluoro-4'-tert-butyl-4-(trifluoromethyl)-1,1'-biphenyl
Product 23ca)

(Table

t-Bu
F
F
F CF3
F
PCL632H NAME PCL632
“aOn . EXPNO 1
PROCNO 1
BBLY S Date_ 20110904
e~ H Time 19.55
N~~~ i INSTRUM spect
\ L// PROBHD 5 mm PABBO BB-
PULPROG 2930
™ 32768
SOLVENT CDCI3
NS 16
DS 2
SWH 4006.410 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 25.4
bW 124.800 usec
DE 6.50 usec
TE 297.9 K
D1 1.00000000 sec
TDO 1
CHANNEL f1
NUC1
P1 14.70 usec
PL1 0.00 dB
PL1W 11.88122272 W
SFO1 400.1318007 MHz
Si 32768
SF 400.1300000 MHz
wow EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
(éwiﬂ Fﬂ
o|o o
ol o
PCL632C NAME PCL632
8 83 5883 Sar - PRocNo 3
® 1Bm oW ® «ee X Date_ 20110904
n <9 NNNN ~ oo < o Time 19.59
B Ao NS~ @ o INSTRUM spect
‘ \ / \ \// \V \ ’ PROBHD 5 mm PABBO BB~
PULPROG zgpg30
65536
SOLVENT [ehle] k<
NS 1
DS 2
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 71.8
bw 20.800 usec
DE 6.50 usec
TE 298.5 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1
NUC1 13C
P1 9.50 usec
PL1 .00 dB
PLIW 58.52175522 W
SFO1 100.6228298 MHz
CHANNEL f2
CPDPRG2 waltzl6
uc2
PCPD2 80.00 usec
PL2 0.00 dB
PL12 15.00 dB
PL13 15.00 dB
pPL2w 11.88122272 W
PL12W 0.37571725 W
PL13W 0.37571725 W
SF02 400.1316005 MHz
Sl 32768
SF 100.6127692 MHz
wow EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
ok
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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2,3,5,6-Tetrafluoro-4'-tert-butyl-4-(trifluoromethyl)-1,1'-biphenyl

Product 23ca)

(Table

NAME PCL632
PCL632F coa Herto 2
NAN®™ PROCNO 1
> © Date 20110904
S 3 S Time 19.56
[ INSTRUM spect
\V PROBHD 5 mm PABBO BB-
PULPROG zgfhiggn
T 131072
SOLVENT coci3
NS 16
DS 4
SWH 89285.711 Hz
885888388845 35aK BRRERR T ol308% Se
Q00O ddddddddddddd Addddd RG 203
IITIIIIIIIILLLES S R AR bW 5.600 use:
B R R R R R R R Hele e oo
| [ e T e e e A Y R [ A | DE 6.50 use
SIS e N B 83860 5
D1 1.00000000 sec
D11 0.03000000 sec
D12 0.00002000 sec
TDO 1
CHANNEL f1
NUC1 19F
P1 14.20 use:
PL1 -3.00 dB
PL1W 18.69428444 W
SFO1 376.4607164 MHz
CHANNEL f2
CPDPRG2 waltz16
NUC2 1H
PCPD2 80.00 use:
PL2 0.00 dB
PL12 15.00 dB
PL2W 11.88122272 W
T T T T T ] PL12W 0.37571725 W
SFO2 400.1316005 MHz
-141.0 -141.2 -141.4 -141.6 -141.8 ppm  si 65536
SF 376.4983660 MHz
Wbw EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
T T T T T T T T T T T
-20 -40 -60 -80 -100 -120 -140 -160 -180 -200 ppm

4.6;

Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 5.0 PPM / DBE: min =-1.5, max = 50.0
Selected filters: None
Monoisotopic Mass, Odd and Even Electron lons
30 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:
C:0-17 H:0-13 F:0-7 Na:0-1 39K: 01
Kin-Dept-21092011 S4 125 (2.084) Cm (125:142)
TOF MS El+ 350.0906 8.05e3
%
1
|
351.0950
o 340 187?[3471.841.7 344.9706 349.3795 | 352.0950 353.6198 363.9889 366 549%1
| I 1R LAY A 2L bt 2 il - e 200:9889 366,
340.0 3420 3440 3460 3480 3500 3520 354.0 3560 3580 3600 3620 3640 3860 ‘

Minimum: -1.5
Max imum: 5.0 5.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT Formula
350.0906  350.0905 0.1 0.3 8.0 43.8 C17 Hi3 F7

347



3'-(2,3,5,6-Tetrafluorophenyl)acetophenone (Table 4.6; Product 23ee)

F
Me F
(@]
F
F
NAME PCL594
PCL594H EXPNO 3
NIBBESNEINBRRETES 3 PROCNO L
O00VOOVWOON—HAHAAAAHAOD © Date_ 20110731
[ A A A e N LN o~ HE.‘?RUM é;eéi
\M\ \\%ﬂ% PROBHD 5 mm PABBO BB-
PULPROG 2930
32768
SOLVENT cDCi3
NS 16
DS 2
SWH 4006.410 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 25.4
ow 124.800 usec
DE 6.50 usec
TE 297.9 K
D1 1.00000000 sec
TDO 1
CHANNEL f1
NUC1
P1 14.70 usec
PL1 - dB
PL1W 11.88122272 W
SFO1 400.1318007 MHz
S1 32768
SF 400.1300000 MHz
wow EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
M L A " A
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
) | ) |
m g g fcﬁ
<} - S S
o o -4‘ o
PCL594C NAME PCL594
re) DNOOMN O ©m- EXPNO 4
N OoLINOoOe o< N [NE=X-] @ PROCNO 1
~ daNYOO N Bw6wY “ee © Date_ 20110731
2] SISO ONN [ex=f=} N~ © © Time 17.17
= R R B R aAdd [N « INSTRUM spect
\\ \ \ \// \V \‘/ PROBHD 5 mm PABBO BB-
PULPROG zgpg30
65536
SOLVENT coci3
NS 1
DS 2
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 203
Dw 20.800 usec
DE 6.50 usec
TE 298.5 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1
NUC1 13C
P1 9.50 usec
PL1 2.00 dB
PL1W 58.52175522 W
SFO1 100.6228298 MHz
CHANNEL 2
CPDPRG2 waltz16
uc2
PCPD2 80.00 usec
PL2 0.00 dB
PL12 15.00 dB
PL13 15.00 dB
PL2W 11.88122272 W
PL12W 0.37571725 W
PL13W 0.37571725 W
SF02 400.1316005 MHz
Si 32768
SF 100.6127721 MHz
wow EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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3'-(2,3,5,6-Tetrafluorophenyl)acetophenone (Table 4.6; Product 23ee)

PCL594F NOMONO®ON
DOOONNN©

IAME PCL594
EXPNO 5
PROCNO 1
Date_ 20110731
Time 17.20
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zgfhiggn
T 131072
SOLVENT cDCI3
NS 16
DS
SWH 89285.711 Hz

FIDRES 0.681196 Hz

AQ 0.7340532 sec
RG 203

bw 5.600 usec
DE 6.50 usec
TE 298.1 K

D1 1.00000000 sec
D11 0.03000000 sec
D12 0.00002000 sec
TDO 1

== CHANNEL f1 ==:
19

P1 14.20 usec
PL1 -3.00 dB
PL1W 18.69428444 W
SFO1 376.4607164 MHz
======== CHANNEL 2 ========
CPDPRG2 waltz16
c2
PCPD2 80.00 usec
PL2 0.00 dB
PL12 15.00 dB
PL2W 11.88122272 W
PL12W 0.37571725 W
SF02 400.1316005 MHz
S1 65536
SF 376.4983660 MHz
wow EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
»ﬁk
T T T T T T T T T T
0 -20 -40 -60 -80 -100 -120 -140 -160 -180 -200 ppm
Elemental Composition Report

Single Mass Analysis
Tolerance = 5.0 PPM / DBE: min =-1.5, max = 50.0
Selected filters: None

Monoisotopic Mass, Even Electron lons

395 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)

Elements Used:
C:0-16 H:0-10 N:0-2 0:0-2 F:0-5 Na:0-1 S:0-1 39K 0-1
Kin-Dept-25082011 S15 37 (0.694) AM (Top,5, Ht,5000.0,0.00,1.00); Sm (Mn, 2x3.00): Cm (37:39)

Page 1

TBE MS ES+ 269.0582 279
1
%
} 270.0627
O‘l. 2621034. o 26504112‘6?8442 268.140‘1 7 | “270:9559 273.1847 275.1374 277.0848 278.0873
262.0 264.0 266.0 268.0 270.0r o 272.0r 2740 276.0 ‘ 278.0 2
Minimum: -1.5
Max imum: 5.0 5.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT Formula
269.0582  269.0590 -0.8 -3.0 8.5 0.3 Cl4 H 0 F4

349



3'-(2,3,5,6-Tetrafluoro-4-methoxyphenyl)acetophenone (Table 4.6; Product 23be)

Me F
F OMe

NAME PCL592
PCL592H EXPNO 1
PROCNO 1
Date_ 20110716
LNOWNOOO T o i et

3}
SRNVVANS DD 3 B ;gggﬁg 5 mm PABnggEE

OO0 VVWVWOVwOILN - [}
AR ! d PULPROG 2930
WO NSNS NN~ < o ) 32768

R

2
H 4006.410 Hz
FIDRES 0.122266 Hz
Al

Q 4.0894966 sec
RG 20.2
oW 124.800 uses
DE 6.50 user
TE 297.9 K
D1 1.00000000 sec
TDO 1
= CHANNEL f1
NuC1 1H
P1 14.70 user
PL1 - dB
PLIW 11.88122272 W
SFO1 400.1318007 MHz
Si 32768
SF 400.1300000 MHz
wow EM
ssB 0
LB 0.30 Hz
GB
PC 1.00
| . N l ul
T T T T T T T T T T
9 8 7 6 5 3 2 1 ppm
rj )\ ||
o) < o~
o S —
— o o
NAME PCL592-C
PCL592C < Ptoom O EXPNO 1
™ FOHO©®O |£ ﬁ : 8 BROCNO 2011071%
y Yoo®~ ® F H . ate_
B %%%ﬁﬁ& 2 ~© [ © Time 13.48
=1 Aeddd o o ~ © « INSTRUM spect
\\\\// ‘ \/ ‘ PROBHD 5 mm PABBO BB
PULPROG zgpg30
™ 65536
SOLVENT CcDCI3
NS 32
DS 2
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 203
oW 20.800 usec
DE 6.50 usec
TE 298.9 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL 1
NUC1 13C
P1 9.50 usec
PL1 -2.00 dB
PL1W 58.52175522 W
SFO1 100.6228298 MHz
CHANNEL 2
CPDPRG2 waltz16
NUC2 1H
PCPD2 80.00 usec
PL2 0.00 dB
PL12 15.00 dB
PL13 15.00 dB
pPL2w 11.88122272 W
PL12W 0.37571725 W
PL13W 0.37571725 W
SF02 400.1316005 MHz
S1 32768
SF 100.6127690 MHz
wow EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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3'-(2,3,5,6-Tetrafluoro-4-methoxyphenyl)acetophenone (Table 4.6; Product 23be)

F
Me F
F OMe
F
PCL592F QNN O SIS QQ“SEO PcLsez—i
QAN ReR PROCNO 1
QueeEEEs Date_ 20110716
e R R e R K R | Time 13.51
Prrrr e INSTRUM spect
N/ \j/ PROBHD 5 mm PABBO BB-
PULPROG zgfhiggn
T 131072
SOLVENT CcDCI3
NS 16
DS 4
SWH 89285.711 Hz
FIDRES 0.681196 Hz
AQ 0.7340532 sec
RG
ow 5.600 usec
DE 6.50 usec
TE 298.3 K
D1 1.00000000 sec
D11 0.03000000 sec
D12 0.00002000 sec
TDO 1
CHANNEL 1
19F
14.20 usec
-3. dB
18.69428444 W
376.4607164 MHz
CHANNEL 2
waltz16
1H
80.00 usec
0.00 dB
15.00 dB
11.88122272 W
0.37571725 W
400.1316005 MHz
65536
376.4983660 MHz
EM
0
0.30 Hz
0
1.00
T T T T T T T T T T
0 -20 -40 -60 -80 -100 -120 -140 -160 -180 ppm
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2,3,5,6-Tetrafluoro-4-(naphthalene-2-yl)pyridine (Table 4.6; Product 23fi)

F
F
®
= N
F
PCL637H IAME PCL637
EXPNO 1
PROCNO 1
RI2IZTIGIBTNANSDS Date_ 20110905
OO0 OOOOOVOOOILN ime 11.44
NN NSTRUN spct
PROBHD 5 mm PABBO BB-
\\\\M PULPROG 2930
D 32768
SOLVENT cbCI3
NS 16
DS 2
SWH 4006.410 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 90.5
bw 124.800 usec
DE 6.50 usec
TE 298.1 K
D1 1.00000000 sec
TDO 1
CHANNEL f1
NUC1
P1 14.70 usec
PL1 0.00 dB
PL1W 11.88122272 W
SFO1 400.1318007 MHz
Si 32768
SF 400.1300000 MHz
WDwW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
. |
T T T T T T T T T
9 7 6 5 4 3 2 1 ppm
PCL637C NAME PCL637
~ DNOHAOO NN ® EXPNO 2
N ROMNOODOO NO® PROCNO 1
o T T TG @ee Date_ 20110905
o MOONNNNNN N~ © Time 11.47
« A A A Ao [N INSTRUM spect
\\\\\%/ \V PROBHD 5 mm PABBO BB-
PULPROG zgpg30
D 65536
SOLVENT coci3
NS 1
DS 2
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 203
bW 20.800 usec
DE 6.50 usec
TE 298.7 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1
NUC1 13C
P1 9.50 usec
PL1 2.00 dB
PL1W 58.52175522 W
SFO1 100.6228298 MHz
CHANNEL 2
CPDPRG2 waltz16
uc2
PCPD2 80.00 usec
PL2 0.00 dB
PL12 15.00 dB
PL13 5.00 dB
PL2W 11.88122272 W
PL12W 0.37571725 W
PL13W 0.37571725 W
SF02 400.1316005 MHz
Si 32768
SF 100.6127713 MHz
wow EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40

200 180 160 140 120 100 80 60 40 20 ppm
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2,3,5,6-Tetrafluoro-4-(naphthalene-2-yl)pyridine (Table 4.6; Product 23fi)

PCLG637F 1~ 0 NAME PCL637
At oD OHOHOO EXPNO 3
COONNN Oy PROCNO 1
ocgoogo SIISSS Date_ 20110905
55666606 EE RN Time 11.50
TS T T T INSTRUM Spect
“\§§§44Z/) \\§§§z45/) PROBHD 5 mm PABBO BB-
PULPROG 2gfhiggn
™ 131072
SOLVENT coci3
NS 16
DS 4
SWH 89285.711 Hz
FIDRES 0.681196 Hz
AQ 0.7340532 sec
RG 203
ow 5.600 usec
DE 6.50 usec
TE 298.3 K
D1 1.00000000 sec
DI1 0.03000000 sec
D12 0-00002000 sec
TDO 1
======== CHANNEL f1l ========
NUCL 19F
P1 14.20 usec
PL1 -3.00 dB
PL1W 18.69428444 W
SFO1 376.4607164 MHz
== CHANNEL f2 ==
waltzl
1H
80.00 usec
0.00 dB
15.00 dB
PL2W 11.88122272 W
PL12W 0.37571725 W
SFO2 400-1316005 MHz
S1 65536
SF 376.4983660 MHz
WoW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
T T T T T T T T T T
0 -20 -40 -60 -80 -100 -120 -140 -160 -180 -200 ppm

Elemental Composition Report

Single Mass Analysis
Tolerance = 10.0 PPM / DBE: min = -1.5, max = 50.0
Selected filters: None

Monoisotopic Mass, Odd and Even Electron lons

82 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)

Elements Used:

C:0-15 H:0-7 N:0-3 F:0-7 Na:0-1 39K:0-1
Kin-Dept-22092011 S6 37 (0.617)

TOF MS El+ 277.0514

% -

278.0545
275.0347 3760432

~?66,'2§4? _270.0337

272.9532
T T
267.5 270.0 2725 2750 277.5 280.0 2825 285.0

= Tt

Minimum: -1.5

Maximum: 5.0 10.0 50.0

Mass Calc. Mass mDa PP DBE i-FIT Formula
277.0514  277.0515 -0.1 -0.4 11.0 3.7 Ci15 H1 N F4

353

2790506 2820014 284.5493 267.0103286.9421

Page 1

293.0155,94 9031
— — miz
287.5 290.0 2925



6-(2,3,5,6-Tetrafluoro-4-methylphenyl)quinoline (Table 4.6; Product 23gc)

N
z F
UL -

F Me
F
PCL638H
DM NOWMMDOWMN N~
23 AIIGINIT L &
BB DBDBDNNNN NN N N
VSNV &
T T T T T T T
9 8 7 6 4 3 2 ppm
[ AR
e [elasle Isf
— qjlH|ol o o™
PCL638C
85 85268 cow
N @ooNd ®SQ 3
93 23589y NN ~
HANIZY \/

200

180

160

140

120

100

80

60

354

40

20

ppm

NAME PCL638
EXPNO 1
PROCNO 1
Date_ 20110905
Time 23.07
INSTRU spect
PROBHD 5 mm PABBO BB
PULPR 2930
D 32768
SOLVENT cbci3
NS 16
DS 2
SWH 4006.410 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 45.2
pw 124.800 usec
DE 6.50 usec
TE 299.8 K
D1 1.00000000 sec
TDO 1
CHANNEL f1 =
1H
14.70 usec
0.00 dB
11.88122272 W
400.1318007 MHz
32768
400.1300000 MHz
EM
0
0.30 Hz
0
1.00
NAME PCL638
EXPNO 3
PROCNO 1
Date_ 20110905
Time 23.11
INSTRUM spect
PROBHD 5 mm PABBO BB
PULPROG 2gpg30
D 65536
SOLVENT [eh] k<
NS 16
DS 2
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 203
bw 20.800 usec
DE 6.50 usec
TE 301.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1
NUC1 13C
P1 9.50 usec
PL1 -2.00 dB
PLIW 58.52175522 W
SFO1 100.6228298 MHz
CHANNEL f2
CPDPRG2 waltz16
NUC2 1H
PCPD2
PL2
PL12
PL13
PL2W
PL12W
PL13W
SF02
S
SF 100.6127714 MHz
wow EM
SsSB 0
LB 1.00 Hz
GB 0
PC 1.40



6-(2,3,5,6-Tetrafluoro-4-methylphenyl)quinoline (Table 4.6; Product 23gc)

PCL638F NAME PCL638
53885328 EXPNO 2
........ PROCNO 1
QIQQYLYQY Date_ 20110905
S S S S Time 23.08
Lt INSTRUM spect
K\§>§§A Léé;ifJ PROBHD 5 mm PABBO BB-
PULPROG zgfhiggn
D 131072
SOLVENT cpci3
NS 16
DS 4
SWH 89285.711 Hz
FIDRES 0.681196 Hz
AQ 0.7340532 sec
RG 203
ow 5.600 usec
DE 6.50 usec
TE 300.1 K
D1 1.00000000 sec
D11 0-03000000 sec
D12 0.00002000 sec
TDO 1
== CHANNEL f1 ==
19
Pl 14.20 usec
PL1 -3.00 dB
PL1W 18.69428444 W
SFOL 376.4607164 MHz
======== CHANNEL f2 ========
CPDPRG: waltz16
uc2 1H
PCPD2 80.00 usec
PL2 0.00 dB
PL12 15.00 dB
PL2W 11.88122272 W
PL12W 0.37571725 W
SF02 400.1316005 MHz
Sl 65536
SF 376.4983660 MHz
Wow EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
i
T T T T T T T T T
0 -20 -40 -60 -80 -100 -120 -140 -160 -180 ppm

Elemental Composition Report Page 1
Single Mass Analysis (displaying only valid results)
Tolerance = 10.0 PPM / DBE: min =-100.0, max = 1000.0
Selected filters: None
Monoisotopic Mass, Even Electron lons
6 formulafe) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:
C:0-16 H:5-10 N:0-1 F:0-4
KIN-DEPT-21092011 S5 151 (2.848)
TOF MS ES+ 292.0737 3.15e3

%!

| 288.0241 293.0868
295.1662 i
279.1475 281.1281 1ae
273.1677 275.1324 577 1059 ,1;;5:3'9'28‘ 283.1363 285.1301 0 0 2011381  |204.1484 l
0,!‘:.. ,hl‘l,g‘..l‘= . il ' waqlag o 0l ,,‘Ih’J I Il Lyl ,n‘ T rl —l T} PR '.l: | I miz
2725 275.0 277.5 280.0 282.5 285.0 287.5 290.0 2025 2950 287 5

Minimum: -100.0
Maximum: 5.0 10.0 1000.0
Mass Calc. Mass mDa PPM DRE i-FIT rormula
292.0737  292.074¢ =il D -4:1 10.5 2773895.0 Cl6 H10 N F4
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Ethyl 2',3",4',6'-tetrafluoro-[1,1'-biphenyl]-3-carboxylate (Table 4.6; Product 23dj)

EtO
®
O =
NAME PCL633
PCL633H ol 3
PROCNO 1
Date_ 20110908
OCMDONONNTINONOTINOPOT OO Y ©oo LDEOO ime 18.46
BIDIONONAANNOBDI BN O D DD W®HAO SONSo
AT HOOOOOINONDO DO 00D SRR AR AR w%%MS Pmﬁ%?
L onnagagRnReaaaagaass LS AR mm -
0000 000 00 I NI~ IS IS I I (0 (8 (0 (5 (0 6 O © © ST A PULPROG 2930
&N // \W \\ // \V ™ 32768
SOLVENT cpCl3
NS 16
DS 2
SWH 4006.410 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 50.8
DW 124.800 usec
DE 6.50 usec
TE 298.0
D1 1.00000000 sec
TDO 1
CHANNEL f1
NUCL
P1 14.70 usec
PL1 0.00 dB
PLIW 11.88122272 W
SFO1 400.1318007 MHz
sl 32768
—_—T T 145 ppm SF 400.1300000 MHz
WDwW EM
6.95 6.90 ppm SSB 0
LB 0.30 Hz
—————— GB 0
PC 1.00
8.15 ppm
T T T T
445 440 ppm
e
7.6  ppm
LA L
T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
rj g rw fj rj
© (o2} < o sl
@ ‘C”. @ < <
- - oS N )
PCL633C NAME PCL633
EXPNO 2
PROCNO 1
[} oot OO ~ oo Date_ 20110908
& INOSON~ ®o® Yoo o Time 18.48
0 YAd oo~ ddo oo o 3 INSTRUM spect
© HmnNNN o9 ~~o o PROBHD 5 mm PABBO BB-
=1 R R R R ] 1 NI~ © — PULPROG 29pg30
V2RV
SOLVENT coci3
NS 16
DS 2
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 203
bw 20.800 usec
DE 6.50 usec
TE 298.5
D1 2.00000000 sec
D11 0-03000000 sec
TDO 1
CHANNEL f1
-2.00 dB
58.52175522 W
100.6228298 MHz
CHANNEL f2
waltz16
1H
80.00 usec
0.00 dB
15.00 dB
.00 dB
11.88122272 W
0.37571725 W
0.37571725 W
400.1316005 MHz
100.6127690 MHz
EM
0
1.00 Hz
0
1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

356



Ethyl 2',3",4',6'-tetrafluoro-[1,1'-biphenyl]-3-carboxylate (Table 4.6; Product 23dj)

NAME PCL633
PCL633F EXPNO 3
PROCNO 1
833038888 |99y Date_ 20110908
............... im _

Segdwsese $ITIEE NS spect
D R R R R R R R R IS R R K e | PROBHD 5 mm PABBO BB-
CT T T [T PULPROG 2gfhiggn
\/ \\\% W ™ 131072
SOLVENT cbci3
NS 16
DS 4

WH 89285.711 Hz

S\
FIDRES 0.681196 Hz
A

Q 0.7340532 sec
RG 203

bw 5.600 usec
DE 6.50 usec
TE 298.2 K

D1 1.00000000 sec
D11 0.03000000 sec
D12 0.00002000 sec
TDO 1

PL1 -3.00 dB
PL1W 18.69428444 W
SFO1 376.4607164 MHz
PL12 - dB
pL2w 11.88122272 W
PL12W 0.37571725 W
SFO2 400.1316005 MHz
S1 65536
SF 376.4983660 MHz
WDOW EM
SSB 0
LB 0.30 Hz
GB 0
pPC 1.00

T T T T T T T T T T

0 -20 -40 -60 -80 -100 -120 -140 -160 -180 -200 ppm

Elemental Composition Report Page 1

Single Masa Analysis
Tolerznee = 100 PPM / DBE: min =-1.5, max = 50.0
Salected fiters: Mone

Manaisatapiz Mass Odd and Even Electren lans

45 farmulale] evaluated with 1 resulls within limits {up to 50 best isotopic matchas for each mass)
Elemerts Lsad: ’
Co013 HiC10 002 R0 Na 01 39K (-1

Kin-Depd-22082011 1 A7 [1.450)

TOF M5 i 295 0815 5 63
5
] 306 0635
283.0353
1 - ZERBSAT e pege 20704158 00621 a7 0
2l eas0iss  25FEHAT g pour s ° Az BT somppes rzomiz
— Co et - miz

2350 2875 200 2085 285.0 237.8 X0 25 305.0 MmrE 0T JEE

Kinmon: |

MasimLm: =0 mn.n Aan

Hisy Colc. Msss mla | neg i-FIT Fa-ou'a
FIELELE OB DELT Nz Lo ] oA M LT v o
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6-(2,3,5,6-Tetrafluorophenyl)quinolone (Table 4.6; Product 23ec)

N
e
\ |
9
7
oS ET NODANNOVAHOONA AN QMY NAME PCLE03-H
HH00 DOANAH000RVOOONOITNNO EXPNO 1
o000 NNNOOOMNMNOS TN AAAAAAA PROCNO 1
oo o R O U U O NS Date 20110815
D000 e e N A A A A A e L N A Time™ 17.53
NV \\\ \\\/ \\/ \V% INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2930
D 32768
SOLVENT cDCi3
NS 8
DS 2
SWH 4006.410 Hz
FIDRES 0.122266 Hz
Q 4.0894966 sec
RG 50.8
DW 124.800 usec
DE 6.50 usec
TE 298.7 K
D1 1.00000000 sec
TDO 1
CHANNEL f1
1H
14.70 usec
0.00 di
11.88122272 W
T T T T T T T T T T T T T 400.1318007 MHz
32768
83 82 81 80 79 78 77 76 75 74 73 72 ppm 400.1300000 Wz
SSB 0
LB 0.30 Hz
B 0
PC 1.00
R B B
9.02 ppm
Iy
T T T T T T T T T T 1
9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 ppm
| L) \
4 W R e
IS] S} =[S = S
~ N - e .
NAME PCL603-C
OIVILRODNRHANO —DO EXPNO 1
LeUTOIReANNN 99 R PROCNO 1
HONLONOONNIHO WWLW P Date_ 20110815
wLITMOANNNNN ©OO ~~© Time 11.57
A A A A A A A A A A — N~~~ INSTRUI spect
\\\ // \ \\ //// \V \‘/ PROBHD 5 mm PABBO BE-
PULPR zgpg30
D 65536
SOLVENT cDCl3
NS 32
DS 2
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 203
ow 20.800 usec
DE 6.50 usec
TE 299.6 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1
NUC1 13C
P1 9.50 usec
PL1 -2.00 dB
PLIW 58.52175522 W
SFO1 100.6228298 MHz
CHANNEL 2
CPDPRG2 waltzl6
NUC2 1H
PCPD2 80.00 usec
PL2 0.00 dB
PL12 15.00 dB
PL13 15.00 dB
PL2W 11.88122272 W
PL12W 0.37571725 W
PL13W 0.37571725 W
SF02 400.1316005 MHz
SI 32768
SF 100.6127690 MHz
wow EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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6-(2,3,5,6-Tetrafluorophenyl)quinolone (Table 4.6; Product 23ec)

PCL603-F

1

1

20110815
12.04

spect

5 mm PABBO BB-
zgfhiggn

coci3
16

4
89285.711
0.681196
0.7340532
203

5.600
6.50

298.
1.00000000
0.03000000
0.00002000

1

L1 -3.00 dB
PL1W 18.69428444 W
SFO1 376.4607164 MHz
======== CHANNEL f2 ===
CPDPRG2 waltz16

uc2 1H
PCPD2 80.00 usec
PL2 0.00 dB
PL12 5.00 dB
PL2W 11.88122272 W
PL12W 0.37571725 W
SF02 400.1316005 MHz
Si 65536
SF 376.4983660 MHz
wow EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00

T T T T T T T T T T
0 =20 -40 -60 -80 -100 -120 -140 -160 -180 -200 ppm

Elemental Composition Report

Single Mass Analysi

=

Talerance = 10.0 PPM /' DBE: min =-1.5, max = 50.0

Selected fitkers: None

MarciEoicplc Mass, Even Flectron lons
74 formulz(e) avaluatzo with 1 results within limits (up o 5C bast isotopic malches for each mass)

Elements Used:

Cod1% M08 N D2 F 05 MNa 31

Fin-Detpt-2B08A1°1 56 158 (2 557) AM [Con b, S0.00, ArEOCD 0 &0, 1.00% S (e, 265 003 Gm (1571603

TOF ME ES+
1o

| e b

“zmsn sers  ameo | e
Minpiovn:
Bzxinun: 5.0 i,
Mass Cele, Muss nl: i
ITR.OTRR 0.5 -1 8

B 4NE T 15as oA

SEE 01 An 0
78,0580
578050z
avamemny| P90 oERe <1133 2EI1310280 0000
ERERELE i T - ’ .
el el WO0L MBS ZEEA 0 wTe
i-1] Farmals
s 4. CIE AR Y Fe
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2-(2,3,5,6-Tetrafluoro-4-methoxyphenyl)naphthalene (Table 4.6; Product 23bi)

X
/
HOAA AN HAONNMTOY n NAE 5989-1
ONOONLHDOMN© O 0 ~ EXPNO 1
OO LLLLLLLN — PROCNO 1
' Date 20110831
NSNS SIS IS SIS IS IS S S < e 1135
N W INSTRU spect
PROBHD 5 mm PABBO BB-
PULPR( 2930
D 32768
SOLVENT cpci3
NS 8
DS 2
SWH 4006.410 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 57
oW 124.800 usec
DE 6.50 usec
TE 298.1 K
D1 1.00000000 sec
TDO 1
= CHANNEL f1
1H
14.70 usec
.00 dB
11.88122272 W
400.1318007 MHz
32768
400.1300000 MHz
EM
0
0.30 Hz
0
1.00
T T T T T T
8.0 7.9 7.8 7.7 7.6 ppm
e 1
T T T T T T T T T T
9 7 6 5 4 3 2 1 ppm
||
&
(=]
=
DS5989C Mo 5989-1-¢
OCM—EOONT AN O
WAAONNNMODON FRAN < PROCNO 1
NOVOBONINOCO TS g . Date_ 20110831
TOOONNNNNNN ~1~© o Time 11.36
Al A A A A A AAAAA N~~~ © INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zgpg30
65536
SOLVENT [ehle] K<}
NS 32
DS 2
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 80.6
bw 20.800 usec
DE 6.50 usec
TE 298.9 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1
NUC1 13C
P1 9.50 usec
PL1 2.00 dB
PLIW 58.52175522 W
SFO1 100.6228298 MHz
CHANNEL f2
CPDPRG2 waltz16
NUC2 1H
PCPD2 80.00 usec
PL2 0.00 dB
PL12 15.00 dB
PL13 15.00 dB
PL2W 11.88122272 W
PL12W 0.37571725 W
PL13W 0.37571725 W
SF02 400.1316005 MHz
Sl 32768
SF 100.6127690 MHz
wow EM
0
1.00 Hz
0
1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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2-(2,3,5,6-Tetrafluoro-4-methoxyphenyl)naphthalene (Table 4.6; Product 23bi)

F
F
F OMe
F
NAME 5989-1-F
DS5989F EXPNO 1
PROCNO 1
8588 8435 Date_ 20110831
] IR ime _
3333 2BIBR INSTRUM spect
R R R A PROBHD 5 mm PABBO BB-
e e PULPROG zgfhiggn
W W 131072
SOLVENT coci3
NS 16
DS 4
SWH 89285.711 Hz
FIDRES 0.681196 Hz
AQ 0.7340532 sec
RG 203
bw 5.600 usec
DE 6.50 usec
TE 298.2 K
D1 1.00000000 sec
D11 0.03000000 sec
D12 0.00002000 sec
TDO 1
CHANNEL f1 =:
F
14.20 usec
-3.00 dB
18.69428444 W
376.4607164 MHz
= CHANNEL 2
waltzl6
1H
PCPD2 80.00 usec
PL2 0.00 dB
PL12 15.00 dB
pL2w 11.88122272 W
PL12W 0.37571725 W
SFO2 400.1316005 MHz
S1 65536
SF 376.4983660 MHz
wWDw EM
SSB 0
LB 0.30 Hz
GB 0
pPC 1.00
|
T T T T T T T T T T T T
-115 -120 -125 -130 -135 -140 -145 -150 -155 -160 -165 -170 ppm
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4'-(tert-Butyl)-2,3,5,6-tetrafluoro-4-methoxy-1,1'-biphenyl (Table 4.6; Product 23ba)

t-Bu l

PCL591H

[eXo N N0 — o

tHAOD < o

nmnsm — <

G i *

T T T T T T
755 750 7.45 7.40  7.35 ppm
7 h e
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 0 ppm

& g g

=< S S

33 g 5

PCL591C
NNhNOYTO - NS~ N
OO MON 0N N N O n oN
......... . MO - ~o
HONNON O < G T
nELTtmmANNN - N~ O o < -
T/ 10 1 N2 17
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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4'-(tert-Butyl)-2,3,5,6-tetrafluoro-4-methoxy-1,1'-biphenyl (Table 4.6; Product 23ba)

t-Bu

PCL591F
EREEERRM
IR PP AN
33338800
Ry
_ -
f—‘\
T T T T T T T T T T T
0 -20 -40 -60 -80 -100 -120 -140 -160 -180 -200 ppm
Elemental Composition Report Page 1

Single Mass Analysis
Tolerance =50 FPM ¢ DBE: min = -1.5. max = 50.0
Selecled fiters: None

Monoisatopic Mass, Odd znd Even Electron lons

T2 farmiulade; evaluated with 1 results within (imits (up fo 50 best isctopic matches for each mass)

Elemerts Used:

o017 H0-1E C:0-2 F 05 Wa O 30K 0-1

KirDepe-31 0B Bl HS 513 166 (1.120; Sm (B5:77)

TOF M3 El- 12117 TERed

3131138
10230 MA.TRCNCTIARI 089568 s11qg6c (3000213 SISISMITISES MSAB07 oo oy, FELEID g page
v T R R e s e

PTTIED Taen wen | aet A b mmg amn aer who o | aan Gy
Hicimim: -4
Meminumn ] 5.4 0.
Yizs Cale, Mazs nl: ST LR i-I'T Faimzlz
FL2O0AT 0 Ly 1.0 1.2 hl .7 CIF HIE N e

363



2-(2,3,5,6-Tetrafluoro-4-methylphenyl)naphthalene (Table 4.6; Product 23gi)

N\ 7/

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG

PCL640H

2.383

5 mm

SOLVENT
NS

300.6 K
1.00000000
1

PCL640

1

1
20110914
23.16
spect
PABBO BB-
2
4006.410

0.122266
4.0894966
25.4

Hz
Hz
sec

usec

124.800
- usec

50

PL1 0.00 dB
PL1W 11.88122272 W
SFO1 400.1318007 MHz
S1 32768
SF 400.1300000 MHz
WDwW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
| I S
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
A W rw
o (o o
3| |8 IS
18 3
PCL640C NAVE PCL640
EXPNO 2
PROCNO 1
I™ODMONO 0N ® Date_ 20110914
R 888 @ J{ 2317
19¢ spect
gggaﬁ&aﬁgﬂﬁ ~~© LQ PROBHD 5 mm PABBOPBB
PRI R ph I I Pl P A NI ~ PULPR 29pg30
L\iléséséﬁhé;é;iii// \\L/ D 65536
SOLVENT CcDCI3
NS 16
DS 2
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 2
Dw 20.800 usec
DE 6.50 usec
TE 301.1 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
= CHANNEL f1
-2.00 dB
58.52175522 W
100.6228298 MHz
5.00
11.88122272 W
0.37571725 W
0.37571725 W
400.1316005 MHz
32768
100.6127722 MHz
EM
0
1.00 Hz
1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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2-(2,3,5,6-Tetrafluoro-4-methylphenyl)naphthalene (Table 4.6; Product 23gi)

PCL640F NAME PCL640
3

omwo 1
TS Date 20110914
i 23.20

spect

PROBHD 5 mm PABBO BB-

PULPROG zgfhiggn

K\5§§§§z4255’) ™ 131072
SOLVENT coci3

NS 16

4
H 89285.711 Hz
FIDRES 0.681196 Hz
Al

Q 0.7340532 sec
RG 203
ow 5.600 usec
DE 6.50 usec
TE 300.5 K
D1 1.00000000 sec
D11 0.03000000 sec
D12 0.00002000 sec
TDO 1
======== CHANNEL f1 ===:
NUC1 19F
P1 14.20 usec
PL1 -3.00 dB
PLIW 18.69428. w
SFO1 376.4607164 MHz
======== CHANNEL f2 ===
CPDPRG2 waltzl16
Nuc2 1H
PCPD2 80.00 usec
PL2 0.00 dB
PL12 15.00 dB
PL2W 11.88122272 W
PL12W 0.37571725 W
2?02 400.1316005 MHz
SF 376.4983660 MHz
wow EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
T T T T T T T T T
0 -20 -40 -60 -80 -100 -120 -140 -160 -180 ppm

Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min = -1.5, max = 50.0

Selected filtars: Nonea

Menoisatopic Mass, Cdd and Even Electran lons

16 formulaje) evaluated with 1 results within limits (up to 50 best isatzpic matches for each mass)

Elements Lasd

G017 H 012 F 04 Na -1 38K 01

Kon-Uept-2 1082011 3367 11.117) Cm (56:73}

TOIF M5 El= 20,0014 A47a4

[

|
% |
231 Cva1
283.0840
s (a7 qd ma .
o Pes 205.01 37206 2694 27043 : | 203 A SR B | D06 A0S RS Ghar 0 a2y
B2 0 2840 2UEL 38,0 2B0.0 2E2.0 2340 286D 24980 0.0

Winimn: ]

Vizimun: a0 0 an, il

Nihs Cala, Huws mllu P 3K i-FIT Foomula

FENAED R R -5 =17 .o LD CIT Ela F+
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2',3'5",6'-Tetrafluoro-[1,1'-biphenyl]-3-carbonitrile (Table 4.6; Product 23en)

NC | N
—
PCL605H
TITLONMTOINOANT DO
ONTANNDUMDADDINDOI D
MANNSNNOOONNS A A A A
L S N S e e N N N
T T T T T T
9 7 6 5 4 3 0 ppm
)]
[N o o‘
S|o S
ol pa
NAME PCL605
PCL605C O MOWON «H OTND EXPNO 3
Do SOOW®E O NM—® SR PROCNO 1
NY YOND®D © 0Oow P Date_ 20110814
T OOONN H HO0O0O ~~© Time 21.15
B R R R R B I e e N~~~ INSTRUM spect
\/ \\/// ‘ \ \]/ \‘/ PROBHD 5 mm PABBO BB-
PULPROG zgpg30
T 65536
SOLVENT CcDCI3
NS 16
DS 2
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG -
ow 20.800 usec
DE 6.50 usec
TE 298.9 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1
NUC1 13C
P1 9.50 usec
PL1 -2.00 dB
PL1W 58.52175522 W
SFO1 100.6228298 MHz
CHANNEL 2
CPDPRG2 waltzl6
NUC2 1H
PCPD2 80.00 usec
PL2 0.00 dB
PL12 15.00 dB
PL13 15.00 dB
pL2w 11.88122272 W
PL12W 0.37571725 W
PL13W 0.37571725 W
SF02 400.1316005 MHz
S1 8
SF 100.6127721 MHz
WDw EM
SSB 0
LB 1.00 Hz
GB, 0
Eal 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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2',3'5",6'-Tetrafluoro-[1,1'-biphenyl]-3-carbonitrile (Table 4.6; P

roduct 23en)

