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Abstract

Abstract of thesis entitled “Catalytic Upgrading of Biofuel”

In view of depletion of fossil fuel sources, it is in urgency to explore and develop
renewable energy for substitution. In the past decade vast efforts have been devoted to
the exploration of biomass derived energy sources, vegetable oils were found to be
potential renewable energy sources however its application as transportation fuel was
retarded due to its incompatibility with current engine design. Therefore biofuel
upgrading processes such as cracking, transesterification and deoxygenation reactions
(decarboxylation/decarbonylation/hydrodeoxygenation) were in great interest. Since
biomass derived hydrocarbon could be compatible to our current engine thus
deoxygenation reactions drew much attention and were interested by industrial sector.
Extensive studies were focused on the development of heterogeneous catalytic system
towards deoxygenation reactions however there was drawback that drastic conditions
(>300°C) were often required. Therefore it was in great interest to develop
homogenous catalyst to catalyze deoxygenation reactions under mild reactions.

Numerous studies were done on exploration of homogenous catalyst such as
palladium, rhodium, iridium and iron were found to be active towards
decarbonylation of carboxylic acids. Palladium catalyst gave superior results however
only biaryl ether phosphine ligand (DPEPhos, XantPhos) work well towards
decarbonylation reactions. Thus in my study | would like to explore if there is another
catalytic system towards decarbonylation of biomass derived compounds, in
particularly fatty acids. During my exploration of feasible catalytic system for
decarbonylation of carboxylic acids, indolylbisphosphine ligand was firstly reported
for decarbonylation of long chain fatty acids. By employing 1mol%
palladium-indolylbisphosphine catalyst, various carboxylic acids were converted to
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their corresponding alpha olefins in satisfied yields and selectivity.

It was in doubt that whether monophosphine could be employed to catalyze
decarbonylation leading to alpha olefins in good yield and selectivity. Therefore two
sets of new developed monophosphine with quinolinyl and naphthyl scaffold were
synthesized and employed to test for their catalytic activity. After optimizing reaction
conditions, employing 1-3mol% palladium-monophosphine ligand could catalyze
decarbonylation of various carboxylic acids into alpha olefins in good and selectivity.

Glycerol, which is the by-product from biofuel refinery process, could be utilized
as solvent and hydrogen source for catalytic transfer hydrogenation. During my study
inexpensive commercial available 2-aminobenzyl alcohol was combined with
[Ru(p-cymene)Cl.]. as catalyst to catalyze transfer hydrogenation of ketones. Various
kinds of aryl ketones, heteroaryl ketones, diaryl ketones as well as cyclic ketones
were smoothly converted into alcohol in good yields by our catalytic system under

mild condition (120°C) within 6-18 hours.
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for the Degree of Doctor of Philosophy
at The Hong Kong Polytechnic University
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Chapter 1 Introduction

1.1 Introduction to the development of Biofuel

There are growing demands on energy with the emerging economies, burning of
fossil fuels such as charcoal and crude oil is the major sources of energy in the past
few decades. However burning of fossil fuels led to serious environmental pollution
problems such as acid rain and global warming. Meanwhile declining of fossil fuels
reserves have aroused our concerns on the sustainability of fossil fuels in future. To
encounter the shortage of fossil fuels and reduce the environmental impacts, it is a
matter of urgency to search for an alternative energy sources and they should be
sustainable and green.

Development in biofuel drew much attention and extensive studies were done on
modifying the biofuel to substitute the conventional fossil fuels. Biofuel is referred to
as solid (bio-char), liquid (bioethanol, vegetable oil and biodiesel) or gaseous (biogas,
biosyngas and biohydrogen).! In view of ease of transportation, liquid biofuel is
preferable as fossil fuel substitute. Therefore modifications and technology
advancements on liquid biofuel would be described in this article.

1.1.1 Classification of biofuel
The classification on biofuel are based on their production technology and they

are divided into first generation biofuels (FGBSs), second generation biofuels (SGBs),
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third generation biofuels (TGBs) and fourth generation biofuels.? First generation
biofuels refer to biofuels made from food crops® such as sugar, starch, vegetable oils
or animal fats using conventional techniques. Bioethanol, edible vegetable oils and
biodiesel are examples of FGBs. Nowadays bioethanol is produced mainly in Brazil,
US, Germany and Malaysia and there are expected strong growth to meet the
increasing demands on bioethanol in coming future.*

Since FGBs are mainly produced from food crops hence there will be competition on
the land and resource for food crops agricultures. According to a report® there are
almost 870 million people suffered from chronically undernourished. Therefore
European Commission released a proposal® in October 2012 and stated 10% of all
energy used in transportation is to originate from renewable fuels by 2020 and the
amount of FGBs should be limited to a maximum 5% of renewable fuels and thus
second generation biofuels are developed for substitution.

SGBs are mainly produced from lignocellulosic materials included cereal straw, forest
residues, bagasse hence the production of SGBs would not compete with food.
Besides algae oil was found to be sources of biofuel in recent decades, so called third
generation biofuels and fourth generation biofuels are those converted from vegetable

oil and biodiesel using advanced technology.’
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1.1.2 Advantages of biofuel

In view of economic benefits biofuels can be produced from easily available
biomass such as vegetable oils and waste fat hence it helps to reduce the dependence
on fossil fuels. Besides biofuels are sustainable and renewable energy sources which
can solve the energy crisis in future. In view of environmental benefits the burning of
biofuels emits less air pollutants such as SOz and N2O than fossil fuels.* Furthermore
emission of carbon monoxide, particulate matter and hydrocarbon were found to be

reduced by using neat biofuel or blend biodiesel with diesel fuel (Table 1.1).

Emission type B100 biodiesel B20 biodiesel
Total unburned hydrocarbons (HC) -67% -20%
Carbon monoxide -48% -12%
Particulate matter -47% -12%
NOX +10% +2%
Sulfates -100% -20%
Polycyclic aromatic hydrocarbons? -80% -13%
Ozone potential of speciated hydrocarbons -50% -10%

a Average reduction across all compound measured

Table 1.1: Average biodiesel emissions (%) compared to conventional diesel®
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1.1.3 Disadvantages of biofuel

Although there are numerous benefits of using biofuels as alternative to fossil
fuels, there are many barriers to prohibit the application of biofuel thus nowadays we
still depend on fossil fuels for the major energy source.
First generation biofuels (FGBs) from vegetable oils is not a newly develop
technology. In fact there was a diesel engine running on peanut oils exhibited at the
1900 World Fair in Paris® however vegetable oils would cause injector coking,
carbon deposition that led to thickening of engine lubricant® and these problems
would reduce the combustion efficiency of engine and may harm the engine and
special design of engine is needed for burning vegetable oils. In addition to physical
and chemical properties of vegetable oils (high viscosity and low volatility) that posed
barrier to their application as fuels, the competition of land for food agriculture is
another barrier that retards the development and application of FGBs. Therefore
upgrading processes on biofuels and new biomass sources are extensively studied in

recent decades.
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1.2 Introduction to biofuel upgrading reactions

Several upgrading processes have been developed to produce biofuels that suit
for the modern engine design and are mainly divided into: (1) Cracking, (2)

Transesterification and (3) Deoxygenation (Scheme 1.1).

Alkanes/Alkenes

[ CRACKING )
[Cl-C14 }

[Vegetableoilsj [ TRANSESTERIFICATION ) Alkyl esters
e Biodiesel

[ClZ-C18 n-AIkanes}

[ DEOXYGENATION )‘/

Scheme.1.1: Biofuels (vegetable oils) upgrading process

1.2.1 Cracking

Cracking involves the thermal or catalytic decomposition of triglycerides into
alkanes, alkenes and fatty acids.!* Conventional cracking catalysts in petrol-chemical
industry such as zeolites and mesoporous aluminosilicates were found to be applied in
cracking of vegetable oils as well. However the process is highly unselective and

results in producing large range of hydrocarbons and fatty acids.!
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1.2.2 Transesterification

Transesterification is currently the major process to produce biodiesels from
vegetable oils or waste fats. Fatty acids in the vegetable oils are methylated or
ethylated to produce their corresponding fatty acid methyl or ethyl ester
(FAMES/FAEES). Though the process is highly selective than cracking process, there
are still several drawbacks for the transesterification. (1) The high oxygen content of
FAMEs (normally range from 10% to 45%) lower their combustion efficiency so that
the biodiesel could not compatible with conventional diesel engine, new design
engine or biodiesel blend with petrol is needed® for the application of biodiesel
(FAMEsS). (2) The poor cold-flow properties of FAMEs are another disadvantage that
retard its globalized application. (3) The high catalyst loading and high downstream
processing cost also restrain the application of transesterification on biofuel upgrading
process.’® The poor storage stability of FAMEs makes it not an ideal transportation
fuel. To increase the applicability of FAMEs as ideal renewable fuel, processes to
lower its oxygen content is in great interest. Therefore extensive studies were done on
developing deoxygenation to produce hydrocarbons from vegetable oils.
1.2.3 Deoxygenation

The deoxygenation process could be divided into three reactions: (1)

decarbonylation, (2) decarboxylation and (3) hydrodeoxygenation. (Scheme 1.2)
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Hydrodeoxygenation

" )J\/\R > "SR +H,0
Scheme 1.2: Possible reactions sued in deoxygenation process.

Among the mentioned reactions, hydrodeoxygenation has been currently
industrialized (Neste Oil’'s NEXBTL™, UOP/Eni’s Ecofining™) to produce
commercial “green” diesel from vegetable oils and animal fats. However drawbacks
for hydrodeoxygenation are the use of sulfide catalyst and high pressure of hydrogen
needed. The former problem would lead to environmental pollution and high
treatment cost meanwhile the latter problem would limit the location of
hydrodeoxygenation factory where centralized hydrogen supply is available.'*
Decarbonylation/decarboxylation provides alternative tools to upgrade vegetable oils
into hydrocarbons. In fact it is believed that parts of petroleum were formed through
decarboxylation reactions of fatty acids in plants or animals catalyzed by natural

clay.’®* Nowadays biofuel upgrading processes by decarbonylation/decarboxylation
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can be catalyzed by homogenous and heterogenous catalysts and it is believed that
they would be in great interests in future due to the use of simple catalyst and require

less hydrogen during the process.*®
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1.3 Recent advancements on heterogeneous catalytic deoxygenation
reactions (deCOx)

Advancements (includes feed, catalyst, reactor and reaction condition) on the
decarbonylation and decarboxylation reactions on biofuel upgrading would be
discussed herein.

1.3.1 Feed

As mentioned vegetable oils such as peanut oil was found to be fuel and applied
in diesel engine however due to the competition with agriculture of food for land,
another biomass sources have to be considered. Nowadays the attention has moved
towards the uses of inedible oil, waste fat (includes tall oil fatty acids'® and ultra-high
yield biomass feedstock such as algae,!” via deCOXx reactions to yield hydrocarbons.
Inedible oils tend to be more saturated then edible feedstock hence less hydrogen is
required to convert them into fuels.®
1.3.2 Substrate scope

Biomass feedstock is matrix of fatty acids and their derivatives such as
triglyceride and FAMEs hence different products would be yielded by using various
kinds of catalysts. For instance, Pd/C catalyst would catalyze decarbonylation and
decarboxylation of fatty acids and their esters to form hydrocarbons.'® Although fatty

acids would give higher reactivity and selectivity over than esters,® catalyst
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deactivation was observed.?

By using Pd/SiO2 and Ni/Al>Os catalysts, aromatic carboxylic acids would give
superior results to aliphatic acids?® and it was attributed to the electron-withdrawing
substitutions weaken the bond between carboxylic carbon and the a-carbon to
facilitate decarboxylation.??

In addition to the difference of reactivity between acids and esters towards
deoxygenation (deCOx) reactions, the degree of unsaturation of fatty acids would also
affect their reactivity towards deoxygenation (deCOx), an increase in the degree of
unsaturation of fatty acids was found to increase catalyst deactivation hence resulted
in lower catalyst reactivity as well as the selectivity of reaction'®. There are several
explanations suggested: (1) The unsaturated fatty acids are suggested to be more
probe to coking reactions.?® (2) Immer et al. speculated the adsorption of unsaturated
fatty acids or its unsaturated products on the catalyst via C=C bond interaction and it
may occupy the vacant site on the catalyst result to inhibit the deoxygenation
reactions.?* And the formation of oligomers and aromatics from the unsaturated
substrates were observed. ?® (3) Formation of carbon monoxide during the
deoxygenation reactions of unsaturated fatty acids would poison the catalyst and
decrease it catalytic activity.

1.3.3 Catalyst

10
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Poor yields were reported by thermal decarboxylation of fatty acids and esters at
moderate temperature (<400°C) thus catalytic decarbonylation /decarboxylation are of
great interest. In 2006 Snare et al.?®* have screened a number of metals (Pd, Pt, Ru,
Mo, Ni, Rh, Ir and Os) supported catalysts, they found out carbonaceous supported
catalysts gave higher reactivity and they suggested it may due to the solid support (a)
promote the reaction through amphoteric properties and surface functionalities and (b)
reduce the coke-induced deactivation of catalyst. Furthermore they concluded the

deoxygenation ability of metals as Pd>Pt>Ni>Rh>Ir>Ru>0s.2%%6 (Table 1.2).

Selectivity (%)

Temp Pressure Reaction  Conversion heptadecane :
Catalyst Feedl Atmosphere

(0C)  (atm)i®! time (h) (%) heptadecene : total

C17

60% Ni/SiO, Stearic acid 300 6 He 6 18.1 19:30:58
5% Ru/C Stearic acid 300 6 He 6 13.2 24 :27:65
5% Pd/C Stearic acid 300 6 He 6 100 95:0:99
5% Pt/C Stearic acid 300 6 He 6 86 87:1:95
1% Ir/SiO2 Stearic acid 300 6 He 6 4.6 14:29:69
5% Os/C Stearic acid 300 6 He 6 6.9 29:15:53
1% Rh/C Stearic acid 300 6 He 6 19.9 18:13:85

11
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1% Pt/C Tristearin(® 350 6.8 N2 4 42 C8-C17
5% Pd/C Tristearin(®] 350 6.8 N2 4 29 C8-C17
20% Ni/C Tristearin(® 350 6.8 N2 4 85 C8-C17

[a] Reactions were run using dodecane as solvent
[b] Values reported correspond to the operating pressure during reactions

[c] Solventless reactions
Table 1.2: Performance of representative catalysts on the deoxygenation of stearic
acid and tristearin via deCOXx reactions

Solid support also plays another important role in catalytic deCOXx reactions, a
series of Pd/C catalysts with varying acidity were screened and the most alkaline
catalyst was found to have superior results on decarboxylation of ethyl stearate.'
Moreover mesoporous silica was found to offer additional advantage over carbon
support by enabling easily characterization that is impractical done on carbon
support.?” Although Pd and Pt were found to be most active catalyst for deCOXx
reactions, attentions have moved to find out the others cheaper metals for catalysis.
Influence of different reaction condition parameters were investigated and would be
briefly discussed.

1.3.4 Reactions atmosphere

DeCOx reactions of fatty acids and their derivatives were found to be active

under inert gas and hydrogen atmosphere. Although it is suggested presence of

hydrogen could promote the deCOx, its effect is not monotonic, when hydrogen

12
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partial pressure exceed certain level that it would inhibit the deCOx and lower
hydrocarbon vyields. A limited amount of hydrogen would lead to hydrogenation of
fatty acids and leads to increasing yield of saturated hydrocarbons meanwhile it
hydrogenates the reactants and prevent the deactivation of catalysts by the unsaturated
reactants.’®?® However the drops of deCOx activity with continual increasing
hydrogen partial pressure is still remain unclear. It is speculated that increasing
hydrogen partial pressure promote decarbonylation while inhibit decaroxylation.*5°2°
1.3.5 Temperature

Deoxygenation can proceed through hydrodeoxygenation and deCOx pathways
and it is observed that deCOXx reaction pathways is favored at high temperature!620%0
however side reactions such as cracking, aromatization and isomerization also be
enhanced at high temperature.
1.3.6 Solvent

Low-boiling point solvents lead to better catalytic activity towards deCOx were
observed and Immer and Lamb tried to conclude that the solvent effect is due to the
influence of solvent vapor pressure generated on the partial pressure of hydrogen.?*
They speculated the low solvent vapor pressure would cause hydrogen partial
pressure increased, the higher hydrogen partial pressure may inhibit decarboxylation

that would unfavor deCOx reaction.