PCLOOSF 55588870 BN Fee%

RN oo bage :
Date 20110814

AARJIIII Time 21.12

[ INSTRUM spect

k\>g§J Légﬁz‘ PROBHD 5 mm PABBO BB-
PULPROG zgfhiggn
D 131072
SOLVENT coci3
NS 16
DS 4
SWH 89285.711 Hz
FIDRES 0.681196 Hz
AQ 0.7340532 sec
RG 203
DW 5.600 usec
DE 6.50 usec
TE 298.3 K
D1 1.00000000 sec
D11 003000000 sec
D12 0.00002000 sec
TDO 1
P1 14.20 usec
PL1 ~3.00 dB
PLIW 18.69428444 W
SFOL 376.4607164 MHz
CPDPRG2 waltz16
NUC2 1H
PCPD2 80.00 usec
PL2 00 dB
PL12 15.00 dB
PL2W 11.88122272 W
PL12W 0.37571725 W
SFO2 400.1316005 MHz
S1 65536
SF 376.4983660 MHz
WoW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00

T T T T T T T T T
0 -20 -40 -60 -80 -100 -120 -140 -160 -180 ppm

Elemental Composition Report

Single Mass Analysis
Tolerance = 5.0 PPM ! DBRE: min = -1.5, max = 50.0
Selected filters: Nong

Manaizotopic Mass, Odd and Fyan Electron lons

26 formulaie) evaliatad with 1 resu'ts within fimiss (up to 50 best isatopic matches for sach mass)
Elzmerts Used:

Code13 HIG-5 MN:O-2 F Q-4 Ma 01 39K 01
win-Depe-31 002011 Bl HS 57 110 (0157 Gm (215
TCF M3 PR 3G

Page 1

4 diflgs

2042050 IS52060  FhE B4 2572240
T I

1 252.039r
1 247050 24K 7514 2490101 2500284 | 29100 253.0334
246 [ 2274 2450 240 0 2500 2510 HERD 253.0 LN 255.0
Yininun: 1.5
Kz zmun: 5.0 5.0 5.4
Mazz Calo. Mesy s T JOE i-FT Farmelz
IRD.03GE 2R 035 0.7 i8 1.0 139.8 Cl3 HE N K

367
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2,3,5,6-Tetrafluoro-3'-methoxy-1,1'-biphenyl (Scheme 4.1)

MeO

3.874

IAME 5887-1
EXPNO 1
PROCNO 1
Date_ 20110813
ime 17.26
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 230
32768
SOLVENT CcDCiI3
NS 8
DS 2
SiH 4006.410 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 50.8
ow 124.800 usec
DE 6.50 usec
TE 297.8 K
D1 1.00000000 sec
TDO 1

9 7 5 4 2 1 ppm
)\ ) [
< wn
ERE 5
< ™
NAME 5887-1-C
3 SBINE288 mao < EXPNO 1
@ FONLO LS N “ FRocNO 1
0 NNN—H—HOCQ N~ © 0 Date_ 20110813
= PR Ph B pi R R 1 [NENES I Time 17.30
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2gpg30
65536
SOLVENT coci3
NS 32
DS 2
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 2
oW 20.800 usec
DE 6.50 usec
TE 298.7 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
= CHANNEL 1
13C
9.50 usec
-2.00 dB
58.52175522 W
100.6228298 MHz
CHANNEL 2
waltz16
1H
80.00 usec
.00 dB
15.00 dB
.00 dB
11.88122272 W
0.37571725 W
0.37571725 W
400.1316005 MHz
100.6127690 MHz
EM
0
1.00 Hz
0
1.40
T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0  ppm
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CHANNEL f1

1H
14.70 usec
00 dB

11.88122272 W
400.1318007 MHz

32768
400.1300000 MHz
EM

0
0.30 Hz
0

1.00



2,3,5,6-Tetrafluoro-3'-methoxy-1,1'-biphenyl (Scheme 4.1)

MeO O

F F
F F
5887-1-F
S9589s8R PROCRO i
BREBITTY Pare- i
rrrrrre INSTRUM spect
“\ixiq Lﬁzﬁ/’ PROBHD 5 mm PABBO BB-
PULPROG zgfhiggn
TD 131072
SOLVENT CcDCI3
NS 16
DS 4
SWH 89285.711 Hz
FIDRES 0.681196 Hz
AQ 0.7340532 sec
RG 203
bW 5.600 usec
DE 6.50 usec
TE 298.1 K
D1 1.00000000 sec
D11 0.03000000 sec
D12 0.00002000 sec
TDO 1
== CHANNEL f1 ===
19F
P1 14.20 usec
PL1 -3.00 dB
PLIW 18.69428444 W
SFO1 376.4607164 MHz
= CHANNEL 2 ===:
waltz16
80.00 usec
0.00 dB
15.00 dB
11.88122272 W
0.37571725 W
400.1316005 MHz
65536
376.4983660 MHz
EM
0
0.30 Hz
1.00
T T T T T T T T T
0 -20 -40 -60 -80 -100 -120 -140 -160 -180 ppm
Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 10.0 PPM ¢ DBE: min =-1.5, max = 50.0
Selected filters; Mone
Monoisotopiz Mass, Odd and Even Elect o lans
52 fornulace] evalusted with 1 results within limits (up to 50 best lsolepic matches far each mass)
Clemeants Usad-
Co0-13 H:Q-8 02 FOL-5 Ma 0-1 32K 041
Kir-Dgpt-310820°1 S1 HS 818 1 1466 (1.757) Gm (135:927)
TOF MS El+ 255.0514 1 Bk

e JE7 0561
247 2411 e T
s 240.0223 _ 2601683 2530217 ) | T | 2BAETF 255 a4y 287.0317 201 sgay
L N eee— . | ! T v VT - B el
2430 2605 2520 2540 D ZED | as0o 2600

i e .
Nestmur: 1) RHRI|
Hass Ua’y. Nass nidla (LR [Hi i-FIT Foran o
LGNS ESR 0511 0.3 |3 E.0 L L5 He o J¢

369



4-((3-(Pentafluorophenyl)phenyl)amino)benzonitrile (Scheme 4.2)

R F
)~
F F NH
NC

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG

PCL613a(17-1ast)H

TD
SOLVENT
NS

= CHANNEL f1 =:

ppm

PCL613a (17-last)C NAME

——147.41
140.71
133.85
130.04
127.74
125.30

——122.20
121.49
119.73
115.41
77.37
77.05
76.74

\

115.35
—102.22

e
Z
s
~

200 180 160 140 120 100 80 60 40 20 0  ppm

370

= CHANNEL f1

= CHANNEL f2
walt:

PCL613a
11

1
20110823
20.59

spect
5 mm PABBO BB-

zg30
32768
[ehle] k<]

16

2
4006.410
0.122266
4.0894966
124.800
6.50

298.0
1.00000000
1

1H

14.70

.00
11.88122272
400.1318007
32768
400.1300000
EM

0

0.30

0

1.00

PCL613a
10

1
20110822
20.52

spect
5 mm PABBO BB-

24038.461
0.366798
1.3631988

114
20.800
6.50

298.9
2.00000000
0.03000000

1

216
1H

15.00
11.88122272
0.37571725
0.37571725
400.1316005
32768
100.6127690
EM

0

1.00

0

1.40

Hz
Hz
sec

usec
usec

Hz
Hz
sec

usec
usec
K
sec
sec

usec
0 dB

-2.0
58.52175522
100.6228298

w
MHz

usec
0 di



4-((3-(Pentafluorophenyl)phenyl)amino)benzonitrile (Scheme 4.2)

R F
=

F F NH
NC
PCL613aF ONODNITOHN N DM
ONNNMNNOOES IS I NWL
NN OONNNN NN
IIIIVOOHOOO000
AR R
T T T T T T T T T
0 -20 -40 -60 -80 -100 -120 -140 -160 -180 ppm
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NAME PCL613a

EXPNO 2

PROCNO 1

Date_ 20110822

Time 11.52

INSTRUM spect
0BHD 5 mm PABBO BB-

PULPROG zgfhiggn

131072

SOLVENT coci3

NS 16

DS 4

SWH 89285.711 Hz

FIDRES 0.681196 Hz

AQ 0.7340532 sec

RG 3

pw 5.600 usec

DE 6.50 usec

TE 298.1

D1 1.00000000 sec

D11 0.03000000 sec

D12 0.00002000 sec

TDO 1

CHANNEL f1

NUC1 19F

P1 14.20 usec

PL1 -3.00 dB

PLIW 18.69428444 W

SFO1 376.4607164 MHz

CHANNEL 2

CPDPRG2 waltz16

NUC2 1H

PCPD2 80.00 usec

PL2 0.00 dB

PL12 .00 dB

PL2W 11.88122272 W

PL12W 0.37571725 W

SF02 400.1316005 MHz

Si

SF 376.4983660 MHz

wow EM

SSB 0

LB 0.30 Hz

GB 0

PC 1.00



1-tert-Butyl-4-(hept-1-ynyl)benzene (Table 5.2)

t-Bu

n-

CsH11

PC041-H NAME PCO41
EXPNO 1
[P0 DOOPNNTOTNONWDDNT NG TROCNO 1
NO®MO NAOOMADONOOINADNN OO Date_ 20100304
e SISECCRBINIIITIRRNGAE Tine 2117
N~~~ NNNAdAAAdAddAdddd+ddooo INTRUM spect
PROBHD 5 mm PABBO BB-
\\// \\N%/ PULPROG 2930
32768
SOLVENT coci3
NS 16
DS 2
SWH 4006.410 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 12.7
ow 124.800 usec
DE 6.50 usec
TE 298.4
D1 1.00000000 sec
TDO 1
CHANNEL f1 =:
14.70
0.00 dB
11.88122272 W
400.1318007 MHz
32768
400.1300101 MHz
EM
0
0.30 Hz
0
1.00
l Lol
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
- (=2} o] (w0
- (5] || O |
<~ — o3 ci‘ o
— NAME PCO41
PC041-C o 3
PROCNO 1
® N Nm Date_ 20100304
0 N - N T NO® NONOYOD Time 21.21
<} oo Quace QomaNe INSTRU spect
n ® NN @ ON~I~© TddOND® PROBHD 5 mm PABBO BB-
— PR R © D~~~ HOONNA A PULPR 29pg30
T |\ N/ 5 &
SOLVENT cDCi3
NS 32
DS 2
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 114
Dw 20.800 usec
DE 6.50 usec
TE 299.6 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
= CHANNEL f1
P1 9.50 usec
PL1 -2.00 dB
PLIW 58.52175522 W
SFO1 100.6228298 MHz
= = CHANNEL f2
CPDPRG2 waltz16
NUC2 1H
PCPD2 80.00 usec
PL2 0.00 dB
PL12 15.00 dB
PL13 .00 dB
PL2W 11.88122272 W
PL12W 0.37571725 W
PL13W 0.37571725 W
SF02 400.1316005 MHz
S1 32768
SF 100.6127729 MHz
WOwW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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2-(Hept-1-ynyl)benzaldehyde (Table 5.2)

AN

PC154H

10.769
10.767
7.904
7.901
7.900
7.884
7.882
7.881
7.310
7.308
7.291
7.289
7.152
6.905
6.901
6.886
6.882
6.836
6.817

<

N

Me

NAME PC154
EXPNO 4
PROCNO 1
Date_ 20100409
ime 22.02
INSTRUI spect
PROBHD 5 mm PABBO BB-
PULPI 2930
TD 32768
SOLVENT CeD6
NS 16
DS 2
SWH 5597.015 Hz
FIDRES 0.170807 Hz
AQ 2.9273248 sec
RG 25.4
bw 89.333 usec
DE 6.50 usec
TE 294.4 K
D1 1.00000000 sec
TDO 1
= CHANNEL f1 =:
14.70
0.00 dB
11.88122272 W
400.1324008 MHz
32768
400.1300000 MHz
EM
0
0.30 Hz
0
1.00
T T T T T T T T T T T T T
12 11 10 9 8 7 6 5 4 3 2 1 0 ppm
\ J|
~ o |o|o|o S SlH(o
o ol laolele o al<flles
PC154C NAME PC154
EXPNO 5
PROCNO 1
1o} LYTMOOR Date_ 20100409
0 Yool wo s 8 588 Time 22.16
8 888RNE K o N PROBLD. e
PROBHD 5 mm PABBO BB-
] R R R o ~ M ANN PULPROG zgpg30
A 2 VAT 2 i
SOLVENT C6D6
NS 192
DS
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 128
bw 20.800 usec
DE 6.50 usec
TE 295.8 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1
NUC1 13C
P1 9.50 usec
PL1 -2.00 dB
PL1W 58.52175522 W
SFO1 100.6228298 MHz
CHANNEL f2
CPDPRG2 waltz16
NUC2 1l
PCPD2 80.00 usec
PL2 0.00 dB
PL12 15.00 dB
PL13 15.00 dB
PL2W 11.88122272 W
pPL12wW 0.37571725 W
PL13W 0.37571725 W
SF02 400.1316005 MHz
S1 32768
SF 100.6127690 MHz
wow EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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2-(Hex-1-ynyl)benzonitrile (Table 5.2)
CN

PC073
o
o~
e}
~
L
PCO73
1
1
20100324
19.05
spect
5 mm PABBO BB-
zg30
32768
SOLVENT cpcl3
NS 18
DS 2
SWH 4006.410
FIDRES 0.122266
AQ 4.0894966
RG 45.2
DwW 124.800
DE 6.50
TE 296.
D1 1.00000000
TDO 1
CHANNEL f1
14.70
0.00
11.88122272
400.1318007 »
32768
400.1300000
EM
0
0.30
0
1.00
T N T T T T I T T T T
9 8 7 6 5 4 3 2 1 ppm
AR I\ Ji L Pl
@l - p
885 5! a8 (g
oo o el el
NAME PCO73
EXPNO 2
PCO73C PROCNO 1
@&'DS?@;TRS N INE=X""] o dom ?gtg 201883391
me -
NN D~ N N o adn INSTRUM spect
399885 5 RRe g d94 PROBKD 5 mn PABED BE_
NevolowW RN
SOLVENT cbCi3
NS 32
DS 2
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 20:
bw 20.800 usec
DE 6.50 usec
TE 297.9 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1
NUC1 13
P1 9.50 usec
PL1 -2.00 dB
PLIW 58.52175522 W
SFOL 100.6228298 MHz
CHANNEL 2
CPDPRG2 waltz16
NUC2 1H
PCPD2 80.00 usec
PL2 .00 dB
PL12 15.00 dB
PL13 15.00 dB
L2W 11.88122272 W
PL12W 0.37571725 W
PL13W 0.37571725 W
SFO2 400.1316005 MHz
S1 32768
SF 100.6127744 MHz
WDW EM
SsB 0
LB 1.00 Hz
GB 0
PC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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sec
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sec
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4-(Hex-1-ynyl)benzonitrile (Table 5.2)

NC — n-C4Hg
PCO74H
~ 0o CMWUECONNHNOWNDSNMLN
O T nm NMNAHAAFCON - WONOESOTM™~nMm
W @ TITOLCDOWONYL T LT T T O DN
AN NANN A~ A A A A A~ A A A+ O OO
[ >
N // WW NAME PCO74
EXPNO 1
PROCNO 1
Date, 20100319
Time 16.20
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2930
Tl 32768
SOLVENT cpel3
NS 16
DS 2
SWH 4006.410 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG .6
oW 124.800 usec
DE 6.50 usec
TE 298.4 K
D1 1.00000000 sec
TDO 1
CHANNEL 1 =
1H
14.70 usec
. ds
11.88122272 W
400.1318007 MHz
32768
400.1300000 MHz
EM
0
0.30 Hz
]
1.00
L |
T T T T T T T T T o T
9 8 7 6 5 4 3 2 1 ppm
S ‘ PARNEPIN
> o ol
g3 G g
[ - Nl (e
pPC074cC
WM~
oo « W M HNO ® 0 W W) T
I n Mmoo M o
HHO © © . Coe e PR
MO N o o~ w0 O =HoOm
L I I B I e N
N/ | N\ LA
EXPNO 2
PROCNO 1
Date_ 20100319
Time 16.24
INSTRUM spect
PROBED 5 mm PABBC BB-
PULPROG 2gpg30
1D 65536
SOLVENT CDC13
NS 32
Ds 2
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 203
oW 20.800 usez
DE 6.50 usec
TE 299.3 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
= = CHANNEL f] s=======
NUC1 13C
P1 9.50 usec
PL1 -2.00 dB
PLIW 58.52175522 w
SFO1 100.6228298 MHz
m======= CHANNEL £2 ==e=====
CPDPRG2 waltzlé
Nucz 14
PCPD2Z 80.00 usec
PL2 0.00 dB
PL12 15.00 dB
PL13 15.00 ds
PL2W 11.88122272 w
PLI2W 0.37571725 w
PL13W 0.37571725 w
SFO2 400.1216005 MHz
S1 32768
SF 100.6127809 MHz
WLW EM
SSB ]
1B 1.00 Hz
. LB 0
PC 1.40
T T I T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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5-(Hex-1-ynyl)-2-methylbenzothiazole (Table 5.2, Table 5.3)

I7-(:4f*9

PCO76H
MO VWO N~M THNOADNOOITNOONVHDIMAITANWOIN~NOOOO
NSO®BNKRIOW SOTNODIMNNHOORDOONTODDN QDO D
OO~ OMMMM VITTOOOOVOVOVVOVOULLLLLLITIIITOO D
NNNNNNNN NNNNHAAdAddAddAd A A4 000
NAME PC0O76
EXPNO 1
PROCNO 1
Date_ 20100326
ime 16.26
INSTRU! spect
PROBHD 5 mm PABBO BB-
PULPRO 2930
32768
SOLVENT [ehle] k)
NS 16
DS 2
SWH 4006.410 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 25.4
bw 124.800 uset
DE 6.50 user
TE 296.2 K
D1 1.00000000 sec
TDO 1
CHANNEL f1
1H
14.70 user
.00 dB
11.88122272 W
400.1318007 MHz
32768
400.1300000 MHz
EM
0
0.30 Hz
0
1.00
L1
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
| ]
@| | @ (=] @ o (=)
ollol lo ol < 3}
NAME PCO76
PCO76C ol 5
PROCNO 1
o) ] VO TIIN~ Date_ 20100326
e} N O N o odo® SO Time 16.30
. . P n MmO © ~oOOoOoW;
5 B SR8 S onNNG S dcom M & mm PABBSYEST
- - A O M~~~ MO NN PULPROG ZQPQ30
I I\ [NV &
SOLVENT cocl3
NS 32
DS 2
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 144
pw 20.800 usec
DE 6.50 usec
TE 297.3 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1
NUCL 13
P1 9.50 usec
PL1 .00 dB
PL1W 58.52175522 W
SFO1 100.6228298 MHz
CHANNEL f2
CPDPRG2 waltz1l6
NUC2 1H
PCPD2 80.00 usec
PL2 0.00 dB
PL12 15.00 dB
PL13 15.00 dB
PL2W 11.88122272 W
PL12W 0.37571725 W
PL13W 0.37571725 W
SFO2 400.1316005 MHz
S1 32768
SF 100.6127774 MHz
Wow EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
I " "
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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5-(Hex-1-ynyl)-2-methylbenzothiazole (Table 5.2, Table 5.3)

n-C4Hg — S

By

N~ “Me

Elemental Composition Report Page 1

Single Mass Analysis
Tolerance = 5.0 PPM / DBE: min =-1.5, max = 50.0
Selected filters: None

Monoisotopic Mass, Even Electron lons
38 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:

C:0-20 H:0-45 N:0-3 S:0-2
KIN-DEPT-PC 125 31032010-HS 7 46 (0.861) AM (Cen, 10, 80.00, Ar,5000.0,0.00,1.00); Sm (SG, 2x3.00); Sb (10,10.00 ); Cm (37:47)

T.ef MS ES+ 230.0992 6.25e3
% {
| 172.0035 2291399 | 539 1025~ 256.2622
| 7.1042
| 158.1521 171.0592 | 173.0841 210.1258 21 41.1
| 1189750 427 o689 140.0658 125152 197.0515 < °39J
[V S — " - " - | bl d iy el ‘”'"*‘ miz
110 120 130 140 150 160 170 180 190 200 210 220 230 240 250
Minimum: -1.5
Maximum: 5.0 5.0 50.0
Mass Calc. Mass mba PPM DBE i-FIT Formula
230.0992  230.1003 -1.1 -4.8 7.5 3.5 Cl4 H16 N S
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6-(Hept-1-ynyl)quinoline (Table 5.2)
n-(35P111

AN

7

PC082H

NAME PC082
EXPNO 3
RNy HS NN TODRONMWOONDOANND N MWD EQQENO 20100320
2%C88RBEEEERRRH SISEBEERISNITRARSES e lo 1o
000000 M NN ININNNNNNNN PN R
T e G 0w el
D 32768
SOLVENT coci3
NS 1
DS
SWH 4006.410 Hz
FIDRES 0.122266 Hz
Sg 4.0894966 sec
bW 124.800 usec
DE .50 usec
TE 298.
D1 1.00000000 sec
TDO 1
CHANNEL 1
1H
14.70 usec
0.00 dB
11.88122272 W
400.1318007 MHz
32768
400.1300000 MHz
EM
0
0.30 Hz
0
1.00
)
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
8 e 8 fEe
o Njolol I+ i ol o
PC082C
NN D OO
MNM®MONN©MM N NN OO ™ O N ) @
N ~mMmO W O N HM®©
25888288 AorEw aw oo m
AI005SSSA o © M~~~ O NN EQ};EO PCUB?
G2 TW SAV . 1
! ! Date_ 20100320
Time 16.15
INSTRUM spect
PROBHD 5 mm PARBO BE-
PULPROG zgpg30
D 65536
SOLVENT CcDCl3
NS 32
Ds 2
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 203
DW 20.800 usec
DE 6.50 usec
TE 299.3 K
D1 2.00000000 sec
D1l 0.03000000 sec
TDO 1
== CHANNEL £l m=====
nNuct 13C
Pl 9.50 usec
PL1 -2.00 dB
PLIW 58.52175522 W
SFO1 100.6228298 Miz
ANNEL f2 ========
waltzlé
80.00 usec
0.00 dB8
15.00 dB
15.00 dB
11.88122272 W
0.37571725 W
0.37571725 W
400.1316005 MHz
32768
100.6127795 MHz
EM
o
1.00 Hz
0
R 1.40
T T T T T T I T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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6-(Hept-1-ynyl)quinoline (Table 5.2)
n-CsHq4

AN

7

* Elemental Composition Report Page 1

Single Mass Analysis
Tolerance = 50.0 PPM / DBE: min=-1.5, max = 50.0
Selected filters: None

Monoisotopic Mass, Even Electron lons

13 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)

Elements Used:

C:0-22 H:0-25 N:0-5

KIN-DEPT-PC082 5032010 HS 2 68 (1.269) AM (Cer, 10, 80.00, Ar,5000.0,0.00,1.00); Sm (SG, 2x3.00); Sb (10,10.00 ); Cm (67:74)

1:95“5 ES+ 2241429 7.46e3
4
1
%
| 225.1472
J 226.1549
N SO . | [N | ¥ (Y R i .
130 140 150 160 170 180 190 200 210 220 230 240 250
Minimum: -1.5
Maximum: 5.0 50.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT Formula
224.1429 224.1439 -1.0 -4.5 8.5 67.8 Cl6 H18 N
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1-(Hept-1-ynyl)naphthalene (Table 5.2)

n-CsHq4

PCO83H (enlarge)

T T T T T T T T T T T
84 83 82 81 80 79 78 7.7 76 75

ppm
T T T
1.0 0.9 ppm
T T T T T T T T T T T T T T T
26 25 24 23 22 21 20 19 18 17 16 15 1.4 ppm
1 .
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 0 ppm
I\ .
(=] olo|o|o|o (=} O N| = o
sl ldlslel«ls pet dlailal e
POO83
PC083C o 3
538U IRE2E ¢« wdon odt o 2 3
moaesaane ¥ 8886 ReI38 Date_ 20100322
2OERCEEET 8 oros G@ao e ey
NN N @ PROBD. 5 mm PABBS BB
N\ | W VAL PR a2
b0) 65536
SOLVENT cod 3
NS 32
DS 2
SWH 4038, 461 He
FI DRES 0.366798 He
AQ 3631988 sec
RG 16
bw 20. 800 usec
DE 6.50 usec
TE 299.6 K
D1 2..00000000 sec
D11 0. 03000000 sec
1
PL1 -2.00 dB
PLIW 58, 52175522 W
SFOL 100. 6228298 Mz
PL13 15.00 dB
PL2W 11.88122272 W
PL12W 0.37571725 W
PL13W 037571725 W
SFCR 400. 1316005 Mt
S| 32768
SF 100. 6127745 M
wow EM
SSB 0
LB 1.00 H
B 0
PC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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1-(Hept-1-ynyl)-3,5-dimethylbenzene (Table 5.2)

n-CsHy4
Me =

PC084H
oy T
o™
o o
~ o
|/ = —
! o "ﬁ:— o84
EXPNO 1
PROCNC 1
Date_ 20100319
Time 16.08
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2930
T 32768
SOLVENT cpc13
NS 16
4006.410 Hz
0.122266 Hz
4.0894966 sec
22.5
124.800 usec
6.50 usec
298.4 ¥
1.00000000 sec
1
s CHANNEL £1
NUC1 1H
Pl 14.70 usec
PLL 0.00 de
PL1W 11.88122272 W
SFOl 400.1318007 MHz
Sl 32768
sF 400.1300000 MHz
WDW EM
SSB 0
LB 0.30 Hz
ce 0
FC 1.00
| L
-
T T 1 T T T T T T 1
9 8 7 6 5 4 3 2 1 0 ppm
P ) PAVRY \
- Qg [
< b
- ol 3
NAVE PC084
PCo84C N 4
© oo PROCNO 1
© o 8XS88 oBRIES Date_ 20100319
& Q] SoNNG dgaidom i w18
© a9y o8rke a88da9 | NSTRUM spect
PROBHD 5 mm PABBO BB-
V] W 77 oI, ©
™ 65536
SOLVENT coal 3
32
2
WH 24038, 461 Hz
FI DRES 0. 366798 Hz
AQ 1.3631988 sec
RG 114
bw 20. 800 usec
DE 6.50 usec
TE 299. 4 K
DL 2.00000000 sec
D11 0. 03000000 sec
TDO 1
CHANNEL 1
NUCL
P1 9.50 usec
PL1 .00 dB
PLIW 58. 52175522 W
SFOL 100. 6228298 Mz
CHANNEL f2
CPDPRG wal 216
NUC2 H
PCPD2 80.00 usec
PL2 0.00 dB
PL12 15.00 dB
PL13 15.00 dB
PL2W 11.88122272 W
PL12W 0.37571725 W
PL13W 0.37571725 W
SFCR 400. 1316005 Mz
sl
SF 100. 6127719 Mz
VoW EM
SSB 0
LB 1.00 H
<3} 0
PC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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2,7-Di(hept-1-ynyl)naphthalene (Table 5.2)

n-C5H11 n'CSH']']

A

PCO97H

7.858
7.730
7.709
7.475
7.471
7.453
7.450

a
<
X

CHANNEL f1

PC097C

—91.29
80. 77
77.36
77.04
76.73

_—31.20

——28.51

_—22.28

——19.52

—14.02

g
C]

-
e
<

ppm

PC097

1

1
20100322
15.52

spect

5 mm PABBO BB-
2930

32768

[ev o]

16

2

4006. 410

0. 122266

4. 0894966
25,

124, 800
6.5

298.4 K
1. 00000000
1

1H

14.70

. 00

11. 88122272
400. 1318007

400. 1300000
EM

0
0. 30
0
1.00

PC097
2

1
20100322
15.55

spect
5 mm PABBO BB-

R

sec

usec
usec

usec
usec
K
sec
sec

200 180 160 140 120 100 80 60 40 20 0 ppm

382

58, 52175522
100. 6228298

15. 0
11.88122272
0.37571725
0.37571725
400. 1316005

5]

32768

100. 6127690
EM

0

1.00

0
1.40




4-(Cyclohexenylethynyl)benzonitrile (Table 5.2)

PCLU8H NANE PC108
EXPNO 1

PROCNO 1

NS NNOMND T NN TN NN NN NOTOITOTRNDNN OO M DN O~ © g Dale 20100323
NOOSTINOOLT TN OO0 dOODOXOMIIONNOOLONNAOOO O TiNe 23.26
LOVLVLLISIITIITITANNNNNN NNNAAAAAAAA O OO OOOOOOODOOW | NSTRUM spect
NENNNNNNNNNNNG OO 66 NaaaNNN NN NN NN e oo o o o i« PROBHD 5 mm PABBO BB

PULPROG 2930
= Teee— | =1 1920
SQLVENT o '3

NS 16
bs 2
SWH 4006. 410 Hz
FI DRES 0.122266 Hz
AQ 4.0894966 sec
25.4
bw 124. 800 usec
DE 6.50 usec
TE 297.5 K
DL 1..00000000 sec
TDO 1
= CHANNEL f1 =
NUCL 1iH
P1 14.70 usec
PL1 0.00 dB
PL1IW 11.88122272 W
SFOL 400. 1318007 M-z
Sl 32768
SF 400. 1300110 Mz
Vow EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
A
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
\ | ]
@ g s
~(~ © o 3]
il <} < )
PC108
PC108C EXPRO 5
PROCNO 1
Dt DI~ Date_ 20100323
Naddw@ow o © ©Oo9 @ I NSTRUM spect
MOMONN— O NN~ ©O LN PROBHD 5 nm PABBO BB-
A A A o o N~~~ NN NN PULPROG 29pg30
W/VT TV W ;
SOLVENT coa 3
NS 32
DS 2
SWH 24038. 461 Hz
FI DRES 0.366798 Hz
AQ 1.3631988 sec
RG 203
bw 20. 800 usec
DE 6.50 usec
TE 298.6 K
D1 2.00000000 sec
D11 0. 03000000 sec
TDO 1
PL1 -2. dB
PL1IW 58. 52175522 W
SFOL 100. 6228298 MHz
= CHANNEL f2 =
CPDPRG2 wal t z16
NUC2 1H
PCPD2 80. 00 usec
PL2 0.00 dB
PL12 15.00 dB
PL13 15.00 dB
PL2W 11.88122272 W
PL12W 0.37571725 W
PL13W 0. 37571725 W
SFQ2 400. 1316005 MHz
Sl 32768
SF 100. 6127773 Mz
DWW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
N i
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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4-Hept-1-ynyl-benzoic acid methyl ester (Table 5.2)

(0]
OMe

AN

n-CsHyq4

PC113H PC113
EXPNO 1
oo HOo © LWN~DWD O~ OO O©OW0 S OO Pl 1
53 &3 §  39938893393858585  me 20100222
NNONN @ NaNddddd g ddoSs  \row spect
\/ \/ ‘ \\NM% PROBHD 5 mm PABBO BB-
PULPROG 2930
D 32768
SOLVENT 3
NS 16
DS 2
SVH 4006. 410 H
Fl DRES 0. 122266 Hz
AQ 4.0894966 sec
RG 20.2
Dw 124. 800 usec
DE 6.50 usec
TE 297.4 K
DL 1. 00000000 sec
oo 1
CHANNEL f1
1H
14.70 usec
.00 dB
11.88122272 W
400. 1318007 Mtz
32768
400. 1300000 Mz
EM
0
0.30 Hz
0
1.00
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
|
N 8 § e
&l |3 8 3 3] |8
— — o o ol )|
NAMVE PC113
PC113C Lo 3
PROCNO 1
0 ~e o Date_ 20100322
[} mmo~ N fNO® b=l ONWLWO D Ti me 18.41
< do W 2 enee ° eNTN® | NSTRUM spect
© HNNN ® ONNG o NG PROBHD 5 mm PABBO BB-
= S o B~~~ o DN PULPROG 29pg30
N2 BV AR AT :
SOLVENT cnal 3
NS 32
DS 2
SVH 24038. 461 Hz
FI DRES 0.366798 Hz
AQ 1.3631988 sec
RG
bw 20. 800 usec
DE 6.50 usec
TE 298.5 K
DL 2.00000000 sec
D11 0.03000000 sec
TDO 1
PL1 .00 dB
PLIW 58. 52175522 W
SFOL 100. 6228298 Miz
PL13 15.00 dB
PL2W 11.88122272 W
PL12W 0.37571725 W
PL13W 0.37571725 W
SF2 400. 1316005 MHz
sI 32768
SF 100. 6127750 Mz
VoW EM
SSB 0
LB 1.00 H
e} 0
pC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0  ppm
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1-(Hept-1-ynyl)-4-methoxybenzene (Table 5.2)

n-C5H1 — OMe
NAVE PC117
PC117H e 7
23 83 2 CEFEREEIEIOS PR !
38 8 ~ TOMOOMOODIT OO0 Date_ 20100323
NN S6 IS Naddddddddcos T M ;;‘;-eg
\/ \/ \\/ ‘\V/ ’// PROBHD 5 mm PABBO BB-
PULPROG 2930
D 32768
SOLVENT coa 3
NS 16
DS 2
SVH 4006. 410 Hz
FI DRES 0.122266 Hz
AQ 4.0894966 sec
RG 25,4
DW 124. 800 usec
DE 6.50 usec
TE 297.5 K
D1 1.00000000 sec
TDO 1

P1 14.70 usec
PL1 0.00 dB
PL1IW 11.88122272 W
SFOL 400. 1318007 Mz
Sl 32768

SF 400. 1300101 MHz
Wow EM
SSB 0

LB 0.30 Hz
GB 0

PC 1.00

b

T T T T T T T T T T T T T T T T T
85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 ppm

PC117C B paz
PROCNO 1
o ~ ~r Date_ 20100323
o © o~ ocoNO® o v o~ Ti e 16. 06
% o G ~Rmo© < o oo I NSTR. spect
n 1l — BIONN© ) S oo PRCBHD 5 mm PABBO BB-
- — o @D DN~~~ [l ® N PULPROG 2gpg30
BT NV B 5
SOLVENT CcDa 3
NS 32
DS 2
SWH 24038. 461 Hz
FI DRES 0.366798 Hz
AQ 1.3631988 sec
RG 128
DwW 20. 800 usec
DE 6.50 usec
TE 298.5 K
DL 2.00000000 sec
D11 0. 03000000 sec
TDO 1
CHANNEL f1 =
13C
9.50 usec
-2.00 dB
58. 52175522 W
100. 6228298 Mz
= CHANNEL f2 =
CPDPR& wal t z16
NUC2 1H
PCPD2 80. 00 usec
PL2 0.00 dB
PL12 15.00 dB
PL13 15.00 dB
PL2W 11.88122272 W
PL12W 0.37571725 W
PL13W 0.37571725 W
SFQ2 400. 1316005 Mz
Sl 32768
SF 100. 6127726 MHz
VoW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
A AP . L Mo
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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1-Methyl-4-(phenylethynyl)quinolin-2(1H)-one (Table 5.2)

Me—N

VE PC118
PC118H oo H
P 1
Date_ 20100326
Ti me 20.55
Y A BB AR EEER A Toh 2 LT Fect
OCO00OOOOVLWLVITIMMMMANG © PRCBHD 5 nm PABBO BB~
. B . . . . . PULPROG zg30
BBBONNNNNNNNNNNNNNNNG © R} 32768
e B B
NS 16
DS 2
SWH 4006. 410 Hz
FI DRES 0. 122266 Hz
AQ 4.0894966 sec
RG 22.6
bw 124. 800 usec
DE 6. 50 usec
TE 296.7 K
DL 1.00000000 sec
TDO 1

P1 14.70 usec
PL1 0.00 dB
PL1W 11.88122272 W
SFOL 400. 1318007 Mz
Sl 32768
SF 400. 1300000 MHz
DWW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
2\
o[4S | S
ol lelelal o o
NAME PC118
PC118C o 3
PROCNO 1
¥ OoNNTONLADMN Date_ 20100326
N ONDOMMANN—O®N TNO® < Time 20.57
d gadoguNSsAdoY. N0 o9 ~ I NSTR ect
© MOMOMOMNNNNNNA D M~~~ © =] PROBHD 5 nm PABBO BB
R R B B B B s - S I NS N PULPROG 29pg30
IS AN G
SOLVENT coa 3
NS 32
DS 2
SWH 24038. 461 Hz
FI DRES 0.366798 Hz
AQ 1.3631988 sec
RG 203
ow 20. 800 usec
DE 6.50 usec
TE 297.8 K
DL 2.00000000 sec
D11 0. 03000000 sec
TDO 1
PL1 -2. dB
PLIW 58. 52175522 W
F 100. 6228298 Mz
CHANNEL f2 =:
wal tz16
1H
PCPI 80.00 usec
pPL2 0.00 dB
PL12 15.00 dB
PL13 15.00 dB
PL2W 11. 88122272 W
PL12W 0. 37571725 W
PL13W 0.37571725 W
SF( 400. 1316005 MHz
Sl 32768
SF 100. 6127876 Mz
Wow EM
SSB 0
LB 1.00 Hz
2] 0
PC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

386



4-(Hex-1-yn-1-yl)-1-methylquinolin-2(1H)-one (Table 5.2, 5.3)

|| Me
Z NS0
Me
PC111H NANE PC111
EXPNO 1
MOTOHOMOONON—HANWONOD N O © ONTOWOOTMONDX—AMWOWDMOWON FE‘S 2010032;
ONAADONNOSTTNODOT (23 OFTANMNMAOVOHNDONNO DO M -
COCOLWWLWLIWMMANNNNN®© © DWOLNNROOWSIIIITINOOOD ;n'\ggle_w 23.34
’ . Spect
BOBONNNNNNNNNNNNNNG ®  daiddddddddddddPGcoo PROBHD 5 mm PABBO BB
\NVW/ ‘ \N\\%/ PULPROG 2930
D 32768
SOLVENT coa 3
NS 16
DS 2
SWH 4006. 410 Hz
Fl DRES 0.122266 Hz
AQ 4.0894966 sec
RG 25.4
Dw 124. 800 usec
DE 6.50 usec
TE 297.8 K
DL 1.00000000 sec
TDO 1

CHANNEL f1

1H
14.70 usec
0

5

0.00
11. 88122272
400. 1318007 Mz

32768
400. 1300000 MHz
EM

0
0.30 Hz
0
1. 00
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
J
8 (68 8 g B @
(=] oo (=] o o ol (=]
sl lslsldl le @ = Qll<lIa
NAME PC111
PCl11C s 3
PROCNO 1
[ DOOWT MO~ ~ Date_ 20100322
3 S8RLIBEE 5 NoO®© CoNDOD Time 23,36
g  g6snENSY & cpes dgmges Ll rest
3 g3ansssa S KRR SRANZS s 5mPAB§‘€pr§O
N T W77 B
SOLVENT
NS 32
DS 2
SWH 24038. 461 Hz
FI DRES 0.366798 Hz
1.3631988 sec
181
ow 20. 800 usec
DE 6.50 usec
TE 299.0 K
D1 2.00000000 sec
D11 0. 03000000 sec
TDO 1
C
P1 9.50 usec
PL1 -2.00 dB
PL1IW 58.52175522 W
SFOL 100. 6228298 Mz
PL13 15.00 dB
PL2W 11.88122272 W
PL12W 0.37571725 W
PL13W 0.37571725 W
SFQ2 400. 1316005 MHz
Sl 32768
SF 100. 6127772 Mz
oW EM
SSB 0
LB 1.00 Hz
[e=] 0
PC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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4-(Hept-1-yn-1-yl)-2H-chromen-2-one (Table 5.2)

Il Me
~
(O e)
NAMVE PC119
PC119 EXPNO 1
PROCNO 1
NOMOTOMNMOHONND T 0T O DHAOONDANMODINOVODINMT O Date_ 20100324
OOTNOOTOHNNMNON O D DD BNVDINAONODDODNHADNOD Tj e 17. 21
€00 OO OO O O ) ) ) ) M D NN T BOONNSENCOBIIISIYYOooo (& spact
e N N e e N N A N NN ) NaNddd <SS pROBHD 5 mm PABBO BB-
N R el 2050
TD 32768
SOLVENT cnd 3
NS 16
Ds 2
SWH 4006. 410 Hz
FI DRES 0.122266 Hz
AQ 4.0894966 sec
RG 40.3
bw 124. 800 usec
DE 6.50 usec
TE 297.2 K
D1 1.00000000 sec
TDO 1
T T T T T T T T T T CHANNEL f1
NUCL
2.6 2.4 2.2 2.0 1.8 1.6 14 1.2 1.0 ppm P1 14.70 usec
PL1 0.00 dB
PLIW 11.88122272 W
SFOL 400. 1318007 Mz
Sl 32768
SF 400. 1300000 MHz
Vow EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
T T T T T T
78 77 76 75 74 ppm
N JUL L__A—
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
||
cl: - 8 [l
@22 il @ e <
ol lollai =) “ ol < @
PC119C NAMVE PC119
EXPNO 2
& 5 3 88IRI 2 NOomm N~ @0 © PROCNO 1
S G NOFRBBS 10 “een X or ® Date_ 20100324
© M ONN—AA—d O NN d~No M Ti me 17.25
- o R R R R R R ~~ S~ DN N o | NSTRUM pect
PN N WA ores * ™ ™ oneso
PULPROG zgpg30
TD 65536
SOLVENT coal 3
NS 32
bs 2
SWH 24038. 461 Hz
FI DRES 0.366798 Hz
AQ 1.3631988 sec
RG 203
bw 20. 800 usec
DE 6. 50 usec
TE 298.2 K
DL 2.00000000 sec
D11 0.03000000 sec
TDO 1
100. 6228298 Mz
CHANNEL f2
wal tz16
1H
80. 00 usec
0.00 dB
15.00 dB
15.00 dB
11.88122272 W
0.37571725 W
0.37571725 W
400. 1316005 Mz
32768
100. 6127751 Mz
EM
0
1.00 Hz
0
1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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(4-(Hex-1-ynyl)phenyl)(phenyl)methanone (Table 5.2)

0]

PC121
1

1

Date 20100326
18.14

spect
5 nm PABBO BB-
z

J

| S

T
95 90 85 80 7.