13
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1.4 Recent advancement on homogenous catalytic decarbonylation
reactions of carboxylic acids

There was drawback on heterogeneous catalytic deoxygenation of carboxylic
acids that drastic condition including high temperature (>300°C) and narrow ranges of
substrate scopes reported. Therefore development of homogenous catalytic
deoxygenation is in great interest. Herein 1 would like to highlight the development of
homogeneous catalytic decarbonylation of carboxylic acids. Several palladium,®!

nickel 32 iridium,® rhodium?3®

and iron** were found to convert various carboxylic
acids into alkenes.
1.4.1 Rhodium-catalyzed decarbonylation reactions

In 1976 Fogila and Barr®® has reported using Rh-based catalyst to convert
stearic acid into 1-heptadecene with poor selectivity. To produce high selective
alpha-alkene, Miller et al. employed 1mol% Rh(CO)CI(PPhMe;) to convert various

kinds of long chain carboxylic acids into alkenes with good selectivity (up to

97.9%a0-selectivity) in 1993 (Scheme 1.3).31°

o 1mol% RhCI(CO)(PPhMe,),
RNJ\OH +Ac,0 R, +CO+AcOH
neat .
_ TON: 60-1330
R=alkyl 250°C selectivity: 27.7-97.9%

Scheme 1.3: Rh-catalyzed decarbonylation reaction reported by Miller et al.

14
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1.4.2 Palladium-catalyzed decarbonylation reactions

In addition to Rh-catalyzed decarbonylation, Miller et al.3®

also employed
0.01mol% PdCl2(PPhs). to convert carboxylic acids into alpha alkenes with excellent

selectivity (up to 97.3% a-selectivity) and good yield (TON = 12370) (Scheme 1.4).

0.01 mol% PdCl,(PPhs),

O 0.5 mol% PPh3
RMOH + Ac,0 R, +CO+AcOH
neat, 250°C _
R=alkyl TON: 20-12370

selectivity: 76.0-97.3%

Scheme 1.4: Pd-catalyzed decarbonylation reaction reported by Miller et al.

o 0.01 mol% PdCl,(PPhs),

0.5 mol% PPh
R \/\)J\ t A0 wrT ANF
OH R

) ; neat, 230°C, 1h
1-2 equiv. 60-75% vyield

Scheme 1.5: Pd-catalyzed decarbonylation reaction reported by Kraus et al.
Kraus et al. employed the lowest Pd-catalyst loading (0.01mol% Pd(PPhs)s with
0.5ml% PPhs) to catalyze decarbonylation of long chain carboxylic acids into alkenes
with moderate conversion under elevated temperature (230°C) (Scheme 1.5).3¢ Karus
et al. extended the substrate scope to produce allylbenzene, styrene, cyclohexene as
well as diene. Although Miller and Kraus reported the lowest catalyst loading for
decarbonylation of carboxylic acids, the drastic reaction condition was concerned. To
develop mild catalytic protocol and improve the applicability of Pd-catalyzed
decarbonylation of carboxylic acids, Hillmyer and Tolman employed 0.25mol% PdCl;

with large excess of phosphine ligands (2.2mol% to 4.4mo0%) and addition of pivalic

15



Catalytic Upgrading of Biofuel

anhydride to convert bio-derived hydrocinnamic acid into alkenes.®*f Furthermore
they extended the scope to mono-alkyl succinate to produce corresponding alkyl

acrylate (Scheme 1.6).

o 0.25 mol% PdCl,
/\)j\ 2.2-4.4 mol% DPEPhos or XantPhos P
R OH  +Piv,0 R +CO+PivOH
190°C

R=phenyl, ester (Me, n-Bu, t-Bu) styrene: 87% yield

acrylate: 64% yield

Scheme 1.6: Pd-catalyzed decarbonylation of carboxylic acids and alkyl
succinate.

Goopen3'® and ScottError! Bookmark not defined.31d catalyzed decarbonylation reaction
under milder condition (110°C) albeit higher catalyst loading (3mol% Pd-DPEphos)

and an expensive high-boiling point solvent (DMPU) was used (Scheme 1.7).

3 mol% PdCl,

o} .
Ac,0 or Piv,0 9 mol% DPEPhos + QOQ
\/\)J\OH 2 equiv. NEts, DMPU Ph Ph™ ™ PPh, PPh,
110°C, 16-18h 60-100% yield DPEPhos

>97% selectivity

Scheme 1.7: Palladium-bisphosphine catalyzed decarbonylation of carboxylic
acids under mild reaction condition.

Recently Grubbs and Stoltz 39 reported another example of low catalyst loading
protocol (0.05mol% PdCl>(PPhs).-Xantphos) to convert broad ranges of carboxylic
acids into alpha alkenes in good yield and selectivity however the protocol required

stepwise addition of acetic anhydride (Scheme 1.8).

16



Catalytic Upgrading of Biofuel

0.05 mol% PdCl,
0.06 mol% Xantphos
o 0.5 mol% (t-Bu),biphenol

+
R\/\)J\OH * A0 - RN R PPh,
153 equiv.  Neat, 132°C, 3h 41-80% yield Xantphos

g\dgigg:\tlons 80-99% selectivity

Scheme 1.8: Stepwise addition of acetic anhydride protocol reported by Grubbs
and Stoltz.

The aforementioned literatures reported in situ generated palladium catalysts
using large excess of phosphine ligands. To minimize waste produced from reaction,
Jensen®" developed a well-defined palladium pre-catalyst and applied 0.5mol%
palladium-bisphosphine pre-catalyst to catalyze decarbonylation reaction (Scheme
1.9), high product yield and o-selectivity are achieved. Moreover substrates with
aliphatic alcohol and amine functional group were found to be tolerating to the

reaction and converted to desired alkenes.

O 0.5 mol% Pd-bisphosphine
R\/\)J\ y + Ac,0 R/\/ + RN
o 2equ NEts, DMPU, 10-88% yield
110°C, 15h oY

84-99% selectivity

Scheme 1.9: Pd-DPEphos pre-catalyst catalyzed decarbonylation reaction
reported by Jensen et al.

1.4.3 Iron-catalyzed decarbonylation reactions

It is in great interest to develop inexpensive catalytic decarbonylation protocol

thus catalytic decarbonylation of bio-derived carboxylic acids could be applied to

industrial uses. Fukuyama and Ryu have demonstrated iron-catalyzed decarbonylation
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reaction of aliphatic carboxylic acids to produce alpha olefins®** with moderate yields
and high a-selectivity (Scheme 1.10). However reaction condition was found to be
drastic as 10 mol% FeCl,, 1 equivalent of KI, high pressure (20 psi) of carbon

monoxide atmosphere and high reaction temperature (250°C) were required.

10 mol% FeCl,
0 20-40 mol% DPPPent

+
R V\)J\OH + Ac,O - R/\/ R/\,o«ﬂ
1 equiv. 250°C

under CO or N,

58-88% vyield
91-98% selectivity

Scheme 1.10: Iron-catalyzed decarbonylation reaction report by Fukuyama and
Ryu.

1.4.4 Nickel-catalyzed decarbonylation reactions

Inspired by Fukuyama and Ryu’s works, the inexpensive first-row transition metals
were desirable to be applied on catalytic decarbonylation reactions. Nickel has been
proven to be active species to decarbonylate 2-pyridyl thioates®® and thioethers.3%
Therefore Tolman et al. screened wide ranges of first-row transition metals as well as
different ligands to investigate the feasibility of first-row metal catalyzed
decarbonylation reactions using hydrocinnamic acids as model substrate (Figure 1.1

and Figure 1.2).
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Ligands: ‘Bu PPh;  P(Ph-p-OMe); Metal precursors:
PC P(OPh e
Y3 ( )3 C0C|2
t pyridine (pyr) (dimethoxyethane)NiBr,
y HO o Q Ph CuCl
NN N  N= _N ZnCl,
Bu oH M PdCl
'Bu OH HO Bu ‘Bu OH Co(acac),
Ni(acac),

¢ 'Bu 'Bu Bu Mn(OAc),

Bu Fe(OAc),

Bis(aminomethyl)phenol Salph Phenoxyimine Co(OAc),
(BIMP) (POI) Cu(OAc)

Pd(OAc),
Fe(OTf),
CuOTf.CgHg
Ni(OTH),
Zn(OTf),
CoCI(PPh;)s

Pd[MeCN]4(BF4)2

Phenyl bis(imine) Pyridyl bis(imine) a-Diimine
(PhBI) (pyrBI) (ADI)
| NZON—
SN~ N_ \—/
|
N-Methylimidazole
IMes TMEDA (N-M1)

Figure 1.1: First set of high throughput screening on metals and ligands

Ligands:
7 NN .
PPh PPh Metal precursors:
PhoP” >"""2 PP "TPPh,  PhPT T T2 A=y = NiCl,
DPPE DPPP DPPB Phen Nil,

Ni(1,5-cyclooctadiene),
Cy,P PPh2 Pth Ni(PPh3),
@\Pth Pth Pth O FeCl,
O op. o2
3
PPh NMe, Fe(CO)3(PPhs),
DPPF DPEphos Davephos Xantphos

Figure 1.2: Second set of high throughput screening on Nickel and iron.

By using 5mol% Ni(PPhz)s in conjunction with DPEphos, styrene could be
obtained via decarbonylation of hydrocinnamic acid, the substrate scope could be
extended to aliphatic carboxylic acids, with the use of 5mol% Ni(COD), with dppf,

78% of octene with 90% a-selectivity was obtained via decarbonylation of nonanoic
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acid (Scheme 1.11).3%

5 mol% Ni(PPhs), or Ni(COD),

o 10 mol% DPEPhos or dppf
RM\)J\ + Piv,0 R/\/ + R/\,ﬁ"
OH 1 equiv. 180-190°C
2h R = phenyl, 34% yield
R = alkyl, phenyl R = alkyl, 78% yield, 90% selectivity

Scheme 1.11: Ni-catalyzed decarbonylation reaction reported by Tolman et al.
Afterwards the same research group demonstrated another catalytic protocol for
nickel-catalyzed decarbonylation of carboxylic acids without the uses of anhydride as
additive. By using 10mol% Nil> or Ni(OAc). and 1 equivalent of phosphine ligands
(PPh3) under 160°C, several aliphatic carboxylic acids and one example of
cyclohexane were decarbonylated to corresponding alkenes in moderate to good yield

and selectivity (Scheme 1.12). 3%

10 mol% Nil,
1 equiv. PPh;
M\)OJ\ - eqUiV. “ Z * s
OH 160°C R R
16h 51-85% yield

17-71% selectivity

Scheme 1.12: Ni-catalyzed decarbonylation of carboxylic acids without activation
of anhydride.

1.4.5 Iridium-catalyzed decarbonylation reactions

In effort to explore another catalytic system for decarbonylation reactions,
Fukuyama and Ryu reported iridium-catalyzed synthesis of terminal or internal
alkenes via decarbonylation of aliphatic carboxylic acids (scheme 1.13).3% With the

uses of acetic anhydride and catalyzed the reaction under lower temperature (160°C),
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high selective terminal alkenes were formed meanwhile without addition of anhydride

and catalyzed the reaction under higher temperature (250°C), internal alkenes were

obtained.

Kl

- R/\P‘JJ
o 2-5mol% IrCI(CO)(PPhy), 250°C
R
MOH 160°C Kl, Ac,0
16h R/\/
160°C

Scheme 1.13: Synthesis of high selective terminal or internal alkenes by applying
different reaction conditions.

Recently Hapiot employed 2.5mol% [Ir(COD)CI]. with PPhz to decarbonylate
various kinds of carboxylic acids to desired alkenes in good yield and selectivity with
the aid of KI. Unlike the Pd-catalytic system, they found that bidentate phosphine
ligands such as dppb and DPEphos were ineffective in conjunction with Ir-metal.
Besides that their Ir-catalyst could decarbonylate carboxylic acids without adding
anhydride to activate the substrate, albeit using large excess of phosphine (15mol%
PPhs) and under drastic condition (240°C). Furthermore their catalytic system was
proven to be stable under distillation at high temperature thus the catalytic system

could be recycled to use. 3%
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1.5 Conclusion

With the depletion of fossil fuel and growing demand on energy worldwide, it is

a matter of urgency to explore alternative sustainable energy. Unlike wind, solar and

hydropower, there is no geographic limitation on the production of biofuel so that it

would be one of the potential alternatives for fossil fuel in future. However its

application is retarded by several factors: (1) Competition of agricultural land for

biomass. (2) Poor combustion properties of biofuel. (3) Ineffective biofuel upgrading

process.

To tackle the problems and overcome technical barriers for the practical uses of

biofuel. With the advancement of technologies, biofuel no longer depends on food

crops. To date biofuel could be produced from algae, jatropha and lignocellulosic

biomass compounds. Furthermore vast effort were put on the development of

effective biofuel upgrading technologies, transesterification and deoxygenation were

extensively studied however heterogeneous catalytic reactions took the lead in the

past. There are drawbacks concerning high catalyst loading, high reaction temperature

and narrow scopes of reaction. Therefore it is in great interest to develop effective

homogeneous catalytic biofuel upgrading reactions.
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Chapter 2 Palladium-Indolylbisphosphine Catalyzed

Decarbonylation of fatty acids

2.1 Introduction

Pd

0.01 mol% PdCl,(PPhs),
0.5 mol% PPh;

ACZO

neat

250°C (Miller et al. 1993) 1993

<

3 mol% PdCl,
9 mol% DPEPhos
2 equiv. Ac,0/Piv,0

DMPU 2004

110°C (Goossen et al. 2004)

{

3 mol%PdCl,

9 mol% DPEPhos

2 equiv. Ac,0/Piv,0

1 equiv. NEt3

DMPU

110°C (Scott et al. 2010)

0.01 mol% PdCl,

0.5 mol% PPh3

4 equiv. Ac,0

1 equiv. NEt3

240°C (Kraus et al. 2012)

0.25 mol% PdCl,

2.2 mol% DPEPhos

1 equiv. Ac,0

190°C (Hillmyer and Tolman et al. 2012)

0.05 mol% PdCl,

0.06 mol% Xantphos

0.5 mol% (t-Buy)biphenol
132°C (Grubbs et al. 2014)

0.5 mol% Pd-precatalyst
(DPEPhos + allylbenzene)
2 equiv. Ac,0

NEt;

DMPU

110°C (Jensen et al. 2016)

5 mol% PdCl,
1 equiv. LiCl
160°C (Hillymer and Tolman et al. 2016)

Figure 2.1: Recent development on Pd-catalyzed decarbonylation reaction
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As mentioned in the first chapter, to meet the fast growing demand on biofuel,
several biofuel grading processes were developed to improve the physical properties
of biofuel so as to enhance its real application. Among those reported processes,
decarboxylation/decarbonylation was in great interest as highly selective alkenes
could be obtained. Those alkenes not only served as fuel but also act as valuable fine
chemicals in polymer industry.®® Numerous studies were done on the exploration of
different homogenous catalytic systems on decarbonylation of long chain carboxylic
acids, and palladium catalyst has been proven to give superior result than others
metals such as iron,®” rhodium,*® nickel®® and iridium.*° However most of the
reported palladium catalytic systems are based on palladium-bisphosphine,* in
particularly biaryl ether ligands (DPEphos, and Xantphos), with the addition of
anhydride3®412b.ce to activate carboxylic acids for decarbonylation. Therefore | would
like to investigate if there are others effective catalysts to catalyze decarbonylation of

bio-derived carboxylic acids.
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2.2 Results and discussion