&

~
o

<

PC121C

195.91

T
5 70 6
L

.5 6.0 55 5.

T
0 45

——94.06
80.08
77.32

~
<

77.00
76.69

40 35 3.0 2.

j

—30.60
21,97
—19.17
—13.57

T T T T
5 20 1.5 1.0 05 ppm

NAVE
EXPNO
PROCNO
Date_
Ti me

| NSTRUM

PRCBHD

PULPROG

D
SOLVENT

200 180

160

140

120

100

80

60

389

40

20

SOLVENT coal 3
16
2
WH 4006. 410 Hz
FI DRES 0.122266 Hz
AQ 4.0894966 sec
RG 22.6

0,00 dB
11, 88122272 W
400. 1318007 Miz

32768
400. 1300000 MHz
EM
0
0.30 Hz
0
1.00

PC121

2

1
20100326
18. 16
spect

5 mm PABBO BB-
zgpg30
65536
cna 3

32

2

24038. 461

0.366798
1.3631988
203

oRT

20. 800 usec
6.50 usec

0
297.4 K
2.00000000 sec
0. 03000000 sec
1

9.50 usec

-2.0 B
58, 52175522 W
100. 6228298 Mz

CHANNEL f2 =:
wal tz16

15.
11.88122272 W
0.37571725 W
0.37571725 W
400. 1316005 MHz
32768
100. 6127766 Mz
EM
0
1.00 Hz
0
1.40



2-(Hex-1-ynyl)naphthalene (Table 5.3)

Me

PC122H NAVE PC122
EXPNO 1
PROCNO 1
TOHOONONOWL—H©OON Moo oVdomHdooNONOsN~oo Date_ 20100326
NDONODMONTAOD D YNOAODNINNOADONNOWWAON T e 22.55
S REEDNIW W00 OO ST DB~ OCOOOOODWLBLVVOOS |\atam Spect
NNNNNNNNNNNNNN NaNdddddddddddd - PROBHD 5 mm PABBO BB-
TS\ S 2920
32768
SOLVENT CDa 3
NS 16
DS 2
SWH 4006. 410 Hz
FI DRES 0.122266 Hz
AQ 4.0894966 sec
RG 25.
bw 124. 800 usec
DE 6.50 usec
TE 296.9 K
DL 1. 00000000 sec
TDO 1
= CHANNEL f1 =
1iH
14.70 usec
0.00 dB
11.88122272 W
SF 400. 1318007 Mz
S 32768
SF 400. 1300000 MHz
Wow EM
SSB 0
LB 0.30 Hz
[e:] 0
PC 1. 00
| L
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
|
F;ﬁ rNj roj F’Wﬂ roj
&(o||e S ol |a
Slel|ed o oled 0
PC122
PC122C EXPNO 3
SYQRNEB83T —onow ~ tow it :
VSRR EBOAY g ono 5 328 Date_ 20100325
SSERENEEY s gnro S oo Ry Seat
spec
PRERLPA R R B P P | > DN~~~ ™ N PROBHD 5 nm PABBO BB
\\W ‘ \\V ‘ \ / ‘ PU_PROG 2gpg30
D 65536
SOLVENT cba 3
NS 32
DS 2
SVWH 24038. 461 Hz
FI DRES 0.366798 Hz
AQ 1.3631988 sec
RG 14.
bw 20. 800 usec
DE 6.50 usec
TE 298.0 K
DL 2.00000000 sec
D11 0. 03000000 sec
TDO 1
PL1 2. dB
PLIW 58, 52175522 W
SFOL 100. 6228298 MHz
= CHANNEL f2 =
wal tz16
1l
80. 00 usec
0. 0f B
15.00 dB
15.00 dB
11.88122272 W
0.37571725 W
0.37571725 W
400. 1316005 Mz
32768
100. 6127765 MHz
VoW EM
SSB 0
LB 1.00 Hz
B 0
PC 1.40
A
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0  ppm
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4-(1-Hexyn-1-yl)-1,2-(methylenedioxy)benzene (Table 5.3)

Me

PC124H NAVE PC124
EXPNO 1
DA OONN ATOANOLMNMUITNMONNT O PROCNO 1
TITANNONIOM © NOONOONMVONHO DX WO~ Date 20100327
DDV O FTTNOCOOOLLLLLISTITTOOOD Ti - 18. 45
CEEBGESS 1B NaNddddddddddddcco | NSERUM Spect
NV/ ‘ \N/ﬁ%/ PROBHD 5 mm PABBO BB-
PULPROG 2930
I 32768
SOLVENT cDal 3
NS 16
DS 2
S 4006. 410 Hz
FI DRES 0.122266 Hz
AQ 4.0894966 sec
RG 25.4
bW 124.800 usec
DE 6.50 usec
TE 295,
DL 1. 00000000 sec
TDO 1
CHANNEL f1 =
1H
14.70 usec
0.00 dB
11. 88122272 W
400. 1318007 M-z
32768
400. 1300000 M
EM
0
0.30 H
0
1.00
.
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
=B (N 0 ol (@
3|55 S & 33 |8
L’ [S] o" o — NN %)
PCl124C NAVE PC124
EXPNO 2
PROCNO 1
®m L ~od © Date_ 20100327
N ~ MmN O —“NNO < ~o Time 18.53
5 g ondEa ooves e BE et
33 S 22238 88RRR 8 J89 Ty
VooTTuT W [T ;
SCLVENT cDal 3
NS 32
DS 2
SwH 24038. 461 Hz
FI DRES 0.366798 Hz
AQ 1.3631988 sec
RG 14
bw 20. 800 usec
DE 6.50 usec
TE 297.1 K
DL 2.00000000 sec
D11 0.03000000 sec
DO 1
PL1 -2.00 dB
PLIW 58. 52175522 W
SFOL 100. 6228298 Mz
= CHANNEL f2
PL13 15.00 dB
PL2W 11. 88122272 W
PL12W 0.37571725 W
PLI3W 0,37571725 W
SFQ2 400. 1316005 Mt
sl
SF 100. 6127751 Mz
VoW EM
SsB 0
LB 1.00 Hz
G 0
PC 1.40
" " Lol "
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0  ppm
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6-(Hex-1-ynyl)quinoline (Table 5.3)

/

n-C4H9

o N

usec
usec
K
sec

PC126

PCL26H B0 3

PROCNO 1

©OVWOEI MO ©L©LW LWNOYINTDODOMNTNOTO® Date 20100328
TTOMDADMMDDOOTON OITOMATOOINNHOD DO N0 M at e_

MOVOONPVOOOOOMMMM IIFoooommnLLLIIITODO Ti e 21.11

5 . i H H i 5 | NSTRUM spect

0606060060 N NN NINNNNNNN dadddddddddddddoco PROBID 5 mm PABBG BB

N \NW \N%/ PULPROG 2930

TD 32768

SOLVENT 3

NS 16

DS 2

SVWH 4006. 410

FI DRES 0.122266

AQ 4.0894966

RG 25.4

bw 124, 800

DE 6. 50

TE 295. 3

DL 1. 00000000

1

P1 14.70 usec
PL1 0.00 dB
PLIW 11.88122272 W
SFOL 400. 1318007 Mz
Sl 32768
SF 400. 1300000 MHz
EM
SSB 0
LB 0.30 Hz
B 0
PC 1.00
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
(WIV! |
I d e
S Slo|o||S S olal [
i alclal |- o alail o3
PC126C NAVE PC126
©HON YO OWO EXPNO 4
ONTOD—AD®T 0w TNO® ¥ mon PROCNO 1
R © —HMmo© © oo’ Date 20100328
SNWNSOINAN . . Tine 21.15
OIMOONNNN a4 oNNG© S dom -
A A A A A A A @ @~~~ M N | NST spect
PROBHD 5 nm PABBO BB-
PULPROG zgpg30
1D 65536
SOLVENT CDa 3
NS 32
DS 2
SWH 24038. 461 Hz
FI DRES 0.366798 Hz
AQ 1.3631988 sec
RG
bw 20. 800 usec
DE 6.50 usec
TE 296.5 K
DL 2.00000000 sec
D11 0.03000000 sec
TDO 1
L1 -2.00 dB
PLIW 58. 52175522 W
SFOL 100. 6228298 Mz
= CHANNEL f2 =
wal t z16
1H
80. 00 usec
0.00 dB
15.00 dB
15.00 dB
11.88122272 W
0.37571725 W
0.37571725 W
400. 1316005 Mz
32768
100. 6127803 MHz
EM
0
1.00 Hz
e} 0
PC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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1-(Hex-1-ynyl)-4-methoxybenzene (Table 5.3)

OMe
n-C4H9
PC115H NAVE PC115
EXPNO 1
wm o © TOONWONADONV AN AT N T © PROCNO 1
N DN =1 SAOMOAAIAOTANOODO X © Date 20100327
®mm 0w @ TITOOOOOOLWLIOHIODD e 18 57
NN ©© . NadddddddddddddH400 | NSTRUM pect
\ / \ / ‘ \N W% PROBHD 5 nm PABBO BB-
PULPROG zg30
32768
SOLVENT 3
NS 16
bs 2
SWH 4006. 410 Hz
FI DRES 0. 122266 Hz
AQ 4.0894966 sec
RG 25.4
bw 124. 800 usec
DE 6. 50 usec
TE 296.0 K
DL 1.00000000 sec
TDO 1
PL1 0. Of
PL1W 11.88122272 W
SFOL 400. 1318007 Mz
Sl 32768
SF 400. 1300000 MHz
VDWW EM
SSB 0
LB 0.30 Hz
GB
PC 1.00
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
ﬁ m ﬁ roj ﬁ Lﬁ roj
o o ) =1 Slo| &
= N o - alail s
PC115C NAVE PC115
EXPNO 2
P 1
™ o 0w Date_ 20100327
o © N~ 0 O N O ~ T ood Ti me 19. 00
o 8 Gw GemSE o & 358 [NSTRUM spect
0} © — WO © s} o dom PROBHD 5 nm PABBO BB-
- - o DD~~~ [ ® N PULPROG 29pg30
RV B T 2
SOLVENT cnd 3
NS 32
DS 2
SWH 24038. 461 Hz
FI DRES 0. 36679
AQ 3631988 sec
RG 12
bw 20. 800 usec
DE 6.50 usec
TE 297.2 K
D1 2.00000000 sec
D11 0. 03000000 sec
TDO 1
CHANNEL f1
NUCL 13C
P1 9.50 usec
PL1 -2.00 dB
PLIW 58.52175522 W
SFOL 100. 6228298 Mz
CHANNEL f2
CPDPR& wal tz16
NUC2 1H
PCPD2 80. 00 usec
pPL2 0.00 dB
PL12 15.00 dB
PL13 15.00 dB
pPL2W 11.88122272 W
PL12W 0.37571725 W
PL13W . 37571725 W
SFC2 400. 1316005 MHz
S 32768
SF 100. 6127746 NHz
VoW EM
SSB 0
LB 1.00 Hz
B 0
‘ PC 1.40
\ L " ‘ ‘
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0  ppm
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1-(4-(Hex-1-ynyl)phenyl)ethanone (Table 5.3)

O
Me
Me 4
PC146H NAVE PC146
EXPNO 4
0o N N~ MO0 0ON PROCNO 1
DN~ ©© QODMMNAONO® XKL
oo T OISO OOOLNT OO Dat e 20100408
NSNS~ dadNddddddHdcco Ti me 23.39
| NSTRUM spect
\\/ \/ \\\/ ‘\\ %% PROBHD 5 nm PABBO BB-
PULPI 2930
TD 32768
SOLVENT cDa 3
NS 16
DS 2
SWH 4006. 410 Hz
FI DRES 0. 122266 Hz
AQ 4. 0894966 sec
RG 40. 3
bw 124. 800 usec
DE . 50 usec
TE 293.8 K
D1 1. 00000000 sec
TDO 1
CHANNEL f1
NUCL
P1 14.70 usec
PL1 0.00 dB
PLIW 11.88122272 W
SFOL 400. 1318007 MHz
Sl 32768
SF 400. 1300000 MHz
WowW EM
SSB 0
LB 0.30 Hz
GB
PC 1.00
—__U L . .
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
) |
g BB EEe
o 5] oo oo o
[N ool ool o
PC146C NAVE PC146
EXPNO 2
PROCNO 1
~ © OO Date_ 20100402
° pEae EREREE £2833 I 1013
~ T ) e e | NSTRUM spect
g Al 3 sREe sgdag PROBHD | 5 rm PABBO BB
W/ AW VI 3 e
SOLVENT coa 3
NS 32
DS 2
SWH 24038. 461 Hz
FI DRES 0.366798 Hz
AQ 1.3631988 sec
RG 161
bw 20. 800 usec
DE 6.50 usec
TE 295.3 K
DL 2.00000000 sec
D11 0.03000000 sec
TDO 1
= CHANNEL f1
13C
P1 9.50 usec
PL1 2.00 dB
PL1W 58. 52175522 W
SFOL 100. 6228298 Mz
SFC2 400. 1316005 MHz
Sl 32768
SF 100. 6127758 Mz
VoW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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6-((4-Methoxyphenyl)ethynyl)quinoline (Table 5.3)

N
Y
=
=

Me. 0
PC150H NAVE PC150
EXPNO 1
PROCNO 1
N OONNNMONNTONNOONAA0000® ~ Date_ 20100402
NNOOOUVINOITONDNNOODIND O © Ti me 18.58
BOOROOOSOODDD N IDIH MMM MDD ~ | NSTRUM spect
WBBBBHBBBBIBBNNNNNNNNNNNNG S o PROBHD 5 nm PABBO BB-
&‘N\j V/u/%/ PULPROG 2930
32768
SOLVENT CDa 3
NS 16
DS 2
SWH 4006. 410 Hz
FI DRES 0.122266 Hz
AQ 4.0894966 sec
RG 25.4
bw 124. 800 usec
DE 6.50 usec
TE 294.
DL 1. 00000000 sec
TDO 1
= CHANNEL f1 =:
1iH
14.70 usec
0.00 dB
11.88122272 W
SF 400. 1318007 Mz
sl 32768
SF 400. 1300000 MHz
Wow EM
SSB 0
LB 0.30 Hz
B 0
PC 1.00
T T T T T T T T
9 8 6 5 4 3 1 0 ppm
)
ﬁ ﬁﬁﬁ r'\\r(ﬁ ﬁ ﬁ
o S(o|o| [o|e ] S
[S] el il o o
PC150 PC150
50¢ EXPNO 2
Pi 1
DOMOMDLO T 0 NM Date_ 20100402
COWMIODWM®DNI®O ©0 NO® o Ti ne 19.01
GoNBEdSaNddsm o0 009 b I NSTRUM Spect
ZOSNRREANNNST  gErre 8 PROBID 5 mm PABBO BB
NN T 3
SCQLVENT a3
NS 32
DS 2
SWH 24038. 461 Hz
FI DRES 0.366798 Hz
AQ 1.3631988 sec
RG 14.
bw 20. 800 usec
DE 6.50 usec
TE 295.3 K
DL 2.00000000 sec
D11 0. 03000000 sec
TDO 1
PL1 -2.00 dB
PL1IW 58.52175522 W
o 100. 6228298 Mz
= CHANNEL f2
wal tz16
1H
80.00 usec
0.00 dB
15.00 dB
15.00 dB
11.88122272 W
0.37571725 W
0.37571725 W
400. 1316005 MHz
32768
100. 6127861 Mz
EM
0
1.00 Hz
[e:=] 0
PC 1.40
T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 ppm
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6-(Cyclohex-1-enylethynyl)quinoline (Table 5.3)

N
gz 7
NAMVE PC151
PC151H EXPNO 1
PROCNO 1
CODDAD I~ MM D —© RPN 00 MO0 M0 LWOANONIONOONHOO 4O AN O Date_ 20100331
LDITANDOCOAODVM T VNN~ © O WO OCUITOUDITONONN NN O Ti me 18.24
DVXOOODVONROOMMMMNNNNN NNNNNH A OO0 | NSTRUM Spect
WOWWWONNISISISNNSNSNSNSN© OO0 NNNNNNNNNNAAAAAAAA A PROBHD 5 nm PABBO BB-
PULPROG 2930
TD 32768
SOLVENT 3
NS 16
DS 2
SVH 4006. 410 Hz
FI DRES 0.122266 Hz
AQ 4.0894966 sec
RG 22.6
bw 124. 800 usec
DE 6.50 usec
TE 294.9 K
DL 1. 00000000 sec
TDO 1
= CHANNEL f1 =
NUC1 1iH
P1 14.70 usec
PL1 0.00 dB
PLIW 11.88122272 W
SFOL 400. 1318007 Mz
S 32768
SF 400. 1300000 Mz
wow EM
SsB 0
LB 0.30 Hz
B 0
PC 1.00
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
| Yy |
d EEEE @ el
S Slolo| o S ole| |
— ailalal |- =] ol <
NAVE PC151
EXPNO 2
PROCNO 1
Pcs1c PN NN N DO Date_ 20100331
JSmoTHdTNDOT T D T NO® < o 0w Ti me 18.27
AR 0 Mmoo © So=Hm | NST spect
SRR BRRNNS] oSNNS SBaid PROBHD 5 nm PABBO BB~
[ R A A | @ ©N~N~~ NNNN PULPI 2gpg30
TD 65536
SOLVENT CcDa 3
NS 32
DS 2
SWH 24038. 461 Hz
FI DRES 0.366798 Hz
AQ 1.3631988 sec
RG
bw 20. 800 usec
DE 6. 50 usec
TE 296.1 K
DL 2.00000000 sec
D11 0.03000000 sec
TDO 1
L1 -2.0
PLIW 58. 52175522 W
SFOL 100. 6228298 Mz
= CHANNEL f2 =
CPDPRG2 wal tz16
NUC2 1H
PCPD2 80. 00 usec
pPL2 0.00 dB
PL12 15.00 dB
PL13 15.00 dB
pL2W 11.88122272 W
PL12W 0.37571725 W
PL13W 0. 37571725 W
SFQ2 400. 1316005 Mz
Sl 32768
SF 100. 6127817 Mz
Wow EM
SSB 0
LB 1.00 Hz
B 0
PC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0  ppm
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6-(Cyclohex-1-enylethynyl)quinoline (Table 5.3)

N

A

I
ol

Elemental Composition Report Page 1

Single Mass Analysis
Tolerance = 5.0 PPM / DBE: min =-1.5, max = 50.0
Selected filters: None

Monoisotopic Mass, Even Electron lons

116 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:

C:0-20 H:0-20 N:0-3 0O:0-3 Na:0-1 104Pd: 0-1

KIN-DEPT-PC151 09042010-HS 2 56 (1.047) AM (Cen, 10, 80.00, Ar,5000.0,0.00,1.00); Sm (SG, 2x3.00); Sb (10,10.00 ): Cm (56:63)

TOF MS ES+ 2341287  7.21e3
|
‘i
|
%J
! 235.1331
229.1430 236.1430
o 1362793 154.8198 177.8191191.0614_195.0446 205.0143 217.0657 4 (. -
140 150 160 170 180 190 200 210 220 230 240
Minimum: -1.5
Maximum: 5.0 5.0 0.0
Mass Calc. Mass mDa PPM DBE i-FIT Formula
234.1287  234.1283 0.4 A 10.5 132.8 Cl17 H16 N
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1-(Hex-1-ynyl)-2,4-dimethylbenzene (Table 5.3)

Me C4H9

=
Me

PC132H

7.311
7.304
7.292
7.285

N OYMNODPOONOITOONONNDONDNMIO T
©< HTOOXNONATNOOTMNMNONOUMON O
oo ODOITIITITITONOOOOOOWBBVVINOO S
oo I ENENENENE NN e b1

——7.032

<
<t

mf\u\ IS
oI~|® (S
m.w.wl hw.ce‘
ololo N

PC132C

__-139.68
—137.27
_-131.62
——130. 09
~~126. 15
——120. 80
—93.44
79. 42
77.32
77.00
76. 68
_-31.04
21.97
21.27
20. 59
19. 22
13.62

o
X
£
X
~

ppm

PC132

1

1
20100328
21.20
spect

5 mm PABBO BB-
2930
32768
cnd 3

16

2

4006. 410
0.122266
4. 0894966
25.4

124. 800
6. 50
295. 4
1.00000000
1

CHANNEL f1 =:

1H
14.70

. 00
11.88122272
400. 1318007

32768
400. 1300000
EM

0
0.30
0
1.00

PC132

2

1
20100328
21.23
spect

5 nm PABBO BB-
zgpg30
65536
cnd 3

32

2

24038. 461

0. 366798
1.3631988
114

20. 800
6. 50

296. 7
2.00000000
0. 03000000

1

oRE

usec
usec

=

sec

usec
dB
w
Mz

Mz

Hz

200 180 160 140 120 100 80 60 40 20 0  ppm
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2.
58. 52175522
100. 6228298

15. 00

11. 88122272
0. 37571725

0.37571725

400. 1316005

100. 6127736
EM

0

1.00

0

1.40



3-Pentylisoquinoline (Scheme 5.2)

B3

usec
usec

=

sec

usec

dB
w
Mz
Mz

Hz

Me
X
_N
PC164H NANVE PC164
EXPNO 2
PROCNO 1
3 RN 853 S 3 Date_ 20100408
~ O~ oo ™ o ;nNgRUM 23.34
! mews e ) i Spect
® TREN aae <9 PRCBHD 5 nm PABBO BB-
NV N ] T e
D 32768
SOLVENT cnal 3
NS 16
DS 2
SWH 4006, 410
FI DRES 0. 122266
AQ 4.0894966
RG .
DW 124, 800
DE 6.
TE 293.9
DL 1. 00000000
TDO 1
P1 14.70
PL1 0. 00
PLIW 11. 88122272
SFOL 400. 1318007
si 32768
SF 400. 1300000
Viow EM
SSB 0
LB 0.30
a8 0
PC 1.00
«
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
)\
8 38|88 15 sl 18 |8
b ailalala N sl e
PC164C PC164B
EXPNO 2
PROCNO 1
RS S58836% qo® NR® o~ Date_ 20100409
S GO GGG ®m o © owo w o Ti e 18.51
Bn S8RIKA&TS N BHd N @ | NSTRUM spect
a8 33883388 NN R RN PROBHD 5 mm PABBO BB-
PULPROG zgpg30
D 65536
SOLVENT coal 3
NS 32
DS 2
SWH 24038, 461
FI DRES 0.366798
AQ 1.3631988
RG 144
DW 20. 800
DE 6. 50
TE 295.9
DL 2..00000000
DLl 0. 03000000
TDO 1
PL1 .
PLIW 58. 52175522
SFOL 100. 6228298
PL13 5. 00
PL2W 11. 88122272
PLI2W 0.37571725
PL13W 0,37571725
SFC2 400. 1316005
si 32768
SF 100. 6127787
vow EM
SSB 0
LB 1.00
@B 0
PC 1.40
" "
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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2-(2’-Bromophenyl)-1H-indole (Scheme 6.2)

Br
N
H
PC194-S-H PC194
P POT AT AT DITOINANO RN POONTPOMNDWN NN VDO ADOARNIONS SN 2 =3
OWINMAHIIVWOONNDODNNAAODVOOOOITITINNOOONNODLWLL  PROCONO 1 @
NOONNNNOOOOOIITITITIIIITIONNNNNNNNNNNAAAAAAA0®ODD  Date 20101026 <)
WOONNNNNNNNNNNENNNNNNENNNNNSNSNNNSNSNSSNENNNNSNNocooe  Tine 17.13 o
| NSTRUM spect
\ PROBHD 5 nm PABBO BB-
PULP zg30
TD 32768
SOLVENT coa 3
2
DS 2
SWH 4006. 410 Hz
FI DRES 0. 122266 Hz
AQ 4.0894966 sec
RG 114
ow 124. 800 usec
DE 6. 50 usec
TE 297.8 K
DL 1. 00000000 sec
TDO 1
CHANNEL f1
NUC1
P1 14.70 usec
PL1 0.00 dB
PLIW 11.88122272 W
SFOL 400. 1318007 MHz
S 32768
SF 400. 1300000 MHz
oW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
T T T T T T T T T T T T
11 10 9 8 7 6 5 4 3 2 1 ppm
Uy
Rk
=] o|S|o|x[o|e
=) ol el il el
PC194-S-C NAVE PC194
EXPNO 4
PROCNO 1
AN NONDDDO©D oy Date_ 20101027
NOITTAATODND AN © Ng8 T ég'egtl
SR8 JXJAIRRZTIE ~rs PROBHD 5 mm PABBO BB-
R R R R P R R R R R R ~~~ PULPROG 2gpg30
—\Vi= Y 3
SOLVENT coa 3
NS 32
bs 2
SWH 24038. 461 Hz
FI DRES 0.366798 Hz
AQ 1.3631988 sec
RG 203
bw 20. 800 usec
DE 6.50 usec
TE 298.9 K
DL 2.00000000 sec
D11 0. 03000000 sec
TDO 1
CHANNEL f1
NUCL 13C
P1 9.50 usec
PL1 -2.00 dB
PLIW 58. 52175522 W
SFOL 100. 6228298 Mz
CHANNEL f2
CPDPR& wal t z16
NUC2 1H
PCPD2 80.00 usec
PL2 0.00 dB
PL12 15.00 dB
PL13 15.00 dB
pPL2W 11.88122272 W
PL12W 0.37571725 W
PL13W 0.37571725 W
SFQ2 400. 1316005 Mz
Sl 32768
SF 100. 6127729 Mz
VoW EM
SsB 0
LB 1.00 Hz
GB 0
PC 1.40

200 180 160 140 120 100 80 60 40 20 0  ppm
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2-(2-Bromophenyl)-1-ethyl-1H-indole (Table 6.1, entry 1)

1248
<1228
1210

NAMVE PC227
EXPNO 1

P 1
Date_ 20101202

Ti me 20. 26

| NSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 293

TD 32768
SOLVENT cDa 3

NS 16

DS 2
SWH 4006. 410 Hz
FI DRES 0. 122266 Hz
AQ 4. 0894966 sec
RG 128

DWW 124. 800 usec
DE 6.50 usec
TE 297.2 K
D1 1.00000000 sec
TDO 1

= CHANNEL f1 =
1H
14.70 usec

0.00 dB
11. 88122272 W
400. 1318007 Mz

32768
400. 1300000 Mz
EM

10

PC227C

138. 81
135. 99
134. 49
132.82
132.76
130. 10
128.03
127.11
125.17
121. 61
120. 85
119. 63
77.32
77.00
76. 68

—38.77

—15.20

—-0.02

\109. 78
102. 55

J
X
\

0
0.30 Hz
B
PC 1.00
T
ppm
NAMVE pPC227
EXPNO 2
1
Date_ 20101202
i 20. 36
| NSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zgpg30
65536
SOLVENT cDa 3
96

2
24038. 461 Hz

SWH
FI DRES 0.366798 Hz

1.3631988 sec
161

20. 800 usec
6.50 usec

298. 9
2.00000000 sec

=

200

D11 0. 03000000 sec
TDO 1
CHANNEL f1
NUC1 13C
9.50 usec
PL1 -2.00 dB
PL1IW 58. 52175522 W
SFOL 100. 6228298 Mz
CHANNEL f2
CPDPR& wal tz16
uc2 1H
PCPD2 80. 00 usec
PL2 0.00 dB
PL12 15.00 dB
PL13 15.00 dB
PL2W 11.88122272 W
PL12W 0.37571725 W
PL13W 0.37571725 W
SFQ2 400. 1316005 MHz
32768
100. 6127700 Mz
oW EM
0
1.00 Hz
0
1.40



2-(2-Bromophenyl)-1-ethyl-1H-indole (Table 6.1, entry 1)

Br

Elemental Composition Report Page 1

Single Mass Analysis
Tolerance = 5.0 PPM / DBE: min =-1.5, max = 50.0
Selected filters: None

Monoisotopic Mass, Even Electron lons
37 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)

Elements Used:
C:0-16 H:0-24 N:0-2 Na:0-1 Br:0-10

Kin-Dept-10032011-HS $13 40 (0.750) AM (Cen,4, 80.00, Ar,5000.0,0.00,1.00); Sm (SG, 2x3.00); Sb (5,40.00 ); Cm (32:62)
0384

TOF MS ES+ K 7.27e3
10U \ 302.0364
‘ |
% ‘
|
299.1120 [
i 301.0426 303.0410
297.1356 | | .301.1432
296.8758°" 208.1996 | 299.86824 ; 300.8796 | 302.1392 | 303.8756 304~5628 304.9108
[ I I e o T T Y T T T ——r - miz
296.00 297.00 298.00 299.00 300.00 301.00 302.00 303.00 304.00 305.00
Minimum: -1.5
Maximum: 5.0 Sl 50.0
Mass Calc. Mass mDa PPM DBE i-FIT Formula
300.0384 300.0388 -0.4 -1.3 9.5 8.4 Cl6 H15 N Br
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2-(2-Bromophenyl)-1-propyl-1H-indole (Table 6.1, entry 2)

Br.
N
n-Pr
NAVE PC388
PC388 H N H
PROCNO 1
ODONOTHATADONOTODNNLDM OO M 0 T ™ WLWMH—=HD MAN O —
NAENNNODODSYTIITITOOMMMMONNNN LD oo NN~ © 00000 0N~ TINgE 19. 03
: | NSTRUM spect
NNNNNNNNNNNNNNNNNNNSNNNNG < < ddddocccoco PROBHD 5 mm PABBO BB-
Teee———— | f=—" \/ N SN PULPRCG 2930
TD 32768
SOLVENT cod 3
NS 16
Ds 2
SWH 4006. 410
FI DRES 0. 122266
Q 4. 0894966
RG 3
Dw 124. 800
DE 6. 50
TE 296. 1
D1 1. 00000000
TDO 1
= CHANNEL f1
P1 14.70
PL1 0
PL1W 11.88122272
SFOL 400. 1318007
S 32768
SF 400. 1300000
EM
T T T T T T T SsB 0
7.8 7.7 7.6 7.5 7.4 7.3 7.2 ppm (Lg 038
PC 1.00
L i Mk .
T T T T T T T
9 8 5 4 3 2 1 0 ppm

Y|o(mo n o (2] o

o|—|o|o @© @© — o

&sE (8 3 400
PC388C NAVE PC388
ONNONDNNONNT DD T 0D EXPNO 7
HAYYMONOO®O-BNINONY oN 2 A PROCNO 1
SO RNNOONNIBAS DB DN - . Date_ 20120211
OOONOOMOONNNNNAAAOO NN~ © ') ] — Ti me 19. 05
A A A A A A A A A A A A A A A A A < o~ - | NSTRUM Spect
\xﬁx/ //v//// \‘ / ‘ ‘ ‘ PROBHD 5 nm PABBO BB-
PULPROG zgpg30
TD 65536
SOLVENT CDaA 3
NS 19
DS 2
SWH 24038. 461
FI DRES 0.366798
Q 1.3631988
18
Dw 20. 800
DE 6. 50
TE 296. 8
DL 2.00000000
D11 0. 03000000
TDO 1

PL1 E
PLIW 58. 52175522
SFOL 100. 6228298

T
0 ppm

403

PL13 .00
PL2W 11. 88122272
PL12W 0.37571725
PL13W 0. 37571725
SFQ2 400. 1316005
Sl 32768
SF 100. 6127794
oW EM
SSB 0
LB 1.00
GB 0
PC 1.40

Mz

Hz

oRE

usec
usec
K
sec
sec




2-(2-Bromophenyl)-1-propyl-1H-indole (Table 6.1, entry 2)

Br

Elemental Composition Report

Single Mass Analysis
Tolerance = 5.0 PPM / DBE: min = -1.5, max = 50.0
Selected filters: Mone

Monoisotopic Massi, Even Electron lonis

34 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:
C:10-17 H:0-17 N:1-2 Na: 01 163Eu: 0-1

Br:0-2 151Eu: 0-1

Kin-Dept-10022012 HS 519 158 (2.980) Cn (Cen 4, 80.00, Ar); Sm (SG, 2x3.00); Sb (10,40.00 ); Cm (153:160)

TEJ)E MS ES+ 314.0530 316.0509
%
315.1578 317.0549
aaie 3133077 | 3141904 ‘ 315881 | 161607 317.1829
ol 31333167 "7 . | : B U
313.50 314.00 314.50 315.00 315.50 16.00 316.50 317.00 317.50
Minimum: -1.5
Maximum: 5:0 5.0 50.0
Mass Calc. Mass mDa PPM DBE 1-FIT Formula
314.0530  314.0544 -1.4 -4.5 9.5 0.7 Cl7 HI7 N Br

404

Page 1

3.70e3

318.0619 318.2304
m/z

318.00

318.50



2-(2-Bromophenyl)-1-isopropyl-1H-indole (Table 6.1, entry 3)

Br.
i-Pr
PC194-pdt -H
WANDPOTOAHODWANDINNNDOMEWOPR OO0 VO D~ O NI~ ons©
—“HO OO DOLTONONNAOITITANNNOOOVCOTITMNANTMONLM tTNO®
TTOOMOMMNMMOMMMMOMOANNNNNNNN—TAAAAAATTNNNNN N~ s
NN EENENNENENNNENNNNNNNNNNN oS Ad e

e
~

NAMVE PC194
EXPNO 1
PROCNO 1
Date_ 20101026
Tine 17.09
| NSTRI spect
PROBHD 5 nm PABBO BB-
PULPI zg
TD 32768
SOLVENT coa 3
NS 16
bs 2
SWH 4006. 410 Hz
FI DRES 0.122266 Hz
AQ 4. 0894966 sec
RG 203
bDw 124. 800 usec
DE 6.50 usec
TE 297.8 K
D1 1. 00000000 sec
TDO 1
CHANNEL f1
1H
14.70 usec
0.00 dB
11.88122272 W
400. 1318007 MHz

32768
400. 1300000 MHz
EM

0
0.30 Hz
0
1. 00
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
: ‘\r ﬁ‘\ m r j fjr?
w| <@ o o © S=)
o|w|o|o o S 1]
m‘m — -—i‘ o i aifles
PC194C NAVE PC194
EXPNO 3
PROCNO 1
QIBREBISINIBERS dow © o Date_ 20101027
oY NNSONWB Ao Mo© M 0w rlNgRUM ééegf
PR R R R R pa NN 2 IR PROBHD 5 mm PABBO BB-
PULPROG zgpg30
s\ W % s
SOLVENT cDa 3
NS 32
DS 2
SWH 24038. 461 Hz
FI DRES 0.366798 Hz
AQ 1.3631988 sec
RG 203
bw 20. 800 usec
DE 6.50 usec
TE 298.9 K
DL 2.00000000 sec
D11 0. 03000000 sec
TDO 1
CHANNEL f1
NUCL 13C
P1 9.50 usec
PL1 -2.00 dB
PLIW 58. 52175522 W
SFOL 100. 6228298 Mz
EL f2
CPDPR& wal tz16
NUC2 1H
PCPD2 80. 00 usec
PL2 0.00 dB
PL12 15.00 dB
PL13 15.00 dB
PL2W 11.88122272 W
PL12W 0.37571725 W
PL13W 0.37571725 W
SFQ2 400. 1316005 Mz
Sl 32768
SF 100. 6127760 MHz
EM
SSB 0
LB 1.00 Hz
[e=] 0
PC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

405



2-(2-Bromophenyl)-1-isopropyl-1H-indole (Table 6.1, entry 3)

Br
I~
N
i-Pr

Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 10.0 PPM / DBE: min =-100.0, max = 1000.0
Selected filters: None
Monoisotopic Mass, Even Electron lons
25 formula(e) evaluated with 1 resuits within limits (up to 50 best isotopic matches for each mass)
Elements Used:
C:0-17 H:0-21 N:0-2 Na:0-1 Br:0-2
KIN-DEPT-23072010 HS S20 47 (0.880) AM (Top,5, Ht,10000.0,0.00,1.00); Sb (10,10.00 ); Cm (43:55)
LA e 314.0559_316.0578 1.62e3

o 318.?093

| 304.2704 |
| |
[ |1 319.3031
267
2002717 2969616 3011411 | 305.2678 UL 328.0493 331.2211 338.3493
01~ A . L - |\ 1| b ; et e MIZ
285.0 290.0 295.0 300.0 305.0 310.0 315.0 320.0 325.0 330.0 335.0 340.0

Minimum: -100.0
Maximum: 5.0 10.0 1000.0
Massg Calc. Mass mDa PPM DBE i-FIT Formula
314.0559  314.0544 1.5 4.8 9.5 4.3 C17 H17 N Br
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2-(2-Bromophenyl)-1-isobutyl-1H-indole (Table 6.1, entry 4)

Br.
N
i-Bu
NAVE PC384
PC384 H EXPNO 3
PROCNO 1

TTTTANMOONNOMNMOTOWNT AN HMN < NS N~OML 0~ Dat e 20120201

MEHOINNOLTNONOTITANNAODOTN~NOT < NOOMN~NWM — 0 Tine* 21.11

NhNOOTTITITITTONOMMMMONNN A~ LD © —“—H0000O0 ~© .