2.2.1 Preliminary evaluation of palladium-indolylbisphosphine  catalyzed
decarbonylation of fatty acids

metal catalyst
ligand

n-CgHa 0 Ac,0 M
W NEt:
OH
6

-C
DMF, 120°C, 18h -Cefur

PPh, Q NMe ppp, Q NMe pcy,
Ph,P O Cy,P O

la

Q\/N O
MeN N
Ph,P

Cy2P

PhMezole-phos, L1 L2 L3 L4
'3. s 5 e :
Ph,P Cy,P Me/'\’\/‘Ie ,\'\/‘h;Me HoN - NH;
CM-Phos, L6 L10
Entry Metal Catalyst (mol%)  Ligand (mol%) GC yield, %!
1 PdCl; (3) L1 (9) n.r.lcl
2 PdCI2 (3) L2 (9) 18
3 PdCI2 (3) L3 (9) 58
4 PdCI2 (3) L4 (9) 23
5 PdCl> (3) L5 (9) n.r.
6 PdCl> (3) CM-Phos, L6 (9) n.r.
7 PdCl> (3) 1,10 phenanthroline, L7 (9) n.r.
8 PdCI2 (3) 2,2’-Bipyridyl , L8 (9) n.r.
9 PdCl2 (3) N,N,N’, N -tetramethylethylene diamine , n.r.
L9 (9)
10 PdCl2 (3) N,N’-dimethylethylene diamine , L10 n.r.
9)
11 PdCI2 (1) L3 (3) 55

[a]Oleic acid (Immol), Ac20 (2mmol), PdACl, (1-3mol%), Ligand (3-9mol%), NEts (lequiv.),
DMF (2mL), 120°C, 18hours.
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[b] Calibrated GC vyield

[c] n.r. = no reaction

Table 2.1: Ligand screening for palladium-indolylbisphosphine catalyzed
decarbonylation of fatty acids

Inspired by GooBen’s works of palladium-imidazoylphosphine catalyzed

decarbonylative cross-coupling reactions. 42

We envisaged the combination of
palladium with imidazole or indole scaffold ligands could be active catalyst towards
decarbonylation of long chain carboxylic acids. Therefore
palladium-imidazoylphosphine ligand, PhMezole-phos (L1) was chosen to catalyze
the decarbonylation of oleic acids (C18-chain mono-unsaturated fatty acids that
commonly found in vegetable oils) however no desired olefin was detected. Thus we
attempted to employ indolylbisphosphine ligand (L2) in conjunction with PdClI> to
catalyze decarbonylation reaction. By employing 3mol% PdCl,-indolylbisphosphine
ligand (L2), 18% desired olefin was obtained (Table 2.1, entry 2) hence several others
classes of indolylbisphosphine ligands (L3-L6) were tested, indolylbisphosphine with
PPh2 moiety found to give moderate yield of desired heptadecene (58%) (Table 2.1,
entry 3). Changing the same ligand scaffold to PCy. moiety diminished the product
yield to 23% apparently (Table 2.1, entry 4). In addition to indolylbisphosphine
ligands, indolylmonophosphine (L5) and CM-Phos (L6) were also tested however no

desired products observed (Table 2.1, entry 5 and 6). Then we lowered the catalyst

loading to 1mol% Pd and no detrimental effects on the product yield observed (Table
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2.1, entry 11). In addition to N,P ligands, different commercial available diamines
were also examined to probe their feasibility in catalyzing decarbonylation of fatty
acids. However no desired product was obtained by using diamine ligands (Table 2.1,

entries 7-10).

PdCl, (1 mol%)
L3 (3 mol%)
n-CgHy7 0] Ac,0(2 equiv.)

Base (0.5- 1 equiv.) M

6 n-CgHy7
DMF, 120°C, 18h
la 2a
Entry Base (equiv.) GC yield ,%"!
1 NEts (0.5) 45
2 NEts (1) 52
3 NEt; (3) 42
4 piperidine (1) 24
5 pyridine (1) 30
6 K2COs (1) n.r.cl

[a] Oleic acid (1 mmol), Ac20 (2 mmol), PdCl; (1 mol%), Ligand (3 mol%), NEts
(1 equiv.), DMF (2 mL), 120°C, 18 hours.

[b] Calibrated GC yield

[c] n.r. =no reaction

Table 2.2: Amine/base screening for palladium-indolylbisphosphine catalyzed
decarbonylation of fatty acids

With the promising results obtained, we then further optimized the reaction

conditions to improve the product yields. Amine was believed to activate the

Pd-catalyst and to enhance « -selectivity of olefins thus different amines as well as

inorganic salt were tested, when potassium carbonate was added into the reaction, no

desired product observed (Table 2.2, entry 5). Various amines were screened and

triethylamine gave better yield than aromatic amines such as pyridine and piperidine
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(Table 2.2, entry 2-4). Decreasing the amount of amines to 0.5 equivalent to substrate

would lightly decrease the product yield (Tale 2.2, entry 1 versus entry 2).

PdCl, (1 mol%)
L3 (3 mol%)
n-CgHy7 0] anhydride (2 equiv.)

NEt; (1 equiv.) M
WOH 3

6 n-CgHy7
DMF, 120°C, 18h
la 2a
Entry Anhydride (equiv.) GC yield, %!
1 Acetic anhydride (1) 43
2 Acetic anhydride (2) 53
Acetic anhydride (3) 55
4 Pivalic anhydride (2) 34
5 Benzoic anhydride (2) 26
6 Hexanoic anhydride (2) trace
7 Methanesulfonic anhydride (2)  n.r.

[a] Oleic acid (1 mmol), Ac20 (2 mmol), PdCl2 (1 mol%), Ligand (3 mol%), NEts (1
equiv.), DMF (2 mL), 120°C, 18 hours.

[b] Calibrated GC vyield

[c] n.r. = no reaction

Table 2.3: Anhydride screening for palladium-indolylbisphosphine catalyzed
decarbonylation of fatty acids

The role of anhydride is crucial in palladium-catalyzed decarbonylation of
carboxylic acids as it would react with the substrate to form mixed anhydride so that
the substrate is activated and allows undergoing oxidative addition by
palladium-catalyst. Therefore several anhydrides sources were tested. Acetic
anhydride gave best results over screened sources (Table 2.3, entry 1). 2 equivalent of

acetic anhydride was sufficient to activate the decarbonylation and to give moderate
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yields of desired product (Table 2.3, entries 1-3). Pivalic anhydride that commonly

reported as activator towards Pd-catalyzed decarbonylation, did not have apparent

enhancement to the product yield in our catalytic system (Table 2.3, entry 4).

Changing the anhydride sources to benzoic anhydride and hexanoic anhydride would

drastic decrease the product yield (Table 2.3, entries 5 and 6). No product was

observed when methanesulfonic anhydride was used (Table 2,3, entry 7) and it may

due to the inability to form mixed anhydride for decarbonylation.

PdCl, (1 mol%)
L3 (3 mol%)

-CoH o) Ac,0 (2 equiv.)
W NEt; (1 equiv.) (\A/v\
OH n-CgH7
6 solvent, 120°C, 18h

la 2a
Entry Solvent GC yield, %!
1 Toluene trace
2 tert-amyl alcohol trace
3 1,4 Dioxane 38
4 DMF 53
5 DMACc 540
6 DMPU 52

[a]Oleic acid (1 mmol), Ac.O (2 mmol), PdCl> (1 mol%), Ligand (3 mol%),
NEts (1 equiv.), DMF (2 mL), 120°C, 18 hours.

[b] Calibrated GC yield

[c] Reaction temperature = 140°C

Table 2.4: Solvent screening for palladium-indolylbisphosphine catalyzed
decarbonylation of fatty acids

A high boiling point polar solvent, N,N’-Dimethylpropyleneurea (DMPU) is

often used for decarbonylation of carboxylic acid. Since it is an expensive solvent
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(USD$ 630 for 1L, listed price from Sigma-Aldrich) thus we would like to look for

alternative with lower cost. Solvents with different polarity was screened and

N,N-Dimethylformamide (DMF) and N,N-Dimethylacetamide (DMAc) were found to

decarbonylate oleic acid smoothly into heptadecane in moderate yield (Table 2.4,

entry 4 and 5).
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2.2.2 Scope of palladium-indolylbisphosphine catalyzed decarbonylation of fatty acids

PdCl; (1 mol%)
L3 (3 mol%)

) Ac,0 (2 equiv.)
NEt; (1 equiv.
R/\)J\OH 3 (1 equiv.)
la-g DMF, 120°C
Entry carboxylic acid alkene yield/%®! selectivity/%!c]
O
1 la CisHag™ X 2a 52 88
(0] P
2 1b CiHog XX 2b 43 90
013H27)J\OH 11H23
(e} P
3 1c Cq2H X 2c 38 90
C15H31)J\OH 13H27
(0] P
4 1d CreHar” XX 2d 63 89
Cl7H35)J\oH 15H31

X

oH le ©/\/\ 2 - o1
6 1f HZN/\ga/\ of trace

H,N OH 7

7
(0]
A
7

(6]
(@) §=O

lg HO 29 trace

HO OH

3

[a] Oleic acid (1 mmol), Ac2O (2 mmol), PdCl, (1 mol%), Ligand (3 mol%),
NEts (1 equiv.), DMF (2 mL), 120°C, 18 hours.

[b] Calibrated GC yield.

[c] Alpha-selectivity (selectivity to produce alpha-olefin) determined by *H
NMR.

Table 2.5: Palladium-indolylbisphosphine (L3) catalyzed decarbonylation of fatty
acids
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With the optimal reaction conditions obtained we further extend our substrate
scopes. By applying our catalytic system, unsaturated long chain carboxylic acid,
oleic acid (C18:1) could be decarbonylated to desired alkenes with moderate product
yields (52%, table 2.5, entry 1) and it is comparative to previous reports under
GooRen’s reaction protocol.*'® (3mol% PdCl2, 9mol% DPEphos, 69%) Not only
unsaturated long chain carboxylic acids could be converted to alkenes. Various long
chain saturated fatty acids could be converted to terminal alkenes in moderate to good
yield (45-63%) and selectivity (88-91%) (Table 2.5, entries 2-4). This protocol
provided alternative synthetic pathway to prepare valuable odd-numbered alkenes.*
Our catalytic system could be further extended to decarbonylate 5-phenylvaleric acid
into corresponding alkenes in good yield (57%) (Table 2.5, entry 5). However
functional groups such as amine or hydroxyl could not tolerate to our catalytic system

(Table 2.5, entries 6 and 7).
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2.3 Conclusion

In addition to biaryl ether ligands (DPEphos and Xantphos) that commonly used
in conjunction with palladium metal for decarbonylation of carboxylic acids. We have
explored other classes of indolylbisphosphine ligand to catalyze decarbonylation of
carboxylic acids. By employing 1mol% Pd-indolylbisphosphine ligand (L3), various

kinds of alpha olefins were produced in good yield and selectivity.
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2.4 Experimental section

2.4.1 General considerations

Unless otherwise noted, all reagents were purchased from commercial suppliers and
used without purification.  All deoxygenation reactions were performed in resealable
screw cap Schlenk tube (approx. 15 mL volume) in the presence of Teflon-coated
magnetic stirrer bar (4 mm 10 mm). Toluene and 1,4-dioxane were distillated from
sodium and sodium benzophenone ketyl under nitrogen, respectively.

Ligands L2 — L5 were synthesized according to literature procedures. Ligands L1,
L6 — L10 were purchased from commercial suppliers. New bottle of n-butyllithium
was used (Note: since the concentration of n-BuLi may vary, we recommend
performing a titration prior to use). Thin layer chromatography was performed on
pre-coated silica gel 60 F254 plates. Silica gel (Merck, 70-230 and 230-400 mesh)
was used for column chromatography. Melting points were recorded on an
uncorrected Buchi Melting Point B-545 instrument. NMR spectra were recorded on a
Briiker spectrometer (400 MHz for *H, 100 MHz for *C and 162 MHz for 3P).
Spectra were referenced internally to the residual proton resonance in CDCls (6 7.26
ppm) as the internal standard. Chemical shifts (8) were reported as part per million
(ppm) in & scale downfield from TMS. 3C NMR spectra were referenced to CDCls (5

77.0 ppm, the middle peak). 3P NMR spectra were referenced to 85% HsPOs
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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 FTICR mass
spectrometer (ESI-MS). 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. X-ray crystal structure was determined by Bruker D8 Venture. All
yields reported refer to isolated yield of compounds estimated to be greater than 95%
purity as determined by capillary gas chromatography (GC) or H NMR.
Compounds described in the literature were characterized by comparison of their H
and/or 3 CNMR 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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2.4.2 General procedure for Pd-indolylbisphosphine (L3) catalyzed decarbonylation
of carboxylic acids

An array of Schlenk tubes were charged with magnetic stirrer bar (4 mm x 10 mm)

and were evacuated and backfilled with nitrogen (3 cycles). The Schlenk tubes were

charged with PdCl> (1mol%, 0.0018g), ligand L3 (9mol%, 0.017g) and 2mL DMF

was added by syringe then again evacuated and backfilled with nitrogen (3 cycles)

and stirred for 1 minute. The Schlenk tubes were then added with carboxylic acids

substrates (1 mmol), acetic anhydride (2 mmol,, 0.188 mL) and triethylamine (1 mmol,

0.15 mL). This batch of Schlenk tube was resealed and magnetically stirred in a

preheated 120 °C oil bath for 18 h. The reactions were allowed to reach room

temperature. Ethyl acetate (~4 mL), dodecane (113 yL, internal standard) and water

(~2 mL) were added. The organic layer was subjected to GC analysis. The GC yield

was previously calibrated by authentic sample/dodecane calibration curve.
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2.4.3 Characterization data of alpha olefins

(2)-Heptadeca-1,8-diene (Table2.5, 2a)

CisHos™ N

Eluents (Hexane, Ri= 0.7) was used for flash column chromatography. *H NMR (400
MHz, CDCl3) 5 0.88 (t, J= 6.6Hz, 3H), 1.26 (m, 18H), 2.02 (m, 6H), 4.92-5.01 (m,

2H), 5,35 (m, 2H), 5.80 (m, 1H).

1-Tridecene (Table 2.5, 2b)

CiaHos

Eluents (Hexane, Ri= 0.7) was used for flash column chromatography. *H NMR (400
MHz, CDCls) § 0.89 (t, J= 7.1Hz, 3H), 1.27 (s, 18H), 2.05 (g, J= 6.9Hz, 3H), 4.93 (d,

J=11.1Hz, 1H), 5.00 (dd, J= 1.4Hz, 17.0Hz, 1H), 5.77-5.87 (m, 1H).

1-Pentadecene (Table 2.5, 2c¢)

CuaHar

Eluents (Hexane, Ri= 0.7) was used for flash column chromatography. *H NMR (400
MHz, CDCls) § 0.88 (t, J= 6.9Hz, 3H), 1.26 (s, 22H), 2.04 (g, J= 7.2Hz, 3H), 4.93 (d,

J=10.1Hz, 1H), 5.00 (dd, J= 1.5Hz, 17.2Hz, 1H), 5.76-5.86 (m, 1H).
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1-Heptadecene (Table 2.5, 2d)

CisHar

Eluents (Hexane, Ri= 0.7) was used for flash column chromatography. *H NMR (400
MHz, CDCls) & 0.88 (t, J= 6.9Hz, 3H), 1.26 (s, 24H), 2.05 (q, J= 6.9Hz, 3H), 4.92 (d,

J=10.0Hz, 1H), 5.01 (dd, J= 1.5Hz, 17.1Hz, 1H), 5.76-5.86 (m, 1H).

4-Phenyl-1-butene (Table 2.5, 2e)

©/\/\

Eluents (Hexane, Ri= 0.6) was used for flash column chromatography. *H NMR (400
MHz, CDCls) 6 2.40 (q, J= 7.6Hz, 2H), 2.73 (t, J= 7.6Hz, 2H), 4.99 (d, J= 10.2Hz,

1H), 5.06 (dd, J= 1.8Hz, 17.3Hz, 1H), 5.83-5.93 (m, 1H), 7.20-7.22 (m, 3H),

7.28-7.32 (m, 2H).

42



Catalytic Upgrading of Biofuel

2.5 References

% (a) Ittel S. D.; Johnson L. K.; Brookhart M. Chem. Rev, 2000, 100, 1169-1203. (b)
Dodds D. R.; Gross R. A. Science 2007, 318, 1250-1251.

37 Maetani S.; Fukuyama T.; Suzuki N.; Ishihara D.; Ryu, I. Chem. Commun. 2012,
2552.

38 (a) Foglia T. A.; Barr P. A. J. Am. Qil Chem. Soc. 1976, 53, 737-741. (b) Miller, J.
A.; Nelson J. A.; Byrne M. P. J. Org. Chem. 1993, 58; 18—20.

39 (a) Wenkert E.; Chianelli D. J. Chem. Soc., Chem. Commun. 1991, 627-628. (b)
John A.; Miranda M. O.; Ding K.; Dereli B.; Ortuno M. A.; LaPointe A. M.; Coates G.
W.; Cramer C. J.; Tolman W. B. Organometallics 2016, 35, 2391-2400. (c) John A.;
Hillmyer M. A.; Tolman W. B. Organomettalics 2017, 36, 506-509.

40" (a) Maetani S.; Fukuyama T.; Suzuki N.; Ishihara D.; Ryu I. Organometallics 2011,
30, 1389—-1394. (b) Ternel J.; Lebarb¢ T.; Monflier E.; Hapiot F. ChemSusChem 2015,
8, 1585—1592.

41 (a) GooRen L. J.; Rodriguez N. Chem. Commun. 2004, 724—725. (b) Le Notre J.;
Scott E. L.; Franssen M. C. R.; Sanders J. P. M. Tetrahedron Lett. 2010, 51,
3712-3715. (c) Miranda M. O.; Pietrangelo A.; Hillmyer M. A.; Tolman W. B. Green
Chem. 2012, 14, 490—494. (d) Liu Y.; Kim K. E.; Herbert M. B.; Fedorov A.; Grubbs
R. H.; Stoltz B. M. Adv. Synth. Catal. 2014, 356, 130—136. (e) Chatterjee A.; Hopen
Eliasson S. H.; Tornroos K. W.; Jensen V. R. ACS Catal. 2016, 6, 7784-77809.

42 Song B.; Knauber T.; Goopen L. J. Angew. Chem. Int. Ed. 2013, 52, 2954-2958.

43 Franke R.; Selent D.; Borner A. Chem. Rev. 2012, 112, 5675-5732.

43



Catalytic Upgrading of Biofuel

Chapter 3 Palladium-Naphthylphosphine Catalyzed
Decarbonylation of Carboxylic Acids into Alpha
Olefins

3.1 Introduction

Owing to the depletion of fossil fuels, there is growing demand on exploring
alternative renewable energy sources.** Biomass-derived hydrocarbons were believed
to be good alternative for fossil fuels since they could be readily obtained by cracking
or decarbonylation/decarboxylation. Cracking of vegetable oils results in producing
broad ranges of hydrocarbons with different carbon-chain numbers. Compared to
cracking, decarbonylation/decarboxylation of biomass-derived carboxylic acids are
particularly attractive since substrates are inexpensive, readily available from various
natural sources** and highly selective alkenes could be obtained. In former chapter
we have discussed the recent advancement of palladium-catalyzed decarbonylation
reactions and palladium-bisphosphine catalyst (particularly biaryl ether ligands,
DPEphos and Xantphos) to serve as active species in decarbonylation reactions to
afford alkenes with good selectivity. Recently Cramer® et al. investigated the
palladium-catalyzed decarbonylation of biomass-derived hydrocinnamic acid to

styrene by computational study and suggested monophosphine acyl complexes could
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be stable reaction intermediates during decarbonylation reaction (Figure 3.1).

Moreover their computational study proposed mechanism involved deliberation of

phosphine ligands for provision of reaction vacant site (TS3-5) and re-coordination of

phosphine ligands for stabilization of intermediates (TS7-trans-4).

‘Bu
o~
o TS34
i L }\_ 17.9 |L O
t
c2 P4 +2 — Pd---~ o By . Pa—0_Bu — L B
I L/ Y rrans—4
89 L 3 o 0
14.8 o ‘34
TS4-7
L 19.1 TS7-trans-4
PdL4 +2 , 167
04 TS5-6 TS6-7
235 " 125 / \|’
L— P ey t 1l ]
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Ph 215 93 17
— . -1 — 1%
O. Bu O. Bu
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Ph a L Ph
TS3-4 TS5-6

Figure 3.1: Proposed oxidative addition step during Pd-catalyzed
decarbonylation of carboxylic acid.

Therefore we postulated monophosphine ligand with hemilabile atoms may be
favorable for the decarbonylation reaction. Hemilability of N-P ligand are believed to
offer “on and off” function during catalytic cycle, the labile donor N-atom could
chelate to the metal center and stabilize catalyst meanwhile it could leave and provide

vacant site for reaction.*® In order to examine the postulation, new monophosphine
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ligands with quinolinyl scaffold (NP-1 and NP-2)*" and naphthyl scaffold (CP-1 and

CP-2) were synthesized (Figure 3.2).

(Figure 3.2)
09 L
= =
N N
N-P Type
thp Cy2P
NP-1 NP-2
C
Ph,P Cy,P
CP-1 CP-2

Figure 3.2: Monophosphine with naphthyl scaffold (C-P type) and quinolinyl
scaffold (N-P type)

46



Catalytic Upgrading of Biofuel

3.2 Results and discussion
3.2.1 Synthesis of Monophosphine ligands (C-P type and N-P type)

3.2.1.1 Synthesis of Monophosphine ligand with naphthyl scaffold (C-P type)

n-BuLi
OO THF,-70°C
O CIPR, R,P ‘

R =Ph, CP-1, 90%
R =Cy, CP-2, 75%

Br

Scheme 3.1: Synthetic pathway of C-P type ligand

For the synthesis of C-P type naphthyl phosphine ligand,
2-(2-Bromophenyl)naphthalene was reacted with n-BuLi for lithium/bromide
exchange, followed by trapping with CIPR: to afford corresponding phosphine in
moderate to good yield (Scheme 3.1).
3.2.2.2 Synthesis of Monophosphine with quinolinyl scaffold (N-P type)

Br O CuCl, n-BuLi X
OH KOH THF,-70°C P2
+ Me ————— N
NH, dioxane,100°C CIPPh,
Ph,P

R = Ph, NP-1, 88%
R = Cy, NP-2, 70%

Scheme 3.2: Synthetic pathway of N-P type ligand

For the synthesis of N-P type quinolinyl phosphine ligand,

2-(2-Bromophenyl)quinoline were synthesized via Friedlinder quinoline reaction

between 2-Aminobenzyl alcohol and acetophenones. Then

2-(2-Bromophenyl)quinoline was reacted with n-BuLi for lithium/bromide exchange,
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followed by trapping with CIPR2 to afford corresponding phosphine in moderate to

good yield (Scheme 3.2).
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3.2.2 Preliminary evaluation of palladium-naphthylphosphine  catalyzed

decarbonylation of carboxylic acids into alpha olefins

3 mol% Pd source
9 mol% Ligand
O anhydride,
amine =
Ci7Hz™  OH CisHas”
DMAc, 140°C, 18h
1a 2a
Entry Pd source (mol%) Ligand Additive Amine Yield, %!
(mol%) (equiv.) (equiv.)
1 PdCl; (3) NP-2 (9) Ac20 (2) NEts (1) n.r.
2 PdCl> (3) NP-1 (9) Ac20 (2) NEts (1) 11
3 Pd(COD)CI: (3) NP-1 (9) Ac20 (2) NEts (1) 30
4 Pd(OAC):2 (3) NP-1 (9) Ac20 (2) NEts (1) n.r.
5 Pd(TFA)2 (3) NP-1 (9) Ac20 (2) NEts (1) n.r.
6 [Pd(cinnamyl)ClI]2 (1.5) NP-1 (9) Ac0 (2) NEts (1) n.r.

[a] Reaction conditions: 3mol% Pd(COD)ClI2, 9mol% Ligand, 2-6 equiv. anhydride, 1-3 equiv.
amine, ImL N,N-Dimethylacetamide (DMACc), 140°C, 18h.

[b] Calibrated GC yield % by GC-FID.

[c] n.r. = no reaction

Table 3.1: Pd sources screening for palladium-monophosphine catalyzed
decarbonylation of carboxylic acids

Oleic acid which is a major component presented in various kinds of vegetable
0il*® such as peanut oil (up to 71.1%), almond oil (up to 67.2%), was chosen as

model substrate to optimize reaction conditions. By applying standard
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palladium-bisphosphine catalytic system (PdCl, metal to ligand ratio 1:3, using acetic
anhydride and triethylamine as additives). When quinolinyl scaffold ligand with PCy-
moiety (NP-2) was employed, no decarbonylation reaction occurred (Table 3.1,
entryl). Changing to the ligand with PPh, moiety (NP-1), 11% desired alkenes were
obtained (Table 3.1, entry 2). Besides PdCl, others commercial available Pd sources
were screened (Table 3.1, entry 3-6) and Pd(COD)CI, was found to give best results

in conjunction with ligand NP-1 towards decarbonylation of oleic acid.
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3 mol% Pd source
o 9 mol% Ligand
2 equiv. Ac,0, P
Ci7H3s™ OH amine CisH2g
DMAc, 140°C, 18h
Entr  Pd source (mol%) Ligand Additive Amine (equiv.) Yield, %!
y (mol%) (equiv.)
1 Pd(COD)CL(3)  NP-1(9)  AcO(2) NEts (1) 30
2 PA(COD)CL(3)  NP-1(9)  AcO (4) NEts (1) 28.3
3 Pd(COD)CL(3)  NP-1(9)  AcO (6) NEts (1) 23.8
4  Pd(COD)CL(3) NP-1(9)  AcO (2) NP3 (1) 32.8
5  Pd(COD)CL,(3)  NP-1(9)  AcO (2) NPr3 (2) 35.4
6  Pd(COD)CL,(3) NP-1(9)  AcO (2) NPT (3) 405
7 PACOD)Cl(3)  NP-1(9)  AcO (2) DIPEA (3) 46.5

[a] Reaction conditions: 3mol% Pd(COD)CI2, 9mol% Ligand, 2-6 equiv. anhydride, 1-3
equiv. amine, 1ImL N,N-Dimethylacetamide (DMACc), 140°C, 18h.

[b] Calibrated GC yield % by GC-FID.

Table 3.2: Amine screening for palladium-monophosphine catalyzed
decarbonylation of carboxylic acids

Amine was known to be crucial to stabilize palladium active specie and helps to
enhance selectivity of the reaction®® and hence different amines (triethylamine,

tributylamine as well as N,N-diisopropylethylamine) were tested (Table 3.2, entries
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1-7). 3 equivalents of N,N-diisopropylethylamine (DIPEA) was found to enhance

yields of alkenes (46.5%: table 3.2, entry 7).
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3 mol% Pd(COD)Cl,

0 9 mol% Ligand
2 equiv. Bz,0 —
Cy/Hss~ “OH 3 equiv. DIPEA CisHag
la 2a

DMAc, 140°C, 18h

N

=
"1 C C
RzP Rzp Ph2P

L1: R = Ph, NP-1: 46.5%[®! | .3: R = Ph, CP-1: 70%,67.5%9]- 369¢€] 47 204! L5: 63%
L2: R = Cy, NP-2: n.r. [P] L4: R = Cy, CP-2: n.r.

NMez
N
- | A
O z Ph,P PPh,

N~ “PPh,
Ph,P
. 0 .
L6: PhDavePhos L7:38% L8: 29%
56%

s eweRNewe
@ Me ©/Me OM©/OMe

L9: 42.3% L10: n.r.ld L11: n.r.le

[a] Reaction conditions: 3mol% Pd(COD)CI2, 9mol% Ligand, 2 equiv. Benzoic
anhydride, 3 equiv. diisopropylethylamine, ImL N,N-Dimethylacetamide (DMAC),
140°C, 6-18h.

[b] Acetic anhydride used instead of benzoic anhydride.

[c] n.r.=no reaction

[d] Reaction time =6 hours

[e] metal to liagnd ratio = 1:1

[f] metal to ligand ratio = 1:2

Table 3.3: Ligand screening for palladium-monophosphine catalyzed
decarbonylation of carboxylic acids

With promising results in hands we then compared the catalytic activity of N-P

type monophosphines with C-P type monophosphines (L1-L4) as well as others
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commercially available monophosphine ligands (L5-L11) (Table 2). Pd(COD)CI.
with CP-1 (L3) gave the best catalytic activity among the screened ligands. We
observed that with the presence of the N- donor atom on our monophosphine, the
product yield diminished. (Table 3.3: L1:46.5% versus L3:68.9%). This might be due
to chelation of NP ligand to metal center*® during the reaction that retards
decarbonylation of substrates. Lowered the amount of ligand would decrease product
yields (9mol% = 70%; 6mol% = 47.2%; 3mol% = 36%). Furthermore reaction time
could be shortened from 18 hours to 6 hours without diminishing product yields (18h:

70%; 6h: 67.5%).
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-

3 mol% Pd source

9 mol% Ligand OO
O anhydride,

- PS oy _ BEMV.DIPEA o~ . O
la DMAc, 140°C, 6-18h 2a cpa
Entry Pd source (mol%) Ligand Additive ~ Amine (equiv.)  Yield, %"
(mol%) (equiv.)

1 Pd(COD)Cl2 (3)  CP-1(9)  Ac:0(2) DIPEA (3) 68.9
2 Pd(COD)CI: (3) CP-1(9) Piv20 (2!  DIPEA (3) 57
3 Pd(COD)CI: (3) CP-1 (9) Bz,0(2) DIPEA (3) 70, 67.51
4 Pd(COD)Cl (3)  CP-1(9) - DIPEA (3) n.r.
5 Pd(COD)CI; (3)  CP-1(9) Bz,0(2) 43

[a] Reaction conditions: 3mol% Pd(COD)Cl2, 9mol% Ligand, 2 equiv. benzoic
anhydride, 3 equiv. diisopropylethylamine, ImL N,N-Dimethylacetamide (DMAC),
140°C, 18h.

[b] Calibrated GC yield % by GC-FID.

[c] n.r. = no reaction

[d] Reaction time = 6 hours

Table 3.4: Anhydride screening for palladium-naphthylphosphine (CP-1)
catalyzed decarbonylation of carboxylic acids

Without the addition of anhydrides, no desired alkenes were obtained (table 3.4,

entry 4) and thus various kinds of acid anhydrides were tested (Table 3.4), benzoic

anhydride was found to give superior result (70%: table 3.4, entry 3). In addition, the

reaction time could be shorten to 6 hours without diminishing product yield (70%,
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18h versus 67.5%, 6h). It is noteworthy that product yield was significantly decreased

without addition of amine (Table 3.4, entry 5).
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-

3 mol% Pd source

9 mol% Ligand
O 2 equiv. Bz,0

et )LOH 3equv. DIPEA et~ g O
1o solvent, 140°C, 6h 24 cp-1

Entry  Pd source (mol%) Ligand (mol%) Solvent Yield, %!