N N N N N N N NN © INNENENENPNEN So bR & v Pasee Bet

N’NN%’J/ N‘// \/ PULPROG 2930

TD 32768
SOLVENT coa 3
NS 16
bs 2
SWH 4006. 410 Hz
FI DRES 0.122266 Hz
AQ 4.0894966 sec
RG 203
bW 124. 800 usec
DE 6.50 usec
TE 297.4 K
DL 1..00000000 sec
TDO 1
P1 14.70 usec
PL1 0.00 dB
PL1IW 11.88122272 W
SFOL 400. 1318007 Mz
Sl 32768
SF 400. 1300000 MHz
VoW EM
SsB 0
LB 0.30 Hz
[e=] 0
PC 1.00
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm

J ) | L o | |

EEERY e |5 E 2

SlHlolxlo| |& = S <)

N[O || - o — [Te}

PC384C NAMVE PC384
OTNNOAN~NODNNTMO EXPNO 5
IEONANONOOTNLOMO N O N ~ o~ PROCNO 1
POLBABNNIG S oS o ®ow © © Date_ 20120201
OMOMMMONNNNNNA O ~~© L © o Ti e 21.57
A A A A A A A A A A A A N~~~ wn o~ N | NSTRUM spect
\\\N\ \ ///// / \1 / ‘ ‘ ‘ PROBHD 5 mm PABBO BB-

PULPROG zgpg30
65536

SOLVENT cDa 3

NS 37

DS 2

SWH 24038. 461 Hz

FI DRES 0.366798 Hz

AQ 1. 3631988 sec

RG 181

bw 20. 800 usec

DE 6.50 usec

TE 298.4 K

D1 2.00000000 sec

D11 0. 03000000 sec

TDO 1

CHANNEL f1

NUC1 13C

P1 9.50 usec

PL1 -2. dB

PLIW 58. 52175522 W

SFOL 100. 6228298 Mz

CHANNEL f2

CPDPR& wal tz16

NUC2 1H

PCPD2 80.00 usec

PL2 0.00 dB

PL12 15.00 dB

PL13 .00 dB

PL2W 11.88122272 W

PL12W 0.37571725 W

PL13W 0.37571725 W

SFQ2 400. 1316005 MHz

Sl 32768

SF 100. 6127794 Mz

EM

SSB 0

LB 1.00 Hz

GB 0

PC 1.40

200 180 160 140 120 100 80 60 40 20 0 ppm
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2-(2-Bromophenyl)-1-isobutyl-1H-indole (Table 6.1, entry 4)

Br

Elemental Composition Report Page 1

Single Mass Analysis
Tolerance = 5.0 PPM / DBE: min = -1.5, max = 50.0
Selected filters: None

Monoisotopic Mass, Even Electron lons

40 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:

C:10-18 H:0-19 N:1-2 Na:0-1 Br:0-2 151Eu: 0-1 153Eu: 0-1

Kin-Dept-10022012 HS 520 157 (2.961) Cn (Cen 4, 80.00, Ar); Sm (SG, 2x3.00); Sb (10,40.00 ); Cm (156:159)
TOF MS ES+ 328.0694 330.0673 3.13e3

v
|

%

327.2086 = 329.0736 331.0721
331.2152

ol 3232508 3251421 3270805 ., B0 BLAT1  aq 2619 33 3“3‘mlz
322.0 324.0 326.0 3280 330.0 332.0 3340 336.0 3380
Winimum: -1.5
Max imum: 5.0 5.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT Formula
328.0694  328.0701 -0.7 -2.1 9.5 3.9 Cl8 HI9 N Br
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1-Benzyl-2-(2-bromophenyl)-1H-indole (Table 6.1, entry 5)

Br.
N
Bn
NAMVE PC177
PC177H EXPNO 1
TOORNANMOIIDVITODWOOMANN AN DL = QMM OO PROCNO 1
QGO0 0ONTNNANODDBRONANIIOP DR ODHN O NN ® Date 20100629
NEERRROOO0OO0ONNNNNNNNNRAAdHdGA4H4005 00N e 1718
NNNNNNNNSENNNNNENNESNSNNNNNESNSNNNNN GG O 660 I NST spécl
T\ fe————""" PROBHD 5 mm PABBO BB
PULPROG 2930
TD 32768
SOLVENT CcDa 3
NS 16
bs 2
SWH 4006. 410 Hz
FI DRES 0.122266 Hz
AQ 4.0894966 sec
RG 101
bw 124. 800 usec
DE 6.50 usec
TE 297.5 K
DL 1.00000000 sec
TDO 1
= CHANNEL f1 = =
NUCL 1iH
P1 14.70 usec
PL1 0.00 dB
PL1W 11.88122272 W
SFOL 400. 1318007 Mz
Sl 32768
SF 400. 1300000 M-z
oW EM
SsB 0
LB 0.30 Hz
[e=] 0
PC 1.00
T T T T T T T T T T T T T T T T T T T T
95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 ppm
)\ r | j JU )L j f
©o N~ o @
o | |© o o
L\i‘ Jm ‘(\i i o
NAVE PC177
PC177C o :
PROCNO 1
TOANNDOMONOADVNIMDO O Date_ 20100629
TOROOPNATOAAMNADOOWON DM [ Tine 17.21
SN OYNNCSBEN NGBS aSm = I NSTRU spect
OOMOMOOONNNNNNNNAAO M~ © ~ PROBHD 5 mm PABBO BB-
Addddddadddadddaddd oo N~~~ < PULPROG 2gpg30
e - % 3
SCOLVENT cnd 3
NS 32
DS 2
SWH 24038. 461 Hz
FI DRES 0.366798 Hz
AQ 1. 3631988 sec
RG 203
bDw 20. 800 usec
DE 6.50 usec
TE 298.5 K
DL 2.00000000 sec
D11 0. 03000000 sec
TDO 1
CHANNEL f1
NUCL 13C
P1 9.50 usec
PL1 -2.00 dB
PLIW 58.52175522 W
SFOL 100. 6228298 Mz
CHANNEL f2
CPDP wal tz16
NUC2 1H
PCPD2 80. 00 usec
PL2 0.00 dB
PL12 15.00 dB
PL13 15.00 dB
PL2W 11.88122272 W
PL12W 0.37571725 W
PL13W 0.37571725 W
SFC2 400. 1316005 Mz
Sl 32768
SF 100. 6127690 Mz
VoW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1. 40
T T T T T T T T T T
200 180 160 140 120 100 80 60 20 0 ppm
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2-(2-Bromophenyl)-1-(methoxymethyl)-1H-indole (Table 6.1, entry 5)

Br
PC290H
OO0 VOTHINANITIO AN AT TN NN [=2]
OOV OOADODNNAOINMNAAD NN M AN O O ©
O OOOLLLUSITIIITTONONOMONMMN O —
NNNNNNNNNNNNNNNNNSNNNN O ]

NAVE PC290
EXPNO 4

P 1
Date_ 20110425

Ti me 20.19

| NSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2930

TD 32768
SOLVENT cDa 3

NS 16

DS 2
SWH 4006. 410 Hz
FI DRES 0.122266 Hz
AQ 4.0894966 sec
RG 14.2

bw 124. 800 usec
DE 6.50 usec
TE 299. 5

D1 1. 00000000 sec
TDO 1

CHANNEL f1 ==
1H

14.70 usec
0

11.88122272 W
400. 1318007 M+

32768
400. 1300000 MHz
EM

T T T T T T
9 8

L
SN
Q|Ho|HIN
ol e

PC290C

139. 10
136. 92
133.57
133. 00
132.79
130. 14
128. 06
127.10
124.99
122.38
120.73
120.59
110. 42
104. 22
77.32
77.00

J
i
§ .
<
S

—55.59

0
0.30 Hz
0
1.00
T
ppm
PC290
EXPNO 5
PROCNO 1
Date_ 20110425
Ti me 20. 36
| NSTRUM spect
PROBHD 5 nm PABBO BB-
PULPROG zgpg30
TD 65536
SOLVENT cDa 3
NS 256
DS 2
SVWH 24038. 461 Hz
FI DRES 0. 366798 Hz
AQ 1.3631988 sec
RG 203
bw 20. 800 usec
DE 6.50 usec
TE 300.9 K
D1 2.00000000 sec
D11 0. 03000000 sec
TDO 1
CHANNEL f1
NUCL 13C
P1 9.50 usec
PL1 2.00 dB
PL1IW 58. 52175522 W
SFOL 100. 6228298 Mz

CHANNEL f2
CPDPR& wal tz16
1H

NUC2
PCPD2 80.00 usec
PL2 0.00 dB
PL12 15.00 dB
PL13 15.00 dB
pL2W 11.88122272 W
PL12W 0.37571725 W
PL13W 0.37571725 W
SFQ2 400. 1316005 MHz
S 32768
SF 100. 6127917 Mz
Vow EM
SSB 0
LB 1.00 Hz
B 0
PC 1.40
J .
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

410



N-Ethyl-2-(2’-dicyclohexylphosphinophenyl)indole (Table 6.2, entry 1)

(:yZP
N
Et
PC245H Lol pcaas
OHdHONDHAODIWN~N OO~ T o NONAMOND S S PROCNO 1
OYTHOONAORNOINOTNOD ©o OYHNO®S @ Date 20110105
COIIIITTONNNN D oo ANNONNA O Dare 1749
NENNNNNNNSNNNNNSN© <o Nl | NSTRU spect
\N//%// \ ’ \\\\ \/// PROBHD 5 mm PABBO BB-
PULPROG zg3|
TD 32768
SOLVENT CDd 3
NS 16
DS 2
SWH 4006. 410 Hz
FI DRES 0. 122266 Hz
AQ 4. 0894966 sec
RG 64
bw 124. 800 usec
DE 6. 50 usec
TE 295.5 K
DL 1. 00000000 sec
TDO 1
=: = CHANNEL f1 ==
NUCL 1H
P1 14.70 usec
PL1 .00 dB
PL1IW 11.88122272 W
SFOL 400. 1318007 MHz
Sl 32768
SF 400. 1300000 MHz
WowW EM
SSB 0
LB 0.30 Hz
G 0
PC 1.00
M |
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
1) L )
™~ (x| (=) ~ o )= ™
o|N|o|o =1 o o o |~
(\]L‘A'—J i o ‘o'[ o <
- =
PC245C i pcaas
PROCNO 1
MW OO 0N Date_ 20110105
TWODONOTNN® INE=X-) N mo o Ti me 17.55
™o © © mm | NSTI spect
BaNCNNS S oo 0 L . .
MmMMONNNN—TOO ~~© © N~©O W PROBHD 5 nm PABBO BB-
A Ao ~N~~ ™ NN o PULPROG 20pg30
Wyl W [V 3
SOLVENT coa 3
NS 32
DS 2
SWH 24038. 461 Hz
FI DRES 0.366798 Hz
AQ 1.3631988 sec
RG 114
bw 20. 800 usec
DE 6.50 usec
TE 296.5 K
DL 2.00000000 sec
D11 0. 03000000 sec
TDO 1

-2
58. 52175522
100. 6228298

= CHANNEL f2
wal tz16
1

H
80. 00

15. 00

15. 00

11. 88122272
0.37571725
0. 37571725
400. 1316005

32768
100. 6127723
EM

0
1.00
0

1.40

200 180 160 140 120 100 80 60 40 20 0  ppm

411
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N-Ethyl-2-(2’-dicyclohexylphosphinophenyl)indole (Table 6.2, entry 1)

Cy2P
O : O
N
Et
PC245pP o pe24s
S PROCNO 1
o Date_ 20110105
— Ti me 17.51
! | NSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zgpg30
T 65536
SCOLVENT cDa 3
NS 16
DS 4
SWH 64102. 563 Hz
FI DRES 0.978127 Hz
AQ 0.5112308 sec
RG 203
bW 7.800 usec
DE 6.50 usec
TE 296.0 K
D1 2.00000000 sec
D11 0. 03000000 sec
TDO 1
======== CHANNEL f1 ========
31P
P1 14.70 usec
PL1 3.00 dB
PL1IW 12.96693134 W
SFOL 161. 9674942 Mz
======== CHANNEL f2 ========
CPDPRG2 wal tz16
NUC2 1H
PCPD2 80. 00 usec
PL2 0.00 dB
PL12 15.00 dB
PL13 15.00 dB
PL2W 11.88122272 W
PL12W 0.37571725 W
PL13W 0.37571725 W
SFC2 400. 1316005 Mz
Sl 32768
SF 161. 9755930 Mz
WW EM
SSB 0
LB 1.00 Hz
B 0
PC 1. 40
T T T T T T T
100 50 0 -50 -100 -150 -200 ppm
Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 5.0 PPM / DBE: min =-1.5, max = 50.0
Element prediction: Off
Monoisotopic Mass, Even Electron lons
302 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:
C:0-28 H:0-35 N:0-3 Na:0-1 S:0-6 P:0-1
Kin-Dept-10012011 HS S5-2 48 (0.898) Cn (Cen,10, 80.00, Ar); Sm (SG, 2x3.00); Sb (10,10.00 ); Cm (47:49)
TOF MS ES+
1.59e+003
416.2518
100 I 413.2705
%
414.2724  417.2578
1 |
{ 408.3061
1 391.2106 393 3008 394.2552 399.2677 4012389 4052121 083081 409.1683
0 SE CENT S— . S— U T T R— Ll m/z
390.0 3925 395.0 397.5 400.0 402.5 405.0 407.5 410.0 4125 415.0 4175
Minimum: -1.5
Maximum: 5.0 5.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT Formula
416.2518 416.2507 1.1 2.6 12.5 2773789.8 C28 H35 N P

412



PC401H

T

7.648
7.629
7.475
7.457
7.441
7.422
7.404
7.387
7.366
7.284
7.230
7.212
7.193
7.134
7.116

097

7
6. 387

——3.985
——3.809

PC401C

~

1.03
0.97

77.33
77.01
76.70
——45.86
30.21
28.45
27.48
26. 37
23.16
18.79

e
~
.
N

—11.41
—-0.01

pd
~

N-Propyl-2-(2’-dicyclohexylphosphinophenyl)indole (Table 6.2, entry 2)

NAME PC401
EXPNO 8
PROCNO 1
Date_ 20120227
Ti me 21.17
| NSTRUM spect
PROBHD 5 nm PABBO BB-
PULPROG 2930
D 32768
SCOLVENT cDal 3
NS 16
bs 2
SWH 4006. 410 Hz
FI DRES 0.122266 Hz
AQ 4. 0894966 sec
RG 71.8
DwW 124. 800 usec
DE 6.50 usec
TE 294.6 K
D1 1.00000000 sec
TDO 1
CHANNEL f1
NUCL 1H
P1 14.70 usec
PL1 0.00 dB
PL1IW 11.88122272 W
SFOL 400. 1318007 Mz
Sl 32768
SF 400. 1300000 MHz
VoW EM
SsB 0
LB 0.30 Hz
e 0
PC 1.00
NAMVE PC401
EXPNO 3
Pl 1
Date_ 20120216
Ti me 20. 55
| NSTRUM spect
PROBHD 5 nm PABBO BB-
PULPROG zgpg30
TD 65536
SOLVENT cDa 3
NS 265
DS 2
SWH 24038. 461 Hz
FI DRES 0. 366798 Hz
AQ 1.3631988 sec
RG 181
bw 20. 800 usec
DE 6.50 usec
TE 298.4 K
D1 2.00000000 sec
D11 0. 03000000 sec
TDO 1
== CHANNEL f1 =:
1
9. 50
PL1 -2.00 dB
PLIW 58. 52175522 W
SFOL 100. 6228298 Mz
= == CHANNEL f2 =
CPDPRG2 wal tz16
NUC2 1H
PCPD2 80. 00 usec
PL2 0.00 dB
PL12 15.00 dB
PL13 15.00 dB
PL2W 11.88122272 W
PL12W 0.37571725 W
PL13W 0. 37571725 W
SFQ2 400. 1316005 MHz
Sl 32768
SF 100. 6127690 Mz
WoW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40



N-Propyl-2-(2’-dicyclohexylphosphinophenyl)indole (Table 6.2, entry 2)

Cy2P
O : O
N
n-Pr
PC401 P NAVE PC401
~ EXPNO 6
™ PROCNO 1
s Date_ 20120221
— Ti e 19.15
! | NSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zgpg30
TD 65536
SOLVENT cpd 3
NS 16
DS 4
SWH 64102. 563 Hz
FI DRES 0.978127 Hz
AQ 0.5112308 sec
RG 0
Dw 7.800 usec
DE 6.50 usec
TE 298.0 K
D1 2.00000000 sec
D11 0. 03000000 sec
TDO 1
======== CHANNEL f1 ========
NUC1 31P
Pl 14.70 usec
PL1 .00 dB
PL1IW 12.96693134 W
SFOL 161. 9674942 Mz
======== CHANI f2 ========
CPDPR& wal tz16
NUC2 1H
PCPD2 80.00 usec
PL2 0.00 dB
PL12 15.00 dB
PL13 15.00 dB
PL2W 11.88122272 W
PL12W 0.37571725 W
PL13W 0.37571725 W
SFC2 400. 1316005 MHz
Sl 32768
SF 161. 9755930 MHz
oW EM
SSB 0
LB 1.00 Hz
e 0
PC 1.40
T T T T T T T
100 50 0 -50 -100 -150 -200 ppm
Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 10.0 PPIM / DBE: min =-1.5, max = 50.0
Selected filters: Nore
Monoisotopic Mass, Even Electron lonis
22 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:
C:12-29 H:0-39 N:1-2 Na 0-1 P:0-2
Kin-Dept-28022012 HS 517 35 (0.657) Cn (Cen 4, 80.00, Ar); Sm (SG, 2x3.00); Sb (10,40.00)
TOF MS ES+ 4322821 867
v
|
|
|
%
433.2869
431.7793 434 2951
0 Y — ———— . —r m/z
431.50 432.00 433,00 £33.50 434.00 434.50
Minimum:
Max 1mum: 5.0 10.0
Mass Calc. Mass mDa PIM DBE i-FIT Formula
432.2821  432.2820 0.1 0.2 11.5 2.9 (29 H3¢ N P
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N-Propyl-2-(2’-diphenylphosphinophenyl)indole (Table 6.2, entry 3)

Ph,R
N
n-Pr
PC395 H NAVE PC395
EXPNO 1
TTONONOMTOOLNTOWOITMOWLNDOO T © SO~ odm PROCNO 1
HONUSTNATONDTMNONODOMNWOM—O0® O o 0 < NO nom-
LILILTITIITILILINNNONNNNAAAAAAO OO @ 0 NN~ O 0 0 © Date_ 20120208
NNNNNNNNNNNNNNNNNNNNNN NN © o5 dddd oSoo T UM g,-egf
MN%/ \/ \\// \‘ / PROBHD 5 mm PABBO BB-
PULPROG 2930
D 32768
SOLVENT coa 3
NS 16
DS 2
SVH 4006. 410 Hz
FI DRES 0.122266 Hz
AQ 4.0894966 sec
RG 161
bw 124. 800 usec
DE 6.50 usec
TE 294.4 K
DL 1. 00000000 sec
TDO 1

P1 14.70 usec
PL1 0.00 dB
PL1W 11.88122272 W
SFOL 400. 1318007 MHz
Sl 32768
SF 400. 1300000 MHz
WowW EM
SSB 0
LB 0.30 Hz
B 0
PC 1.00
1 J
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
A { || )\ J |
© m’o ~ Nl ‘o‘ rt‘ =)
Sld|H|o o =1 =) S
—i|o|e|- S o o ‘m‘
=
NAMVE PC395
Pc39s C ONNDNDAAHONDINONONO NN EXPNO 4
DNVOFTDONITOITINNMNMOMONN~0OT © © o PROCNO 1
L L T mOo~ el < o Dat e 20120209
BBBBOCBHOAABBOONACODE T - - A ate_
OOMOMMOOOOOANNNNNNAOOONN© ) ) - Ti me 17.25
A A A A A AN~~~ < ~ — | NSTRUM ect
PROBHD 5 nm PABBO BB
PULPROG zgpg30
TD 65536
SOLVENT cod
NS 107
bs 2
SWH 24038. 461 Hz
FI DRES 0.366798 Hz
AQ 1.3631988 sec
RG 203
Dw 20. 800 usec
DE 6. 50 usec
TE 295. 3 K
D1 2.00000000 sec
D11 0. 03000000 sec
TDO 1
CHANNEL f1
NUCL 13C
P1 9.50 usec
PL1 -2.00 dB
PLIW 58.52175522 W
SFOL 100. 6228298 Mz
CHANNEL f2
CPDPR& wal t 216
NUC2 1H
PCPD2 80.00 usec
PL2 0.00 dB
PL12 15.00 dB
PL13 15.00 dB
PL2W 11. 88122272 W
PL12W 0.37571725 W
PL13W 0. 37571725 W
SFC2 400. 1316005 Mz
Sl 32768
SF 100. 6127690 Mz
VoW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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N-Propyl-2-(2’-diphenylphosphinophenyl)indole (Table 6.2, entry 3)
Ph,R

PC395 P

-13.73

PC395

2

1
20120208
17.26

spect
5 nm PABBO BB-

64102. 563
0.978127
0.5112308
2050
7.800

6. 5
294.9 K

2.00000000
0. 03000000
1

P1 14.70 usec
PL1 3.00 dB
PL1W 12. 96693134 W
SFOL 161. 9674942 Mz
======== CHANI 2 ========
CPDPRG2 wal t z16
N2 15‘ usec
o 5300 4
PL12 15.00 dB
PL13 15.00 dB
PL2W 11.88122272 W
PL12W 0.37571725 W
PL13W 0.37571725 W
SFQ2 400. 1316005 MHz
sl 32768
SF 161. 9755930 Mz
VDWW Egl
ESB 1.00 H
B 0
pC 1.40
T T !
100 50 0 -50 -100 -150 -200 ppm
Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 4.0 PPM / DBE: min = -1.5, max = 50.0
Selected filtars: None
Monoisotopic Mass,, Even Electron lors
22 formula(e) evaluated with 1 results within limits (up to 50 best isotopic rmatches for each mass)
Elements Used:
C:12-30 H:0-29 N:1-2 Na: 0-1 P 0-2
Kin-Dept-17022012 HS S18 160 (3.017) Cn (Gen,4, 80.00, Ar); Sm (SG, 2x3.00); Sb (10,40.00 )
TOF ‘MS ES+ 4201878 1.81e3
|
% 1
421.1955
|
) 422.20
" I o R o | e sieess  anems P
42000 42025 42050  420.75  421.00 42125 42150 421.75 42200 42225 42250
Minimum; -1.5
Max imum: 5.0 4.0 50.0
Mass Calc. Mass mDza PPM DBE i-FIT Formula
420.1878  420.1881 -0.3 -0.7 17.5 b) C29 H27 N P
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N-Isopropyl-2-(2’-dicyclohexylphosphinophenyl)indole (Table 6.2, entry 4)

Cy2P
N
i-Pr

PC221H NAMVE PC221

EXPNO 1
ONLNONTONOOTOONATINOPONOWRIONMADNDAHNO DN O~ NN OLOLO T L0 M W0 PROCNO 1
SN0 ONLACRNNANNATNVOITAORRNRRNODA~NOO0NVAINIOTARDND~OF 0N par'e 20101118
COBBITITTIOOOOONNNAAAAHAOMM AN NN N OODIONNNN o000 oMe. %8
m\'.\'.\',<y\‘sm\'.\'.\'.\'y\‘y\'m\'.\'.\'.\',\'y\'m\'@@eﬁéééa.-aaaa.-;.-m.-;aaa.-;.-;.-;.-;aaaa.-;.-;csms".’}w Spect
T e N T\ e e s measO .

PULPROG 2930

TD 32768

SOLVENT coa 3

NS 16

bs 2

SWH 4006. 410 Hz

FI DRES 0.122266 Hz

AQ 4.0894966 sec

RG 90.5

bW 124. 800 usec

DE 6.50 usec

TE 297.4 K

D1 1..00000000 sec

TDO 1

NUCL

P1 14.70 usec

PL1 0.00 dB

PL1W 11.88122272 W

SFOL 400. 1318007 Mz

Sl 32768

SF 400. 1300000 M-z

ow EM

SsB 0

LB 0.30 Hz

GB 0

PC 1.00

©
©
~
o J
a
IS
w
N
-
2
3

AN )L | {1
ofo(o|o © o ol v o
@|O|o|o (=] (=] @ N[
IS S} {-—4‘ ‘o’Ho’ivo’
K =
pPC221C NAVE PC221
MONOWONDTOMNMNO©ONN EXPNO 4
CONMULMOONNOOONOTVOOINORONDT ANOONTHNNMOO NS ML
L L MO0 HOYTMRONODO~NONODDHOOo® s  PROCNO 1
dHdoonYaadHONNSSON® L oL L L T T T T T Date 20101118
Sy O O OOt ON NN SOOSRRREBERERSSSAATINNINNNEE Time 21.26
\\N ////// \LgKKLLKNV/ — lngD 5 PABB%DECB‘
m -
o PULPROG 2gpg30
TD 65536
SOLVENT cod 3
NS 32
DS 2
SVH 24038. 461 Hz
FI DRES 0. 366798 Hz
AQ 1.3631988 sec
RG 161
bW 20.800 usec
DE 6.50 usec
TE 298.5 K
DL 2.00000000 sec
D11 0. 03000000 sec
TDO 1
CHANNEL f1
NUCL 13C
P1 9.50 usec
PL1 2.00 dB
PLIW 58. 52175522 W
SFOL 100. 6228298 Mz
CHANNEL f2
CPDPR& wal t 216
NUC2 1H
PCPD2 80.00 usec
PL2 0.00 dB
PL12 15.00 dB
PL13 15.00 dB
PL2W 11.88122272 W
PL12W 0.37571725 W
PL13W 0.37571725 W
SFC2 400. 1316005 Mz
Sl 32768
SF 100. 6127779 Mz
VoW EM
SSB 0
LB 1.00 Hz
B 0
PC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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N-Isopropyl-2-(2’-dicyclohexylphosphinophenyl)indole (Table 6.2, entry 4)

Cy2P
O ; O
N
i-Pr
PC221-fi nal -P EXNANEPNO PCZZ%
PROCNO 1
© Date_ 20101118
0 Tinme 21.30
- | NSTRUM spect
“ PROBHD 5 nm PABBO BB-
! PULPROG 2gpg30
TD 65536
SCOLVENT cDa 3
NS 16
Ds 4
SWH 64102. 563 Hz
FI DRES 0.978127 Hz
AQ 0.5112308 sec
RG 203
bW 7.800 usec
DE 6.50 usec
TE 298.1 K
D1 2.00000000 sec
D11 0. 03000000 sec
TDO 1
======== CHANNEL f1 ========
NUCL 31P
P1 14.70 usec
PL1 3.00 dB
PL1IW 12.96693134 W
SFOL 161. 9674942 Mz
======== CHANNEL f2 ========
CPDPRG2 wal tz16
NUC2 1H
PCPD2 80. 00 usec
PL2 0.00 dB
PL12 15.00 dB
PL13 15.00 dB
PL2W 11.88122272 W
PL12W 0.37571725 W
PL13W 0.37571725 W
SFQ2 400. 1316005 Mz
Sl 32768
SF 161. 9755930 Mz
WW EM
SSB 0
LB 1.00 Hz
e 0
PC 1. 40
T T T T T T T
100 50 0 -50 -100 -150 —200  ppm
Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 20.0 PPM / DBE: min =-100.0, max = 1000.0
Selected filters: None
Monoisotopic Mass, Even Electron lons
44 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:
C:0-29 H:0-39 N:0-3 Na:0-1 P:0-2
Kin-dept-24112010-HS S4 33 (0.628) Cn (Cen, 10, 80.00, Ar); Sm (SG, 2x3.00); Sb (10,10.00 ); Cm (23:47)
TOF MS ES+ 4322812 2.65¢e4
|
|
% |
433.2878
|434.2910
430.2694
; 194.0074 217.1059 303.2034 450 5448 | | AT02598 5584774 627.5114 __ 6834249
[ . R L  E E a L I T T Tty R o e EEmm e el 1]
150 175 200 225 250 275 300 325 350 375 400 425 450 475 500 525 550 575 600 625 650 675
Minimum: -100.0
Maximum: 5.0 20.0 1000.0
Mass Calc. Mass mDa PPM DBE i-FIT Formula
432.2812 432.2820 0.8 -1.9 11.5 136.8 €29 H39 N P
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N-Isopropyl-2-(2’-diphenylphosphinophenyl)indole (Table 6.2, entry 5)

Ph,P
N
i-Pr
NAVE PC217
EXPNO 1
PROCNO 1
BEENRIIZ2BS SR3E  Date 20101115
TTTeeeesNNN® ©owwL  Time 15.12
NNNNNN G SIS cididd NS spect
- \\ // PROBHD 5 mm PABBO BB
PULPROG 2930
™ 32768
SOLVENT cpal 3
NS 16
DS 2
SwH 4006. 410 Hz
FI DRES 0.122266 Hz
AQ 4.0894966 sec
RG 80.6
bw 124, 800 usec
DE 6. 50 usec
TE 297.2 K
DL 1.00000000 sec
TDO 1

= CHANNEL f

NUCL H

P1 14.70 usec
PL1 0.00 dB
PL1W 11.88122272 W
SFOL 400. 1318007 Mz
Sl 32768

SF 400. 1300000 M-z
oW EM
SsB 0

LB 0.30 Hz
GB 0

PC 1.00

10 7 6 5 4 3 2 1
) )\
|| [} o
olm|alo =3 S
—|o|d|- [} {@‘
=
PLZ1l/-conc-C NAVE PC217
EXPNO 4
PROCNO 1
PONONONCWROVADHD Date_ 20101115
OWODNOULMOTMNROPOW O © ) ©oso Ti me 17.14
P T L L SN o R I NSTRUM spect
OOONOOOONNNNNNAAO =1~ © © oA PROBHD 5 mm PABBO BB-
Aedddddoddddddodddd NN~ < INENEN PULPROG 2gpg30
== v ]V .
SCOLVENT cnd 3
NS 32
DS 2
SWH 24038. 461 Hz
FI DRES 0.366798 Hz
AQ 1. 3631988 sec
RG 144
bw 20. 800 usec
DE 6. 50 usec
TE 298.0 K
DL 2.00000000 sec
D11 0. 03000000 sec
TDO 1
CHANNEL f1
NUCL 13
P1 9.50 usec
PL1 -2.00 dB
PLIW 58.52175522 W
SFOL 100. 6228298 Mz
CHANNEL f2
CPDPR& wal tz16
NUC2 1H
PCPD2 80. 00 usec
PL2 0.00 dB
PL12 15.00 dB
PL13 15.00 dB
PL2W 11. 88122272 W
PL12W 0.37571725 W
PL13W 0.37571725 W
SFC2 400. 1316005 Mz
Sl 32768
SF 100. 6127722 Mz
VoW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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N-Isopropyl-2-(2’-diphenylphosphinophenyl)indole (Table 6.2, entry 5)

Ph,R
O ; O
N
i-Pr
PC217P o pea?
PROCNO 1
" Dat e_ 20101115
~ Ti me 15.18
< | NSTRUM spect
— PROBHD 5 nm PABBO BB-
! PULPROG zgpg30
TD 65536
SOLVENT cDal 3
NS 16
DS 4
SWH 64102. 563 Hz
FI DRES 0.978127 Hz
AQ 0.5112308 sec
RG 203
DwW 7.800 usec
DE 6.50 usec
TE 297.9 K
D1 2.00000000 sec
D11 0. 03000000 sec
TDO 1
======== CHANNEL f1 ========
NUC1 31P
P1 14.70 usec
PL1 3.00 dB
PLIW 12. 96693134 W
SFOL 161. 9674942 Mz
======== f2 ========
CPDPRG2 wal t z16
NUC2
PCPD2 80. 00 usec
PL2 0.00 dB
PL12 15.00 dB
PL13 .00 dB
PL2W 11.88122272 W
PL12W 0.37571725 W
PL13W 0.37571725 W
SFQ2 400. 1316005 Mz
Sl 32768
SF 161. 9755930 MHz
wWw EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
T T T T T T T
100 50 0 -50 -100 -150 -200 ppm
-..2mental Composition Report Page 1
Single Mass Analysis
Tolerance = 5.0 PPM / DBE: min =-100.0, max = 1000.0
Selected filters: None
Monoisotopic Mass, Even Electron lons
68 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:
C:0-43 H:0-32 N:0-3 Na:0-1 P:0-2
Kin-dept-24112010-HS S3 35 (0.666) Cn (Cen,10, 80.00, Ar); Sm (SG, 2x3.00); Sb (10,10.00 ); Cm (35:39)
TOF MS ES+ 420.1897 9.56e3
|
|
%
] 421.1959
‘ 4
[ [ 22.1987
il 389.2478 3941813 4061762 400.1584  413.2700 4181759 | 4?5-2256"1'7
LI N LA B (L A L | T Ll Bt L B B B B 1ok i[RI | T L o s o -— f
390.0 395.0 400.0 405.0 410.0 415.0 420.0 4250
Minimum: -100.0
Maximum: 5.0 5.0 1000.0
Mass Calc. Mass mDa PPM DRE i-FIT Formula
420.1897 420.1881 1.6 3.8 17.5 16.0 €29 H27 N P

420



N-Isopropyl-2-(2’-diisopropylphosphinophenyl)indole (Table 6.2, entry 6)

i‘szP

A\

N
i-Pr

DATOTNONN M
ONWONOOONID TN oy
OCooo0o000oOOO e_
drddddHoocococo

NAMVE PC331
EXPNO 1
PROCNO 1
20111017
- Tine 17.32
| NSTRUM spect
PROBHD 5 nm PABBO BB-
PULPROG 2930
D 32768
SOLVENT cba 3
NS 16
DS 2
SWH 4006. 410
FI DRES 0.122266
AQ 4. 0894966
RG 12
bW 124. 800
DE 6. 50
TE 297.3
D1 1.00000000
TDO 1

; ; ; PL 14.70
PL1 .
7.6 7.5 7.4 7.2 ppm PLIW 11. 88122272
SFOL 400. 1318007
Sl 32768
SF 400. 1300000
EM
SSB 0
LB 0.30
GB 0
PC 1.00
T T T T T T T
9 8 5 4 3 2 1 ppm
Hj I || J (§ |
o|o|o [~ < (N[O |™
o|o|o [e2} o — o|lo —
i —|o| i ‘c' “—4‘ ‘-—i rdml (\i‘
—

PC331C PC331
DONANNTONODONN©©OMD EXPNO 2
NITODADATMONOHONODOAHD WM OO NANLOMT dO M PROCNO 1

. ®O~ SomAN BOWHN DD O Date 20111017
ddoowNYaNddoONSSoN® . . - SN LT at e_
TSI OOONNOOONNNNNAAO ~N~© ON~©Om HHO O OO ®wn Time 19. 09
A A A A A A AAAAAAAAAAAA S~ <STANNNN NANNNNN A | NSTRI spect
\X‘NV%/// \1 / \\h&‘\’ % PROBHD 5 mm PABBO BB-
PULP zgpg30
T 65536
SCLVENT cpd 3
NS 111
bs 2
SWH 24038. 461 Hz
FI DRES 0.366798 Hz
AQ 1. 3631988 sec
RG 203
bw 20. 800 usec
DE 6.50 usec
TE 298.0 K
D1 2.00000000 sec
D11 0. 03000000 sec
TDO 1

200

180

160

140

120

100

80

421

60

40

20

ppm

CHANNEL f1
9.50 usec

-2.00
58. 52175522 W
100. 6228298 Mz

dB
. dB
PL13 15.00 dB
PL2W 11.88122272 W
PL12W 0.37571725 W
PL13W 0. 37571725 W
SFQ2 400. 1316005 MHz
Sl 32768
SF 100. 6127690 Mz
WW EM
SSB 0
LB 1.00 Hz
ez} 0
PC 1.40



N-Isopropyl-2-(2’-diisopropylphosphinophenyl)indole (Table 6.2, entry 6)

i-PryR
‘ N i
i-Pr
PC331
EXPNO 3
PROCNO 1
PC331P Date_ 20111017
N Time 19.18
o | NSTRUM spect
™ PROBHD 5 nm PABBO BB
! PULPROG zgpg30
TD 65536
SOLVENT CDa 3
NS 16
DS 4
SWH 64102. 563 Hz
FI DRES 0.978127 Hz
AQ 0.5112308 sec
RG 203
bw 7.800 usec
DE 6.50 usec
TE 298.1 K
D1 2.00000000 sec
D11 0. 03000000 sec
TDO 1
== CHANNEL f1 ========
P1 14.70 usec
PL1 3.00 dB
PLIW 12. 96693134 W
SFOL 161. 9674942 MHz
PL13 15.00 dB
pPL2W 11.88122272 W
PL12W 0.37571725 W
PL13W 0. 37571725 W
SFQ2 400. 1316005 Mz
Sl 32768
SF 161. 9755930 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
T T T T T T T
100 50 0 -50 -100 -150 -200 ppm
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N-Isobutyl-2-(2’-dicyclohexylphosphinophenyl)indole (Table 6.2, entry 7)

CyZP
N
i-Bu
PUALY
PC400 H EXPNO 9
COOWNOONMIONNIL WO < o WONNOTOEOAAOWN PROCNO 1
TANOTNTOOONO 0N DO ™~ NONOANODNOT MO DD O Date 20120221
COYTIIITTONANNRNAAAO M o © NOOMMMNN—AOS O~ NI Time ™ 14.00
NNNNNNNNNNNNNNNN© o dddddddddddoococo I NSTR spect
PROBHD 5 nm PABBO BB-
PULPI 2930
™D 32768
SOLVENT cDa 3
NS 16
Ds 2
SWH 4006. 410 Hz
FI DRES 0. 122266 Hz
AQ 4.0894966 sec
RG 203
Dw 124. 800 usec
DE 6.50 usec
TE 297.5 K
DL 1..00000000 sec
TDO 1
PL1 . dB
PL1W 11.88122272 W
SFOL 400. 1318007 Mz
Sl 32768
SF 400. 1300000 MHz
VoW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
PPINIL J | [l W) )
LIS (o <| (e w||om @ @
o|H|=|o|o =1 S| || ~ ]
RERE B el FlE B R
PC400C NAMVE PC400
PODOUNITONAAADNMO T of EXPNO 8
NNONINTOOT—H0OONAM®0 con~ DHONTN OO DLW PROCNO 1
. Jon~ PODMIDONWD AT M Date 20120219
ddo0ooaNNNONNSSBO M L L —
TITOOOMOONNNNN—TAAO ~~© HHIONO DO~ ©O Ti ne 15.54
B R R R R R R R R R R R R R R N N N LOLOOONNNNNNN | NSTRU spect
= \/ NS\ PROBHD 5 mm PABBO BB-
PULPI zgpg30
TD 65536
SOLVENT cod 3
NS 102
DS 2
SWH 24038. 461 Hz
FI DRES 0.366798 Hz
AQ 1.3631988 sec
RG 181
bw 20. 800 usec
DE 6.50 usec
TE 297.6 K
D1 2.00000000 sec
D11 0. 03000000 sec
TDO 1
CHANNEL f1
NUC1 13C
P1 9.50 usec
PL1 -2.00 dB
PL1W 58.52175522 W
SFOL 100. 6228298 Mz
CHANNEL f2
CPDPR& val tz16
NUC2 1H
PCPD2 80.00 usec
PL2 0.00 dB
PL12 15.00 dB
PL13 15.00 dB
PL2W 11.88122272 W
PL12W 0.37571725 W
PL13W 0.37571725 W
SFC2 400. 1316005 Mz
S 32768
SF 100. 6127690 Mz
VoW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1. 40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

423



N-Isobutyl-2-(2’-dicyclohexylphosphinophenyl)indole (Table 6.2, entry 7)

Cy,R
‘ N O
i-Bu
PC400 P NAVE PC400
© EXPNO 12
o PROCNO 1
S Date_ 20120221
= Ti me 19. 44
! | NSTRUM spect
PRCBHD 5 nm PABBO BB-
PULPROG zgpg30
D 65536
SOLVENT cna 3
NS 16
DS 4
SWH 64102. 563 Hz
FI DRES 0.978127 Hz
AQ 0.5112308 sec
RG 050
DWW 7.800 usec
DE 6.50 usec
TE 298.1 K
DL 2.00000000 sec
D11 0. 03000000 sec
TDO 1
PL1 3.00 dB
PLIW 12. 96693134 W
SFOL 161. 9674942 Mz
z======= CHANNEL f2 ========
CPDPRG2 wal t z16
1H
PCPD2 80. 00 usec
PL2 0.00 dB
PL12 15.00 dB
PL13 15.00 dB
PL2W 11.88122272 W
PL12W 0.37571725 W
PL13W 0. 37571725 W
SFQ2 400. 1316005 MHz
S 32768
SF 161. 9755930 Mz
Wow EM
SSB 0
LB 1.00 Hz
B 0
PC 1.40
T T T T T T T
100 50 0 -50 -100 -150 -200 ppm
Elemental Composition Report Page 1

Single Mass Analysis
Tolerance = 10.0 PPIM / DBE: min=-1.5 max = 50.0
Selected filters: Nore

Menoisotopic Mass, Even Electron lons

8 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:

C.30-30 H:0-42 N:1-2 Na:0-1 P:0-2

Kin-Dept-28022012 HS S18 91 {1.696) Cn (Cen 4, 80.00, Ar); Sm (SG, 2x3.00); Sb (10,40.00 ); Cm (87:92)

1:95 MS ES+ 4442805 5.55e3
i |
% 446.2989
4452879
447.2047
. a 448.2989
ol aazgrsy | MAFTS | 43918 yu5yge| MGAGN | aaro12 T asezess
444.00 445.00 446.00 447.00 448.00 449.00

Minimum: ) o
Max imum: S.0 10.0 50.0
Mass Calc. Mass mDa PPM DBE 1-FIT Formula
446.2989  446.2977 1.2 2.7 11.5 55.7 C30 H4] N P
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N-Isobutyl-2-(2’-diphenylphosphinophenyl)indole (Table 6.2, entry 8)

Ph,P

A\

N
i-

i-Bu

PC396H NAVE PC396
EXPNO 1
ONOHAONNA ARV MANONT O ON o AYNOM©OO co P 1
CUWIMOOONTMVOINAN DN WO N MO oM =3 Date 20120208
OLIFITITOOOONNNNNAADO OO @ d-d-dH000 @~ Time~ 16. 59
NNNNNNNNNNNNNNNSNNNN S © TN ENENENENE N co | NSTRUM spect
PROBHD 5 nm PABBO BB-
PULPROG zg
TD 32768
SOLVENT CDd 3
NS 16
DS 2
SWH 4006. 410 Hz
FI DRES 0. 122266 Hz
AQ 4. 0894966 sec
RG 144
bw 124. 800 usec
DE 6.50 usec
TE 294.2 K
DL 1. 00000000 sec
TDO 1
=: = CHANNEL f1 ==
NUCL 1H
P1 14.70 usec
PL1 0.00 dB
PL1IW 11.88122272 W
SFOL 400. 1318007 MHz
Sl 32768
SF 400. 1300000 MHz
WowW EM
SSB 0
LB 0.30 Hz
G 0
PC 1.00
T T T T T T T T
9 8 7 6 5 4 3 1 ppm
‘r ‘ j‘\ )\ ) L
NS o o =3
Slo|olo o S S
KL 8 3
PC396
PC396 C EXPNO 3
PROCNO 1
LOMNOAHOW T DN T © MO Date_ 20120208
OCOMNONOONOITMMIANN—DO NO = © o Ti me 17.07
P BB I BBEN IS HFOET o s o= I NSTR spect
HOMOOMOOONNNNNNAAOO NN~ O ~ © o PROBHD 5 nm PABBO BB-
Aodddddddd A A A A Ao oo NS~ 0 N« PULPROG 29pg30
eV R 2
SOLVENT cDa 3
NS 201
DS 2
SVWH 24038. 461 Hz
FI DRES 0. 366798 Hz
AQ 1.3631988 sec
RG 203
bw 20.800 usec
DE 6.50 usec
TE 295.1 K
D1 2.00000000 sec
D11 0. 03000000 sec
TDO 1
CHANNEL f1
NUCL 13C
P1 9.50 usec
PL1 2.00 dB
PL1W 58. 52175522 W
SFOL 100. 6228298 Mz
EL f2
CPDPR& wal t 216
NUC2 1H
PCPD2 80.00 usec
PL2 0.00 dB
PL12 15.00 dB
PL13 15.00 dB
pL2W 11.88122272 W
PL12W 0.37571725 W
PL13W 0.37571725 W
SFQ2 400. 1316005 MHz
S 32768
SF 100. 6127727 Mz
oW EM
SSB 0
LB 1.00 Hz
B 0
PC 1. 40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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N-Isobutyl-2-(2’-diphenylphosphinophenyl)indole (Table 6.2, entry 8)