1 Pd(COD)Cl (3) CP-1(9) Toluene 53

2 Pd(COD)CI; (3) CP-1 (9) CPME 55.2

3 Pd(COD)Cl (3) CP-1(9) y-butyrolactone  27.5

4 Pd(COD)CI; (3) CP-1 (9) 2-MeTHF 43

5 Pd(COD)CI; (3) CP-1 (9) DMPU 54.3

[a] Reaction conditions: 3mol% Pd(COD)Cl2, 9mol% Ligand, 2 equiv. benzoic
anhydride, 3 equiv. diisopropylethylamine, ImL N,N-Dimethylacetamide (DMAC),
140°C, 6-h.

[b] Calibrated GC yield % by GC-FID.

Table 3.5: Solvent screening for palladium-naphthylphosphine (CP-1) catalyzed
decarbonylation of carboxylic acids

As mentioned in part of introduction, it is in great interest to develop efficient

and inexpensive catalytic protocol for decarbonylation reaction of carboxylic acid to

produce high selective alpha olefin, DMPU which is an expensive solvent that often

employed in Pd-catalyzed decarbonylation, worth to search for its alternative hence

different solvents were tested. Different solvents with polarity were tested, toluene

and DMPU gave moderate yields meanwhile several green solvents
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(cyclopentylmethylether ~ CMPE,  2-methyltetrahydrofuran ~ 2MeTHF  and

y-butyrolactone were tested however their results were inferior than

N,N-Dimethylacetamide (DMAC).
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3.2.3 Scope of palladium-naphthylphosphine catalyzed decarbonylation of carboxylic

acids into alpha olefins

3 mol% Pd(COD)Cl,

o 9 mol% CP-1 OO
AA DIPEA

= NS
R on * Bz,0 R+ R/\’“FHJ O
. DMAc, 140°C, 6h . . PhoP
la-i 2a-i 3a-i CP-1
Entry carboxylic acid alkene yield, %! selectivity, %!

1 A,

Cq7Hs3 la CisHpg™ 2a 70 88

O

2b 66, 524 97

N
[EY
o
O
=
[
I
N
w

Cyi3Hyy OH

X

3 CysHay~ TOH 1c

0
&
T
S
/

2c 78, 584 98

@)
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G
I
@
s
/

1d 2d 80, 634 97

=
=
6 Q/\/Y Meo/©/\/ of 65 79

4 Cy7H3s~ ~OH

29 53 85

1f
[:::I/”\\//\\v/ﬂ\ [:::j//\\//ﬁib
W QAA\
8 2h 58 96
9 O“‘ O“? X 2 60 90
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[a] Reaction conditions: 3mol% Pd(COD)CI2, 9mol% Ligand, 2 equiv. benzoic
anhydride, 3 equiv. DIPEA, 1mL N,N-Dimethylacetamide (DMAc), 140°C, 6h.

[b] Isolated yield.

[c] Alpha-selectivity (selectivity to produce alpha-alkene) is determined by *H NMR.
[d] 1mol% Pd-naphthylphosphine employed.

Table 3.6: Pd-naphthylphosphine (CP-1) catalyzed decarbonylation of carboxylic
acids

Odd-numbered alkenes which are valuable building blocks for various fine
chemicals® but they are largely inaccessible and expensive. Even-numbered long
chain fatty acids could be easily accessed from vegetable oils. Therefore it is in great
interest if we could convert inexpensive even-numbered saturated fatty acids into
value added odd-numbered alkenes.® By applying our catalytic system, various
even-numbered long chain fatty acids could be converted to odd-numbered alkenes in
good yields and selectivity. When the catalyst loading was lowered to 1mol% Pd,
even-numbered long chain fatty acids could be still smoothly converted into their
corresponding odd-numbered alkenes. (Table 3.6, entries 2-4). In addition to the
saturated long chain fatty acid, 5-phenylvaleric acid and 5-(4-Flurophenyl)valeric acid
were also be converted to corresponding alkenes smoothly (Table 3.6, entries 7 and 8).
Estragole (60%: table 3.6, entry 5) and its derivatives (65%: table 3.6, entry 6) which
served as precursors for fungicide and fragrance,® could be readily obtained by
deoxygenating 4-(4-methoxyphenyl)butyric acid and 4-(3,4-Dimethoxyphenyl)butyric
acid respectively. Noteworthy that it is the first example of synthesis of allylpyrene

via decarbonylation of pyrenecarboxylic acid (60%: table 3.6, entry 9).
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3.3 Conclusion

In conclusion we have developed new monophosphine ligands with quinolinyl

(L1-L2) and naphthyl (L3-L4) scaffold and demonstrated that 1-3mol%

palladium-naphthylphosphine catalyst (Pd-CP-1) could be employed to convert

various carboxylic acids into alkenes in good yield and selectivity under mild

condition. And the protocol is simple without distillation of olefins, stepwise addition

of anhydride as well as pre-complexation.
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3.4 Experimental section

3.4.1 General considerations

Unless otherwise noted, all reagents were purchased from commercial suppliers and
used without purification.  All deoxygenation reactions were performed in resealable
screw cap Schlenk tube (approx. 15 mL volume) in the presence of Teflon-coated
magnetic stirrer bar (4 mm 10 mm). Toluene was distillated from sodium and sodium
benzophenone ketyl under nitrogen, respectively.

2-(2-Bromophenyl)naphthalene and Ligands L5 — L11 were purchased from
commercial suppliers. New bottle of n-butyllithium was used (Note: since the
concentration of n-BuLi may vary, we recommend performing a titration prior to use).
Thin layer chromatography was performed on pre-coated silica gel 60 F254 plates.
Silica gel (Merck, 70-230 and 230-400 mesh) was used for column chromatography.
Melting points were recorded on an uncorrected Bilchi Melting Point B-545
instrument. NMR spectra were recorded on a Briker spectrometer (400 MHz for 1H,
100 MHz for 13C and 162 MHz for 31P). Spectra were referenced internally to the
residual proton resonance in CDCI3 (& 7.26 ppm) as the internal standard. Chemical
shifts () were reported as part per million (ppm) in o scale downfield from TMS. 13C
NMR spectra were referenced to CDCI3 (6 77.0 ppm, the middle peak). 31P NMR

spectra were referenced to 85% H3PO4 externally. Coupling constants (J) were
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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 Briuker APEX 47e FTICR mass spectrometer (ESI-MS). 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. X-ray crystal structure was

determined by Bruker D8 Venture. All yields reported refer to isolated yield of

compounds estimated to be greater than 95% purity as determined by capillary gas

chromatography (GC) or 1H NMR. Compounds described in the literature were

characterized by comparison of their 1H and/or 13CNMR 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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3.4.2 Characterizations of N-P type and C-P type ligands

X
~
0
Br

Synthesis of 2-(2-Bromophenyl)quinoline was according to literature procedure. 'H

2-(2-Bromophenyl)quinoline

NMR (400 MHz, CDCls) & 7.30 (td, J= 1.6Hz, 7.6Hz, 1H), 7.45 (t, J= 7.5Hz, 1H),
7.58 (t, J= 7.5Hz, 1H), 7.65 (dd, J= 1.5Hz, 7.6Hz, 1H), 7.71 (d, J= 8.8Hz, 2H), 7.75 (t,
J= 7.6Hz, 1H), 7.87 (d, J= 8.2Hz, 1H) 8.21 (t, J= 8.3Hz, 2H); 3C NMR (100 MHz,
CDCl3) 6 121.8, 126.4, 126.8, 127.1, 127.5, 127.7, 129.5, 129.7, 130.0, 131.6, 133.2,
135.7, 141.5, 147.8, 158.6; MS (El): m/z (relative intensity) 283.1 (M*, 50), 204.2

(100), 176.2 (25), 102.1 (32)

(2-(Quinoline-2-yl)phenyl)diphenylphosphine, NP-1

N
~
e
Ph,P

2-(2-Bromophenyl)quinoline (0.849g, 3.0mmol) was dissolved in freshly distilled

THF (20 mL) at room temperature under a nitrogen atmosphere. The solution was

cooled to -78 °C in dry ice/acetone bath. Titrated n-BuLi (3.3 mmol) was
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added dropwise by syringe. After the reaction mixture was stirred for 30 min at -78 °C,
chlorodiphenylphosphine (0.66 mL, 3.3 mmol) in THF (5 mL) was added. The
reaction was allowed to warm to room temperature and 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. Pale yellow solid of
(2-(Quinoline-2-yl)phenyl)diphenylphosphine NP-1 (1.03 g, 88%) were obtained.
Melting point. 162.6-163.3 °C; 'H NMR (400 MHz, CD.Cly) & 7.21 (dd, J= 3.4Hz,
7.9Hz, 1H), 7.31-7.42 (m, 11H), 7.55 (t, J= 8.0Hz, 2H), 7.59-7.67 (m, 2H), 7.76 (d,
J= 8.3Hz, 1H), 7.83-7.88 (m, 2H), 8.21 (d, J= 8.3Hz, 1H); *C NMR (100 MHz,
CD.Clp) 6121.3, 126.4, 126.6, 127.4, 128.1 (d, J= 4.0Hz), 128.2, 128.5, 128.6, 128.9,
129.3 (d, J=4.0Hz), 129.4, 133.8 (d, J= 19.8Hz), 135.4, 135.9, 137.1 (d, J= 18.8Hz),
139.4 (d, J= 11.1Hz), 145.7 (d, J= 23.3Hz), 146.9, 158.3; %P NMR (162 MHz,
CD2Cl) & -10.86; MS (EIl): m/z (relative intensity) 389.3 (M*, 23), 312.2 (100), 235.2

(35), 194.7 (7); HRMS: calcd. for C27H21NP+: 390.1412, found 390.1403.

(2-(Quinoline-2-yl)phenyl)dicyclohexylphosphine, NP-2

X
7
ne

Cy2 P
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2-(2-Bromophenyl)quinoline (0.849g, 3.0mmol) was dissolved in freshly distilled
THF (20 mL) at room temperature under a nitrogen atmosphere. The solution was
cooled to -78 °C in dry ice/acetone bath. Titrated n-BuLi (3.3 mmol) was
added dropwise by syringe. After the reaction mixture was stirred for 30 min at -78 °C,
chlorodicyclohexylphosphine (0.72mL, 3.3 mmol) in THF (5 mL) was added. The
reaction was allowed to warm to room temperature and 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
(2-(Quinoline-2-yl)phenyl)dicyclohexylphosphine NP-2 (0.84 g, 70%) were obtained.
Melting point. 136.6-137.2 °C; 'H NMR (400 MHz, CD,Cl,) & 1.09-1.32 (m, 10H),
1.63-1.76 (m, 10H), 1.99 (td, J= 3.0Hz, 12.0Hz, 2H), 7.48-7.52 (m, 2H), 7.56-7.62
(m, 3H), 7.70-7.73 (m, 1H), 7.76 (td, J= 1.3Hz, 7.2Hz, 1H), 7.91 (d, J= 8.2Hz, 1H),
8.12 (d, J= 8.2Hz, 1H), 8.18 (d, J= 8.2Hz, 1H); 3C NMR (100 MHz, CD,Cl) & 26.4,
27.1 (d, J= 7.0Hz), 27.2 (d, J= 4.3Hz), 29.7 (d, J= 10.5Hz), 30.3 (d, J= 17.5Hz), 34.5
(d, J= 13.4Hz), 124.3 (d, J= 6.6Hz), 126.2, 126.7, 127.5 (d, J= 2.7Hz), 128.3, 129.3 (d,
J= 16.6Hz), 129.8 (d, J= 5.0Hz), 132.9 (d, J= 2.0Hz), 134.2, 134.7 (d, J= 23.6H2),
147.6, 149.3 (d, J= 27.3Hz), 161.0 (d, J= 4.9Hz); 3P NMR (162 MHz, CD:Cl,) 5

-11.01; MS (EIl): m/z (relative intensity) 401.4 (M*, 2), 318.3 (100), 235.2 (43).
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HRMS: calcd. for C27H33NP+: 402.2351, found 402.2342.

(2-(Naphthalene-2-yl)phenyl)diphenylphosphine, CP-1

Ph,P O

2-(2-Bromophenyl)naphthalene (0.849g, 3.0mmol) was dissolved in freshly distilled

THF (20 mL) at room temperature under a nitrogen atmosphere. The solution was
cooled to -78 °C in dry ice/acetone bath. Titrated n-BuLi (3.3 mmol) was
added dropwise by syringe. After the reaction mixture was stirred for 30 min at -78 °C,
chlorodiphenylphosphine (0.66 mL, 3.3 mmol) in THF (5 mL) was added. The
reaction was allowed to warm to room temperature and 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
(2-(Naphthalene-2-yl)phenyl)diphenylphosphine CP-1 (1.05g, 90%) were obtained.
IH NMR (400 MHz, CD,Cly) § 7.14 (dd, J= 3.8Hz, 7.6Hz, 1H), 7.22-7.26 (m, 4H),
7.32-7.34 (m, 7H), 7.4-7.51 (m, 5H), 7.57 (s, 1H), 7.63 (d, J= 7.6Hz, 1H), 7.78 (d, J=
8.2Hz, 1H), 7.86 (d, J= 8.2Hz, 1H); 3C NMR (100 MHz, CDCl,) & 125.8 (d, J=

10.0Hz), 126.8, 127.3, 127.4, 127.8, 127.9 (d, J= 2.3Hz), 128.2, 128.3, 128.4, 128.6,
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130 (d, J= 5.0Hz), 132.5 (d, J= 29.0Hz), 133.6, 133.8, 134.1, 137.6, 137.7, 139.2,
148.1 (d, J= 27.0Hz); 3P NMR (162 MHz, CD,Cl,) & -13.70; MS (El): m/z (relative

intensity) 387.3 (M*, 100), 309.2 (5), 233.2 (16).
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(2-(Naphthalene-2-yl)phenyl)dicyclohexylphosphine, CP-2

Cy2 P

2-(2-Bromophenyl)naphthalene (0.849g, 3.0mmol) was dissolved in freshly distilled

THF (20 mL) at room temperature under a nitrogen atmosphere. The solution was
cooled to -78°C in dry ice/acetone bath. Titrated n-BuLi (3.3 mmol) was added
dropwise by syringe. After the reaction mixture was stirred for 30 min at -78 °C,
chlorodicyclohexylphosphine (0.72mL, 3.3 mmol) in THF (5 mL) was added. The
reaction was allowed to warm to room temperature and 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
(2-(Naphthalene-2-yl)phenyl)dicyclohexylphosphine CP-2 (0.90g, 75%) were
obtained. Melting point. 128.6-129.8 °C;'H NMR (400 MHz, CD,Cl) & 1.07-1.34 (m,
10H), 1.56-1.72 (m, 10H), 1.90 (t, J= 11.4Hz, 2H), 7.39-7.46 (m, 3H), 7,49-7.55 (m,
3H), 7.69-7.71 (m, 1H), 7.76 (s, 1H), 7.86-7.93 (m, 3H); ¥C NMR (100 MHz,
CD2Cl,) 6 26.4, 27.1 (d, J= 4.0Hz), 27.2, 29.4 (d, J= 9.3Hz), 30.6 (d, J= 17.5Hz), 34.9
(d, J=17.4Hz), 125.8 (d, J= 21.9Hz), 126.2, 126.6, 127.7 (d, J= 33.0Hz), 128.2, 129.0
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(d, J= 3.0Hz), 129.6 (d, J= 4.9Hz), 130.2 (d, J= 4.9Hz), 132.1, 132.9, 133.0 (d, J=
4.0Hz), 134.5 (d, J= 22.9Hz), 140.8 (d, J= 7.1Hz), 150.4 (d, J= 30.3Hz); 3P NMR
(162 MHz, CDCly) 6 -13.08; MS (EI): m/z (relative intensity) 399.4 (M*, 100), 317.3
(60), 233.2 (87), 202.2 (16). HRMS: calcd. for C28H34P+: 401.2398, found

401.2395.

70



Catalytic Upgrading of Biofuel

3.4.3 Crystalline structure of Pd-monophsophine complex

3.4.3.1 Crsvalline structure of Pd-quinolinylphosphine (NP-1)
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3.4.3.2 Crystalline structure of Pd-nahthylphosphine (CP-1)
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3.4.4 General procedure for the Pd-naphthalylphosphine (CP-1) catalyzed

decarbonylation of carboxylic acids

An array of Schlenk tubes were charged with magnetic stirrer bar (4 mm x 10 mm)

and were evacuated and backfilled with nitrogen (3 cycles). The Schlenk tubes were

charged with Pd(COD)CI> (3 mol%, 0.0043g), CP-1 (9 mol%, 0.017g) and evacuated

and backfilled with nitrogen (3 cycles). ImL DMAc was added by syringe and then

allowed to stirr for 1 minute. The Schlenk tubes were then added with carboxylic

acids substrates (0.5 mmol), benzoic anhydride (1 mmol) and DIPEA (0.5 mmol).

This batch of Schlenk tube was resealed and magnetically stirred in a preheated 140

°C oil bath for 6 h. The reactions were allowed to reach room temperature. Ethyl

acetate (~4 mL), dodecane (113 uL, internal standard) and water (~2 mL) were added.

The organic layer was subjected to GC analysis. The GC vyield was previously

calibrated by authentic sample/dodecane. .
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3.4.4 Characterization data of alpha olefins

(2)-Heptadeca-1,8-diene (Table 3.6, 2a)

ClSHZQ/\

Eluents (Hexane, Ri= 0.7) was used for flash column chromatography. *H NMR (400
MHz, CDCl3) & 0.89 (t, J= 7.9Hz, 3H), 1.28-1.39 (m, 18H), 2.03-2.06 (m, 6H),
4.92-5.02 (m, 2H), 5,34-5.37 (m, 2H), 5.76-5.86 (m, 1H); *C NMR (100 MHz,
CDCIs) 6 14.0, 22.6, 27.1, 27.2, 28.7, 28.8, 29.3, 29.5, 29.6, 29.7, 31.9, 32.4, 33.7,
114.1, 129.7, 129.9, 139.0; MS (EIl): m/z (relative intensity) 236.4 (M*, 20), 138.2

(11), 124.2 (22), 109.2 (36), 96.2 (96), 81.2 (100), 67.2 (97), 55.2 (98).

1-Tridecene (Table 3.6, 2b)

CllHZS/\

Eluents (Hexane, Ri= 0.7) was used for flash column chromatography. *H NMR (400

MHz, CDCls) & 0.89 (t, J= 7.9Hz, 3H), 1.27 (s, 18H), 2.05 (q, J= 7.9Hz, 3H), 4.93 (d,

J=10.7Hz, 1H), 5.00 (dd, J= 1.8Hz, 17.6Hz, 1H), 5.77-5.87 (m, 1H); 13C NMR (100
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MHz, CDCl3) 6 14.1, 22.7, 28.9, 29.2, 29.3, 29.5, 29.66, 29.68, 29.7, 31.9, 33.8, 114.0,
139.2; MS (El): m/z (relative intensity) 182.4 (M*, 9), 125.3 (10), 111.3 (35), 97.2

(80), 83.2 (96), 69.2 (95), 55.2 (100).

1-Pentadecene (Table 3.6, 2¢)

CigHar”

Eluents (Hexane, Ri= 0.7) was used for flash column chromatography. *H NMR (400
MHz, CDCl3) § 0.89 (t, J= 7.0Hz, 3H), 1.27 (s, 22H), 2.05 (q, J= 7.4Hz, 3H), 4.92 (d,
J= 10.0Hz, 1H), 5.01 (dd, J= 1.9Hz, 17.7Hz, 1H), 5.78-5.85 (m, 1H); 3C NMR (100
MHz, CDCl3) 6 14.1, 22.7, 29.0, 29.2, 29.4, 29.5, 29.6, 29.7, 31.9, 33.8, 114.0, 139.2;
MS (EIl): m/z (relative intensity) 210.4 (M*, 7), 182.4 (5), 140.3 (7), 125.3 (17), 111.3

(46), 97.2 (95), 83.2 (100), 69.2 (87), 55.2 (93).

1-Heptadecene (Table 3.6, 2d)

CisHar
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Eluents (Hexane, R= 0.7) was used for flash column chromatography. *H NMR (400
MHz, CDCl3) § 0.89 (t, J= 7.2Hz, 3H), 1.27 (s, 24H), 2.05 (q, J= 7.0Hz, 3H), 4.93 (d,
J= 10.0Hz, 1H), 5.01 (dd, J= 1.9Hz, 17.1Hz, 1H), 5.77-5.87 (m, 1H); 3C NMR (100
MHz, CDClz) 6 14.1, 22.7, 29.0, 29.2, 29.4, 29.5, 29.6, 29.7, 31.9, 33.8, 114.0, 139.2;
MS (EI): m/z (relative intensity) 238.5 (M*, 7), 210.4 (5), 125.3 (28), 111.3 (57), 97.2

(100), 83.2 (98), 69.2 (78), 55.2 (85).

1-Allyl-4-methoxybenzene (Table 3.6, 2e)

o
MeO

Eluents (Hexane: ethyl acetate 10:1, Ri= 0.6) was used for flash column
chromatography. *H NMR (400 MHz, CDCls) & 3.34 (d, J= 6.6Hz, 2H), 3.79 (s, 4H),
5.04-5.0 (m, 2H), 5.91-6.01 (m, 1H), 6.85 (d, J= 8.6Hz, 2H), 7.11 (d, J= 8.5Hz, 2H);
13C NMR (100 MHz, CDCls) & 39.3, 55.2, 113.8, 115.3, 129.4, 132.0, 137.8, 157.9;
MS (EIl): m/z (relative intensity) 148.2 (M*, 100), 133.1 (23), 121.1 (38), 105.1 (21),

91.1 (21), 77.1 (23).
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1-Allyl-3,4-dimethoxybenzene (Table 3.6, 2f)

MeO
OMe

Eluents (Hexane: ethyl acetate 10:1, R= 0.3) was used for flash column
chromatography. *H NMR (400 MHz, CDCls) & 3.33 (d, J= 6.6Hz, 2H), 3.85 (s, 3H),
3.86 (s, 3H), 5.05-5.10 (m, 2H), 5.91-5.99 (m, 1H), 6.72 (d, J= 7.6Hz, 2H), 6.78-6.81
(m, 1H); 3C NMR (100 MHz, CDCl3) & 39.7, 55.7, 55.8, 111.2, 111.8, 115.5, 120.3,
134.4, 137.6, 147.3, 148.8; MS (El): m/z (relative intensity) 178.2 (M*, 100), 163.1

(30), 147.1 (30), 103.1 (25), 91.1 (25), 77.1 (20).

4-Phenyl-1-butene (Table 3.6, 29)

©/\/\

Eluents (Hexane, Ri= 0.6) was used for flash column chromatography. *H NMR (400
MHz, CDCls) ¢ 2.40 (q, J= 7.6Hz, 2H), 2.73 (t, J= 7.6Hz, 2H), 4.99 (d, J= 10.2Hz,

1H), 5.06 (dd, J= 1.8Hz, 17.3Hz, 1H), 5.83-5.93 (m, 1H), 7.20-7.22 (m, 3H),
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7.28-7.32 (m, 2H); 3C NMR (100 MHz, CDCls) & 35.3, 35.4, 114.8, 125.7, 128.2,

128.4, 138.0, 141.8; MS (EI): m/z (relative intensity) 132.1 (M*, 20), 91.1 (100).

4-(4-Fluorophenyl)-1-butene (Table 3.6, 2h)

PeRS

Eluents (Hexane, Ri= 0.5) was used for flash column chromatography. *H NMR (400
MHz, CDCl3) 8 2.34 (q, J= 7.4Hz, 2H), 2.68 (t, J= 7.7Hz, 2H), 4.97-5.05 (m, 2H),
5.78-5.88 (M, 1H), 6.96 (t, J= 8.6Hz, 2H), 7.11-7.14 (m, 2H); 3C NMR (100 MHz,
CDCl3) § 34.5, 35.5, 114.8, 115.0 (d, J= 4.3Hz), 129.6 (d, J= 7.9Hz), 137.3 (d, J=
3.0Hz), 137.7, 161.2 (d, J= 243.0Hz); MS (EI): m/z (relative intensity) 150.2 (M*, 14),

109.2 (100), 83.2 (7).

1-Allyl-pyrene (Table 3.6, 2i)
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Eluents (Hexane, Ri= 0.5) was used for flash column chromatography. *H NMR (400
MHz, CDCl) § 4.15 (d, J= 6.6Hz, 2H) 5.17-5.27 (m, 2H), 6.26-6.36 (m, 1H), 7.92 (d,
J=7.5Hz, 1H), 8.03-8.30 (m, 10H); **C NMR (100 MHz, CDCls) & 37.5, 116.0, 123.4,
124.7,124.8, 124.9, 125.6, 126.6, 127.1, 127.2, 127.35, 127.38, 128.8, 129.9, 130.7,
131.2, 133.7, 137.2; MS (EIl): m/z (relative intensity) 242.2 (M*, 100), 227.2(29),

215.2 (33), 119.9 (20).
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Chapter 4 Ruthenium-(2-aminobenzyl alcohol)
Catalyzed Transfer Hydrogenation of Ketones using

Glycerol as H; Surrogate

4.1 Introduction

Transfer hydrogenation (TH) 53 continues to be a key reaction of interest for the fine
chemical and pharmaceutical industries since it provides a safe and milder alternative
tool to hydrogenate multiple bonds using flammable hydrogen gas (Hz) and low
infrastructure cost as high-pressure reactors is needed for classic hydrogenation. Thus,
extensive studies have been done on finding H: surrogate, ruthenium (Ru)>*, osmium
(0s)%, rhodium (Rh)®8, iridium (Ir)%" and iron (Fe)®® were reported to catalyze
transfer hydrogenation of various bonds such as C=0, C=N, N=0O and C=C bonds
using isopropanol and formic acid as hydrogen source. Different ruthenium(ll)
complexes with diamines®®, amino alcohols® as well as N,P ligands® were
synthesized and explored their application. In terms of good product yield and
selectivity, ruthenium(ll) complexes with diphosphines/diamines, amino alcohol
ligands have drawn much attention for the catalytic transfer hydrogenation (TH).

(Figure4.1)
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Figure 4.1: Selected examples of ruthenium(ll) complexes for the catalytic
transfer hydrogenation reactions.

In recent decade frontiers of TH catalysis has been expended to renewable and
inexpensive hydrogen source. To meet criterion of green solvent as well as the role of
hydrogen source, glycerol is a promising candidate due to (1) its low cost and easily
accessible as byproduct from biodiesel production and (2) its physical and solvation
properties (high dielectric constant, high boiling point and good solvation to metal
complexes).®? Furthermore glycerol is non-toxic and biodegradable that makes it as

attractive H surrogate for industrial application. Several catalytic systems have been
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reported on the catalytic transfer hydrogenation using glycerol as hydrogen source: %
6c. 63 In 2009, Wolfson first demonstrated using glycerol as solvent and hydrogen
source for the transfer hydrogenation of benzaldehyde and 2-Octanone. With the use
of ~1.3mol% [Ru(p-cymene)Cl.]. and addition of KOH as base, 99% conversion of
benzaldehyde was achieved. Later they reported microwave assisted
ruthenium-catalyzed transfer hydrogenation of benzaldehyde in glycerol and 48%

yield of benzyl alcohol obtained. (Scheme 4.1)

0 [Ru(p-cymene)Clyl, OH

O
- +
Rl)J\R" R.)\R" HO\)J\/OH
KOH, Glycerol
P 70°C, 24h R' = phenyl; R" = H, conversation = 99%
E" :2h()§ll|%rrpl)j1enyl R', R" = alkyl, conversation = 22%
0 [Ru(p-cymene)Clyl, OH o
+
H KOH, Glycerol H HOQJ\/OH
microwave 70°C, 24h
yield = 45%

Scheme 4.1: Catalytic transfer hydrogenation of aldehydes and ketones reported
by Wolfson et al.

Inspiring by pioneer works of Wolfson, different ruthenium catalysts were

developed to enhance the productivity of transfer hydrogenation reactions using

glycerol as hydrogen source. Peris et al. employed ruthenium-carbene catalyst

[Ru(p-cymene)(NHC)COs] to catalyze transfer hydrogenation of acetophenone in

glycerol however very low yield (10% after 24hours) of 1-phenylethanol was

observed. (Scheme 4.2)
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O 2.5mol%[Ru(p-cymene)(NHC)CO4] OH

O
Me KOH, Glycerol Me * HoQJ\/OH
120°C, 24h
yield = 10%
\ RIU\O
@]

QLY
AN

S04

Scheme 4.2: Ru(p-cymene)(NHC)COs catalyzed transfer hydrogenation of
acetophenone reported by Peris et al.

In 2014 Singh et al. reported two Ru-catalysts that could be employed to highly

converted benzaldehyde and acetophenone. (Scheme 4.3)

O Ru-catalyst (0.5mol%) OH

R =H, conv =90%
R KOH, Glycerol, H,0 R R=Me, conv=91%
800C, 3h
/I E
Cl £ )
A —
N N L1: E=Se, E'=Se

PFs L2: E=Se, E'=S
L3: E=S, E'=Se
L4: E=S, E'=S

Scheme 4.3: Ruthenium (Il)-chalcogen complexes catalyzed transfer
hydrogenation of benaldehyde and acetophenone reported by Singh et al.

With the use of 0.5mol% ruthenium(ll)-bidentate chalcogen complex, 90%

benzaldehyde and 91% acetophenone were converted to benzyl alcohol and

1-phenylehtanol respectively. Besides, 0.5mol% ruthenium-(phenylthio)methyl-2-

pyridine catalyst was reported by Singh et al. to catalyze the transfer hydrogenation of

aldehydes and ketones using glycerol in water with good conversion. (Scheme 4.4)

84



O Ru-catalyst (0.5-1.0mol%)

R KOH, Glycerol, H,0O
110°C, 5-20h

Scheme 4.4:
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OH
R

R = H, conv = 98%(0.5mol%, 5h)
R = Me, conv = 90% (1.0mol%, 20h)

Ruthenium-(phenylthio)methyl-2-pyridine complex catalyzed

transfer hydrogenation of benzaldehyde and acetophenone reported by Singh et

al.

To improve the conversion and shorten reaction time, Singh’s research group

developed ruthenium (I1) complexes with 1,2,3-triazole based organosulfur/selenium

ligands to catalyze transfer hydrogenation of aldehydes and ketones and up to ~100%

conversion was reported. (Scheme 4.5)

O Ru-catalyst (0.5mol%)
R KOH, Glycerol
80°C, 3h

OH
R =H, conv = 100%

R R =Me, conv =85%
R = Ph, conv = 82%

OH R =H, conv = 99%

R = Me, conv = 99%
R R=Ph, conv=99%

Ru
cI \E/@ LL: E=S, E'=S
N L2: E=S, E'=Se
L L3: E=Se, E'=S
E—_N PFe L4: E=Se, E=Se
(0] Ru-catalyst (0.1-0.4mol%)
R KOH, Glycerol, H,O
110°C, 3-180h
Ru
cl’i \E/@
. N
- N f
N E=Sor Se
? E PFe
Scheme 4.5: Ruthenium(ll)-1,2,3-triazole
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complexes catalyzed transfer hydrogenation of aldehydes and ketones reported
by Singh et al.