Ph,R

PhaW
N
,_

Bu
PC396P o e
o PROCNO 1
@ Date_ 20120208
™ Ti me 17.03
‘—" | NSTRUM spect
PROBHD 5 nm PABBO BB-
PULPROG zgpg30
TD 65536
SOLVENT cnd 3
NS 16
DS 4
SWH 64102. 563 Hz
FI DRES 0.978127 Hz
AQ 0.5112308 sec
RG 2050
bw 7.800 usec
DE 6.50 usec
TE 294.7 K
D1 2.00000000 sec
D11 0. 03000000 sec
TDO 1
L1 3.00 dB
PLIW 12. 96693134 W
SFOL 161. 9674942 Mz
======== CHANNEL f2 ========
CPDPRG2 wal t z16
NUC2 1H
PCPD2 80. 00 usec
pPL2 0.00
PL12 15.00 dB
PL13 15.00 dB
pL2W 11.88122272 W
PL12W 0.37571725 W
PL13W 0. 37571725 W
SFQ2 400. 1316005 MHz
S 32768
SF 161. 9755930 Mz
VoW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
T T T T T T T
100 50 0 -50 -100 -150 -200 ppm

Elemental Composition Report

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min = -1.5, max = 50.0

Selected filters: None

Monoisotopic Mass, Even Electron lons

18 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)

Elements Used:
C:12-30 H:0-29 N:1-2 Na: 0-1

P: 0-2

Kin-Dept-17022012 HS $17 140 (2.641) Cn {Gen,4, 80.00, Ar); Sm (SG, 2x3.00); Sb (10,40.00 ); Cm (139:142)

1'95 ?/IS ES+ 434.2036

|

%

435.2080
|
o 436.214

ol 4933438 4338379 | 4346849 4354035 4358535 . o 436.8254437.2090 4376672

433.00 433.50 £34.00 434,50 435.00 435.50 436.00 436.50 437.00 -437 50 o
Minimum: a5
Maximum: 5.0 5.0 50.0
Mass Calc. Mass mDa Py DBE 1-FIT Forrula
434.2036  434.2033 -0.2 -0.5 17.5 4.5 Ci0 H29 N P

426
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N-Isobutyl-2-(2’-diisopropylphosphinophenyl)indole (Table 6.2, entry 9)

i-Pr,R
N
i-Bu
NAVE PC399
EXPNO 8
PROCNO 1
PC399 H Date_ 20120221
NNOALTNDOONNOD TN T OO0 MTDONONOOEAT~NTHOMOANOTONM o  TIMe 19.25
LOHIOPDNOOTNADOINOINON ONLNXOINTNAOINOADONONAORO O | NSTRUM spect
COOMIIIIITITTONNNNA A AT OPOONOCOMMOOODPVOAHOONDODVOD®D  pPROBHD 5 mm PABBO BB-
NNNNNNNNNNNNNNNSNNNNG© oo sadddNdddddddH1000000S  PUPROG 2930
D 32768
TTTesss——— SN TTEERIIN =T S &
16
DS 2
SWH 4006. 410 Hz
FI DRES 0.122266 Hz
AQ 4.0894966 sec
RG 50. 8
Dw 124. 800 usec
DE 6.50 usec
TE 297.6 K
DL 1. 00000000 sec
TDO 1
= CHANNEL f1 ==
NUCL 1H
P1 14.70 usec
PL1 0.00 dB
PLIW 11.88122272 W
SFOL 400. 1318007 MHz
Sl 32768
SF 400. 1300000 MHz
VoW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
T T T T T T T T
9 8 7 6 5 4 3 ppm
YN | |
EEAzE B oz EER
oloH|oo o [S11s2) [©l=]
N[N — o olo ol
PC399C PC399
EXPNO 6
PROCNO 1
OV HAD N OO HOOO M Date_ 20120216
HONMONAANN® O ®® e E=1"] ~o © © Ti 20.28
Joggddagngsass Lo 4d 0 & o LSTM et
II3RUN0SSN8RA8 oe i ¢ 8 PROSD 5 mm PABSO B8
I\ Y | i &8
SOLVENT cDa 3
NS 161
DS 2
SVWH 24038. 461 Hz
FI DRES 0. 366798 Hz
AQ 1.3631988 sec
RG 203
bW 20. 800 usec
DE 6.50 usec
TE 298.2 K
D1 2.00000000 sec
D11 0. 03000000 sec
TDO 1
CHANNEL f1
NUCL 13C
P1 9.50 usec
PL1 2.00 dB
PL1IW 58. 52175522 W
SFOL 100. 6228298 Mz
EL f2
CPDPR& wal tz16
NUC2 1H
PCPD2 80.00 usec
PL2 0.00 dB
PL12 15.00 dB
PL13 15.00 dB
pL2W 11.88122272 W
PL12W 0.37571725 W
PL13W 0.37571725 W
SFQ2 400. 1316005 MHz
Sl 32768
SF 100. 6127725 Mz
oW EM
SSB 0
LB 1.00 Hz
B 0
PC 1.40
T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 ppm
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N-Isobutyl-2-(2’-diisopropylphosphinophenyl)indole (Table 6.2, entry 9)

i-Pr,R
l N i
i-Bu
PC399 P NAMVE PC399

EXPNO 4
PROCNO 1
Date_ 20120216

o Ti me 20.24

© I NSTRUI spect

— PROBHD 5 nm PABBO BB-

! PULPI 2gpg30
TD 65536
SOLVENT coa 3
NS 16
bs 4
SWH 64102. 563 Hz
FI DRES 0.978127 Hz
AQ 0.5112308 se
RG 205
bW 7.800 usec
DE 6.50 usec
TE 297.7 K
D1 2.00000000 sec
D11 0. 03000000 sec
TDO 1
======== CHANNEL f1 ========
NUCL 31P
P1 14.70 usec
PL1 . 00
PLIW 12.96693134 W
SFOL 161. 9674942 Mz
======== CHANNEL f2 ========
CPDPR& wal tz16
NUC2 1H
PCPD2 80.00 usec
PL2 .00 dB
PL12 15.00 dB
PL13 15.00 dB
pL2W 11.88122272 W
PL12W 0.37571725 W
PL13W 0. 37571725 W
SFQ2 400. 1316005 Mz
Sl 32768
SF 161. 9755930 MHz
VoW EM
SSB 0
LB 1.00 Hz
[e=] 0
PC 1.40

T T T T
-50 -100 -150 -200 ppm

Elemental Composition Report

Single Mass Analysis
Tolerance = 10.0 PPM / DBE: min =-1.5, max = 50.0

Selecied filters: None

Monoisotopic Mass, Even Electron loris
35 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)

Elements Used:
C:12-29 H:0-33 N:1-2 Na: 0-1

P: 0-2

Kin-Dept-28022012 HS $16 34 (0.638) Cn (Cen 4, 80.00, Ar); Sm (SG, 2x3.00); Sb (10,40.00 ); Cm (33:34)

TOF MS ES+ 366.2348
v
| :
% |
|
R
366.00 366.25
Minimum:
Maximum:
Mass Calc. Mass
366.2348  366.2351

366.50

5.0
mDa

-0.3

367.2408
‘ 366 7-57‘* 367.00 —ﬁ;£5 367.50
=143
10.0 50.0
PPM DBE i-FIT Formula
-0.8 9.5 0.3 C24 N33

428

367.75

368.2471

368.00 368.25
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2-Phenyl-1-(1-phenylbutyl)-1H-indole (Scheme 6.3)

N
N

Me

PC338
1
1
20111031
15. 07
spect
5 mm PABBO BB-
zg30
32768
coa 3
NS 16
bs 2
SWH 4006. 410 Hz
FI DRES 0.122266 Hz
AQ 4.0894966 sec
RG 161
bw 124. 800 usec
DE 6.50 usec
TE 297. 8
DL 1. 00000000 sec
TDO 1
CHANNEL f1
NUCL
P1 14.70 usec
PL1 0.00 dB
PLIW 11.88122272 W
SFOL 400. 1318007 MHz
Sl 32768
SF 400. 1300000 MHz
DWW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
T T T T T T T
9 6 5 4 3 2 1 0 ppm
) \ v
o o|o o|o|o
— = N <
NAVE PC338
EXPNO 6
PROCNO 1
Pcsss C POONMOWOTNDVOILWWOOLW T Date_ 20111031
AOMPOLMTONOONITOMT =N IN] om o o Ti me 19.14
B HCHFBGBB NN NN GG i S o5 0 yo-° w | NSTRUM pect
STYTOONNNNNNNNNNNNNN O @ N RN PROBHD ~ 5 nm PABBO BB-
URRERERRPMRRRI A R bl P R B B P P B b1 I} ON N o PULPROG 2gpg30
e T B
SOLVENT o6D6
NS 210
bs 2
SWH 24038. 461 Hz
FI DRES 0.366798 Hz
AQ 1.3631988 sec
RG 1
bw 20. 800 usec
DE 6.50 usec
TE 298.8 K
DL 2.00000000 sec
D11 0.03000000 sec
TDO 1
usec
-2 dB
58. 52175522 W
100. 6228298 Mz
CHANNEL f2 =
wal t 216
1H
80.00 usec
0.00 dB
15.00 dB
15.00 dB
11. 88122272 W
0.37571725 W
0.37571725 W
400. 1316005 MHz
32768
100. 6127690 Mz
EM
0
1.00 Hz
B 0
PC 1.40
T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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1-(1H-Indol-2-yl)naphthalen-2-ol (Scheme 6.4)

PC444 H

N

AONONOAAODODNDOMDOON TN ©
POOINONADORNOOAOONTINAOQONOMO
NOOOMNNNSTITIITIONONNOMO®NNNND
ONNNNNNNNNNNNNENNNNNNNNNN G

s

HO

o R

usec
usec

=

sec

NAME PC444
EXPNO 1
PROCNO 1
Date_ 20121124
Tine 19. 40
| NSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zg30
T 32768
SCLVENT Ccba 3
NS 16
DS 2
SWH 5597. 015
FI DRES 0.170807
AQ 2.9273248
RG 181
bw 89.333
DE 6.50
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ EE 1 ooogggbg
8.4 8.2 8.0 7.8 7.6 7.4 7.2 7.0 6.8 ppm TDO 1
P1 14.70
PL1 0.
PLIW 11.88122272
SFOL 400. 1324008
Sl 32768
SF 400. 1300000
Wow EM
SSB 0
LB 0.30
GB 0
PC 1. 00
T T T T T T T T T T T
12 11 10 9 8 7 6 5 4 2 1 0 ppm
f \/‘r T‘ j‘\fj
ofo(sfo) S|
3|8|2|3|5||%
o‘m il m‘ IS
NAVE PCA36
EXPNO 2
PROCNO 1
poise C WONNONOONDOW AN YT Date_ 20121111
"OMONONRONNRRRDMD N © 0 IT‘Ng?RUM ;geg“l
BeR33RN8RIRNYRRGEES vrs PROBHD 5 mm PABBO BB-
dadddddddddddaddda R PULPROG 29pg30
S=lk= 5 &4
SOLVENT cnd 3
NS 25
DS 2
SWH 24038. 461 Hz
FI DRES 0.366798 Hz
AQ 1.3631988 sec
RG 228
bw 20. 800 usec
DE 6. 50 usec
TE 299.5 K
D1 2.00000000 sec
D11 0. 03000000 sec
TDO 1

100. 6228298

CHANNEL f2 =:
val tz

1H
80.00 usec
0.00 dB
15.00 dB
. 00 dB
11.88122272
400. 1316005 Mz
32768
100. 6127690 MHz
EM
0
1.00 Hz
0
1.40

ppm

usec

dB
w
Mz

Mz



2-(2-Methoxynaphthalen-1-yl)-1-methyl-1H-indole (Scheme 6.5)

MeO

N

N
Me

PC441 H

—3.912
—3.515

T T T T T T T T T T
80 79 78 77 76 75 74 73 ppm
T T T T T T T T T 1
12 11 10 9 6 5 4 3 1 ppm
e[
™| |l
PC441 C
MNOOUONODOTONDONWODO DO
MNTOMNMNOAKOMOOWLMITNMA O M =]
BN YO REN GBS HB B IS 2 -
WOOMNHOHOANNNNNNNATAOO NN~ O o
BRI IR R s b S NS 8

—56.51

/
\
1

200 180 160 140 120 100 80 60 40

431

20

0

ppm

NAVE PC441
EXPNO 3
PROCNO 1
Date_ 20121121

Ti me 21.10

| NSTRUM spect
PROBHD 5 nm PABBO BB-
PULPRCG 2930

TD 32768
SOLVENT cDal 3

NS 16

bs 2

SVH 5597. 015 Hz
FI DRES 0.170807 Hz
AQ 2.9273248 sec
RG 128

bw 89. 333 usec
DE 6.50 usec
TE 298.0 K
D1 1. 00000000 sec
TDO 1

= CHANNEL f1

1H
14.70 usec

0.00 dB
11.88122272 W
400. 1324008 Mz

32768
400. 1300000 Mz
EM

0
0.30 Hz
0
1.00
e PaasL
EXPNO 4
P 1
Date_ 20121121
Ti 21.14
| NSTRUM t
PROBHD 5 mm PABBO BB-
PULPROG zgpg30
TD 65536
SOLVENT cDa 3
NS 56
DS 2
SWH 24038. 461 Hz
FI DRES 0.366798 Hz
AQ 1.3631988 sec
RG 228
bw 20. 800 use
DE 6.50 use
TE 299.0 K
D1 2.00000000 sec
D11 0. 03000000 sec
TDO 1
CHANNEL f1
NUCL 13C
P1 9.50 use
PL1 - 0 dB
PLIW 58. 52175522 W
SFOL 100. 6228298 Mz
CHANNEL f2
CPDPR& wal tz16
NUC2 1H
PCPD2 80.00 use
PL2 0.00 dB
PL12 15.00 dB
PL13 15.00 dB
pPL2W 11.88122272 W
PL12W 0.37571725 W
PL13W 0.37571725 W
SFC2 400. 1316005 MHz
sl 32768
SF 100. 6127690 Mz
Wow EM
SSB 0
LB 1.00 Hz
B 0
PC 1. 40



3-Bromo-2-(2-methoxynaphthalen-1-yl)-1-methyl-1H-indole (Scheme 6.5)

Br
\ OMe
N
Me
=
NAVE PC446b
PCA46bH EXPNO 1
IDNOANMOOMNNDODDONOD T wc o PROCNO 1
FOANNTHONOOLMOMNAO0O T HD D o N Date 20121203
CODOOONRITIITTITMMMMNN [ Time 19 00
BONNNNNNNNNNNNNNNNNN © o | NSTRUM spect
PROBHD 5 nm PABBO BB-
PULPROG 2930
TD 32768
SOLVENT cDa 3
NS 16
bs 2
SWH 5597. 015 Hz
FI DRES 0.170807 Hz
AQ 2.9273248 sec
RG 114
bw 89. 333 use:
DE 6.50 user
TE 297.9 K
DL 1.00000000 sec
TDO 1
user
0.00 dB
PLIW 11.88122272 W
SFOL 400. 1324008 Mz
Sl 32768
SF 400. 1300000 MHz
Vow EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
LJ\'lx A
T T T T T T T T
9 7 6 5 4 1 0 ppm
VIVIWPIL J | )
NN AN
‘o] ool eo (<) & o ©
|| ||| = S =3
roTo o‘vﬁ-—j-—« [m o
\VE PC446b
PC446b C EXPNO >
LWTMAOONNNT T HOWMOM PROCNO 1
TNOTOOANNDOMO AT AO O 0™ @ o
. oMo~ © = Date_ 20121203
BER8ANNIINRAANS NN < 5 Ti e 19.02
A A A A AAAAAAAAAAAAD s} ™ | NSTRUM spect
\\“\‘\*\j /////n/// \V ‘ PROBHD 5 mm PABBO BB-
PULPROG zgpg30
TD 65536
SOLVENT coa 3
NS 20
DS 2
SWH 24038. 461 Hz
FI DRES 0.366798 Hz
AQ 1.3631988 sec
RG 181
bw 20. 800 use
DE 6.50 use
TE 298.6 K
D1 2.00000000 sec
D11 0. 03000000 sec
TDO 1

200 180 160 140 120 100 80 60

432

40

use
PL1 -2.00 dB
PLIW 58. 52175522 W
SFOL 100. 6228298 M

PL12W 0.37571725
PL13W 0.37571725
SFQ2 400. 1316005
Sl 32768
SF 100. 6127690
Ww EM
SSB 0
LB 1.00
e} 0
PC 1.40

use
dB
dB
dB
W
W
w
M
M



3-Bromo-2-(2-methoxynaphthalen-1-yl)-1-methyl-1H-indole (Scheme 6.5)

Br
\ OMe

KIN-DEPT-23112012-PC442 51 (0.967) TOF MS ES+
100 368.1 1.29e3
338.3
3
287.1
260.3 369.1 390.0
339.3 '
286.1 . 322.1 ’
2881 3213 l 3241 ( 358.4 386.0 ‘ 594'3 422.0431.8
0 ' 1 TR RO P J.lu]' l[n Yo un.u“uu\ ALA L sanadd, h\ll Iu}“h R hmmmh /
L I L B L L L L A L B L L U R B SR R 11074
280 300 320 340 360 380 400 420
KIN-DEPT-23112012-PC442 HS2 55 (1.042) TOF MS ES+
366.0500 1.04e3
100 368.0483
-
367.0477
369.0533
367.2204 368.8640 369.1775
365.7849 366.8025| N\ &
0 ‘ L ‘ L L T L t T m/Z
366 367 368 369
Mass Calc. Mass mDa PPM DBE i-FIT Formula
366.0500 366.0494 0.6 1.6 12.5 23.0 C20 H17 N O Br
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3-(Dicyclohexylphosphino)-2-(2-methoxynaphthalen-1-yl)-1-methyl-1H-indole

(Scheme 6.5)
O \ PC38Me

NAMVE PC443
EXPNO 1
PC443 P PROCNO 1
Date_ 20121123
~ Ti me 16. 24
o 1 NSTRUM spect
< PROBHD 5 nm PABBO BB-
PULPROG zgpg30
TD 65536
SOLVENT CcDd 3
NS 16
DS 4
SWH 64102. 563 Hz
FI DRES 0.978127 Hz
AQ 0.5112308 sec
RG 50
bw 7.800 usec
DE 6. 50 usec
TE 298.9 K
D1 2.00000000 sec
D11 0. 03000000 sec
TDO 1
======== CHANNEL f1 ========
NUC1 31P
P1 14.70 usec
PL1 .00 dB
PLIW 12. 96693134 W
SFOL 161. 9674942 Mz
======== CHANNEL f2 ========
CPDPRG2 wal t z16
NUC2 1H
PCPD2 80.00 usec
PL2 0.00 dB
PL12 15.00 dB
PL13 15.00 dB
PL2W 11.88122272 W
PL12W 0.37571725 W
PL13W 0.37571725 W
SFQ2 400. 1316005 Mz
Sl 32768
SF 161. 9755930 MHz
wow EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
T T T T T T T
100 50 0 -50 -100 -150 -200  ppm
Kin-Dept-05122012-s21 6 (0.119) TOF MS ES+
484.2793 6.64e3
1007
)
N3
485.2860
486.2908
483.9095
T T T T m/z
484 485 486 487

Mass Calc. Mass mDa PPM DBE i-FIT Formula
484.2793 484.2769 24 5.0 14.5 1.1 C32 HI9 NO P
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2-(2-1sopropoxynaphthalen-1-yl)-1H-indole (Scheme 6.5)

i-PrO
H
PC451 (b) H i posst
NONSNNOAANNDON—ADNDDINON—HOWOWO wno
TRWONDOTONINANTROIAO NP @ O D~ 5 ® PROCNO 1
RS ER RN ITIFTnINAINREREBBRSS NN Date_ 20130103
R T A R e 0 e Ti me 14.14
e Iy | NSTRUM Spect
\NW\\/%/ \% v PROBHD 5 mm PABBO BB-
PULPI 2930
™ 32768
SOLVENT ood 3
NS 16
DS 2
SWH 5597, 015 Hz
FI DRES 0.170807 He
AQ 2.9273248 sec
RG 161
bw 89. 333 usec
DE 6. usec
TE 298.3 K
D1 1.00000000 sec
DO 1

PL1 0.00 dB
PLIW 11.88122272 W
SFOL 400. 1324008 M-z
Sl
T T T T T T T T T T T 1 SF 400. 1300000 MHz
88 86 84 82 80 78 76 74 72 70 ppm e M
LB 0.30 Hz
fe:] 0
PC 1.00
T T T T T T T T T T
12 11 10 6 5 4 3 2 1 0 ppm
|
gl g
3 ]
“ ©
PC451 C NAMVE PC451
EXPNO 2
PROCNO 1
® COHDONOANENMNOIN Date 20130103
1) ADOITODOMNMOO MmN WM~ 0 Ti me 14.16
6 GNP BCBETAS BB DO T N « | NSTRUM spect
n NONNNNNNNNAAAAO N~ ©m o PROBHD 5 mm PABBO BB
= A A A A A A A A A A A N~~~ N PULPROG 2gpg30
| S\ N2, :
SOLVENT coa 3
NS 71
DS 2
SWH 24038. 461 Hz
FI DRES 0.366798 Hz
AQ 1. 3631988 sec
RG
Dw 20.800 usec
DE 6.50 usec
TE 298.8 K
D1 2.00000000 sec
D11 0. 03000000 sec
TDO 1
-2 dB
58. 52175522 W
100. 6228298 Mz
CHANNEL f2
wal tz16
1H
80.00 usec
0.00 dB
15.00 dB
15.00 dB
11.88122272 W
0.37571725 W
0.37571725 W
SF 400. 1316005 Mz
Sl 327
SF 100. 6127690 Mz
EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
T T T T T T T T T T T T T T T T
160 150 140 130 120 110 100 90 80 70 60 50 40 30 ppm
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2-(2-1sopropoxynaphthalen-1-yl)-1H-indole (Scheme 6.5)

i-PrO

KIN-DEPT-12122012-S1 3 156 (2.903) TOF MS ES+
100 302.1 4.30e3
-
260.1 303.2
206.1 258.1 261.1 288.3 324.1338.3
187.0 23l1-1 ( R \ 36?.3
0 \‘”w”w”‘1‘\‘H‘\‘”'wH‘w””\H”\‘J”w””iw“w””WH'W‘U ‘lw”‘J‘\"“H\‘”"\‘H"w””\H“w””w”‘w”” m/z
160 180 200 220 240 260 280 300 320 340 360 38
KIN-DEPT-12122012-S1 HS 143 (2.660) TOF MS ES+
g 302.1538 3.02e4
100
-
303.1575
301.9959 3025531 302.7863 303.5573 304.‘160830 40888 304.7907
0 T - T = T - : m/z
302 303 304
Mass Calc. Mass mDa PPM DBE i-FIT Formula
302.1538 302.1545 -0.7 -2.3 12.5 12.1 C21 H20 N O
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2-(2-1sopropoxynaphthalen-1-yl)-1-methyl-1H-indole (Scheme 6.5)

i-Pro
7 N\

A\

N
Me

PC452 H NAVE b2
CONANNNOOVMONOONTRNVOONO N TN NMNNWO©NMN © < © EXPNO 1
TALOLAIONODINDINOWNAORNAD DD T N DO 0T N PROCNO 1
COODOXONNNDWLIIITTITTMMNMANNO® © ©© OO momaN Date 20130107
BONNNNNNNNENNNNNNNNNNNNNNOS SIS <0 R R Time 12.56

= \\ V I NST! spect
PROBHD 5 nm PABBO BB-
PULPRCG 293
TD 32768
SOLVENT CcDa 3
NS 16
DS 2
SWH 5597. 015 Hz
FI DRES 0.170807 Hz
AQ 2.9273248 sec
RG 25.4
Dw 89. 333 usec
DE 6.50 usec
TE 298.0 K
D1 1.00000000 sec
TDO 1
1
P1 14.70 usec
PL1 . 00 dB
PL1W 11.88122272 W
SFOL 400. 1324008 Mz
Sl 32768
SF 400. 1300000 M-z
WW EM
SsB 0
LB 0.30 Hz
B 0
PC 1.00
T T T T T T T T T
12 11 10 5 4 3 2 1 0 ppm
|
g A 58
=] o Sits]
o o o
NAME PC452
Standard 13C EXPNO 2
PROCNO 1
NNOONOMMOT NN MOMDO Date_ 20130107
IETTONMNMMOOO—ADTMO T T 0O ~owo Ti me 12.59
BB O RSN GBS S BN NG ® o T | NSTRUM spect
WOOMOONNNNNNNNAAAOO SN~ ©ON [=RNEN] PROBHD 5 nm PABBO BB-
B R R R R R R R L R R PR paph p R AN N N » NN PULPROG 29pg30
SEsSe== V/ Y R
SOLVENT CcDd 3
NS 34
bs 2
SWH 24038. 461 Hz
FI DRES 0. 366798 Hz
AQ 1.3631988 sec
RG 228
bw 20. 800 usec
DE 6. 50 usec
TE 298.8 K
DL 2.00000000 sec
D11 0. 03000000 sec
TDO 1
PL1 -2. dB
PL1IW 58. 52175522 W
SFOL 100. 6228298 Mz
PL13 15.00 dB
PL2W 11.88122272 W
PL12W 0.37571725 W
PL13W 0. 37571725 W
SFC2 400. 1316005 Mz
Sl 32768
SF 100. 6127690 MHz
VDWW EM
SsB 0
LB 1.00 Hz
GB 0
PC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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2-(2-1sopropoxynaphthalen-1-yl)-1-methyl-1H-indole (Scheme 6.5)

i-PrO

Kin-Dept-09012013-s11 2 29 (0.546) Cm (28:30) TOF MS ES+
100- 316.2 1.05e3
269.1
=
3172
7
3182
7
2701 315.2
2471 ot |7 2741 2909 <
2302 \ 263.4 [_ _275.1 2031 3192
04 bt frbe+ + g Pbonepbebabprarthrbo it e :.ﬁ;..,:,..,,n/z

TRNSSUET SISVVITULT FUUPIPRIIES TR D RLISTINPUUORINUE T RUPLS EVRRRRNTR-WEVEL S SHPR [ FRERUFOUIVIIOTS! FVETRRETNEOUew
200 210 220 230 240 250 260 270 280 200 300 310 320

Kin-Dept-09012013-s11 2 49 (0.917) TOF MS ES+
316.1714 1.00e4
100
<
, 317.1780
| 318.1739
0. 3159699 316.5980 316.9166 317.4686 0203 3182969
I I I
316 317 318
Mass Calc. Mass mDa PPM DBE i-FIT Formula
316.1714 316.1701 1.3 4.1 12.5 257.3 C22 H22 N O

438



3-Bromo-2-(2-isopropoxynaphthalen-1-yl)-1-methyl-1H-indole (Scheme 6.5)

Br
) Oi-Pr
N
Me
NAVE PC453
PC453 H Beno b
LALOANOAAINNNNNTOTONOEOTHOMSNNSNO N NNWwO PROCNO 1
000D RRAPWNAHODINNOOMOOO~NOD~OFTMAN ™~ mq
COONVNVOONOITIIITOMMMMMMOH AN O LI LLLWG NN Date_ 20130108
. Time 20. 00
L A e e N e N e e N e N N o - A e | NSTRUM spect
N&W N%/ \\\V PROBHD 5 nm PABBO BB-
PULPROG 2930
TD 32768
SOLVENT cDa 3
NS 16
DS 2
SWH 5597. 015 Hz
FI DRES 0. 170807 Hz
AQ 2.9273248 sec
RG 203
bw 89. 333 usec
DE 6.50 usec
TE 298. 3
D1 1.00000000 sec
TDO 1
CHANNEL f1
NUCL
P1 14.70 usec
PL1 0.00 dB
PLIW 11.88122272 W
SFOL 400. 1324008 M-z
Sl 32768
SF 400. 1300000 MHz
WowW EM
SsB 0
LB 0.30 Hz
GB 0
PC 1.00
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 0 ppm
IVIVAS ]
o|o|o||mn o S Slo
‘\—iFio'aciri‘ = o3 e
NAME PC453
PC453 C EXPNO >
PROCNO 1
01010 i1 10 O 00 I N 2 10 Dare_ 20130108
ACOONAONAAA—ADONM MNO T 1 N© Time 20. 08
BEBE RO N BSNGTNG D s oo LNSTRUM spect
WOMMOANNNNNNN—AA—EO A ~~ON [=BVEN] PROBHD 5 mm PABBO BB-
EUPURERURL R Bh B P R B ph hupa pa B N N [ IRNEN] PULPROG 2gpg30
N\ VY |V I e
SOLVENT
NS 124
DS
SWH 24038. 461 Hz
FI DRES 0.366798 Hz
AQ 1.3631988 sec
RG 90.
ow 20. 800 usec
DE 6.50 usec
TE 299.6 K
DL 2.00000000 sec
D11 0. 03000000 sec
TDO 1

CHANNEL f1 =:
1
9.50 usec
-2.00
58, 52175522 W
100. 6228298 Mz

15. 00

11. 88122272
0.37571725 W
0.37571725 W

400. 1316005 Mz

MHz

32768
100. 6127690
EM

0
1.00 Hz
0

1.40

200 180 160 140 120 100 80 60 40 20 0 ppm
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4-(1-Methyl-1H-indol-2-yl)morpholine (Table 6.4, entry 1)

N O
N\_/

7.183
7.157

7.154
7.137
7.135
7.120
7.117
6. 000
5.998

|
<
<

3.951
3.939

3.935
3.928
3.673
3.085
3.078
3.073
3.062

Me

]

T T
9 8 7 6 5 3 2 1
P
cEI L
o o <™ <
PC234C
(3] M NOWLW <
o N SNNOM © ~ANO M n o
< M NNHH O O N~NO O o o
[ R 2
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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NAMVE PC234
EXPNO 1
PROCNO 1
Date_ 20101227
Ti me 21.39
| NSTRUM spect
PROBHD 5 nm PABBO BB
PULPROG 293!
TD 32768
SCOLVENT CcDa 3
NS 16
bs 2
SWH 4006. 410 Hz
FI DRES 0.122266 Hz
AQ 4.0894966 sec
RG 40.3
bw 124. 800 usec
DE 6.50 usec
TE 295. 5
DL 1.00000000 sec
TDO 1
= CHANNEL f1 =
NUCL 1H
P1 14.70 usec
L1 0.00 dB
PL1W 11.88122272 W
SFOL 400. 1318007 Mz
Sl 32768
SF 400. 1300000 M-z
oW EM
SsB 0
LB 0.30 Hz
GB 0
PC 1.00
S
ppm
NAVE PC234
EXPNO 2
PRCCNO 1
Date_ 20101227
Ti me 21.43
| NSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zgpg30
TD 65536
SOLVENT cDd 3
NS 32
bs 2
SWH 24038. 461 Hz
FI DRES 0.366798 Hz
AQ 1.3631988 sec
RG 203
bW 20. 800 usec
DE 6.50 usec
TE 296.5 K
D1 2.00000000 sec
D11 0. 03000000 sec
TDO 1
CHANNEL f1
NUCL 13C
P1 9.50 usec
PL1 -2.00 dB
PLIW 58.52175522 W
SFOL 100. 6228298 Mz
CHANNEL f2
CPDPR& wal tz16
NUC2 1H
PCPD2 80.00 usec
PL2 0.00 dB
PL12 15.00 dB
PL13 .00 dB
pPL2W 11.88122272 W
PL12W 0.37571725 W
PL13W 0.37571725 W
SFC2 400. 1316005 MHz
Sl 32768
SF 100. 6127794 Mz
EM
SsB 0
LB 1.00 Hz
GB 0
PC 1.40



4-(1-Methyl-1H-indol-2-yl)thiomorpholine (Table 6.4, entry 2)

N S
N /
Me

PC375 (2) H
ONSTOWOLWOLNNSTONS o~ N—HONOMA
MEAQOITONIONO® © NN ®ON©
LONNN—AAAAAO O ©WMmMMN
NNNNNNNNNNN [ R KR RN ENEN

©
©
~
o J
5
IN
w
N}
=

0.99\-
1.38\_
113~
111/

097

ppm

PC375 C
0 —HOHDO O
™ NIOMOO O - N O o N O < 0
5 38J228 ¢ NN G o @ 06
T 1IT T T
! SPUURRO RPN, Ppv——————
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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NAVE PC375
EXPNO 3
PROCNO 1
Date_ 20120106
Ti me 15.27
| NSTRUM spect
PROBHD 5 nmm PABBO BB-
PULPROG 2930
TD 32768
SOLVENT CDa 3
NS 16
DS 2
SWH 4006. 410 Hz
FI DRES 0.122266 Hz
AQ 4.0894966 sec
RG 11.
Dw 124. 800 usec
DE 6. 50 usec
TE 296. 0
D1 1.00000000 sec
TDO 1
CHANNEL f1 ==
1H
14.70 usec
.00 dB
11.88122272 W
400. 1318007 Mz
32768
400. 1300000 MHz
EM
0
0.30 Hz
0
1.00
NAMVE PC375
EXPNO 2
PROCNO 1
Date_ 20120105
Ti me 10. 56
| NSTRUM spect
PROBHD 5 nm PABBO BB
PULPROG zgpg30
TD 65536
SOLVENT cDa 3
NS 59
DS 2
SWH 24038. 461 Hz
FI DRES 0.366798 Hz
AQ 1.3631988 sec
RG 181
bw 20. 800 usec
DE 6. 50 usec
TE 296.5 K
D1 2.00000000 sec
D11 0. 03000000 sec
TDO 1
CHANNEL f1
NUCL 13C
P1 9.50 usec
PL1 -2.00 dB
PLIW 58.52175522 W
SFOL 100. 6228298 M-z
CHANNEL f2
CPDPR& wal tz16
NUC2 1H
PCPD2 80.00 usec
PL2 0.00 dB
PL12 15.00 dB
PL13 15.00 dB
PL2W 11.88122272 W
PL12W 0.37571725 W
PL13W 0.37571725 W
SFC2 400. 1316005 MHz
Sl 32768
SF 100. 6127812 MHz
Wow EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40



1-Methyl-2-(piperidin-1-yl)-1H-indole (Table 6.4, entry 3)

o

—3.651
3.031
3.018
3.004

e
N

NAVE PC298
EXPNO 3

P 1
Date_ 20110518

Ti me 15.28

| NSTRI spect
PROBHD 5 nm PABBO BB-
PULPRCG zg30

TD 32768
SCLVENT cna 3

NS 16

bs 2
SWH 4006. 410 Hz
FI DRES 0.122266 Hz
AQ 4.0894966 sec
RG 25.4

bw 124. 800 usec
DE 6.50 usec
TE 298. 1

DL 1..00000000 sec
TDO 1

PL1 0.00 dB
PL1IW 11.88122272 W
SFOL 400. 1318007 Mz
S| 32768
SF 400. 1300000 M-z
VDWW EM
SSB 0
LB 0.30 Hz
<3} 0
PC 1.00
LJ“NL L JJ M
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
LI |
FTH o m} () (=) ) o‘oo
/o5 @ S cn =S
Ol o o™ o™ <N
PC298
pPC298C B .
PROCNO 1
o N NODO & Date_ 20110518
© N MNNMNNO S o N O - —“HOouw Time 15.32
o B Nooo o amo© ™~ oo« 1 NSTRUM spect
%} ™M NAdd-d O ©O©~~© ™ DO PROBHD 5 nm PABBO BB-
= A Addd @~~~ el NN~ PULPROG 2gpg30
NS N \I/ i
SOLVENT CcDa 3
NS 16
DS 2
SWH 24038. 461 Hz
FI DRES 0.366798 Hz
AQ 1.3631988 sec
RG 144
ow 20. 800 usec
DE 6.50 usec
TE 298.8 K
D1 2.00000000 sec
D11 0. 03000000 sec
TDO 1
usec
PL1 -2. dB
PLIW 58. 52175522 W
SFOL 100. 6228298 Mz
dB
d8
PL13 .00 dB
PL2W 11.88122272 W
PL12W 0.37571725 W
PL13W 0.37571725 W
SFQ2 400. 1316005 MHz
Sl 32768
SF 100. 6127767 Mz
EM
SSB 0
LB 1.00 Hz
B 0
PC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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2-Morpholinobenzo[d]oxazole (Table 6.4, entry 4)

N
>—N 0
0 /

PC305H NAMVE PC305
NONTHNTONNOINOTHNT OO HONNT O HO Sxm %
COVOANONN—TODONNNNODWL MO TONAAHOOO D
TTOOANNNNNNAAATOOOOOO 00 00 MNMNMNMNO© m[e_ 20110520
NNNNNNENNENNNNNENSENNNSN BB BBNN NS Ti me 20. 12

| NSTRU! spect
N%% N\% PROBHD 5 mm PABBO BB-
PULPROG 2930
D 32768
SOLVENT cod 3
NS 16
DS 2
SVH 4006. 410
FI DRES 0. 122266
AQ 4.0894966
RG 25,
DW 124. 800
DE 6.50
TE 298. 3
DL 1.00000000
TDO 1

o

usec
usec

=

sec

© 4

8 ppm

7
I
52
old|lHlo

PC305C

—162. 02
——148. 67
—142.73
_——124.05
——120. 90
——116. 42
——108.78
77.32
77.00
76. 68
—66. 13
——45. 66

s
~

. 00
11. 88122272
400. 1318007

32768
400. 1300000
EM

0
0.30
0
1.00

PC305

2

1
20110520
20.15

spect
5 mm PABBO BB-

2

24038. 461
0. 366798
1.3631988
101

20. 800

6. 50

299.0 K
2.00000000
0. 03000000
1

usec

dB
w
Mz

Mz

Hz

200 180 160 140 120 100 80 60 40 20 0 ppm
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58, 52175522
100. 6228298

15.00 dB
11. 88122272
0.37571725
0.37571725
400. 1316005

32768

100. 6127758
EM

0

1.00

0

1.40




4-(1-Ethyl-3-iodo-1H-indol-2-yl)morpholine (Scheme 6.6)

|
N /
Et

PC421 H NAVE PC421
DL ODDNODONO T © NTYOOd ™ o <m EXPNO 1
DAONOOITAOO DD O~ OINOD I~ ~© < P 1
STYTNNNNNNNR A A NNNN®© ™ ™o Date 20120601
NNNNNNNNNSNNNNS R X R R Time 18.23
| NSTRUM spect
PROBHD 5 nm PABBO BB-
PULPROG zg3|
TD 32768
SOLVENT CDd 3
NS 16
DS 2
SWH 4006. 410 Hz
FI DRES 0. 122266 Hz
AQ 4. 0894966 sec
RG 90.5
bw 124. 800 usec
DE 6. 50 usec
TE 299.1 K
DL 1. 00000000 sec
TDO 1
=: = CHANNEL f1 ==
NUCL 1H
P1 14.70 usec
PL1 .00 dB
PL1IW 11.88122272 W
SFOL 400. 1318007 MHz
Sl 32768
SF 400. 1300000 MHz
WowW EM
SSB 0
LB 0.30 Hz
G 0
PC 1.00
J (. L
T T T T T T T T T T
9 8 7 6 5 2 1 ppm
)’uj‘\ rj
1IN (=)
o|H|o S
L o a‘ o
PC421 C NAVE PCA21
o osown EXPNO 2
0o 8nsen g g38p g3%3 3 8 P !
B OoONSS @ Lo L X N Date_ 20120601
< mANNNN © N~~~ Mmoo~ ) Ti ne 18. 26
o Heddd A ~~~© wins  © - | NSTR spect
VAV VA | Fieree * ™ " Eopgto
PULPI zgpg30
TD 65536
SOLVENT cnd 3
NS 120
bs 2
SWH 24038. 461 Hz
FI DRES 0.366798 Hz
AQ 1.3631988 sec
RG 101
bw 20. 800 usec
DE 6.50 usec
TE 300.0 K
D1 2.00000000 sec
D11 0. 03000000 sec
TDO 1
CHANNEL f1
NUCL 13C
P1 9.50 usec
PL1 -2. dB
PLIW 58.52175522 W
SFOL 100. 6228298 Mz
CHANNEL f2
CPDPR& wal tz16
NUC2 1H
PCPD2 80. 00 usec
PL2 0.00 dB
PL12 15.00 dB
PL13 15.00 dB
pL2W 11.88122272 W
PL12W 0.37571725 W
PL13W 0.37571725 W
SFQ2 400. 1316005 MHz
Sl 32768
SF 100. 6127690 Mz
VDWW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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4-(3-Bromo-1-methyl-1H-indol-2-yl)morpholine (Scheme 6.7)