In recent decades extensive studies were done on exploring Ru-catalysts to
catalyze transfer hydrogenation of aldehydes and ketones however tailor-made N,N,
N,S, N,Se S,S as well as S,Se ligands were reported and those ligands often involve
tedious synthetic steps thus retards their real industrial application .Hence
combination of inexpensive ruthenium metals with commercial available ligands to
catalyze transfer hydrogenation reactions is in great interests. While commercial
diamine ligands were extensive studied and applied towards catalytic transfer
hydrogenation, amino alcohols were rare studied comparatively.®* Therefore | would
like to explore the uses of inexpensive commercial available amino alcohol as ligand

towards catalytic transfer hydrogenation reactions.
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4.2 Results and discussion
4.2.1 Preliminary evaluation of ruthenium-(2-aminobenzyl alcohol) catalyzed transfer

hydrogenation of ketones

o [Ru(p-cymene)Cl,], (2.5mol%)

2-aminobenzyl alcohol (5mol%) OH QAOH
Me
©)‘\Me 3 eq. KOH, glycerol ©)\ NH,
120-140°C, 3h

la 2a 2-aminobenzyl alcohol

GCyield, Conversion,
Entry Solvent (mL) Co-solvent (mL)  Temp,°C

AL 0plcl
1 Glycerol (0.5) -- 120 n.r.[4
2 Glycerol (0.5) -- 120 40 62
3 Glycerol (1) -- 120 35 63
4 Glycerol (0.5) -- 1208l 52 91
5 Glycerol (0.5) -- 140 53 95
6 Glycerol (0.5) -- 8ol 7 9
7 Glycerol (0.1) NMP (0.5) 120 25 95
8 Glycerol (0.5) NMP (0.5) 120 37 93
9 Glycerol (1) NMP (0.5) 120 39 91
10 Glycerol (0.5) Diglymeld 120 26 65
11 Glycerol (0.5) CPMELU 120 32 64
12 Glycerol (0.5)  1-Butanol (0.5) 120 37 61
13 Glycerol (0.5) H-0 (0.5) 120 n.r.
14 Glycerol (0.5) NMP:H20,1:1 (0.5) 120 n.r.
15 NMPU! (0.5) -- 120 n.r.

[a] Reaction conditions: Acetophenone (1mmol), [Ru(p-cymene)Clz2]. (2.5mol%),
2-aminobenzyl alcohol (5mol%), KOH (3mmol), glycerol (0.1-1mL), co-solvent
(0.5mL), 120-140°C, 3hours.

[b] GC yield calculated using anisole as internal standard.

[c] Conversion determined by GC-FID.

[d] n.r. = no reaction.

[e] Reaction time = 6hours.

[f] Reaction time = 18houirs.

[g] Diglyme = Bis(2-methoxyethyl) ether; CPME = Cyclopentyl methyl ether; NMP =
N-Methyl-2-pyrrolidone.

Table 4.1: Solvent screening for ruthenium-(2-aminobenzyl alcohol) catalyzed
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transfer hydrogenation of acetophenone

With the use of 2.5mol% [Ru(p-cymene)Clz]2, 5mol% 2-aminobenzyl alcohol

together with 3 equivalent of potassium hydroxide as base, 40% 1-phenylethanol was

obtained within 3hours. (Table 4.1, entry2) Without Ru-catalyst, no 1-phenylethanol

was detected. (Table 4.1, entryl) Increasing the amount of glycerol could not enhance

the product yield apparently (35% yield, 63% conversion). (Table 4.1, entry 3) Trace

amount of product was obtained when reaction temperature was lowered to 80°C (7%

yield, 9% conversion). (Table 4.1, entry 5) Increasing the reaction temperature to

140°C could fasten the reaction rate (53% vyield, 95% conversion) however similar

product yield could be obtained by prolonging reaction time to 6 hours (52% vyield,

91% conversion). (Table 4.1, entries 4 and 5)

To study co-solvent effect of the reaction, different solvents were added as

co-solvent, N-Methyl-2-pyrrolidone was found to be best co-solvent in terms of

conversion however the co-solvent could not enhance the product vyield of

1-phenylethanol. (Table 4.1, entries 7-9) Furthermore green solvents such as

cyclopentyl methyl ether (CPME) and 1-butanol were also screened however no

improvement of product yields were observed. (Table 4.1, entries 10-12) Meanwhile

our catalytic system could not work in aqueous medium. (Table 4.1, entries 13 and 14)

Therefore the catalytic transfer hydrogenation was performed under neat condition
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onwards. Without the addition of glycerol, no transfer hydrogenated product was
observed and it suggested that glycerol is the hydrogen source for the transfer

hydrogenation reaction. (Table 4.1, entry 15)

o [Ru(p-cymene)Cl,], (2.5mol%) OH

2-aminobenzyl alcohol (5mol%) QAOH
Me Me
Base, glycerol NH,
1a 120°C, 3-6h

2a 2-aminobenzyl alcohol

Entry  Base (equiv.) Time, hrs GC yield, % Conversion, %!

1 -- 3 n.r.

2 KOH (0.5) 3 24 46
3 KOH (1) 3 31 65
4 KOH (3) 3 48 70
5 KOH (5) 3 28 69
6 NaOH (3) 3 43 60
7 NaOtBu (3) 3 26 55
8 KOtBu (3) 3 24 46
9 KOH (3) 6 52 91
10 NaOH (3) 6 64 88

[a] Reaction conditions: Acetophenone (1mmol), [Ru(p-cymene)Clz2]. (2.5mol%),
2-aminobenzyl alcohol (5mol%), Base (0.5-3mmol), glycerol (0.5mL), 120°C,
3-18hours.

[b] GC yield calculated using anisole as internal standard.

[c] Conversion determined by GC-FID.

Table 4.2: Base screening for ruthenium-(2-aminobenzyl alcohol) catalyzed
transfer hydrogenation of acetophenone

After solvent screening, different amount of base were tested to investigate its

effect on the transfer hydrogenation reaction. No hydrogenated product was obtained

without the addition of potassium hydroxide. (Table 4.2, entry 1) And 3 equivalent of
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base was found to be sufficient to give 48% 1-phenylethanol in 3 hours. (Table 4.2,
entries 2-5) Then different kinds of bases were screened and sodium hydroxide and
potassium hydroxide gave superior result over others. And highest yield of
1-phenylethanol was obtained (64% yield, 88% conversion) by adding 3 equivalent of

sodium hydroxide and prolonged reaction time to 6 hours. (Table 4.2, entry 11)

[Ru(p-cymene)Cl,], (2.5mol%) OH

O Ligand (5mol%)
M Me
©)L e 3 eq.NaOH, glycerol ©)\
120°C, 3h 2a

la

P o O g
NH, NHBoc
NH,
M L2 L3 L4
50% (68%) 31% (47%) 30% (35%) 7% (8%)
40% (59%)Ld]
OH OH OH
: O’ N on
NH2 "/OH N
NH,
L5 L6 L7 L8
41% (53%) 38% (83%) 23% (28%) 30% (32%)

[a] Reaction conditions: Acetophenone (1mmol), [Ru(p-cymene)Cl2]2 (2.5mol%),

2-aminobenzyl alcohol (5mol%), NaOH (3mmol), glycerol (0.5mL), 120°C, 3hours.
[b] GC yield calculated using anisole as internal standard.

[c] Conversion reported in parenthesis, determined by GC-FID.

[d] 1.25mol% [Ru(p-cymene)Cl2]. employed.

Table 4.3: Ligand screening for ruthenium-(2-aminobenzyl alcohol) catalyzed

transfer hydrogenation of acetophenone

Then we examined different commercial available amino alcohol to investigate

their effect on the transfer hydrogenation. (L1-L8) The catalytic activities of

90



Catalytic Upgrading of Biofuel

aminobenzyl alcohol (L1-L3), aminophenol (L5, L6) and cyclohexandiol (L7) were
compared and 2-aminobenzyl alcohol (L1) gave superior results (50% vyield, 68%
conversion). Free NH> moiety on the ligand scaffold was suggested to be crucial in
the catalytic transfer hydrogenation® thus we compared the catalytic activities of
2-aminobenzyl alcohol (L1), N-Boc-2-aminobenzyl alcohol (L2), 2-pyridyl carbinol
(L8) and benzyl alcohol (L4). Without the presence of NH2 group, trace amount of
product were obtained by employing benzyl alcohol (L2) (7% vyield, 8% conversion)
and 2-pyridyl carbinol (L8) as ligands (30% yield, 32% conversion) respectively.
With N-Boc group substituted on the ligand, lower catalytic activity was observed
compared to aminobenzyl alcohol (L1: 50% vyield, 68% conversion vs L2: 31%
yield, 47% conversion). The presence of free NH> moiety on the ligand may imply
that our catalytic transfer hydrogenation may not follow the conventional mechanism

(Figured.2)

A g ]
R{ R, O{ 1 M-H o
M-X - |

N
S 3

R3 R4 (|),< (l)/ R3
N

Figure 4.2: Conventional transfer hydrogenation reaction mechanism

91



Catalytic Upgrading of Biofuel

and non-classic metal-ligand bi-functional mechanism (N-H effect) may take place

instead. (Figure 4.3)

R2
17—’__0 O
HO H  H
, N R, R
H/\ Ra M—N ’\J Lo
Rl \{» 5 \H
R
H H
X-M Base M I\I/I—I\II
.Ny_H g /N\H N 'H
R H -HX R R

Figure 4.3: Metal-ligand bi-functional (N-H effect) transfer hydrogenation
mechanism.

In addition, the position of NH2 would affect the coordination of ligand towards metal

so as to affect its catalytic activity (L1: 50% yield, 68% conversion vs L3: 30%

yield, 35% conversion). Similar results were observed when we compared the

catalytic activities of 2-aminophenol with 3-aminophenol (L5: 41% vyield, 53%

conversion vs L6: 38% yield, 83% conversion). Lower the catalyst loading showed

decrease in the product yield. (1.25mol% Ru-catalyst gave 40% vyield, 59%

conversion in 3 hours)
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4.2..2 Scope of ruthenium-(2-aminobenzyl alcohol) catalyzed transfer hydrogenation

of ketones

[Ru(p-cymene)Cly], (2.5mol%)

0 2-aminobenzyl alcohol (5mol%) OH Q/\OH
X A M
| _ Me 3 eq. NaOH, glycerol @)\ € NH,
O
R”J 120°C, 18h R 2-aminobenzyl alcohol
la-g 2a-g
Entry  Substrate Product Isolated yield,% Convresion.%/!

(6] OH
1 ©)LME ©)\Me 69 89
la 2a
(0] OH
, /©)L|vne /@Me 70 78
MeO MeO
1b 2b
(0] OH
3 /©)‘\Me /@Me 60 68
Me Me
1c 2c
(0] OH
4 Q)LMe /@Me 35 46
Br Br
1d 2d
(6] OH
5 ©)Lm @2\'\“ 69 82
Me Me
le 2e
(6] OH
6 ©\)J\Me ©\)\ Me 78 82
OEt OEt
1f 2f
(6] OH
7 ©\)L Me (:{\ Me trace trace

Br Br

19 29

[a] Reaction conditions: Substrate (1mmol), [Ru(p-cymene)Cl2]2 (2.5mol%),

93



Catalytic Upgrading of Biofuel

2-aminobenzyl alcohol (5mol%), NaOH (3mmol), glycerol (0.5mL), 120°C, 18hours.
[b] Conversion determined by GC-FID.

Table 4.4: Ruthenium-(2-aminobenzyl alcohol) catalyzed transfer hydrogenation
of aryl ketones

With the optimal reaction conditions in hands, we then investigate the substrate

scopes of the catalytic transfer hydrogenation reaction. Electronic effects of the

substituted groups on acetophenone were studied however no apparent electronic

effect on the product yield was observed and various substituted acetophenone (1a-1e)

could be converted to corresponding substituted benzyl alcohol (2a-2e) smoothly in

moderate yields. (Table 4.4, entries 1-5) Steric effects of the substituted acetophenone

were also studied, ortho- substituted acetophenone (2’-ethoxyacetophenone 1f and

2’-bromoacetophenone 1g) were subjected to the reaction. 2’-ethoxyacetophenone

could be hydrogenated to 2-ethoxybenzyl alcohol 2f in good yield. (78% yield, 82%

conversion) However trace mount of 2’-bromobenzyl alcohol 2g obtained and it may

due to the significant steric effect as bulkiness of the ortho-substituted group

increased.
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[Ru(p-cymene)Cl,], (2.5mol%) oH

o 2-aminobenzyl alcohol (5mol%) Q/\OH
X7 "Me @AMe
2% z=Ns

5 3 eq. KOH, glycerol NH,
~ _
Z=N.S 120°C, 18h 2-aminobenzyl alcohol

3a-c 4a-b
Entry  Substrate Product Isolated yield,% conversion, %I
O OH
_N _N
3a 4a
] OH
2 (])L Me (/E)\ Me 40 75
S

3b S 4b

trace trace

(‘;
-

%\/
s

S

[a] Reaction conditions: Substrate (1mmol), [Ru(p-cymene)Cl2]2 (2.5mol%),
2-aminobenzyl alcohol (5mol%), NaOH (3mmol), glycerol (0.5mL), 120°C, 18hours.
[b] Conversion determined by GC-FID.

Table 4.5: Ruthenium-(2-aminobenzyl alcohol) catalyzed transfer hydrogenation
of heteroaryl ketones.

We then extended the scopes to heteroaryl ketones. 2-acetylpyridine 3a,
3-acetylthiophene 3b and 2-acetylthiazole 3c were subjected to the reaction.
2-acetylpyridine and 3-acetylthiophene were hydrogenated to give products in
moderate yields. (Table 4.5, entries 1 and 2) However 2-acetylthiazole 3c could not

hydrogenated by our catalytic system.
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[Ru(p-cymene)Cl,], (2.5mo0l%)

0 2-aminobenzyl alcohol (5mol%) OH Q/\
~ OH
e w)J\ [ W)\

Lo 3 eq. KOH, glycerol oL NH,

J
ST~ 0 ~7 S~ .
120°C, 18h 2-aminobenzyl alcohol
5a-f 6a-f
Entry  Substrate Product Isolated yield,% Convresion.%l®!
fe) OH
1 l 55 90
5a 6a
o) OH
Me Me
2 48 87
5b 6b
o OH
No ORNNN< CHENE
5c 6C
fe) OH
Me
4
5d 6d
0 OH
2 oo TN s SN S
5e 6e
o) OH
5f 6f

[a] Reaction conditions: Substrate (1mmol), [Ru(p-cymene)Cl2]2 (2.5mol%),
2-aminobenzyl alcohol (5mol%), NaOH (3mmol), glycerol (0.5mL), 120°C, 18hours.
[b] Conversion determined by GC-FID.

Table 4.6: Ruthenium-(2-aminobenzyl alcohol) catalyzed transfer hydrogenation
of cyclic ketones.