NAVE PC370
PC370H = MO 000w ®W® TOAN O EXPNO 1
HRRERRERES 28583 PRI !
. .. . A Date. 20111219
Ll el el el el el el el Mmmmom m T\ITE_ 19. 30
‘\NW N// ‘ | NSTRUM spect
PROBHD 5 nm PABBO BB-
PULPROG 2930
TD 32768
SOLVENT cba 3
NS 16
DS 2
SWH 4006. 410 Hz
FI DRES 0.122266 Hz
AQ 4. 0894966 sec
RG 203
bw 124.800 usec
DE 6.50 usec
TE 298.0 K
D1 1. 00000000 sec
1
NUCL H
P1 14.70 usec
PL1 0.00 dB
PLIW 11.88122272 W
SFOL 400. 1318007 Mz
Sl 32768
SF 400. 1300000 M-z
WDW EM
SSB 0
LB 0.30 Hz
GB
PC 1.00
T T T
9 8 7 ppm
I
21l l=]
Sl
PC370C NAVE PC370
532288 T I 5 PRODNO i
GoNc® g N ® © Date_ 20111219
MmANNN— O oA~ on~ [=] © Ti me 19. 38
Ea R E R ] @M~~~ © 2] N I NSTRUM spect
W T T o moad®
PULPROG zgpg30
TD 65536
SOLVENT cnd 3
NS 167
DS 2
SWH 24038. 461 Hz
FI DRES 0.366798 Hz
AQ 1.3631988 sec
RG 203
Dw 20. 800 usec
DE 6.50 usec
TE 299.1 K
DL 2.00000000 sec
D11 0. 03000000 sec
TDO 1
CHANNEL f1
NUC1 13C
P1 9.50 usec
PL1 -2.00 dB
PL1W 58. 52175522 W
SFOL 100. 6228298 Mz
CHANNEL f2
CPDPR& wal tz16
NUC2 1H
PCPD2 80. 00 usec
PL2 0.00 dB
PL12 15.00 dB
PL13 15.00 dB
PL2W 11. 88122272 W
PL12W 0.37571725 W
PL13W 0.37571725 W
SFQ2 400. 1316005 MHz
Sl 32768
SF 100. 6127690 MHz
oW EM
SSB 0
LB 1.00 Hz
[e=] 0
PC 1. 40

200 180 160



4-(3-(Diisopropylphosphino)-1-methyl-1H-indol-2-yl)morpholine (Scheme 6.8)

PC332H

@\g;

N O

N /
Me

NAMVE PC332
EXPNO 1
PROCNO 1

> Date_ 20111017
Tine 17.18
| NSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 29
TD 32768
SOLVENT cnad 3
NS 16
bs 2
SWH 4006. 410 Hz
FI DRES 0. 122266 Hz
AQ 4.0894966 sec
RG 144
bW 124. 800 usec
DE 6.50 usec
TE 297.3 K
D1 1..00000000 sec
TDO 1

P1 14.70 usec

PL1 0.00 dB

PL1W 11.88122272 W

SFOL 400. 1318007 MHz

S 32768

SF 400. 1300000 MHz
EM

SSB 0

LB 0.30 Hz

B 0

PC 1.00

PC332C

121.51
121.27
99. 06
98. 89
77.36
77.04
76.72
53.30
28. 47
24.50

wNO O
NO N
INENER B
NN NN

__154.80
~~154.45
—135.72
_129.21
\-119. 36
—109. 66
b
—67.83
53,41
24,42

e
<
<
/
3

200

ppm

NAMVE PC332
EXPNO 10
PROCNO 1
Date_ 20111018

Ti me 15.20

| NSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zgpg30

D 65536
SOLVENT coa 3

NS 194

DS 2
SWH 24038. 461 Hz
FI DRES 0.366798 Hz
AQ 1.3631988 sec
RG 203

Dw 20. 800 usec
DE 6.50 usec
TE 298.6 K
D1 2.00000000 sec
D11 0. 03000000 sec
TDO 1

CHANNEL f1

NUC1 13C

P1 9.50 usec
PL1 -2.00 dB
PL1W 58. 52175522 W
SFOL 100. 6228298 Mz

CHANNEL f2

CPDPR& wal tz16
NUC2 1H
PCPD2 80.00 usec
PL2 0.00 dB
PL12 15.00 dB
PL13 15.00 dB
PL2W 11.88122272 W
PL12W 0.37571725 W
PL13W 0.37571725 W
SFQ2 400. 1316005 Mz
Sl 32768

SF 100. 6127690 Mz
VDOW EM
SSB 0

LB 1.00 Hz
B 0

PC 1. 40



4-(3-(Diisopropylphosphino)-1-methyl-1H-indol-2-yl)morpholine (Scheme 6.8)

Pi-Prz

@\g;

N O

N /
Me

PC332P

-11.97

NAMVE PC332
EXPNO 5

P 1
Date_ 20111017

Ti me 18. 49

| NSTRUM spect
PROBHD 5 nm PABBO BB-
PULPROG zgpg30

TD 65536
SOLVENT CDd 3

NS 16

DS 4
SWH 64102. 563 Hz
FI DRES 0.978127 Hz
AQ 0.5112308 sec
RG 203

bw 7.800 usec
DE 6.50 usec
TE 297.4 K
DL 2.00000000 sec
D11 0. 03000000 sec
TDO 1

P1 14.70 usec
PL1 3.00 dB
PL1IW 12.96693134 W
SFOL 161. 9674942 Mz

PL13 15.00 dB
PL2W 11.88122272 W
PL12W 0.37571725 W
PL13W 0.37571725 W
SFCR 400. 1316005 Mz
S| 32768
SF 161. 9755930 Mz
VoW EM
SSB 0
LB 1.00 H
B 0
PC 1.40
T T T T T T T
100 50 0 -50 -100 -150 -200 ppm
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4-Acetyl-2,6-dimethylphenyl tosylate

Me
(0]
OTs
Me
Me
PC243H NAVE PC243
EXPNO 1
2BRSSS 238 & ProONO 1
VOOTMN ww ° Date_ 20110105
I N L NN N o Ti me 17.33
NV \/ Frea e
PROBHD 5 nm PABBO BB
PULPROG 2930
D 32768
SOLVENT CcDa 3
NS 16
Ds 2
SWH 4006. 410 Hz
FI DRES 0.122266 Hz
AQ 4.0894966 sec
RG 57
bw 124,800 usec
DE 6.50 usec
TE 295. 4
D1 1. 00000000 sec
TDO 1
= CHANNEL f1 =
NUCL 1H
P1 14.70 usec
PL1 0.00 dB
PL1W 11.88122272 W
SFOL 400. 1318007 M-z
Sl 32768
SF 400. 1300000 M-z
VoW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
o)< <o)
o|oo o|o|o
il m{m‘ ©
PC243C NAVE PC243
8 ERRERERR 453 ams LN :
~ CBEYNG o ® N en Date_ 20110105
o0 OSTOHOOMONNN ~~© © =~ Time 17. 36
— A A A A A A N~~~ NN I NSTRUM spect
\ \ \\\ /// \‘/ ‘ \ ’ PROBHD 5 mm PABBO BB-
PULPROG zgpg30
TD 65536
SOLVENT cnd 3
NS 32
bs 2
SWH 24038. 461 Hz
FI DRES 0.366798 Hz
AQ 1.3631988 sec
RG 161
bw 20. 800 usec
DE 6.50 usec
TE 296.4 K
DL 2.00000000 sec
D11 0. 03000000 sec
TDO 1
CHANNEL f1
NUCL 13C
P1 9.50 usec
PL1 -2.00 dB
PLIW 58. 52175522 W
SFOL 100. 6228298 Mz
CHANNEL f2
CPDPR& wal tz16
NUC2 1H
PCPD2 80. 00 usec
pPL2 0.00 dB
PL12 15.00 dB
PL13 15.00 dB
pPL2W 11. 88122272 W
PL12W 0.37571725 W
PL13W 0. 37571725 W
SFC2 400. 1316005 Mz
Sl 32768
SF 100. 6127737 Mz
EM
SsB 0
LB 1.00 Hz
B 0
PC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

448



4-Acetyl-2,6-dimethylphenyl tosylate

(0]
OTs
Me
Me

Elemental Composition Report

Single Mass Analysis
Tolerance = 5.0 PPM / DBE: min =-1.5, max = 50.0
Element prediction: Off

Monoisotopic Mass, Even Electron lons

Page 1

122 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)

Elements Used:
C:0-17 H:0-19 0:0-10 S:0-6

Kin-Dept-10012011 HS S3-2 54 (1.010) AM (Cen,5, 80.00, Ar,10000.0,0.00,1.00); Sm (SG, 2x3.00); Cm (54:57)

TOF MS ES+

100

319.0995

| 320.1046 329.2018

3.30e+003
341.0814

| 342.0851
338.0734 | l 343.0859 349.1898 357 0508

205.1927 299.1122301.1405306.8770 315 1572 (| _s2s2s19)
280.0 b 300.0 -;;0.0 326,0 330.0 34&10 350.0 ‘ 360.0"‘,Z
Minimum: -1.5
Maximum: 5.0 5.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT Formula
319.0995 319.1004 -0.9 -2.8 8.5 3oL Cl7 H19 04 s
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2-Acetylnaphthalen-1-yl tosylate

OTs

—2. 647
——2.445

NAVE PC250
EXPNO 1
PROCNO 1
Date_ 20110119

Ti me 14.15

| NSTI spect
PROBHD 5 nm PABBO BB
PULPROG 2930

TD 32768
SOLVENT cod 3

NS 16

bs 2
SWH 4006. 410 Hz
FI DRES 0.122266 Hz
AQ 4.0894966 sec
RG 80.6

bw 124. 800 usec
DE 6.50 usec
TE 297.7 K
D1 1.00000000 sec
TDO 1

PL1 0.00 dB
PL1IW 11.88122272 W
SFOL 400. 1318007 MHz
Sl 32768
SF 400. 1300000 MHz
oW EM
SSB 0
LB 0.30 Hz
T T T T T T % 1 Og
7.9 7.8 7.7 7.4 7.3 7.2 ppm
T T T T T T T
10 8 5 4 3 1 0 ppm
Y| L
o|o|o|o|N o
[ZIZIESIREIN 3l es
PC250C NAMVE PC250
EXPNO 2
PROCNO 1
=] NOTMOOUOMOOMS T Date_ 20110119
N OMOOMOOANTNO® T O W © <~ Ti me 14.17
g gusddgEssErrss  loc 2 LT
— ::aaaa—ca—caada‘—c ~~~ M o Eaag,g&; SnmPABZBSpSEU
=V [ ] i
SOLVENT cDd 3
NS 32
DS 2
SWH 24038. 461 Hz
FI DRES 0.366798 Hz
AQ 1.3631988 sec
RG 161
bw 20. 800 usec
DE 6.50 usec
TE 298.6 K
D1 2.00000000 sec
D11 0. 03000000 sec
TDO 1
PL1 -2.00 dB
PL1W 58. 52175522 W
SFOL 100. 6228298 MHz
d
. dB
PL13 15.00 dB
PL2W 11. 88122272 W
PL12W 0.37571725 W
PL13W 0.37571725 W
SFQ2 400. 1316005 Mz
Sl 32768
SF 100. 6127746 Mz
DWW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 ppm
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2-Acetylnaphthalen-1-yl tosylate

Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 5.0 PPM / DBE: min =-100.0, max = 1000.0
Selected filters: None
Monoisotopic Mass, Even Electron lons
117 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:
C:0-283 H:0-16 0:0-5 Na:0-1 S:0-1 39K:0-1 Rh:0-1
Kin-Dept-26012011-HS S4 60 (1.121) Cn (Cen, 10, 80.00, Ar); Sm (SG, 2x3.00); Sb (10,10.00 ); Cm (60:68)
TOF MS ES+ 363.0663 8.11e3

%v

1 364.0708
365.0683 366,0773
851.2126  355,2789357.0535 358 1601 359.1756 361.2574 . 369.2035 371.2136 375.1488 nus 10as
(1% BT T M SRR . it il 7TH . 7 T N O VO A VA - B e MO L L1 8
3520 3540 3560 3580 3600 3620 3640 3660 3680 370.0 3720 3740  376.0

Minimum: -100.0
Maximum: 5.0 5.0 1000.0
Mass Calc. Mass mDa PPM DBE i-FIT Formula
363.0663  363.0667 -0.4 -1.1 118 18.0 €19 H16 04 Na S
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4-Cyano-2,6-dimethylphenyl tosylate

Me
NC OTs
Me
PC251H NANVE PC251
88R23INS 2 3 PRS0 i
PODOT S OAN o - Date_ 20110125
NSNS SIS~ NN Ti me 18. 05
| NSTR spect
PRCBHD 5 mm PABBO BB-
PULPROG 2930
D 32768
SOLVENT cnd 3
NS 16
DS 2
SWH 4006. 410 Hz
FI DRES 0. 122266 Hz
AQ 4.0894966 sec
RG 144
bw 124. 800 usec
DE 6.50 usec
TE 296. 8
DL 1.00000000 sec
TDO 1
PL1 .00 dB
PLIW 11, 88122272 W
SFOL 400. 1318007 Mz
S| 32768
SF 400. 1300000 Mz
WoW EM
SSB 0
T T T T T T T 1 LB 0.30 He
7.3 7.4 7.5 7.6 7.7 7.8 7.9 ppm B 0
PC 1.00
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
rj ‘ ‘\ rj rj
©o o0 0| (@
(=) oo o (©
e Fi‘ ol |8
PC251C o pe2sy
PROCNO 1
TNTOWOM®O o Date_ 20110126
WONNOOOO © ggg ﬁm ITINgE}RU ggég‘z
BLIBSRII S NN o o PROBHD 5 mm PABBO BB-
BV R RERE R PR PR} NN N PULPROG 29pg30
TNZTT W i 5
SOLVENT cod 3
NS 32
bs 2
SWH 24038. 461 Hz
FI DRES 0.366798 Hz
AQ 1.3631988 sec
RG 161
bw 20. 800 usec
DE 6.50 usec
TE 297.0 K
DL 2.00000000 sec
D11 0. 03000000 sec
TDO 1
CHANNEL f1
NUCL 13C
P1 9.50 usec
PL1 -2.00 dB
PLIW 58. 52175522 W
SFOL 100. 6228298 Mz
CHANNEL f2
CPDPR& wal tz16
NUC2 1H
PCPD2 80.00 usec
PL2 0.00 dB
PL12 15.00 dB
PL13 15.00 dB
PL2W 11.88122272 W
PL12W 0.37571725 W
PL13W 0.37571725 W
SFQ2 400. 1316005 Mz
Sl 32768
SF 100. 6127740 Mz
VoW EM
SSB 0
LB 1.00 H
3] 0
PC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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4-Cyano-2,6-dimethylphenyl tosylate

NC OTs

Eletnenial Composition Report Page 1

Single Mass Analysis
Tolerance = 5.0 PPM / DBE: min =-100.0, max = 1000.0
Selected filters: None

Monoisotopic Mass, Even Electron lons

360 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:

C:0-26 H:0-34 N:0-4 0:0-5 Na:0-1 S:0-1

Kin-Dept-07022011-HS S2 47 (0.880) AM (Top,5, Ht,10000.0,0.00,1.00); Sm (Mn, 2x3.00); Cm (46:50)

TOF MS ES+ 302.0861
Yo
303.0862
! | 129'2.36&33)293:?8‘?53?4-08,76, - 2999754‘:/}00071 7' ’ 304”26‘ ;305 ‘{85.0 | '308.?7'94' . ‘312‘93|32' 314,103.35131'5.040:1/
290.0 2925 295.0 2975 300.0 302.5 305.0 307.5 310.0 3125 315.0
Minimum: -100.0
Maximum: 5.0 5.0 1000.0
Mass Calc. Mass mDa PPM DBE i-FIT Formula
302.0861 302.0851 x.0 3.3 9.5 0.1 Clé H16é N 03 S
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2,3,6-Trimethylphenyl mesylate

Me, Me
OMs
Me
PC230bH ok Pezsob
TN © (2R =N ~
© M- o ~ O ® o P 1
No oo «© A = Date_ 20101225
NNN© %) INEEN o Ti me 21.06
| NSTRUM spect
\ \// ‘ \V PROBHD 5 nm PABBO BB-
PULPROG 2930
TD 32768
SOLVENT coa 3
NS 16
DS 2
SWH 4006. 410 Hz
FI DRES 0.122266 Hz
AQ 4.0894966 sec
RG 90.5
bw 124. 800 usec
DE 6.50 usec
TE 295.1 K
D1 1..00000000 sec
TDO 1
CHANNEL f1
1H
14.70 usec
0.00 dB
11.88122272 W
400. 1318007 MHz
32768
400. 1300000 MHz
EM
0
0.30 Hz
0
1.00
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
rj ﬁ E:
@ < [=lit)
(5 o oo
3 3 B
NAMVE PC230b
PC230bC oo H
PROCNO 1
© O Date_ 20110314
mTOoMmAN %8% g ggg ;I'g‘e}RUM 15.1?
5 > > 0 spec
28&% N @ oo PROBHD 5 mm PABBO BB-
i e | ~N~N ) o PULPROG 2gpg30
N\ \ A o 23
SOLVENT cDa 3
NS 32
DS 2
SWH 24038. 461 Hz
FI DRES 0.366798 Hz
AQ 1.3631988 sec
RG
bW 20. 800 usec
DE 6.50 usec
TE 300.7 K
D1 2.00000000 sec
D11 0. 03000000 sec
TDO 1
CHANNEL f1
NUCL 13C
P1 9.50 usec
PL1 -2.00 dB
PLIW 58.52175522 W
SFOL 100. 6228298 Mz
CHANNEL f2
CPDPR& wal tz16
NUC2 1H
PCPD2 80.00 usec
PL2 0.00 dB
PL12 15.00 dB
PL13 15.00 dB
pL2W 11.88122272 W
PL12W 0.37571725 W
PL13W 0.37571725 W
SFQ2 400. 1316005 MHz
Sl 32768
SF 100. 6127803 Mz
oW EM
SSB 0
LB 1.00 Hz
e} 0
PC 1. 40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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2,3,6-Trimethylphenyl mesylate

Elemental Composition Report Page 1

Single Mass Analysis
Tolerance = 5.0 PPM / DBE: min =-1.5, max = 50.0
Element prediction: Off

Monoisotopic Mass, Even Electron lons

131 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:

C:0-11 H:0-15 0:0-10 Na:0-1 S:0-6

Kin-Dept-16022011-HS_2 S15 46 (0.873) Cn (Cen 4, 80.00, Ar); Sm (SG, 2x3.00); Sb (5,40.00 ); Cm (41:57)

TOF MS ES+
1.82e+004
100_] 237.0553
)
1
% 217.1046 234.0446
215.0746
\
2345464 | 2380592
218.1087
o 2140sss : 2200418 224.2381 2051134 0|10 2330789 | | 239.1325
1 > T ! T ¥ 75 ) 1 T
2125 215.0 217.5 220.0 2225 225.0 227.5 230.0 2325 235.0 2375 240.0
Minimum: =k
Maximum: 5.0 5.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT Formula
215.0746  215.0742 0.4 1.9 3.5 2776169.0 C10 H15 03 S
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4-Acetyl-2,6-dimethylphenyl mesylate

Me
(0]
OMs
Me
Me
NAMVE PC259
PC259Hp < © . EXPNO 6

o < Q< Pl 1

© @ o< Date_ 20110218

~ ] o Ti me 11.55
| NSTRUM spect

‘ ‘ \ / PROBHD 5 mm PABBO BB-
PULPROG 2930
TD 32768
SOLVENT cDa 3
NS 16
DS 2
SWH 4006. 410 Hz
FI DRES 0.122266 Hz
AQ 4.0894966 sec
RG 1
DW 124.800 usec
DE 6.50 usec
TE 296.5 K
D1 1. 00000000 sec
TDO 1

CHANNEL f1

1H
14.70 usec
0.00 dB
11.88122272 W
400. 1318007 Mz

32768
400. 1300000 MHz
EM

0
0.30 Hz
0
1.00
A Ut I —
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
]
= =) ol
- o oo
PC259C NAMVE PC259
EXPNO 10
PROCNO 1
oo Date_ 20110321
o o~ ™ 0 Ti me 15.25
< Yo~ 0 ~ 1 NSTRUM spect
[Xx] ~~© o ~ PROBHD 5 nmm PABBO BB-
Aninl Ll ™ A PULPROG 2gpg30
\/ \‘/ ‘ ‘ b 65536
SOLVENT cDa 3
NS 32
DS 2
SWH 24038. 461 Hz
FI DRES 0.366798 Hz
AQ 1.3631988 sec
RG
bw 20. 800 usec
DE 6.50 usec
TE 301.2 K
D1 2.00000000 sec
D11 0. 03000000 sec
TDO 1
CHANNEL f1
NUCL 13C
P1 9.50 usec
PL1 -2.00 dB
PLIW 58.52175522 W
SFOL 100. 6228298 Mz
CHANNEL f2
wal tz16
1H
80. 00 usec
0.00 dB
15.00 dB
15.00 dB

11.88122272 W
0.37571725 W
0.37571725 W

400. 1316005 MHz

32768

100. 6127690 Mz

EM

0
1.00 Hz
0

1. 40

200 180 160 140 120 100 80 60 40 20 0 ppm
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4-Acetyl-2,6-dimethylphenyl mesylate
M
o e
OMs
Me
Me

Elemental Composition Report Page 1

Single Mass Analysis
Tolerance = 5.0 PPM / DBE: min =-1.5, max = 50.0
Element prediction: Off

Monoisotopic Mass, Even Electron lons

164 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:

C:0-26 H:0-15 0:0-10 Na:0-1 S:0-6

Kin-Dept-16022011-HS_2 S14 52 (0.985) Cn (Cen,4, 80.00, Ar); Sm (SG, 2x3.00); Sb (5,40.00 ); Cm (52:58)

TOF MS ES+
6.79+003
- 243.0679
265.0509
"] |
1307
229.1404 g 257.0797 P 29080540
2251054 237.109439 1268 | 250.9920 1 ‘ | 27112%%577.0086

m/z

T T T T T T ' T t T
2250 2300 = 2350 = 2400 = 2450 = 2500 2550 = 2600 2650 2700 2750

Minimum: =-1.5

Maximum: 5.0 5.0 50.0

Mass Calc. Mass mDa PPM DBE i-FIT Formula
243.0679 243.0691 -1.2 -4.9 4.5 42.4 Cll H15 04 S
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4-Cyano-2,6-dimethylphenyl mesylate

Me
NC OMs
Me
4CN-2, 6-di et hyl Ovs NAMVE PC259
EXPNO 9
- ~o ©nr~ o PROCNO 1
— (%] < NN
Date. 20110321
N 0o SNS Ti me 15.22
~ @ DN | NSTRUM spect
v \V PROBHD 5 mm PABBO BB-
PULPROG 2930
b0) 32768
SOLVENT cpal 3
NS 16
DS 2
SvH 4006, 410 He
FI DRES 0.122266 H
AQ 4.0894966 sec
RG
bW 124.800 usec
DE 6.50 usec
TE 300.5 K
D1 1.00000000 sec
oo 1

P1 14.70 usec
PL1 0.00 dB
PLIW 11.88122272 W
SFOL 400. 1318007 MHz
Sl 32768
SF 400. 1300000 MHz
DWW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
roj rwj roj
S =1 S
o ) ©
NAVE PC262
EXPNO 4
PROCNO 1
pcz62C oo Date_ 20110302
o I E=X-} o < Time 20.57
<o ™o © ~ © | NSTRUM spect
oS o & ~ PROBHD 5 mm PABBO BB-
o N~~~ i — PULPROG zgpg30
\/ \‘/ ‘ ‘ D 65536
SOLVENT cnd 3
NS 32
DS 2
SWH 24038. 461 Hz
FI DRES 0.366798 Hz
AQ 1.3631988 sec
RG 1
bw 20. 800 usec
DE 6. 50 usec
TE 300.7 K
D1 2.00000000 sec
D11 0. 03000000 sec
TDO 1
CHANNEL f 1
NUCL 13C
P1 9.50 usec
PL1 -2.00 dB
PLIW 58. 52175522 W
SFOL 100. 6228298 Mz
CHANNEL f2
wal tz16
1H
80. 00 usec
0.00 dB
15.00 dB
15.00 dB

11.88122272 W
0.37571725 W
0.37571725 W

400. 1316005 MHz

32768

100. 6127802 MHz
EM

0
1.00 Hz
0

1. 40

T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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4-Cyano-2,6-dimethylphenyl mesylate
Me

NC OMs

Me

Elemertal Composition Report Page 1

Single Mass Analysis
Tolerance = 10.0 PPM / DBE: min =-1.5, max = 50.0
Selected filters: None

Monoisotopic Mass, Even Electron lons

46 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:

C:0-10 H:0-24 N:0-2 0:0-3 Na:0-1 S:0-1

Kin-Dept-10032011-HS S24 44 (0.824) AM (Cen,4, 80,00, Ar,5000.0,0.00,1.00); Sm (SG, 2x3.00); Sb (5,40.00 ); Cm (43:48)

TOF MS ES+ 248.0354 3.44e3

%,

245.0366
249.0384 250.0267
238'?839 240.8820 2428797 i245'5346 | | 252.5608 293.5601
-1t S E ; ‘ | SN CRSVESRNERSE S ' y 4 : Lo miz
2318‘0 246.0 ’ 2412.0 : 244.0 246.0 248.0 250.0 25I2.O 254.0

Minimum: ~-1.5
Maximum: 5.0 10.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT Formula
248.0354 248.0357 -0.3 -1.2 5.5 35.5 Cl10 H11 N 03 Na S
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4-Bromo-2,6-dimethylphenyl tosylate

Br Me
OTs
Me
PC242H &gﬁb PCZA%
o0 —Hon~ o < PROCNO 1
O O [ Date_ 20110103
oo Fm- S Time 12.34
NN NNN ] | NSTRL spect
PROBHD 5 nm PABBO BB-
PULPRCG 2930
TD 32768
SOLVENT CcDa 3
NS 16
bs 2
SWH 4006. 410 Hz
FI DRES 0.122266 Hz
AQ 4.0894966 sec
RG 25.4
Dw 124. 800 usec
DE 6.50 usec
TE 292.9
D1 1. 00000000 sec
TDO 1
CHANNEL f1 =
1H
14.70 usec
00 dB
11.88122272 W
400. 1318007 Mz
32768
400. 1300000 MHz
EM
0
0.30 H
B 0
PC 1.00
(S S U
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
o |o|o ol |
— il ol o
WE PC242
PC242C BN 5
P 1
© ©©©owa Date_ 20110314
M MON~©OOoN~ peiedis 23 ;nNg%?UM 15.2[9
Lo spec
¢ 35883 Ng© an PROBD 5 mm PAZED BB~
PR R ~~~ IR PULPROG 29pg30
N\ \ I 2
SOLVENT CcDd 3
32
bs 2
SWH 24038. 461 Hz
FI DRES 0.366798 Hz
AQ 1.3631988 sec
RG 1
bw 20. 800 usec
DE 6. 50 usec
TE 300. 7 K
DL 2.00000000 sec
D11 0. 03000000 sec
TDO 1
PL1 -2.00 dB
PL1IW 58. 52175522 W
SFOL 100. 6228298 MHz
= CHANNEL f2 =
CPDPR& wal tz16
NUC2 1H
PCPD2 80.00 usec
PL2 0.00 dB
PL12 15.00 dB
PL13 15.00 dB
PL2W 11.88122272 W
PL12W 0.37571725 W
PL13W 0.37571725 W
SFC2 400. 1316005 M-z
Sl 32768
SF 100. 6127813 Mz
ViDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0  ppm
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4-Bromo-2,6-dimethylphenyl tosylate
Br Me

OTs
Me

Elemental Composition Report Page 1

Single Mass Analysis
Tolerance = 5.0 PPM / DBE: min =-1.5, max = 50.0
Selected filters: None

Monoisotopic Mass, Even Electron lons

100 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:

C:0-16 H:0-24 0:0-3 Na:0-1 S:0-1 Br:0-10

Kin-Dept-10032011-HS S20 44 (0.824) AM (Cen,4, 80.00, Ar,5000.0,0.00,1.00); Sm (SG, 2x3.00); Sb (5,40.00 ); Cm (31:55)

TOF MS ES+ 378.9812 1.30e4
fiv} 376.9831

2

I —

377.9880 | 379.9850

383.1770
g 369.1803 3711739 3730958 3752419 i o 385.1900 367.1825
T T T T — - A et +r - m
3680 3700 ar20 | 3740 | 3760 a78.0 3800 3820 3840 386.0

Minimum: -1.5

Maximum: 5.0 5.0 50.0

Mass Calc. Mass mDa PPM DBE i-FIT Formula

376.9831 376.9823 0.8 2.1 7.5 4.4 C15 H15 03 Na S Br
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4-Phenyl-2,6-dimethylphenyl tosylate

Me
Me
PC258H NAVE PC258
EXPNO 5
SRR IS S5 P !
OO IITTOMMON N Date_ 201;22%3
N Ti e :
Dl e e e el el el ol NN | NSTRUM spect
\m\\ﬂv% ‘ ‘ PRCBHD 5 mm PABBO BB-
PULPROG 2930
TD 32768
SOLVENT coa 3
NS 16
DS 2
SWH 4006. 410 Hz
FI DRES 0.122266 Hz
AQ 4.0894966 sec
RG 25.4
bw 124. 800 usec
DE 6.50 usec
TE 294.2 K
D1 1..00000000 sec
TDO 1
CHANNEL f1
1H
14.70 usec
0.00 dB
11.88122272 W
400. 1318007 MHz
32768
400. 1300000 MHz
T T T T T T EM
0
8.0 7.8 7.6 7.4 7.2  ppm 0.30 He
0
1.00
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
Jy
BlER el
ISIESIBE! 3|l
NI olle
PC258C NAVE PC258
EXPNO 4
PROCNO 1
ONOOAMYTONOW S Date_ 20110215
OHALMFT O OO MO 8g$ gg \TINg'B}RUM ggegf
SSS8ISATIR]RR No© o PROBHD 5 nm PABBO BB-
B R R R R R e R e ~~~ INES] PULPROG 29pg30
W= W | :
SOLVENT cba 3
NS 32
bs 2
SWH 24038. 461 Hz
FI DRES 0.366798 Hz
AQ 1.3631988 sec
RG 22.6
bw 20. 800 usec
DE 6.50 usec
TE 294.8 K
D1 2.00000000 sec
D11 0. 03000000 sec
TDO 1
CHANNEL f1
NUCL 13
P1 9.50 usec
PL1 -2. dB
PLIW 58. 52175522 W
SFOL 100. 6228298 Mz
CHANNEL f 2
CPDPR® wal tz16
NUC2 1H
PCPD2 80. 00 usec
PL2 0.00 dB
PL12 15.00 dB
PL13 15.00 dB
pPL2W 11. 88122272 W
PL12W 0.37571725 W
PL13W 0. 37571725 W
SFC2 400. 1316005 Mz
Sl 32768
SF 100. 6127774 Mz
Wow EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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4-Phenyl-2,6-dimethylphenyl tosylate

Me
WaWa
Me

Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 10.0 PPM / DBE: min =-1.5, max = 50.0

Selected filters: None

Monoisotopic Mass, Even Electron lons
19 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)

Elements Used:

C:0-21 H:0-21 0:0-3 Na:0-1 S:0-2
Kin-Dept-30032011-HS $11 23 (0.434) AM (Top,10, Ht,5000.0,0.00,1.00); Cm (21:30)

TOF MS ES+ 375.1020 1.11e3
"y
%_.
] 376.1002
| 363.2900 377.1105 409.1704
1| _364.2953 [ 393.3132
0 r1 T TY | R R RS BT IR RN ) T | REESS RSN G AEN TR | T m/z
365.0 370.0 375.0 380.0 385.0 390.0 395.0 400.0 405.0
Minimum: -1.5
Maximum: 5.0 10.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT Formula
375.1020 375.1031 -1.1 -2.9 11.5 4.8 C21 H20 03 Na S
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4-Bromo-2,6-dimethylphenyl mesylate

Br Me
OMs
Me
PC267H Lot pe2er
~ ~— 0 -
< O ~ PROCNO 1
~ @ ® Date_ 20110221
~ (X% N Ti me 21.31
| NSTRI spect
\/ ‘ PROBHD 5 nm PABBO BB-
PULPROG zg
TD 32768
SOLVENT CcDa 3
NS 16
bs 2
SWH 4006. 410 Hz
FI DRES 0.122266 Hz
AQ 4.0894966 sec
RG 5
Dw 124. 800 usec
DE 6. usec
TE 297.2
D1 1. 00000000 sec
TDO 1
= CHANNEL f1 ==
1
P1 14.7
PL1 .00 dB
PL1W 11.88122272 W
SFOL 400. 1318007 Mz
S 32768
SF 400. 1300000 M-z
Vow EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
(=] (=) o
— o ©
PC267C NAVE PC267
EXPNO 2
PROCNO 1
0w tN » Date_ 20110221
© —o o N O © [ Ti me 21.34
6 <d o moo© - ® | NSTRUM spect
< (%] — ~~© o ~ PROBHD 5 nm PABBO BB-
DR ~~~ ® - PULP 29pg30
T N [ B
SOLVENT coal 3
NS 32
DS 2
SWH 24038. 461 Hz
FI DRES 0. 366798 Hz
AQ 1.3631988 sec
RG 18
bw 20. 800 usec
DE 6.50 usec
TE 298.1 K
D1 2.00000000 sec
D11 0. 03000000 sec
TDO 1
SFC2 400. 1316005 Mz
Sl 32768
SF 100. 6127774 Mz
VDWW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0  ppm
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4-Bromo-2,6-dimethylphenyl mesylate
Br Me

OMs
Me

Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 10.0 PPM / DBE: min = -1.5, max = 50.0
Element prediction: Off
Monoisotopic Mass, Even Electron lons
172 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:
C:09 H:012 0:06 Na:0-1 S:0-6 Br:0-1
Kin-Dept-04032011 LS S19 35 (0.657) Cn (Cen,4, 80.00, Ar); Sm (SG, 2x3.00); Sb (5,40.00 ); Cm (21:35)
TOF MS ES+
2.97e+003
300.9509
56 ¥ 302.9497
278.9694 740 9661
%
281.9693 297 93943298‘9377 Sedta]
271.1222 L . 288.9247 eaan Ul I

3 ’277.1054 T A e woul L) W \‘ Ly, ‘,..,3:.1;1483 315.1610 -

270.0 275.0 280.0 285.0 290.0 295.0 300.0 305.0 310.0 315.0
Minimum: =15
Maximum: 5.0 10.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT Formula
278.9694 278.9691 0.3 o o 4 3.5 9.5 C9 H12 03 S Br
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4-Phenyl-2,6-dimethylphenyl mesylate

Me
Me
PC268H NAVE PC268
EXPNO 1
gegsueNgggnes ge 2 P 1
LOLLISTIIITOOMMHM ®mm < Date_ 20110227
- : - : 5 H Ti me 20. 25
L e e el el e el el el e el e ®mm o~ | NSTRUM spect
\N% \/ ‘ PROBHD 5 nm PABBO BB-
PULPROG 2930
D 32768
SOLVENT cnal 3
NS 16
DS 2
SWH 4006. 410 Hz
FI DRES 0. 122266 Hz
AQ 4.0894966 sec
RG 1
DW 124. 800 usec
DE 6. 50 usec
TE 299.3 K
D1 1..00000000 sec
TDO 1

PLL 5
PL1IW 11.88122272 W
SFOL 400. 1318007 Mz
Sl 32768
SF 400. 1300000 MHz
WoW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
9 8 7 6 5 4 3 2 1 ppm
. /AN
ek g @
o|o|o|o o o
eI o %}
NAVE PC268
PC268C o i
PROCNO 1
Date. 20110314
SR8288 REY: © g Ti me 15.33
i 5 | NSTRUM spect
S38RY NN o P N PROBHD 5 nm PABBO BB-
B R R ~~~ ® — PULPROG 2gpg30
W N [ :
SOLVENT cba 3
NS 32
bs 2
SWH 24038. 461 Hz
FI DRES 0.366798 Hz
AQ 1.3631988 sec
RG
bw 20. 800 usec
DE 6. 50 usec
TE 300.5 K
D1 2.00000000 sec
D11 0. 03000000 sec
TDO 1
CHANNEL f1
NUCL 13
P1 9.50 usec
PL1 -2. dB
PLIW 58. 52175522 W
SFOL 100. 6228298 Mz
CHANNEL f 2
wal tz16
1H
80. 00 usec
0.00 dB
15.00 dB
15.00 dB
11. 88122272 W
0.37571725 W
0. 37571725 W

400. 1316005 Mz
32768

100. 6127766 Mz
EM

0
1.00 Hz

0
1.40

200 180 160 140 120 100 80 60 40 20 0 ppm
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4-Phenyl-2,6-dimethylphenyl mesylate

Me
O o
Me

Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 20.0 PPM / DBE: min =-1.5, max = 50.0
Selected filters: None
Monoisotopic Mass, Even Electron lons
20 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:
C:0-15 H:0-17 0:0-3 Na:0-1 S:0-2
Kin-Dept-30032011-HS $12 23 (0.434) AM (Cen, 10, 80.00, Ar,5000.0,0.00,1.00); Sm (Mn, 1x1.00); Cm (23:26)
TOF MS ES+ 731 1.17e3

OA’,

297.1649 300.0766
298.1979
302.1938 304.1722
207.2863 ZHR14
0t ( T L T T T T T T L s T miz
297.00 298.00 299.00 300.00 301.00 302.00 303.00 304.00

Minimum: =L.5
Maximum: 5.0 20.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT Formula
299.0731 299.0718 1.3 4.3 25 2773607.3 C15 H16 03 Na S
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2,6,2'-Trimethylbiphenyl (Table 7.2, entry 1; Table 7.3, entry 1)

Me Me
Me
PCL315H NAE Pas1s
CRITNUNOINNTDMNOND OO ©®D ©o© PROCNO 1
ORXNOOUINNOOOIAONNNAHO ~ 0
NOMMMMMMOONNNNNN—AAAAA oo _I?‘ale7 ZOlgéZg;
S : . : i i me }
NN NN NN NN NN NN NN N NN NSNS [N | NSTRUM spect
MW \/ PROBHD 5 nm PABBO BB
PULPROG 293
TD 32768
SOLVENT cDa 3
NS 16
bs 2
SWH 4006. 410 Hz
FI DRES 0. 122266 Hz
AQ 4.0894966 sec
RG 22.6
bw 124. 800 usec
DE 6.50 usec
TE 297.5
D1 1.00000000 sec
TDO 1
PL1 3 dB
PLIW 11.88122272 W
SFOL 400. 1318007 MHz
Sl 32768
SF 400. 1300000 MHz
VDWW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
J.} . S
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
jwr ﬁ
™ S
~ =
NAMVE PCL315
PCL315C EXPRO 3
PROCNO 1
Ot NS @ ey Date_ 20101207
ONOOLOOND®O 9‘,8% 38 ITII\EE}RU ggegg
SSRaIRRR’R] N Sa PROBHD 5 mm PABBO BB-
R R R R R R R R ~~~ =] PULPROG 2gpg30
\\\\% \V \/ ™ 65536
SOLVENT CDa 3
NS 32
bs 2
SWH 24038. 461 Hz
FI DRES 0.366798 Hz
AQ 1.3631988 sec
RG 161
bw 20. 800 usec
DE 6.50 usec
TE 298.4 K
DL 2.00000000 sec
D11 0. 03000000 sec
TDO 1
CHANNEL f1
NUCL 13C
P1 9.50 usec
PL1 -2. dB
PL1W 58. 52175522 W
SFOL 100. 6228298 Mz
CHANNEL f2
CPDPR& wal tz16
NUC2 1H
PCPD2 80. 00 usec
PL2 0.00 dB
PL12 15.00 dB
PL13 15.00 dB
PL2W 11.88122272 W
PL12W 0.37571725 W
PL13W 0.37571725 W
SFQ2 400. 1316005 MHz
Sl 32768
SF 100. 6127802 Mz
DWW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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6-Methoxy-2'-methyl-1,1'-biphenyl-2-carboxaldehyde (Table 7.2, entry 2)

MeO

CHO
Me

NAMVE PCL339
o EXPNO 2
ha} PROCNO 1
N Date_ 20110103
o~ Ti me 20. 10
| NSTRUI spect
PROBHD 5 nm PABBO BB-
PULPROG 293!
™D 32768
SOLVENT CDa 3
NS 16
Dbs 2
SWH 5597. 015 Hz
FI DRES 0.170807 Hz
AQ 2.9273248 sec
RG 25.4
bw 89. 333 usec
DE 6.50 usec
TE 292.9
DL 1.00000000 sec
TDO 1
CHANNEL f1
NUCL
P1 14.70 usec
PL1 0.00 dB
PLIW 11.88122272 W
SFOL 400. 1324008 MHz
Sl 32768
SF 400. 1300000 MHz
EM
SSB 0
LB 0.30 Hz
e} 0
PC 1.00
T T T T T T T T T T T T T
12 11 10 9 6 5 4 3 2 1 0 ppm
ﬁ ﬁ ﬁ
=1 S S
S} o o
\VE PCL339
PCL339C Lol 1
P LOOWAOIONDO DD = 1
™ SPHOWOONNN G MmN ®© NOo © _«
. AN ™o © @ o Date_ 20110103
o ONWF MOS0 WWD LG 0L L ! . Tine 20.14
=) LOOMOONNNNNN NN w0 )
— A A A A A A A A A A A N~~~ n — | NSTRUM spect
PROBHD 5 nm PABBO BB-
PULPROG zgpg30
TD 65536
SOLVENT CcDd 3
NS 32
bs 2
SWH 24038. 461 Hz
FI DRES 0.366798 Hz
AQ 1.3631988 sec
RG 161
bw 20. 800 usec
DE 6.50 usec
TE 293.9 K
DL 2.00000000 sec
D11 0. 03000000 sec
TDO 1
PL1 -2.00 dB
PL1IW 58. 52175522 W
SFOL 100. 6228298 Mz
CHANNEL f2 =
wal tz16
1
PCPI 80. 00 usec
PL2 0.00 dB
PL12 15.00 dB
PL13 15.00 dB
PL2W 11.88122272 W
PL12W 0.37571725 W
PL13W 0.37571725 W
SFC2 400. 1316005 M-z
Sl 32768
SF 100. 6127817 Mz
ViDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
e
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

469



6-Methoxy-2'-phenyl-1,1'-biphenyl-2-carboxaldehyde (Table 7.2, entry 3)

MeO CHO
Ph
PCL356H NAVE PCL356
EXPNO 1
OOWOOTVOEOOITWIINNNNDNONLINONONNOROODIT MM O PROCNO H
DOONITMNMANAOOOOINOCDONNOONITINNADNOONSNNAOO OO T I N Date_ 20110113
FOLLLBLLLEEOITITINONOONOOONNNAAAAAAAAAAAO OO O © Ti me 21.36
ONNNNNNNNNNNNNNNNNNENSESENNENNENNENNNNNNNNSN NN o | NSTRUM spect
. L PROBHD 5 mm PABBO BB-
PULPROG 293
TD 32768
SOLVENT cba 3
NS 16
bs 2
SWH 5597. 015 Hz
FI DRES 0.170807 Hz
AQ 2.9273248 sec
RG 25.4
bw 89. 333 usec
DE 6.50 usec
TE 295.0 K
DL 1.00000000 sec
TDO 1
CHANNEL 1
NUCL
P1 14.70 usec
1 0.00 dB
PLIW 11. 88122272 W
SFOL 400. 1324008 Mz
T T T T T T T Sl 32768
76 75 74 73 72 71 ppm ow 400. 1300000, M
SsB 0
LB 0.30 Hz
GB 0
PC 1.00
L
T T T T T T T T T
12 11 10 6 5 4 3 2 1 0 ppm
ﬁ ﬁ
o S
S} ™
PCL356C NANVE PCL356
1) MIONODOOOO©MO N T M EXPNC 2
o COPIMNONO O ©D© NOo® o PROCNO 1
. - e . .. . . ™o © © Dat e 20110113
o GO <30 WBD I~ GO D G L ! Time 21,41
o LIITOONONNNNNNN NN T -
— A A A A A A A A A A M~~~ [Te) | NSTRUM spect
PROBHD 5 nm PABBO BB-
PULPROG zgpg30
TD 65536
SOLVENT coal 3
NS 32
DS 2
SWH 24038. 461 Hz
FI DRES 0. 366798 Hz
AQ 1.3631988 sec
RG 161
bw 20. 800 usec
DE 6. 50 usec
TE 296.0 K
DL 2.00000000 sec
D11 0. 03000000 sec
TDO 1
100. 6228298 Mz
CHANNEL f2
wal tz16
1H
80.00 usec
0.00 dB
15.00 dB
.00 dB
11.88122272 W
0. 37571725 W
0. 37571725 W
400. 1316005 Mz
32768
100. 6127817 Mz
EM
0
1.00 Hz
0
1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0  ppm
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6-Methoxy-2'-phenyl-1,1'-biphenyl-2-carboxaldehyde (Table 7.2, entry 3)

MeO CHO
O Ph

Elemental Composition Report Page 1

Single Mass Analysis
Tolerance = 10.0 PPM / DBE: min =-100.0, max = 1000.0

Selected filters: None

Monoisotopic Mass, Even Electron lons

20 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:

C:0-20 H:0-17 0:0-8 Na:0-1

Kin-Dept-18012011-HS S5 48 (0.898) Cn (Cen,10, 80.00, Ar); Sm (SG, 2x3,00); Sb (10,10.00 ); Cm (40:58)

TOF MS ES+ 311.1046 1.28¢3

%_.

312.1072
| 307.1617
307.8580308.1078 313.1931
305'f322 , ( i 313.1017. | 313.2560
0"‘I["]'l"‘l""l"""‘l"‘l""l =1 L S e e T -Kj./-.‘m/z
307.00 308.00 309.00 310.00 311.00 312.00 313.00

Minimum: -100.0
Maximum: 5.0 10.0 1000.0
Mass Calc. Mass mDa PPM DBE i-FIT Formula
311.1046 311.1048 -0.2 -0.6 12.5 1.9 C20 H16 02 Na
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6-Methoxy-2'-methoxy-1,1'-biphenyl-2-carboxaldehyde (Table 7.2, entry 4)

MeO CHO
OMe
PCL426H NAVE PCL426
TOODOAAONDOINMANNNIOND M F NN~ 0L EXPNO 1
ONNODDOVOOITITIITINNONONHODDNN~ITNO LN PROCNO 1
NOOOOBITIITIITTTIANNNNAAOOOOOO~N Date 20110214
BONNNNNNNNNNNNNNNNNNNNSNNNNNN 6o Ti me 21.52
| NSTRUM spect
PROBHD 5 nm PABBO BB-
PULPROG 2930
D 32768
SOLVENT CDa 3
NS 16
DS 2
SWH 5597. 015 Hz
FI DRES 0.170807 Hz
AQ 2.9273248 sec
RG
bw 89. 333 usec
DE 6.50 usec
TE 292.4 K
DL 1..00000000 sec
TDO 1
= CHANNEL f1 =
1H
T T T T T T T T T T T T P1 14.70 usec
PL1 0.00 dB
79 78 77 76 75 74 73 72 7.1 7.0 6.9 ppm PLIW 1188122272 W
SFOL 400. 1324008 Mz
Sl 32768
SF 400. 1300000 MHz
Wow EM
SSB 0
LB 0.30 Hz
B 0
PC 1.00

T
12 11 10 9 8 7 6 5 4 3 2 1 0 ppm

PCL426C NAMVE PCL426
© <o HHONO© N EXPNO 2
© — S HAMOOWLN~NNL O ggg g% PROCNO 1
o N~ WANdP OIS 066S L o Date_ 20110214
o nwn OOOMONNNN A ~~© 0w 21.55
- e B R R R R R R PR R R ~~~ gy | NSTRUM spect
v \\\\/ \//// \‘/ \/ PROBHD 5 nm PABBO BB-
PULPROG zgpg30
D 65536
SOLVENT CDd 3
NS 32
bs 2
SWH 24038. 461 Hz
FI DRES 0.366798 Hz
AQ 1.3631988 sec
RG 161
bw 20. 800 usec
DE 6.50 usec
TE 293.2 K
D1 2.00000000 sec
D11 0. 03000000 sec
TDO 1

CHANNEL f1 =
13C
9.50 usec
-2.00 d
58. 52175522 W
100. 6228298 MHz

= CHANNEL f2
CPDPRG2 wal tz16
NUC2 1H
PCPD2 80. 00 usec
0.

PL12 15.00 dB
PL13 15.00 dB
pL2W 11.88122272 W
PL12W 0.37571725 W
PL13W 0.37571725 W
SFQ2 400. 1316005 Mz
S 32768

SF 100. 6127874 Mz
oW EM
SSB 0

LB 1.00 Hz
B 0

PC 1.40

T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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6-Methoxy-2'-methoxy-1,1'-biphenyl-2-carboxaldehyde (Table 7.2, entry 4)

MeO CHO

! OMe

Elemental Composition Report Page 1

Single Mass Analysis
Tolerance = 5.0 PPM / DBE: min = -1.5, max = 50.0
Element prediction: Off

Monoisotopic Mass, Even Electron lons

23 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:

C:0-15 H:0-15 0O:0-10 Na: 0-1

Kin-Dept-16022011-HS_2 $16 51 (0.967) Cn (Cen,4, 80.00, Ar); Sm (SG, 2x3.00); Sb (5,40.00 ); Cm (51:59)

TOF MS ES+
7.96e+003
b 265.0844
o]
|
266.0878
2621361 263.1279 ‘ 2681270 2691330 74 15q7 2734689 04 4ano 2754577 2774083
\a ; T T T ‘ T ‘ T ‘ T T m/z
262.0 264.0 266.0 268.0 270.0 27‘2.0 274.0 276.0 278.0
Minimum: -1.5
Maximum: 5.0 5.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT Formula
265.0844  265.0841 0.3 1.1 8.5 61.5 Cl5 H14 03 Na
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1-(2,6-Dimethyl-2’-methyl-[1,1'-biphenyl]-4-yl)-ethanone (Table 7.2, entry 5;

MeMe
MO0
Me

Table 7.3, entry 2)

Me
NAVE PCL346
PCL346H o H
PROCNO 1
ON~MOD—©O©ODML L0 o < o Dat e, 20110107
RESHn8RAXNERY s 88 Time 19.09
) Ny i s | NSTRUM spect
NNENNNNNNNNGO N N PROBHD 5 mm PABBO BB
W/ ‘ \/ PULPROG 2930
D 32768
SOLVENT CcDa 3
NS 16
bs 2
SWH 4006. 410 Hz
FI DRES 0.122266 Hz
AQ 4.0894966 sec
RG 25.4
Dw 124. 800 usec
DE 6.50 usec
TE 294.8
D1 1. 00000000 sec
TDO 1
PL1 0.00 dB
PL1W 11.88122272 W
SFOL 400. 1318007 Mz
Sl 32768
T T T T T T SF 400. 1300000 M-z
Vow EM
7.8 7.6 7.4 7.2 7.0 ppm SSB 0
LB 0.30 Hz
GB 0
PC 1.00
'
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
rmj H ﬁ ﬁ roj
ol |9 |e Q =]
ol el o o =
NAME PCL346
PCL346C o e
PROCNO 1
0 MMOOTMW AT O Date_ 20110107
™ MIOFOPHO T N R 33 Ti e 19.12
© CPOBISBNN G > @ | NSTRUM spect
@ ITOOHOHNNNN NN © Soo PROBHD 5 mm PABBO BB
— St o o ~~~ NN PULPROG 29pg30
W2 N & ;:
SQLVENT cna 3
NS 32
DS 2
SWH 24038. 461 Hz
FI DRES 0.366798 Hz
AQ 1.3631988 sec
RG
ow 20. 800 usec
DE 6.50 usec
TE 295,
DL 2.00000000 sec
D11 0. 03000000 sec
TDO 1
-2. dB
58. 52175522 W
100. 6228298 M-z
CHANNEL f2 =:
wal tz16
1H
80.00 usec
0.00 dB
15.00 dB
15.00 dB
11.88122272 W
0.37571725 W
0.37571725 W
SF 400. 1316005 MHz
Sl 327
SF 100. 6127772 Mz
EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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1-(2,6-dimethyl-2’-methyl-[1,1'-biphenyl]-4-yl)-ethanone (Table 7.2, entry 5;
Table 7.3, entry 2)
MeMe
OO
Me
Me

Elemental Composition Report Page 1

Single Mass Analysis
Tolerance = 20.0 PPM / DBE: min = -1.5, max = 50.0
Element prediction: Off

Monoisotopic Mass, Even Electron lons

19 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:

C:0-17 H:0-19 0:0-10

Kin-Dept-10012011 HS $1-2 47 (0.880) Cn (Cen,4, 80.00, Ar); Sm (SG, 2x3.00); Sb (5,40.00 ); Cm (37:56)

TOF MS ES+
8.65e+003
100 239.1438
\
|
|
| 240.1482
4 .,‘231 .2519 233.:1129 234.1122 235.1124 236.1440237.0873 238 8843 ‘ ‘ 24‘1 1489 242.?855 242.8797 s
Lo ; ot ——— — T
2320 2340 236.0 238.0 240.0 2420 244.0
Minimum: =-1.5
Maximum: 5.0 20.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT Formula
239.1438 239.1436 0.2 0.8 8.5 83.6 Cl7 H19 ©
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1-(2,6-dimethyl-2’-fluoro-[1,1'-biphenyl]-4-yl)-ethanone (Table 7.2, entry 6;
Table 7.3, entry 5)

Me R
Me
Me
PCL459H NAVE PCL459
DONONHOONONONDTON W EXPNO 1
SHOOWONNIMHD N~ I M ™ ™ PROCNO 1
NETOONNNNNNA A A ©© Date 20110305
NNNNNNNNNNSNNNNSS N aa o Ti me 16. 25
===\ Vo oD e
PROBHD 5 nm PABBO BB-
PULP 2930
TD 32768
SOLVENT cDa 3
NS 16
DS 2
SWH 4006. 410 Hz
FI DRES 0.122266 Hz
AQ 4.0894966 sec
RG 1
bw 124. 800 usec
DE 6. 50 usec
TE 299. 8
D1 1.00000000 sec
TDO 1

PL1 0. O B
PLIW 11.88122272 W
SFOL 400. 1318007 Mz
Sl 32768

SF 400. 1300000 Mz
WowW EM
SSB 0

LB 0.30 Hz
ez} 0

PC 1.00

9 8 7 6 5 4 3 2 1 ppm
L)
{mw {m o (=) o
S| |o|a S |=
ol [=les o ©
PCL459C NAVE PCL459
EXPNO 2
PROCNO 1
aEReoaen oo . Date_ 20110305
~ S Ti me 16. 28
SEEEREEE e G < s
R p NINIS SR PP o m PARRS BB
N7 X i
SOLVENT cod 3
NS 32
SWH 24038. 461 Hz
FI DRES 0.366798 Hz
AQ 1.3631988 sec
1
Dw 20. 800 usec
DE 6.50 usec
TE 300.6 K
DL 2.00000000 sec
D11 0. 03000000 sec
TDO 1
usec
dB
PL1IW 58.52175522 W
SFOL 100. 6228298 Mz
PL13 15.00 dB
PL2W 11. 88122272 W
PL12W 0.37571725 W
PL13W 0.37571725 W
SFC2 400. 1316005 Mz
SI 32768
SF 100. 6127736 Mz
VW EM
SSB 0
LB 1.00 Hz
B 0
PC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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1-(2,6-dimethyl-2’-fluoro-[1,1'-biphenyl]-4-yl)-ethanone (Table 7.2, entry 6;
Table 7.3, entry 5)

Me R

MO0
Me
Me

NAVE PCL459
PCL459F feies 3

PROCNO 1

S Date_ 20110305

: Ti me 16.31

= | NSTRUM spect

o PROBHD 5 nm PABBO BB-

! PULPROG zgf hi ggn
D 131072
SOLVENT 3
NS 16
DS 4
SWH 89285. 711 Hz
FI DRES 0.681196 Hz
AQ 0. 7340532 sec
RG
bw 5. 600 usec
DE 6.50 usec
TE 299.9 K
DL 1.00000000 sec
D11 0.03000000 sec
D12 0.00002000 sec
DO 1

P1 14. 20 usec
PL1 -3.00 dB
PL1IW 18. 69428444 W
SFOL 376. 4607164 Mz
======== CHANNEL f2 ========
CPDPRG2 wal tz16
NUC2 1H
PCPD2 80. 00 usec
PL2 0.00 dB
PL12 15.00 dB
PL2W 11. 88122272 W
PL12W 0.37571725 W
SFQ2 400. 1316005 MHz
Sl 65536
SF 376. 4983660 MHz
VWDwW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
T T T T T T T T T T
0 -20 -40 -60 -80 -100 -120 -140 -160 -180 ppm
Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 10.0 PPM / DBE: min =-100.0, max = 1000.0
Selected filters: None
Monoisotopic Mass, Even Electron lons
70 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:
C:0-16 H:0-16 0:0-8 F:0-2 Na:0-1
Kin-Dept-18012011-HS S4 49 (0.917) Cn (Cen, 10, 80.00, Ar); Sm (SG, 2x3.00); Sb (10,10.00 ); Cm (49:55)
TOF MS ES+ 243.1195 1.02e3
1uu)
O/o_
244.1221
| 233.0834 2591462
. 235.1014 ;
| 2340007 35 ] 0 238.8835. I 243.1877 p44 5788
0 I‘ T 1 T ] T ] I 1 T T 1 1 T T AR Fs T v T T LA BARAH REAHS RAARS | rn/z
2320 2330 2340 2350 2360 2370 2380 2390 2400 2410 2420 2430 2440 2450
Minimum: 2 -100.0
Maximum: 5.0 10.0 1000.0
Mass Calc.' Mass mDa PPM DBE i-FIT Formula
243.1195  243.1185 1.0 4.1 8.5 2773134.3 Cl6 Hl6 O F
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2,2'4,6-Tetramethyl-1,1'-biphenyl (Table 7.2, entry 7; Table 7.3, entry 6)

MeMe
Me
Me
NAVE PULA1Y
PCL419H o H
zggesesy Y 88 P :
OOOMMMNAAO < oo Date_ 20110211
: : i N Ti me 21.23
Ll el el el el e N NN | NSTRUI Spect
~\/ | \/ PRCBHD 5 mm PABBO BB-
PULPROG 29
1D 32768
SOLVENT cDa 3
NS 16
DS 2
SWH 4006. 410 Hz
FI DRES 0.122266 Hz
AQ 4.0894966 sec
RG 7.12
bDw 124.800 usec
DE 6.50 usec
TE 296.9 K
D1 1. 00000000 sec
TDO 1
P1 14.70 usec
PL1 0.00 dB
PL1IW 11.88122272 W
SFOL 400. 1318007 MHz
Sl 32768
SF 400. 1300000 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
T T T T T T T
9 8 7 4 3 2 1 ppm
r\ Jl rj J
O o| (M
o|o|o [=lli=]i=]
("Jvi ‘—i‘ ollesl
PCL419C EXPNO PcLAlg
PROCNO 1
COD AN M DN DO Date_ 20110211
WANDOONN—TD —HDO W 38% ggfg ;I'g‘e}RUM 21.2[7
; > = spec
SRR N dSaa PROBHD 5 mm PABBO BB-
S d A Ao A A A Ao NN N PULPROG 20pg30
\&h\‘//y‘% \‘/ \\// b 65536
SOLVENT cDa 3
NS 32
DS 2
SWH 24038. 461 Hz
FI DRES 0.366798 Hz
AQ 1.3631988 sec
RG 40.
bW 20.800 usec
DE 6.50 usec
TE 297.8 K
D1 2.00000000 sec
D11 0. 03000000 sec
TDO 1
CHANNEL f1
NUCL 13C
P1 9.50 usec
L1 -2.00 dB
PLIW 58.52175522 W
SFOL 100. 6228298 Mz
CHANNEL f2
CPDPR& val tz16
NUC2 1H
PCPD2 80.00 usec
PL2 0.00 dB
PL12 15.00 dB
PL13 15.00 dB
pL2W 11.88122272 W
PL12W 0.37571725 W
PL13W 0.37571725 W
SFQ2 400. 1316005 MHz
Sl 32768
SF 100. 6127804 Mz
oW EM
SSB 0
LB 1.00 Hz
e} 0
PC 1. 40
I
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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4-Cyano-2,2',6-trimethyl-1,1'-biphenyl (Table 7.2, entry 8)

MeMe
Me
NAVE PCL397
PCL397H R0 1
PROCNO 1
aR Date_ 20110128
So Ti me 13.31
N | NSTRUM spect
PROBHD 5 mm PABBO BB-
\/ PULPROG zg
i) 32768
SOLVENT cpa 3
NS 16
DS 2
SWH 4006. 410 He
FI DRES 0. 122266 H
AQ sec

4. 0894966
11.3

RG .

DwW 124. 800 usec

DE 6.50 usec

TE 295.4 K

DL 1..00000000 sec

TDO 1
CHANNEL f1 =

1H
14.70 usec
0.00 dB
2.00 ppm 11.88122272 W
T T T T T T T 400. 1318007 M-z
32768
7.5 7.4 7.3 7.2 7.1 7.0 ppm 400. 1300000 Mz
EM
0
0.30 Hz
0
1.00
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
| L\
o |3 oo
“loillo olo
NAMVE PCL397
POL397C TO0OONMO MO VL EXPNO 2
AT OONDOMO© N O ™ PROCNO 1
CHNYSONN GBS “@ °° Date_ 20110128
TOMOOONNN A NN © co Ti me 13.36
A A A A A A A A A A N~~~ N~ | NSTRUM spect
\\\\\’ V// / \V \ / PROBHD 5 mm PABBO BB-
PULPROG zgpg30
D 65536
SOLVENT cDa 3
NS 32
DS 2
SWH 24038. 461 Hz
FI DRES 0.366798 Hz
AQ 1.3631988 sec
RG 16
bW 20.800 usec
DE 6. 50 usec
TE 296.3 K
D1 2.00000000 sec
D11 0. 03000000 sec
TDO 1
CHANNEL f1
NUCL 13C
P1 9.50 usec
PL1 -2.00 dB
PLIW 58.52175522 W
SFOL 100. 6228298 Mz
CHANNEL f2
CPDPR& val tz16
NUC2 1H
PCPD2 80.00 usec
PL2 0.00 dB
PL12 15.00 dB
PL13 15.00 dB
pL2W 11.88122272 W
PL12W 0.37571725 W
PL13W 0.37571725 W
SFQ2 400. 1316005 MHz
Sl 32768
SF 100. 6127862 Mz
oW EM
SSB 0
LB 1.00 Hz
e} 0
PC 1. 40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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4-Cyano-2,2',6-trimethyl-1,1'-biphenyl (Table 7.2, entry 8)

Elemental Composition Report Page 1

Single Mass Analysis
Tolerance = 10.0 PPM / DBE: min = -100.0, max = 1000.0

Selected filters: None

Monoisotopic Mass, Even Electron lons

9 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)

Elements Used:

C:0-16 H:0-3¢ N:0-1 Na:O0-1

Kin-Dept-07022011-HS S5 57 (1.065) AM (Cen,5, 80.00, Ar,10000.0,0.00,1.00); Sm (Mn, 2x3.00); Cm (57:62)

TOF MS ES+ 2221292 1.16c4

%~

223.1344
215.154
194.8984 4197 1361 2030538 206.0914 51548 217.1085 Al 229.1446 231.1160 5 437,
T T ™ T T T T T T SRR IR I R B RAGAE VULAREE RESAN Ranas LA
180.0 195.0 200.0 205.0 210.0 215.0 220.0 2050 230.0 235.0

Minimum: -100.0
Maximum: 5.0 10.0 1000.0
Mass Calc. Mass mDa PPM DBE i-FIT Formula
222.1292  222.1283 0.9 4.1 9.5 25.4 Cl16 H16 N
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4-Phenyl-2,2',6-trimethyl-1,1'-biphenyl (Table 7.2, entry 9; Table 7.3, entry 7)

MeMe
Me
NAVE PCL443
PCL443Hp EXPNO 3
Eo8L88AIRIBINER b e i
NNERODSIITOOOOMmm o '??ﬁr:* 201}2?%5
NNNNNNNNNNNNNNN o I NSTR spect
\\\“\\ %/ PROBHD 5 mm PABBO BB
PULPROG 2930
D 32768
SOLVENT CcDa 3
NS 16
Ds 2
SWH 4006. 410 Hz
FI DRES 0.122266 Hz
AQ 4.0894966 sec
RG 16
Dw 124. 800 usec
DE 6. 50 usec
TE 296. 8
D1 1. 00000000 sec
TDO 1
= CHANNEL f1 =
NUCL 1H
P1 14.70 usec
PL1 0.00 dB
PL1W 11.88122272 W
SFOL 400. 1318007 M-z
Sl 32768
SF 400. 1300000 M-z
VoW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
f j‘\ /‘f 7 f 7
= |of(o (=)
< ‘G’.‘ < =
il ool o
NAMVE PCL443
PCL443Cp oites 3
PROCNO 1
NONON—HDONY S © Date_ 20110218
ANNOM~NOOOOOO ggg gg T‘Ng?RUM ééegs
SSS888ARIRES N So PROBHD 5 mm PABBO BB-
B R L R ~~~ Qe PULPROG 2gpg30
== v V s
SOLVENT cDa 3
NS 32
DS 2
SWH 24038. 461 Hz
FI DRES 0.366798 Hz
AQ 1.3631988 sec
RG 161
Dw 20. 800 usec
DE 6.50 usec
TE 297.6 K
D1 2.00000000 sec
D11 0. 03000000 sec
TDO 1
CHANNEL f1
NUC1 13C
P1 9.50 usec
PL1 -2.00 dB
PL1W 58. 52175522 W
SFOL 100. 6228298 Mz
CHANNEL f2
CPDPR& wal tz16
NUC2 1H
PCPD2 80. 00 usec
PL2 0.00 dB
PL12 15.00 dB
PL13 15.00 dB
PL2W 11.88122272 W
PL12W 0.37571725 W
PL13W 0.37571725 W
SFQ2 400. 1316005 M-z
Sl 32768
SF 100. 6127759 Mz
vow EM
SSB 0
LB 1.00 Hz
B 0
PC 1. 40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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4-Phenyl-2,2',6-trimethyl-1,1'-biphenyl (Table 7.2, entry 9; Table 7.3, entry 7)

MeMe

0~
Me

Elemental Composition Report Page 1

Single Mass Analysis
Tolerance = 10.0 PPM / DBE: min = -1.5, max = 50.0
Element prediction: Off

Monoisotopic Mass, Odd and Even Electron lons

6 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:

C:0-21 H:0-20 Na:0-1 28Si: 0-1
Kin-Dept-15032011 HS S2 43 (0.717)

TOF MS El+
3.00e+002
100 272.1561
%
[ 273.1584
ol 2680717  269.06392694128 2711282 | 2741554 275.2538275.9766 277.2885
266,0 269.0 270.0 271.0 272.0 273.0 274.0 275.0 276.0 277.0

Minimum: =18
Maximum: 5.0 10.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT Formula
272.1561 272.1565 -0.4 -1.5 12.0 4.0 C21 H20
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2,2' 6-Trimethyl-[1,1'-biphenyl]-4-carbaldehyde (Table 7.2, entry 10)

MeMe
Me
NAVE PCL396
PCL396H > EXPNO 1
3 8e833355338853% 38 proo i
: CHNMOMMNOINNS SO oo Date_ 20110126
o L Ti me 21.52
1 NENNNNNNNNNNNG© e | NSTR spect
‘ \MJ%% \ / PROBHD 5 nm PABBO BB-
PULPROG 2930
™ 32768
SOLVENT cpal 3
NS 16
Py 2
SVH 5597. 015 Hz
FI DRES 0.170807 Hz
AQ 2.9273248 sec
RG 18
bw 89. 333 usec
DE 6.50 usec
TE 296.0 K
DL 1.00000000 sec
TDO 1
PL1 .00 dB
PLIW 11. 88122272 W
SFOL 400. 1324008 MHz
U & 400, 1336000 Mo
78 77 76 75 74 73 72 71 70 ppm VoW ’ EM
SSB 0
LB 0.30 Hz
e} 0
PC 1.00
J .J
T T T T T T T T T T T T T
12 11 9 8 7 6 5 4 3 2 1 0 ppm
Il
o|Njo S[S
Njmjo oM
NAVE PCL396
PCL396C Lot 5
PROCNO 1
N CoOOMOONIN T Date_ 20110126
< OM—ANNNO©®OLN ggg &4: ;nNgRUM 21.5?
i : 5 5 1~ 2 - spec
& S3HR8IRIRNE NS So PROBHD 5 mm PABBO BB-
- Eabnbnbnbnbnbnbababal N~~~ N PULPROG zgpg30
\\\\\ \/// \V v D 65536
SOLVENT coal 3
NS 32
DS 2
SWH 24038. 461 Hz
FI DRES 0.366798 Hz
AQ 1.3631988 sec
RG
bw 20. 800 usec
DE 6.50 usec
TE 296.9 K
DL 2.00000000 sec
DLl 0. 03000000 sec
TDO 1
L1 -2.00 dB
PLIW 58. 52175522 W
SFOL 100. 6228298 Mz
PL13 15.00 dB
PL2W 11. 88122272 W
PL12W 0.37571725 W
PL13W 0.37571725 W
SFCR 400. 1316005 M-z
sl 32768
SF 100. 6127794 Mz
vow EM
SSB 0
LB 1.00 H
e} 0
PC 1.40
) g »
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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3-Methoxy-2-(1-naphthalenyl)benzaldehyde (Table 7.2, entry 11)

MeO

CHO

NAME PCL375
EXPNO 1
PROCNO 1
Date_ 20110115
Ti me 22.40
| NSTRUM pect
PROBHD 5 nm PABBO BB-
PULPROG zg30
32768
SOLVENT 3
NS 16
bs 2
SWH 5597. 015 Hz
FI DRES 0.170807 Hz
AQ 2.9273248 sec
RG 16
bw 89. 333 usec
DE 6.50 usec
TE 295.0 K
DL 1..00000000 sec
TDO 1

PL1 3 dB
PL1W 11.88122272 W
SFOL 400. 1324008 Mz
Sl 32768
T T T T T T T SF 400. 1300000 MHz
VDWW EM
80 79 78 77 76 75 74 ppm SSB 0
LB 0.30 Hz
GB 0
PC 1.00
T T T T T T T T
12 11 10 9 7 6 5 1 0 ppm
YL
ﬁ ™ mrm < m‘ cﬁ
I | S5 =S S
S Al dl il o] )
PCL375C St FaLsT
PROCNO 1
b=l LONTOMOOAHO DO OO Date_ 20110115
) CONODNAOITNMON~ O~ INE=X-] N Time 22. 44
e HESONAgEEEEREREE T PROBLD. e
5 SRR R LR E L NN PROEHD | 5 mn PABO 66
SRS U
SOLVENT CDa 3
NS 32
DS 2
SWH 24038. 461 Hz
FI DRES 0.366798 Hz
AQ 1.3631988 sec
RG 161
bw 20. 800 usec
DE 6. 50 usec
TE 296.0 K
DL 2.00000000 sec
D11 0.03000000 sec
TDO 1
usec
-2.00 dB
58. 52175522 W
100. 6228298 Mz
CHANNEL f2 =
wal t 21!
1
80. 00
0.00
15.00
.00 dB
11.88122272 W
0.37571725 W
0.37571725 W
400. 1316005 Mz
100. 6127929 NHz
EM
0
1.00 Hz
0
1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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3-Methoxy-2-(1-naphthalenyl)benzaldehyde (Table 7.2, entry 11)

MeO I CHO

Elerierital Composition Report Page 1
Single Mass Analysis
Tolerance = 50.0 PPM / DBE: min =-1.5, max = 50.0
Element prediction: Off
Monoisotopic Mass, Odd and Even Electron lons
6 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:
C:0-18 H:0-15 0:0-6
Kin-Dept-15032011 HS S3 60 (1.000)
TOF MS El+
1.16e+004

100+, 262.0982

%

263.1020
Sl _Zo0 | (gaaase 263.9868 264.9883 266.0377 257030267 368 2680277 2689827
262.00 263.00 264.00 265.00 266.00 267.00 268.00 269.00

Minimum: -1.,5
Maximum: 5.0 50.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT Formula
262.0982  262.0994 -1.2 -4.6 12.0 % ) C18 Hl4 02
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1-(1-o-Tolylnaphthalen-2-yl)ethanone (Table 7.2, entry 12)

Me O
Me
NAMVE PCL377
EXPNO 1
< PROCNO 1
< Date_ 20110120
S Tine 21.02
o | NSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2930
™ 32768
SOLVENT coa 3
NS 16
DS 2
SWH 4006. 410 He
FI DRES 0. 122266 Hz
AQ 4.0894966 sec
RG
bw 124.800 usec
DE 6.50 usec
TE 297.5 K
DL 1.00000000 sec
DO 1
PL1 0.00 d
PL1W 11.88122272 W
SFOL 400. 1318007 Mz
sl 32768
SF 400. 1300000 MHz
VoW EM
SSB 0
LB 0.30 He
3] 0
PC 1.00
W !
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 0 ppm
) IS
gag=Ey g
3|18|2[=|3|a 38
il el il <l Gl ©
NAVE PCL377
PCL377C BN ;
PROCNO 1
~ ONNONDNDNNOOND I DD Date_ 20110120
® ARARINMOMNPDNARNDDI DA O D - ® e 21.07
I BNNOY IS SBN NN GBS TS o o2 | NSTRUM spect
o NOMMOMMOMOMANNNNNNNNNNA NSO o [} PROBHD 5 nm PABBO BB-
I Gaadaa330003305833530 ~RR ® = PULPROG 29pg30
= ] :
SOLVENT coal 3
NS 32
DS 2
SWH 24038. 461 Hz
FI DRES 0.366798 Hz
AQ 1.3631988 sec
RG 203
bw 20. 800 usec
DE 6.50 usec
TE 298.4 K
DL 2.00000000 sec
D11 0. 03000000 sec
TDO 1
PL1 -2.00
PLIW 58. 52175522 W
SFOL 100. 6228298 Mz
PL13 15.00 dB
PL2W 11.88122272 W
PL12W 0.37571725 W
PL13W 0.37571725 W
SFCe 400. 1316005 M-z
sl 32768
SF 100. 6127869 Mz
vow EM
SSB 0
LB 1.00 H
<3} 0
PC 1.40
I MY " , |
¥
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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1-(1-o-Tolylnaphthalen-2-yl)ethanone (Table 7.2, entry 12)

Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 10.0 PPM / DBE: min =-100.0, max = 1000.0
Selected filters: None
Monoisotopic Mass, Even Electron lons
64 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:
C:0-19 H:0-16 0:0-5 Na:0-1 39K:0-1 Rh:0-1
Kin-Dept-26012011-HS S6 66 (1.232) Cn (Cen, 10, 80.00, Ar); Sm (SG, 2x3.00); Sb (10,10.00 ); Cm (63:69)
TOF MS ES+ 283.1111 8.08e3
D/D_‘
J 284.1152
269.1336 271.1146 273.1374 2751335 277.1012  280.1004 285.1169 286.3334 550 1144 291.1283 203.1521
O-yrrrprr ey | AN RAAGE RARKH RARAE RARSH RAAAE RAARY RAART RASSE RARAT LASLY AAARE RAASA) R preeepreerryr Mz
2680 2700 2720 2740 2760 2780 2800 2820 2840 2860 288.0 2900 2920
Minimum: -100.0
Maximum: 5.0 10.0 1000.0
Mass Calc. Mass mbDa PPM DBE i-FIT Formula
283.1111  283.1099 1.2 4.2 11.5 41.4 Cl9 H16 O Na
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Methyl 1-(o-tolyl)-2-naphthoate (Table 7.2, entry 13)

¢} Me
MeO
PCL861 (pure) H NAVE PCL861
EXPNO 1
CONNODNOXTONNOONNDTOONDT O~ © o Pi 1
DANNODPORNROTNORVOMNNAODDIN I~ =3 Date 20130227
CODOOLLVBLWVITITINMIMNNOMNONN—A  © 1S3 e 53750
BONNNNNNNNNNNNNNNNNNNNNSNNSN o o | NSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2930
TD 32768
SCOLVENT cba 3
NS 16
DS 2
SWH 5597. 015 Hz
FI DRES 0.170807
2.9273248 sec
50.
bw 89. 333 usec
DE 6. 50 usec
TE 299. 0
D1 1. 00000000 sec
TDO 1

= CHANNEL f1 =

1H
14.70 usec
0.00 dB
11. 88122272 W
400. 1324008 Mz
32768
400. 1300000 MHz
EM
0
0.30 Hz
0
1.00
e I S
T T T T T T T T T T T T T
12 11 10 9 8 7 6 5 4 3 2 1 0 ppm
) S
EEERL L.
St 8 S
“—i IR =] %) ™
NAME PCL861
PCL861C Lol >
PROCNO 1
~N AORDOWONDMHNMIN~O Date_ 20130227
- OOOONITNOOOWON~OT o~ ~ ~ Ti me 23.41
B HBO Y NG G N NN N G165 Yo~ e @ | NSTRUM ct
O FTOMMHMOANNNNNNNNNN N~~~ © — o PROBHD 5 nmm PABBO BB-
533333335 NNYyyNaY KRR by 2 POLPROG 200030
e 2 :
SOLVENT 3
NS 24
DS 2
SWH 24038. 461 Hz
FI DRES 0.366798 Hz
AQ 1.3631988 sec
RG 228
Dw 20.800 usec
DE 6. 50 usec
TE 299.5 K
D1 2.00000000 sec
D11 0. 03000000 sec
TDO 1

PL1 2. dB
PL1IW 58. 52175522 W
SFOL 100. 6228298 MHz

PL13 15.00 dB
PL2W 11.88122272 W
PLL2W 0.37571725 W
PL13W 0.37571725 W
SFCR 400. 1316005 M+
sl

SF 100. 6127690 Mz
ow EM
SSB 0

B 1.00 He
B 0

PC 1.40

T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

488



Methyl 1-(o-tolyl)-2-naphthoate (Table 7.2, entry 13)

(0] I Me
A0

Elemental Composition Report Page 1

Single Mass Analysis
Tolerance = 5.0 PPM / DBE: min =-1.5, max = 50.0
Selected filters: None

Monoisotopic Mass, Even Electron lons

40 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:

C:0-21 H:0-30 0:0-8 Na:0-1

Kin-Dept-10032011-HS $16 55 (1.028) AM (Cen 4, 80.00, Ar,5000.0,0.00,1.00); Sm (SG, 2x3.00); Sb (5,40.00 ); Cm (55:60)

TOF MS ES+ 299.1044 1.61ed
v
%,
300.1099
! 301.1194 333.2415
oL 2650846271.1145277- 1231 283, 14072889207 296.0947] | 311.1328 3232017320208 PO2S
i T MR | T T T i f ' f T | I z
260.0 270.0 280.0 290.0 300.0 310.0 320.0 330.0
Minimum: =1.5
Maximum: 5.0 5.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT Formula
299.1044 299.1048 -0.4 -1.3 11.5 75.1 C19 Hle 02 Na
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4-(tert-Butyl)-2'-methyl-[1,1'-biphenyl]-2,6-dicarbaldehyde (Table 7.2, entry 14)

t-Bu
OHC CHO
Me
PCL399H NAME POL398
ONYIONAOYTNONRODY MO T ® © EXPNO 1
AANNOONNLLTINAODWOWO MM ~ = PROCNO 1
NOSITITNOOOOONMONNNNN ST Date 20110128
GBNNNNNNNNNNNNNNNNNN o - Ti e 21.53
TN i i | NSTRUM spect
T PROBHD 5 mm PABBO BB-
PULPROG 2930
D 32768
SOLVENT a3
NS 16
DS 2
SWH 5597. 015 Hz
FI DRES 0.170807 Hz
AQ 2.9273248 sec
RG 25.4
bw 89. 333 usec
DE 6.50 usec
TE 296. 3
DL 1.00000000 sec
TDO 1
= CHANNEL f1 =:
NUCL 1H
P1 14.70 usec
PL1 0.00 dB
PLIW 11.88122272 W
SFOL 400. 1324008 Mz
S| 32768
SF 400. 1300000 M-z
T T T T T SSV‘DNB E("Jﬂ
7.5 7.4 7.3 7.2 ppm LB 0.30 H
B 0
PC 1.00
Ak
T T T T T T T T T T T T T
12 11 10 9 8 7 6 5 4 3 2 1 0 ppm
rw rw /J Lx
© -—< F\l ™~ HW o =)
© > |o|s|e o |8
— i il N o
PCL399C NAVE PCL399
EXPNO 2
8 8285281328 oo om © PROCNO 1
o GUNY NS S P “ee °e ¥ Date_ 20110128
@ LIOOOHANNA ~NN© wd o Ti me 21.55
- A A A A A N~~~ mm I NSTI spect
\\N\ /// \V \ ’ ‘ PROBHD 5 mm PABBO BB-
PULP zgpg30
D 65536
SOLVENT oa 3
NS 32
DS 2
SWH 24038. 461 Hz
FI DRES 0.366798 Hz
AQ 1.3631988 sec
RG 25.4
bw 20. 800 usec
DE 6.50 usec
TE 297.2 K
DL 2.00000000 sec
D11 0.03000000 sec
TDO 1
C
P1 9.50 usec
L1 -2.00 dB
PLIW 58. 52175522 W
F 100. 6228298 Mz
= CHANNEL f2 =
wal t 216
1H
80. 00 usec
0.00 df
15.00 dB
00 dB
11. 88122272 W
0.37571725 W
0.37571725 W
400. 1316005 Mz
32768
100. 6127728 Mz
EM
0
1.00 Hz
B 0
\ PC 1.40
. u y "
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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4-(tert-Butyl)-2'-methyl-[1,1'-biphenyl]-2,6-dicarbaldehyde (Table 7.2, entry 14)

t-Bu

OHC ] CHO
] Me

Eleinental Composition Report Page 1
Single Mass Analysis
Tolerance = 5.0 PPM / DBE: min =-100.0, max = 1000.0
Selected filters: None
Monoisotopic Mass, Even Electron lons
102 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:
C:0-19 H:0-34 N:0-1 0O:0-5 Na:0-1 S:0-1
Kin-Dept-07022011-HS $8-2 486 (0.861) Cn (Cen,10, 80.00, Ar); Sm (SG, 2x3.00); Sb (10,10.00 ); Cm (41:57)
TOF MS ES+ 303.1353 1.26e3

%__.

304.1396
303.0079 304.2636
O l'<"|""\"\"'|""l =7 Toa—v=] — miz
302,75 303.00 303.25 303.50 303.76 304.00 304.25 304.50 304.75 305.25

Minimumn: ~-100.0
Maximum: 5.0 5.0 1000.0
Mass Calc. Mass mba PPM DBE i-FIT Formula
303.1353 303.1361 -0.8 -2.6 9.5 2773322.5 C19 H20 02
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2,2',3,5’,6-Pentamethyl-1,1'-biphenyl (Table 7.2, entry 15)

Me
Me
Me
Me
Me
PCL385
PCL385H oowonoo cw ©ow® EXPNO 1
ESERERR 2933 P 1
X VY Date_ 20110124
NENNNNG EENE Time 21. 46
\\‘// \/ v | NSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2930
D 32768
SCOLVENT cDal 3
NS 16
DS 2
SwH 4006. 410 Hz
FI DRES 0.122266 Hz
AQ 4.0894966 sec
RG 14.2
bw 124.800 usec
DE 6.50 usec
TE 296.7 K
DL 1. 00000000 sec
TDO 1
CHANNEL f1 =
H
14.70 usec
0.00 dB
11. 88122272 W
400. 1318007 Mz
32768
400. 1300000 M
T T T T T M
7.3 7.2 7.1 7.0 ppm 0
0.30 H
B 0
PC 1.00
P R —
T T T T T T T T T
9 8 6 5 4 3 2 1 ppm
/‘ ‘\
~|o[o|w
SISSES]
B
PCL385C NAVE PCL385
EXPNO 2
omooOWYTOoDHN PROCNO 1
A A A 888 IBDRB Date_ 20110124
HHUY O OB I BN G 2% it Ti e 21.49
3338838383588 8080 KRR JR]2S | NSTRUM spect
PROBHD 5 mm PABBO BB-
\N/// \[/ \\/// PULPROG 2gpg30
™ 65536
SOLVENT coal 3
NS 32
DS
SWH 24038. 461 Hz
FI DRES 0.366798 Hz
AQ 1.3631988 sec
RG 161
bw 20. 800 usec
DE 6.50 usec
TE 297.3 K
DL 2.00000000 sec
D11 0. 03000000 sec
TOO 1
PL1 - dB
PL1W 58. 52175522 W
SFOL 100. 6228298 Mz
dB
dB
dB
PL2W 11.88122272 W
PL12W 0.37571725 W
PL13W 0. 37571725 W
SFR 400. 1316005 Mz
sl 32768
SF 100. 6127816 Mz
vow EM
SSB 0
LB 1.00 H
e} 0
PC 1. 40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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2,2',3,5’,6-Pentamethyl-1,1'-biphenyl (Table 7.2, entry 15)

Zlemental Composition Report

Single Mass Analysis

Me

Me
(X
fe U

Me

Tolerance = 5.0 PPM / DBE: min =-1.5, max = 50.0

Element prediction: Off

Monoisotopic Mass, Odd and Even Electron lons
4 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)

Elements Used:

C:0-23 H:0-23 Na: 0-1
Kin-Dept-28012011 HS S2 47 (0.783) Cm (47:61)
TOF MS El+

100 224.1560

%

225.1611

219.989% 2231488

| 2261634 2271705554 4609 230,988

2320556 235.6592

Page 1

1.52e+005

238.1570 239.2617

0 , :
220.0 2220 2240 226.0

Minimum:

Maximum: 5.0

Mass Calc. Mass mDa

224.15860 224.1565 =-0.5

e

| T
228.0 230.0 232.0 2340 236.0

-1.5

5.0 50.0

PPM DBE i-FIT Formula

=2.2 8.0 66.2 Cl17 H20
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4-Cyano-4’-methoxy-2,2",6-trimethyl-1,1'-biphenyl (Table 7.2, entry 16)

NC Me
Me
Me
OMe
\VE PCL434
PCL434H YoomN© =3 0 © EXPNO 1
JONOL T © o ® Pi 1
<@ 0 0®d @ ®0o Date_ 20110214
~NOooVooo ™ - Ti me 21.37
| NSTRUM spect
PROBHD 5 nm PABBO BB-
PULPROG zg30
TD 32768
SOLVENT CcDd 3
16
bs 2
SWH 4006. 410
FI DRES 0. 122266
AQ 4.0894966
RG 7.12
bw 124. 800
DE 50
TE 292, 2
DL 1. 00000000
TDO 1
= = CHANNEL f1 =
NUC1 1H
P1 14.70
PL1 0. 00
PL1W 11. 88122272
SFOL 400. 1318007
Sl 32768
SF 400. 1300000
VDWW EM
SSB 0
LB 0.30
GB 0
PC 1.00
AJ\
T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
rw rw rw 2
f5e) 1) fle) =1
o S =] S|S
7 8 g EH
PCL434
PCL434C EXPNO 2
Pl 1
© LT AODNONMN Date_ 20110214
o CONOWWNO©OLWL o 8 3 g ~ g rkg$HJM 21.4?
. N > © > < spec
B S8888834823 N w3 Sa PROBHD 5 mm PABBO BB-
~ B R R R R R R R R ~~ T~ 0 S PULPROG 2gpg30
NI v :
SOLVENT CDd 3
NS 32
DS 2
SWH 24038. 461
FI DRES 0.366798
AQ 1.3631988
RG 25. 4
bW 20. 800
DE 6. 50
TE 293. 1
DL 2.00000000
D11 0. 03000000
TDO 1
PL1 -
PLIW 58. 52175522
SFOL 100. 6228298
= CHANNEL f2
CPDPR& waltz16
NUC2 1
PCPD2 80. 00
pPL2 0.00
PL12 15. 00
PL13 15. 00
pL2W 11.88122272
PL12W 0.37571725
PL13W 0.37571725
SFQ2 400. 1316005
S 32768
SF 100. 6127801
EM
SSB 0
LB 1.00
B 0
PC 1.40
T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 ppm
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4-Cyano-4’-methoxy-2,2",6-trimethyl-1,1'-biphenyl (Table 7.2, entry 16)

NC Me
o
Me O
OMe

Elemental Composition Report Page 1

Single Mass Analysis
Tolerance = 5.0 PPM / DBE: min =-1.5, max =50.0
Element prediction: Off

Monoisotopic Mass, Even Electron lons

109 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:

C:0-26 H:0-31 N:0-1 O:0-10 Na:0-1

Kin-Dept-16022011-HS_2 S13 48 (0.910) Cn (Cen 4, 80.00, Ar); Sm (SG, 2x3.00); Sb (5,40.00 ); Cm (41:55)

TOF MS ES+
83064003

o 252.1389

%,
253.1423
|
248.1538 249.1228 s | 254.1415 2551299 2570851 pspourg 2591295 2601592
, [oerrerrerd ; LAY 258 '

X Ui - R ; . ;
248.0 249.0 256.0 25‘1.0 2520 253.0 254.0 255.0 256.0 257.0 258.0 259.0 260.0

Minimum: -1.5

Maximum: 5.0 5.0 50.0

Mass Calc. Mass mDa PPM DBE i-FIT Formula
252.1389 252.1388 0.1 0.4 9.5 13.1 Cl7 H18 N O
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1-(2,6-Dimethyl-2’-ethyl-[1,1'-biphenyl]-4-yl)-ethanone (Table 7.3, entry 3)

&

sec

usec
usec

Mz

Hz

Me
Me Et
Me
NAVE PCL439
PCL439H Beno 2
PROCNO 1
IINHESERID 282388 3B Date 20110214
~NOMMOONND O ©CMm®NNO coo Time 22.09
NNNNNNNN GG R ENENENENRN i | NSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2930
™ 32768
SOLVENT coal 3
NS 16
DS 2
SWH 4006. 410
FI DRES 0. 122266
AQ 4.0894966
RG 4.5
oW 124. 800
DE 6.50
TE 292,
DL 1.00000000
DO 1
PL1 0.00
PLIW 11. 88122272
SFOL 400. 1318007
sl
SF 400. 1300000
vow EM
SSB 0
LB 0.30
e} 0
PC 1.00
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
]|
B [e AEE @
S |3 |& RS 3
il el 1o ol |-lls N
WVE PCL439
PCL439C EXPRO >
P 1
~ WOMNHOANDNMN Date_ 20110214
~ HONONMANDAOO Sgg mgg@ ;nNg$RUM 22.1{3
. & 1o Spec
3 SSI8BRIJINES ~o© S8 < PROBHD 5 mm PABBO BB-
2 SSa33333553 NRR AN~ PULPROG 29pg30
W= W VT 5
SOLVENT coal 3
32
DS 2
SWH 24038. 461
FI DRES 0. 366798
AQ 1.3631988
RG 25.4
DwW 20. 800
DE 6. 50
TE 293.6
DL 2.00000000
D11 0. 03000000
TDO 1
PL1 -2.00
PLIW 58. 52175522
SFOL 100. 6228298
= CHANNEL f2
CPDPRG2 wal tz16
NUC2 1H
PCPD2 80. 00
PL2 .0
PL12 15.00
PL13 15. 00
PL2W 11. 88122272
PL12W 0.37571725
PL13W 0. 37571725
SFCe 400. 1316005
sl 32768
SF 100. 6127841
vow EM
SSB 0
LB 1.00
<3} 0
PC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

496




1-(2,6-Dimethyl-2’-ethyl-[1,1'-biphenyl]-4-yl)-ethanone (Table 7.3, entry 3)
(0]

Me
Me O Et
Me O

Elemental Composition Report Page 1

Single Mass Analysis
Tolerance = 5.0 PPM / DBE: min = -1.5, max = 50.0
Element prediction: Off

Monoisotopic Mass, Odd and Even Electron lons

36 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:

C:0-18 H:0-20 O:0-10 Na:0-1

Kin-Dept-21022011 HS 1 106 (1.767) Cm (93:106)

TOF MS El+
2.01e+005

100 2521520

%

| 253.1563
oL 22797 24 041 248.7660 2501466 2511491 | 2541606 2551626 2568745 2601731
242.0 244.0 246.0 248.0 250.0 252.0 254.0 256.0 258.0 260.0

Minimum: =1:.89
Maximum: 5.0 5.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT Formula
252.1520 252.1514 0.6 2.4 9.0 58.1 c18 H20 O
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1-(2,6-Dimethyl-2’-methoxy-[1,1'-biphenyl]-4-yl)-ethanone (Table 7.3, entry 4)

(0]
Me
Me OMe
Me
NAVE PCL458
PCL458H EXPRO 1
HegeILInnge 2 g oo :
RIIBB5E8383 ~ 3 pat %‘“me; 201%2222
NNENNNNNNNNN ) N N | NSTRUM spect
\\\W ‘ ‘ PRCBHD 5 nmm PABBO BB-
PULPROG 2g30
D 32768
SOLVENT cDa 3
NS 16
bs 2
SWH 4006. 410 Hz
FI DRES 0. 122266 Hz
AQ 4. 0894966 sec
RG 1
bw 124. 800 usec
DE 6.50 usec
TE 299.2
D1 1..00000000 sec
TDO 1
CHANNEL f1
NUCL
P1 14.70 usec
PL1 0.00 dB
PLIW 11.88122272 W
SFOL 400. 1318007 Mz
Sl 32768
SF 400. 1300000 MHz
Ww EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
A f W )\ ) \ ANEEWAN
~ (v (o 1o} o o
ol o & o S S
<l 1o ‘m L’)‘ ‘m ©
PCL458C NAVE PCL458
o d NNLONMOY © EXPNO 2
N o DN~ OST O~ © Ngx 2 oo PROCNO 1
@ S GNUFISSS S g x e Date_ 20110228
o O TOONNNNR o NN© ) © o Ti me 14.00
— I R E ks K IR ~~~ ) N« | NSTRUM spect
PROBHD 5 nm PABBO BB-
PULPROG zgpg30
TD 65536
SOLVENT CDa 3
NS 32
DS 2
SWH 24038. 461 Hz
FI DRES 0.366798 Hz
AQ 1. 3631988 sec
RG
Dw 20. 800 usec
DE 6.50 usec
TE 300.0 K
DL 2.00000000 sec
D11 0.03000000 sec
TDO 1
P1 9.50 usec
PL1 = 0 dB
PL1W 58. 52175522 W
SFOL 100. 6228298 MHz
PL2W 11.88122272 W
PL12W 0.37571725 W
PL13W 0.37571725 W
SFQ2 400. 1316005 MHz
S 32768
SF 100. 6127854 Mz
oW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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1-(2,6-Dimethyl-2’-methoxy-[1,1'-biphenyl]-4-yl)-ethanone (Table 7.3, entry 4)
(0]

Me
Me O OMe
Me O

Elemental Composition Report Page 1

Single Mass Analysis
Tolerance = 5.0 PPM / DBE: min =-1.5, max = 50.0
Selected filters: None

Monoisotopic Mass, Even Electron lons

10 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:

C:0-17 H:0-24 0:0-3 Na:0-1

Kin-Dept-10032011-HS $22 69 (1.288) AM (Cen,4, 80.00, Ar,5000.0,0.00,1.00); Sm (SG, 2x3.00); Sb (5,40.00 ); Cm (67:88)

TOF MS ES+ 277.1194 1.9%e4
1uun)
Yo 255.1376
! 278.1237
256.1406 279.1385
250.?913 ‘ \ l 2659863 269.1513 2741081 l ( 285.1333 288.9222 293.1472/
[ # - T * v ; +rr T = forthrry Y T ™ miz
2500 | 2550 | 2600 | 2650 2700 | 2750 280.0 285.0 200.0

Minimum: -1.5
Maximum: 5.0 5.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT Formula
255.1376  255.1385 -0.9 -3.5 8.5 44.1 C17 H19 02
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2,2',3,3’,6-Pentamethyl-1,1'-biphenyl (Table 7.3, entry 8)

Me
Me
Me

Me

Me
PCL424H HNONANANON© oMo
SLIRAGING5S 25888
NNNNNNNNGOO o
=\l VAV

PCL424
EXPNO 1
Pl 1
Date_ 20110215
Ti e 22.10
| NSTRUM spect
PROBHD 5 nm PABBO BB-
PULPROG 2930
1D 32768
SOLVENT CDa 3
NS 16
DS 2
SWH 4006. 410
FI DRES 0.122266
AQ 4.0894966
RG 8
bW 124. 800
DE 50
TE 293. 8
DL 1. 00000000
TDO 1

CHANNEL f1 =
H
14.70 usec
0.00 dB
11.88122272 W
400. 1318007 Mz
32768
400. 1300000 MHz
EM
0
0.30 Hz
B 0
PC 1.00
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
1
ﬁ '\j’ﬁ
S|o|e
ailailo
PCL424C NAVE PCL424
ONINDOAOONMNW M EXPNO 2
OEANMANTINNNN OO ggg Ezgggg PROCNO 1
HHOY YO NS FBN G SIS 2 L EEe Date 20110215
TLOOMOONNNNNNNN ~~© [SR=R=XXCA0} Ti me 22.14
R R B R R R R R R R R R ~~~ WA | NSTRUM spect
\\N \K% \V \i /// PROBHD 5 mm PABBO BB-
PULPROG zgpg30
1D 65536
SOLVENT CcDd 3
NS 32
DS 2
SWH 24038. 461 Hz
FI DRES 0.366798 Hz
AQ 1.3631988 sec
RG 161
bw 20. 800 usec
DE 6.50 usec
TE 294.7 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1 =:
1
9.50 usec
PL1 -2.00 dB
PLIW 58. 52175522 W
F 100. 6228298 MHz
= = CHANNEL f2 =
CPDPRG2 wal tz16
NUC2 1H
PCPD2 80. 00 usec
pPL2 0.00 dB
PL12 15.00 dB
PL13 15.00 dB
pL2W 11.88122272 W
PL12W 0.37571725 W
PL13W 0. 37571725 W
SFQ2 400. 1316005 Mz
s 32768
SF 100. 6127837 Mz
VWow EM
SSB 0
LB 1.00 Hz
B
PC 1.40
. . w .
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0  ppm
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2,2',3,3’,6-Pentamethyl-1,1'-biphenyl (Table 7.3, entry 8)

Me

Me
Me
Me
Me O

Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 5.0 PPM / DBE: min =-1.5, max = 50.0
Element prediction: Off
Monoisotopic Mass, Odd and Even Electron lons
39 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:
C:0-18 H:0-20 0O:0-10 Na:0-1
Kin-Dept-21022011 HS S2 83 (1.383) Cm (82:97)
TOF MS El+
9.10e+004

100 224.16

%A

225.16
| 233,22 237.13
0.L221.10 222.13223.15 226.16 226,57 227.70 __ 229.94 230.99 £€  234.15235.13236.14 2381323014,
¥ T T T y T T
222.0 224.0 226.0 228.0 230.0 2320 234.0 236.0 238.0

Minimum: -1.5
Maximum: 5.0 5.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT Formula
224.1563 224.1565 -0.2 -0.9 8.0 10.4 Cl7 H20
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1-Mesitylnaphthalene (Table 7.3, entry 9; Table 7.4, entry 6)

PCL473H NAVE PCL473
EXPNO 1
MANLLW S O @ o PROCNO 1
228393 3 5 Date_ 20110305
R ' Ti ne 16.53
©O P~ P~ P~ P~ P~ N N | NSTRUM spect
Tes=s==—=a\p——r"" ‘ ‘ PROBHD 5 mm PABBO BB-
PULPROG 2930
D 32768
SOLVENT coal 3
NS 16
DS 2
SVH 4006. 410 Hz
FI DRES 0.122266 Hz
AQ 4.0894966 sec
RG 1
Dw 124. 800 usec
DE 6.50 usec
TE 299.4 K
DL 1. 00000000 sec
TDO 1
CHANNEL f1
NUCL
P1 14.70 usec
PL1 0.00 dB
PLIW 11.88122272 W
SFOL 400. 1318007 Mz
sI 32768
SF 400. 1300000 MHz
EM
SSB 0
LB 0.30 Hz
B 0
PC 1.00
T T T T T
9 5 2 1 ppm
(=} o
) I
PCL473C NANVE PCLA73
HANONTIS T T 0D 0O EXPNO 2
VONNNONOOOOT —“ O -~ PROCNO 1
566D 03 iGN 615515 N - Date_ 20110305
MMMMMMNNNNNNN ~N~©o —“o Ti me 16. 57
PR PR PR P R Bl B P i (NN N | NSTRUM spect
\'\ \/% \‘/ \/ PROBHD 5 mm PABBO BB-
PULPROG zgpg30
D 65536
SOLVENT cpal 3
32
2
SvH 24038. 461 Hz
FI DRES 0.366798 Hz
AQ 1.3631988 sec
RG 1
bw 20. 800 usec
DE 6.50 usec
TE 300.2 K
DL 2.00000000 sec
D11 0. 03000000 sec
TDO 1
PL1 -2.00 dB
PLIW 58. 52175522 W
SFOL 100. 6228298 Mz
0 dB
dB
PL13 .00 dB
PL2W 11. 88122272 W
PL12W 0.37571725 W
PL13W 0.37571725 W
SFQ2 400. 1316005 Mz
sl 32768
SF 100. 6127824 Mz
VoW EM
SSB 0
LB 1.00 H
e} 0
PG 1.40
T T T
200 40 20 0 ppm



1-(4-Phenyl-2,6-Dimethylphenyl)naphthalene (Table 7.3, entry 10)

Me
Ph
Me
NAMVE PCLA74(2)
PCL474(2)H EXPNO 1
885830512388333358 5 Bare o
00000 NN NN IS NN N NN NS NN o I NSTRU spect
PROBHD 5 nm PABBO BB-
PULPROG zg30
D 32768
SCOLVENT cnal 3
NS 16
DS 2
SWH 4006. 410 Hz
FI DRES 0. 122266 Hz
AQ 4. 0894966 sec
RG 1
bw 124. 800 usec
DE 6. 50 usec
TE 299.5 K
D1 1. 00000000 sec
TDO 1
CHANNEL f1
NUC1
P1 14.70 usec
PL1 0.00 dB
PL1IW 11.88122272 W
SFOL 400. 1318007 MHz
Sl 32768
SF 400. 1300000 MHz
Wow EM
SSB 0
LB 0.30 Hz
[e:] 0
PC 1.00
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
JUL ) J
(<0 o
o|o||® (=}
EEE 2
=
PCL474(2) C NAVE PCLA74( 2)

(2) NONAYODOANOM®OO D o EXPNO 2
AANDINNNONANOD O S R 3 PROCNO 1
SITOOMMONNNNNNNN N NN S Ti me 19.27
A A A AAAAAAAAAAA A N~~~ N I NSTRUM spect

PROBHD 5 mm PABBO BB-

PULPRCG zgpg30
65536

SOLVENT cDd 3

NS 32

DS 2

SWH 24038. 461 Hz

FI DRES 0.366798 Hz

AQ 1.3631988 sec

RG 1

Dw 20. 800 usec

DE 6. 50 usec

TE 300. 3 K

DL 2.00000000 sec

D11 0.03000000 sec

TDO 1

PL1 -2. dB

PL1IW 58.52175522 W

SFOL 100. 6228298 MHz

PL13 .00 dB

PL2W 11.88122272 W

PL12W 0.37571725 W

PL13W 0.37571725 W

SFQ2 400. 1316005 MHz

Sl 32768

SF 100. 6127849 MHz

VDWW EM

SSB 0

LB 1.00 Hz

GB 0

PC 1.40

T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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1-(4-Phenyl-2,6-Dimethylphenyl)naphthalene (Table 7.3, entry 10)

()
)
Me
Elemental Composition Report Page 1

Single Mass Analysis
Tolerance =20.0 PPM / DBE: min = -1.5, max = 50.0
Element prediction: Off

Monoisotopic Mass, Odd and Even Electron lons

6 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:

C:0-24 H:0-20 Na: 0-1 39K: 0-1

Kin-Dept-04042011 CHOIPUIYING 240 (4.001) Cm (240:254)

TOF MS El+
1.23e+005
100 ‘ 308.1571
%
1 309.1611
{
307.1493
5 1 2988241 302.0967 303.1141 305.1348 i 310.1660 311.1702 313.9835 314.9778/
T . . e M2
3000 302.0 304.0 306.0 308.0 310.0 3120 314.0
Minimum: o 3
Maximum: 5.0 20.0 50.0
Mass Calc. Mass mDa PPM DBE i=-FIT Formula
308.1571 308.1565 0.6 1.9 15.0 43,5 C24 H20
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4-Cyano-2,2'5’,6-tetramethyl-1,1'-biphenyl (Table 7.3, entry 11)

NC Me
Me
Me
Me
PCL447H EXWPVEm PCLMZ
SES283 3 53 PROCNO 1
STNNAAN ™M oo Date_ 20110227
NNNNNG o N Ti me 19.53
| NSTF spect
\\\ /// ‘ \ / PROBHD 5 mm PABBO BB-
PULP 2930
1D 32768
SOLVENT cDa 3
NS 16
bs 2
SVWH 4006. 410 Hz
FI DRES 0.122266 Hz
AQ 4.0894966 sec
RG
bw 124. 800 usec
DE 6. 50 usec
TE 299.1 K
DL 1. 00000000 sec
TDO 1
P1 14.70 usec
PL1 5 B
PLIW 11. 88122272 W
SFOL 400. 1318007 Mz
Sl 32768
SF 400. 1300000 MHz
T T T T T T T T T vow EM
SSB 0
75 74 73 72 71 70 69 6.8 ppm LB 0.30 Hz
B 0
PC 1.00
T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
VA N
Bl @ Bled
[=](K=] (<2} =ii=i(=]
<lail o o [S]es
PCL447
PCL447C EXBRO 2
PROCNO 1
VAWM HOT H AT Date_ 20110227
OISO AT MO N O ~oo Ti me 19.58
CONIB SO BGHS ©o© ®9© | NSTRUM spect
SOMMMOOMNN— NN~ © oo™ PROBHD 5 mm PABBO BB-
P/RE R R B R ~~~ I ENR= PULPROG 2gpg30
N\ 7 3
SOLVENT cna 3
NS 32
DS 2
SWH 24038, 461 Hz
FI DRES 0.366798 Hz
AQ 1.3631988 sec
1
bw 20. 800 usec
DE 6.50 usec
TE 299.8 K
DL 2.00000000 sec
D11 0. 03000000 sec
TDO 1
= CHANNEL f1 =
13C
P1 9.50 usec
PL1 -2.00 dB
PLIW 58, 52175522 W
SFOL 100. 6228298 MHz
= = CHANNEL f2 =
CPDPRG2 val tz16
NUC2 1H
PCPD2 80. 00 usec
pPL2 0.00 dB
PL12 15.00 dB
PL13 15.00 dB
PL2W 11. 88122272 W
pPL12W 0.37571725 W
PL13W 0.37571725 W
SFQ2 400. 1316005 Mz
Sl 32768
SF 100. 6127816 Mz
Wow EM
SSB 0
LB 1.00 Hz
B 0
PC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0  ppm
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4-Cyano-2,2'5’,6-tetramethyl-1,1'-biphenyl (Table 7.3, entry 11)

NC Me
L
f U

Me

Elemental Composition Report Page 1

Single Mass Analysis
Tolerance =5.0 PPM / DBE: min =-1.5, max = 50.0
Selected filters: None

Monoisotopic Mass, Even Electron lons

9 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:

C:0-177 H:0-24 N:0-2 Na:0-1

Kin-Dept-10032011-HS S23 49 (0.917) AM (Cen, 4, 80.00, Ar,5000.0,0.00,1.00); Sm (SG, 2x3.00); Sb (5,40.00 ); Cm (49:58)

TOF MS ES+ 236.1429 6.18e3
258.1258
%
237.1453
‘/ 259.1285
229.1402 255,1345
, 235.1268 ‘ 238.‘8839 240.8811 247.0861 250.9925 265.0871
0- | — - - | L ) | L . L L y - A 2
230.0 235.0 240.0 245.0 250.0 255.0 260.0 265.0
Minimum: -1.5
Maximum: 5.0 5.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT Formula
236.1429  236.1439 -1.0 -4.2 9.5 21.8 Cl7 H18 N
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1-(2,6-Dimethoxyphenyl)naphthalene (Table 7.4, entry 1)

MeO OMe
PCL484H Nave PCL48£{
HNWDNOOOOMDV AT SOOI MONO©MNON o Pl 1
MDA —TOONOSTNONDONMANAODOWTON o~
COOONROOOO©OOWLOWIOIWLD S F W0 0 N~ Date_ 20110310
BENNNNNNNN NN N NNNENNNN G666 @ T o ks
NNHW% v PROBHD 5 mm PABBO BB
PULPROG 2930
™ 32768
SOLVENT coal 3
NS 16
DS 2
SWH 4006. 410 He
FI DRES 0,122266 Hz
AQ 4.0894966 sec
RG 1
bw 124, 800 usec
DE 6.50 usec
TE 299.9 K
DL 1.00000000 sec
TDO 1
CHANNEL 1 =
1H
P1 14.70 usec
PL1 0,00 dB
PL1IW 11,88122272 W
SFOL 400. 1318007 Mz
S| 32768
SF 400. 1300000 Mz
ow EM
SSB 0
LB 0.30 He
B 0
PC 1.00
S W o
T T T T T T T T T T T T T T T T T T
90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 ppm
JU ) J |
qEs @ g
ISR 8 8
N‘ ol o ©
PCL484C &gﬁo PC‘-“BZ’
PROCNO 1
Date 20110307
< 3338388 2 28 9 nE 21,14
CaAnIn® h ct
B AJRRQLE 2 N 8 PROBHD 5 nm PABBO BB~
=1 Ao A A o ~~~ el PULPROG zgpg30
D 65536
SOLVENT 3
NS 32
DS 2
SWH 24038, 461 Hz
FI DRES 0.366798 H
AQ 1.3631988 sec
RG 1
bw 20. 800 usec
DE 6.50 usec
TE 301. 2
DL 2..00000000 sec
D11 0. 03000000 sec
OO 1
PL1 -2.00 dB
PLIW 58. 52175522 W
SFOL 100. 6228298 Mz
PL13 .00 dB
PL2W 11.88122272 W
PL12W 0.37571725 W
PL13W 0. 37571725 W
SFCR 400. 1316005 Mz
sl
SF 100. 6127873 Mtz
viow EM
SSB 0
LB 1.00 He
c3 0
PC 1.40
200 180 160 140 120 100 80 60 40 20 0 ppm
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2-Methoxy-2',4',6'-trimethyl-[1,1'-biphenyl]-4-carbonitrile (Table 7.4, entry 2)

Me
Me
OMe
Me
CN
PCL857 H
NOMO ST OMN~®L o~ © (]
0 - © © WM O L © «©
MOMOANN—A—AO © o o
T T T T T T
7.40 7.35 7.30 7.25 7.20 ppm
|
T T T T T T T T
9 8 6 5 4 3 2 1 ppm
g Bk
™ ™ ©
PCL857 C
< NONNEHN~NOMWOINS
o TOMTOADOO O D~ o <t o
h mooooaNdad NG " Po
[N V
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

508

NAMVE PCL857
EXPNO 3
PROCNO 1
Date_ 20130225
22.57
| NSTRUM spect
PROBHD 5 nm PABBO BB
PULPROG 2930
TD 32768
SOLVENT CDa 3
NS 16
bs 2
SWH 5597. 015 Hz
FI DRES 0.170807 Hz
AQ 2.9273248 sec
RG 50.8
bw 89. 333 usec
DE 6.50 usec
TE 29
DL 1. 00000000 sec
TDO 1

= CHANNEL f1 =

NUC1 1H

P1 14.70 usec

PL1 00 dB

PLIW 11.88122272 W

SFOL 400. 1324008 Mz

Sl 32768

SF 400. 1300000 MHz

VoW EM

SSB 0

LB 0.30 Hz

B 0

PC 1.00
NAVE PCL857
EXPNO 4
PROCNO 1
Date_ 20130225
Ti me 23.00
| NSTRUM spect
PROBHD 5 nm PABBO BB-
PULPROG zgpg30

65536
SOLVENT Ccba 3
NS 41
DS 2
SWH 24038. 461 Hz
FI DRES 0.366798 Hz
AQ 1.3631988 sec
RG 228
bw 20. 800 usec
DE 6. 50 usec
TE 299.4 K
DL 2.00000000 sec
D11 0. 03000000 sec
TDO 1
CHANNEL f1
NUCL 13C
P1 9.50 usec
PL1 -2.00 dB
PLIW 58.52175522 W
SFOL 100. 6228298 MHz
CHANNEL f2

CPDPR® wal tz16
NUC2 1H
PCPD2 80. 00 usec
pPL2 0.00 dB
PL12 15.00 dB
PL13 15. 00 dB
pL2W 11.88122272 W
PL12W 0.37571725 W
PL13W 0.37571725 W
SFC2 400. 1316005 Mz
S 32768
SF 100. 6127690 MHz
Vow EM
SSB 0
LB 1.00 Hz
B 0
PC 1.40



2-Methoxy-2",4",6'-trimethyl-[1,1'-biphenyl]-4-carbonitrile (Table 7.4, entry 2)

Me
Me

D
“ O

CN
Kin-Dept-18032013-PCL857 Preal 2 512 (11.383) Cm (510:512) TOF MS El+
100- 2511 1.52€5
236.1
=
220.1
206.1 352-1
190.1204.1 2371
131.0 N 221 7
_ 1651 1771 193.1| | [218.1 A
1051 449 1401 1521 133 Nlll234.1. 2503 264.0
Lol L el A T L 28E0 281196
0 l.“::.l'll"f!|::..”.I!'l.'.,'.llllf'.l.':l.l:!.l.l!.'.‘l..‘!.lili..-'l!!'-.,5...i..-.,.l-'..l.. 5'""ll'l"'l'!"l""ll",:'l'.'
100 120 140 160 180 200 220 240 260 280
Kin-Dept-18032013-PCL857 Preal 2 519 (11.500) Cm (519:521) TOF MS El+
251.1308 9.74e3
100-
aQ_
252.1310
2450461 2471835 200103 2501331 253.1005 254.0536  256.1411 257.9199259.4427
2421835 L 2 ] |27 2 Y S
0 1 I 1 1 1 1 I 1 1 1 I 1 I 1 | 1 | 1 1 rn/z
242 244 246 248 250 252 254 256 258 260
Mass Calc. Mass mDa PPM DBE i-FIT Formula
251.1308  251.1310 0.2 0.8 10.0 27774275 C17 H17 N O
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2-Methoxy-1,1'-binaphthalene (Table 7.4, entry 3)

OMe
PCL491H NAVE PCL491
EXPNO 1
AONNNDNDOODODDOINMAOMNITWOMOTISIOT ~ PROCNO 1
TdOOXRNNONOTAAOORROOONNAADDDOT O o Date_ 20110312
CO0OPDOOOOOLITITIMMMMMMMONNNNNN ~ Time 20,59
LR e B e e e e L e e O e O e e el e e S S S e e e e ™ | NSTRUM pect
PROBHD 5 nm PABBO BB-
/ PULPROG zg3l
32768
SOLVENT 3
NS 16
bs 2
SWH 4006. 410 Hz
FI DRES 0.122266 Hz
AQ 4.0894966 sec
RG 1
bw 124. 800 usec
DE 6. 50 usec
TE 299.9 K
DL 1.00000000 sec
1

0. Of
11. 88122272

PLIW w
SFOL 400. 1318007 Mz
Sl 32768
SF 400. 1300000 MHz
wWow EM
SSB 0
LB 0.30 Hz
B 0
PC 1.00
SN " 1 "
T T T T T T T T T
10 9 8 6 5 4 3 2 1 0 ppm
) rJ IS
<o {o}
EEEEE S
REEERE g
PCL491C NAMVE PCL491
EXPNO 4
PROCNO 1
OONOIINONOOWNNMNT Date 20110312
R ISR AT T vh-$r3- PP Late 10312
NGEIMTANEEAAOOnIhoRnds Lo
R T T F PG R PRoBD” 5 m PABES Be.
. .
B N N I I R e R NINE PROBID o0 Be
\\NW/ \% \/ 65536
SOLVENT cDa 3
NS 32
DS 2
SWH 24038. 461 Hz
FI DRES 0.366798 Hz
AQ 1.3631988 sec
RG 1
DwW 20. 800 usec
DE . 50 usec
TE 301.5 K
D1 2.00000000 sec
D11 0. 03000000 sec
1
-2.00
PLIW 58.52175522 W
SFOL 100. 6228298 Mz
15. 0
PL2W 11.88122272 W
PL12W 0.37571725 W
PL13W 0.37571725 W
SFCo2 400. 1316005 Mz
SI
SF 100. 6127849 MHz
wow EM
SSB 0
LB 1.00 Hz
(B 0
PC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

510



9-(Naphthalen-1-yl)anthracene (Table 7.4, entry 4)

A

T T T T T T T T T T T T
12 11 10 9 8 7 6 5 4 3 2 1 0 ppm

) ) ) L
H‘m#’ﬁﬁ >
el

Al <l <l en

PCL864C

136. 61
135.05
133.79
133.61
131.52
131.10
129. 20
128. 49
128.31
128.19
127.01
126. 65
126.34
126.06
125. 64
125. 60
125.28
77.46

77.14

76.82

|

el

s
~

200 180 160 140 120 100 80 60 40 20 0 ppm

011

= CHANNEL f1 =

PCL864
2

1
20130228
19.19

spect
5 mm PABBO BB-

298.9
1. 00000000
1

1iH
14.70

11, 88122272
400. 1324008

32768

400. 1300000
EM

0

0. 30

0

1.00

PCL864
3

1
20130228
19.14

2

24038. 461
0. 366798
1.3631988
228

20. 800

6. 50

299. 3
2..00000000
0. 03000000

1

2.
58. 52175522
100. 6228298

. 00

11. 88122272
0. 37571725

0.37571725

400. 1316005

100. 6127690
EM

0

1.00

0

1.40

usec
usec

=

sec

usec

B
w
MHz
MHz

Hz

T

sec

usec
usec
K




1-Mesitylnaphthalene (Table 7, entry 6)

Me
Me
Me
PCLA73H NAVE PCL473
EXPNO 1
MONOOTOOMOOMONO AT 0 @ [\ PROCNO 1
ATOOYIWMATRROOITOROTNRN ™ o =3 Dat e 20110305
COPPOOOVWLWWLLDLIIITMM A Ire) S e 16.53
BNNNNNNNNNNNNNNNNNNN o o | NSTRUM spect
\\Nﬁ%/ ‘ ‘ PROBHD 5 mm PABBO BB-
PULPROG 2930
TD 32768
SCLVENT CcDd 3
16
2
SWH 4006. 410 Hz
FI DRES 0.122266 Hz
AQ 4.0894966 sec
RG 1
bw 124. 800 usec
DE 6.50 usec
TE 299. 4 K
DL 1.00000000 sec
TDO 1
= CHANNEL f1 = =
1H
14.70 usec
. 00 dB
11.88122272 W
400. 1318007 MHz
32768
400. 1300000 MHz
EM
SSB 0
LB 0.30 Hz
T T T T T T T T % . Og
8.0 7.9 7.8 7.7 7.6 7.5 7.4  ppm .
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
) | L
ECEE N
S|o|o|d|ale S S
alldldlailalai [} ©
PCL473C NAME PCL473
ANONTINT T DOW®D© EXPNO 2
WONNNONOOOOOT 38% a5 PROCNO 1
@GS S0l G650 e o Date_ 20110305
DOONMONNNNNNN NN O —o Ti me 16. 57
B R R R R R R R R R R B ~~~ NS | NSTRUM spect
\N\\ \/ % \‘ / \ / PROBHD 5 mm PABBO BB-
PULPROG zgpg30
65536
SOLVENT Ccod 3
NS 32
bs 2
SWH 24038. 461 Hz
FI DRES 0.366798 Hz
AQ 1.3631988 sec
RG 1
bw 20. 800 usec
DE 6. 50 usec
TE 300. 2 K
DL 2.00000000 sec
D11 0. 03000000 sec
TDO 1
PL1 -2. dB
PL1W 58. 52175522 W
SFOL 100. 6228298 MHz
= = CHANNEL f2 =
CPDPRG2 wal tz16
NUC2 1H
PCPD2 80. 00 usec
PL2 0.00 dB
PL12 15.00 dB
PL13 15.00 dB
PL2W 11.88122272 W
PL12W 0.37571725 W
PL13W 0.37571725 W
SFQ2 400. 1316005 M-z
Sl 32768
SF 100. 6127824 MHz
ViDW EM
SSB 0
LB 1.00 Hz
B
'i 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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