Various cyclic ketones were subjected to the reaction, cyclohexanone 5a and
2-methylcyclohexanone 5b could be hydrogenated to cyclohexanol 6a (55% yield,

90% conversion) and 2-methylcyclohexanol 6b (48% vyield, 87% conversion) in
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moderate yields respectively. (Table 4.6, entries 1 and 2) Meanwhile 1-tetralone 5c
and 2-methyl-1-tetalone 5d could not be hydrogenated to desired products. (Table 4.6,
entries 3 and 4) and 1-indanone was converted to 1-indanol in trace amount. (Table
4.6, entry 5) Dicyclohexanyl ketone could not converted to desired products by our

catalytic system. (Table 4.6, entry 6)
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[Ru(p-cymene)Cl,], (2.5mol%)
2-aminobenzyl alcohol (5mol%)

X Q/\
3 eq. NaOH, glycerol
R 120°C, 18h

2- amlnobenzyl alcohol

h_
\

Ta-e
Entry  Substrate Product Isolated yield,% Convresion.%l!
(0] OH
1 70 80
7a 8a
Me O Me OH
46 51
0O UuJ
7b 8b
(0] OH
3 Me Me 65 70
7c 8c
o] OH
F 7d F 8d
o) OH
Cl 7e Cl ge
o) OH
6 ) -
Br

7f Br 8f

[a] Reaction conditions: Substrate (1mmol), [Ru(p-cymene)Clz]> (2.5mol%),

2-aminobenzyl alcohol (5mol%), NaOH (3mmol), glycerol (0.5mL), 120°C, 18hours.
[b] Conversion determined by GC-FID.

Table 4.7: Ruthenium-(2-aminobenzyl alcohol) catalyzed transfer hydrogenation
of diaryl ketones.



Catalytic Upgrading of Biofuel

Apart from acetophenone we further extend the scopes to catalyze transfer

hydrogenation of benzophenone. No significant electronic effect was observed and

various kinds of benzophenones with different electronic properties substituted groups

7a, 7c-7f) were converted to corresponding substituted benzhydrols in moderate to

good yields. (Table 4.7, entries 1, 3-6) However steric effect was observed on

2-methylbenzophenone 7b, with its ortho-position substituted by methyl group, both

conversion and product yield dropped (46% vyield, 51% conversion) when compared

to benzophenone. (Table 4.7, entry 2)
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4.3 Conclusion

In conclusion we have demonstrated inexpensive commercial available

2-aminobenzyl alcohol could be ligand to catalyze transfer hydrogenation of ketones

using glycerol as solvent and hydrogen source. By using 2.5mol%

[Ru(p-cymene)Clz]. and 2-aminobenzyl alcohol (L1) (metal:ligand = 1:2), various

kinds of aryl ketones, heteroaryl ketones, cyclic ketones and diaryl ketones were

converted to desired alcohols in moderate to good yields. It is noteworthy that

heteroaryl ketones, 2-caetylpyridine and 3-acetylthiophene were firstly reported to be

hydrogenated by using glycerol as hydrogen source. This exploration of inexpensive

ruthenium-amino alcohol catalytic system increased the feasibility of real industrial

application of catalytic transfer hydrogenation of ketones by using glycerol that is an

inexpensive by-product from bio-refinery process.
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4.4 Experimental section

4.4.1 General considerations

Unless otherwise noted, all reagents were purchased from commercial suppliers and
used without purification. All transfer hydrogenation reactions were performed in
8mL glass vials in the presence of Teflon-coated magnetic stirrer bar (4 mm 10 mm). .
Aminobenzyl alcohol and its derivatives, benzyl alcohol, aminophenol and its
derivatives, cyclohexanol and 2-pyridyl carbinol L1-L8 were purchased from
commercial suppliers. NMR spectra were recorded on a Briker spectrometer (400
MHz for *H, 100 MHz for *C and 162 MHz for 3!P). Spectra were referenced
internally to the residual proton resonance in CDCI3 (8 7.26 ppm) as the internal
standard. Chemical shifts (8) were reported as part per million (ppm) in o scale
downfield from TMS. 3C NMR spectra were referenced to CDCls (5 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 FTICR
mass spectrometer (ESI-MS). 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. X-ray crystal structure was determined by Bruker D8 Venture.
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Compounds described in the literature were characterized by comparison of their *H
and/or 3C 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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4.4.2 Crystalline structure of Ruthenium-(2-aminobenzyl alcohol) complex
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4.4.3 General procedure for the Ru-(2-aminobenzyl alcohol) catalyzed transfer

hydrogenation of ketones

A batch of 8mL glass vials were charged with magnetic stirrer bar (4 mm x 10 mm)

and [Ru(p-cymene)Clz]2 (2.5 mol%, 0.015g), 2-aminobenzyl alcohol L1 (5 mol%,

0.006g), NaOH (3mmol, 0.12g), 0.5mL glycerol and substrate (Immol) were to the

vials. This batch of vials was resealed and magnetically stirred in a preheated 120 °C

oil bath for 6-18 h. The reactions were allowed to reach room temperature. During

the optimization of reaction conditions, diethyl ether (~4 mL), anisole (100 uL,

internal standard) and water (~2 mL) were added after reaction mixture was cooled to

room temperature. And the organic layer was subjected to GC analysis, the GC yield

was previously calibrated by authentic sample/anisole. After completion of the

reaction, the reaction mixture was cooled to room temperature. The mixture was

extracted with diethyl ether (3 x 4mL), and the solvent was removed on a rotary

evaporator. The resulting semisolid extract was passed through a short column (~8 cm

in length) of silica gel. The column was washed with ~50 mL of diethyl ether. All the

eluates from the column were collected and the solvent from the mixture was

evaporated off on a rotary evaporator. The resulting residue was subjected to 1H

NMR. The final conversions are reported as an average of two runs of each catalytic

reaction.
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4.4 .4 Characterization data of alcohols

1-phenylethanol (Table 4.4, 2a)

OH

Me

1H NMR (400 MHz, CDCl3 J= Hz) &: 1.50 (d, J = 6.5 Hz, 3 H), 4.90 (g, J = 6.5 Hz, 1 H),
7.25-7.37 (M, 5 H); 3C NMR (100 MHz, CDCls): d = 25.0, 70.2, 125.3, 127.3, 128.4,

145.7.

1-(4-Methoxyphenyl)ethanol (Table 4.4, 2b)

OH
Me

MeO

1H NMR (400 MHz, CDCls, J= Hz) §: 1.45 (d, J = 6.5 Hz, 3 H), 3.78 (s, 3 H), 4.82 (q,
J=6.3Hz, 1H), 6.86 (d, = 8.6 Hz, 2 H), 7.27 (d, J= 8.7, 2 H); **C NMR (100 MHz,

CDClI3) :25.0,55.2,69.8, 113.8, 126.6, 138.0, 158.9.
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1-(4-Methylphenyl)ethanol e (Table 4.4, 2c)

OH
Me
Me
'H NMR (400 MHz, CDCls, J=Hz) &: 1.48 (d, J = 6.8 Hz, 3H), 2.34 (s, 3 H), 4.87 (q, J
= 6.4 Hz, 1 H), 7.15 (d, J= 7.7 Hz, 2 H), 7.26 (d, J= 7.7 Hz,2 H); *C NMR (100 MHz,

CDCI3) 5: 21.0, 25.0, 70.2, 125.3, 129.1, 137.0, 142.9.

1-(4-Bromophenyl)ethanol (Table 4.4, 2d)

OH
Me
Br
'H NMR (400 MHz, CDCls, J=Hz) &: 1.44 (d, J = 6.2 Hz, 3H), 4.83 (q, J = 6.34 Hz, 1

H), 7.23 (d, J= 8.3 Hz, 2 H), 7.43 (d, J= 8.3 Hz, 2 H); 13C NMR (100 MHz, CDCls) &:

25.1,69.5,127.0, 131.4, 135.6, 144.7.

1-(3-Methylphenyl)ethanol (Table 4.4, 2e)

OH

Me

Me
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IH NMR (400 MHz, CDCls, J= Hz) &: 1.48 (d, J = 6.3 Hz, 3 H), 4.85 (g, J = 6.4 Hz, 1
H), 7.09 (d, J =7.3 Hz, 1 H), 7.15-7.19 (m, 2H), 7.22-7.25 (m, 2H); $*C NMR (100 MHz,

CDCl) 6: 21.3, 25.0, 70.3, 122.3, 126.0, 128.1,128.3, 138.0, 145.7.

1-(2-Ethoxyphenyl)ethanol (Table 4.4, 2f)
OH
Me

OEt

IH NMR (400 MHz, CDCls, J=Hz) &: 1.43 (t, J = 6.8 Hz, 3 H), 1.51 (d, J= 6.4 Hz, 3H),
4.07 (q, J= 6.8 Hz, 2H), 5.09 (q, J= 6.4 Hz, 1 H), 6.85 (d, J= 8.1 Hz, 1 H), 6.94 (t, )= 7.9
Hz, 1H), 7.21 (dt, J= 1.5 Hz, 7.6 Hz, 1H), 7.32 (dd, J= 1.1 Hz, 7.4 Hz, 1H). 3C NMR

(100 MHz, CDClz) 3: 14.8,22.8, 63.4, 66.6, 111.2, 120.6, 126.0, 128.1, 130.3, 155.8.

1-(pyridine-2-yl)ethanol (Table 4.5, 4a)
OH

| S Me
N

IH NMR (400 MHz, CDCls, J= Hz) §:1.50 (d, J= 6.6 Hz, 3H), 4.87 (q, J= 6.6 Hz, 1H),

7.18 (dd, J= 1.8 Hz, 7.0 Hz, 1H), 7.27 (d, J= 8.1 Hz, 1H), 7.68 (dt, J= 1.5 Hz, 7.7 Hz,
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1H), 8.53(d, J=5.0 Hz, 1H); 3C NMR (100 MHz, CDCl3) &:24.2, 68.8, 119.8,

122.2, 136.8, 148.1, 163.0.

1-(Thiophen-3-yl)ethanol (Table 4.5, 4b)
OH
74 | Me
S
!H NMR (400 MHz, CDCls, J= Hz) &: 1.52 (1H, J= 6.5 Hz, 1H), 2.52 (s, 1H), 4.96 (q,
J=6.6 Hz, 1H), 7.09-7.10 (m, 1H), 7.182-7.188 (m, 1H), 7.25-7.31 (m, 1H), 7.18-7.20

(m, 1H); 13C NMR (100 MHz, CDCls) &: 24.4, 66.5, 120.1, 125.6, 126.1, 147.2.

Cyclohexanol (Table 4.6, 6a)

OH

IH NMR (400 MHz, CDCl3, J= Hz) &: 1.25 (m, 4H), 1.52 (m, 1H), 1.72 (m, 2H), 1.89

(m, 2H), 3.60 (m, 1H); 3C NMR (100 MHz, CDCls) &: 24.0, 25.4, 35.5, 70.3.
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2-Methylcyclohexanol (Table 4.6, 6b)

OH
Me

IH NMR (400 MHz, CDCls, J= Hz) &: 1.52 (d, 1H, J=6.5 Hz), 2.52 (s, 1H), 4.96 (q,
1H, J=6.6 Hz), 7.09-7.10 (m, 1H), 7.182-7.188 (m, 1H), 7.25-7.31 (m, 1H), 7.18-7.20

(m, 1H).; 3C NMR (100 MHz, CDCl3) § 24.4, 66.5, 120.1, 125.6, 126.1, 147.2

Benzhydrol (Table 4.7, 8a)

OH

IH NMR (400 MHz, CDCls, J= Hz) &: 2.82 (brs,1H), 5.80 (s, 1H), 7.25-7.31 (m, 2H),
7.32-7.36 (m, 3H), 7.38-7.41 (m, 5H); *C NMR (100 MHz, CDCls) &: 75.9, 126.4,

127.3, 128.3, 143.7.
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2-Methylphenyl(phenyl)methanol (Table 4.7, 8b)

Me OH

IH NMR (400 MHz, CDCls, J= Hz) §: 2.26 (s, 3H), 5.98 (s, 1H), 7.15-7.31 (m, 5H),
7.40-7.62 (m, 4H); 3C NMR (100 MHz, CDCls) &: 19.2, 73.1, 125.9, 126.2, 127.0,

127.32,127.35, 128.2, 128.3, 130.0, 135.2, 141.4, 142.8..

3-Methylphenyl(phenyl)methanol (Table 4.7, 8c)

ROA®

IH NMR (400 MHz, CDCls, J= Hz) §: 2.25 (s, 3H), 6.00 (s, 1H), 7.14-7.33 (m, 7H),
7.38-7.60 (m, 2H); 3C NMR (100 MHz, CDCls) &: 19.3, 73.3, 126.0, 126.2, 127.0,

127.4, 128.4, 130.0, 133.0, 135.3, 141.4, 142.8.

4-Fluorophenyl(phenyl)methanol (Table 4.7, 8d)

OH

JOR®
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IH NMR (400 MHz, CDCls, J= Hz) &: 5.82 (s, 1H), 6.87-7.04 (m, 5H), 7.11-7.27 (m,
4H); *C NMR (100 MHz, CDCl3) &: 75.8, 115.2 (d, Jcr = 21.4, -C-CF), 126.4, 127.7,
128.2 (d, Jcr = 8.5, -C-C-CF), 128.5, 129.7 (d, Jcr = 4.5, -C-C-C-CF), 143.6, 162.1 (d,

Jce = 284, -CF); F NMR (376 MHz) & -115.0.

4-Chlorophenyl(phenyl)methanol (Table 4.7, 8e)

OH

Cl

IH NMR (400 MHz, CDCls, J= Hz) &: 5.74 (s, 1H), 7.28-7.45 (m, 9H); 13C NMR (100
MHz, CDCls) &: 75.4, 126.4, 127.6, 127.8, 128.4, 128.5, 129.8, 130.0 131.4, 132.6,

133.0, 142.1, 143.3.

4-bromophenyl)(phenyl)methanol (Table 4.7, 8f)

OH

Br I I

IH NMR (400 MHz, CDCls, J= Hz) &: 7.24-7.50 (m, 5H), 7.57-7.81 (m, 4H). 1*C NMR
(100 MHz, CDCls) &: 75.5, 126.53, 126.55, 127.5, 127.7, 128.2, 129.9, 130.0, 132.4,

132.7, 142.9, 143.5, 143.9.
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Chapter 5 Conclusion

Due to the depletion of fossil fuel, we have to look for renewable energy resources
that can be alternative to the fossil fuel. Regardless of the geographic limitation, biofuel
(in particular biodiesel) generated from non-edible biomass such as vegetable oils would
be an ideal alternative however its application is retarded by poor cold-flow properties.
With the efforts paid on the exploration of different kinds of biofuel upgrading process,
decarbonylation is particular attractive as high selective alpha-olefins could be produced.

To further improve the decarbonylation reactions of carboxylic acids, we have
successfully introduced the first example of palladium-indolylbisphosphine catalyzed
decarbonylation to produce alpha olefins in good yield and alpha-selectivity.

Furthermore we have also investigated the feasibility of monophosphine ligand in
conjunction with palladium to act as active catalyst towards decarbonylation of
carboxylic acids. By employing palladium-naphthylphosphine to catalyze the
decarbonylation reaction, various kinds of high alpha-selective olefins were obtained
and noteworthy allylpyrene is firstly prepared by decarbonylation of pyrenecarboxylic
acid.

Glycerol which is byproduct from the biofuel upgrading process, usually discarded
as waste in the past however it is found to be green solvent and could be applied as

hydrogen sources for the transfer hydrogenation process. We demonstrated that
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ruthenium metal could be combined with inexpensive, commercial available

2-aminobenzyl alcohol to be active catalyst in catalytic transfer hydrogenation of

ketones. A broad range of ketones including aryl ketones, heteroaryl ketones, cyclic

ketones and diketones were converted to their corresponding desired alcohols in good

yields. It could explore a field for the application of glycerol and reduce the wastage

problem of biofuel upgrading process.
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Appendix
H, 13C, 3P NMR, MS and HRMS spectra
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nQ 1.0223E1E sac
RC 161
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00 1

==memene CHANNEL 1 ====em—
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L1 0 g8
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aFoL 400.1336012 MHz
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L]
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L
oy o
cacav—.nacqqcaca
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PO WoNOOoOOW U —S0- o w0 EXFHO 4
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R R R e Rl i e - Date_ 20170516
mew \\l/) i 10.03
R :

spect
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30
Z%EEJE
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SWH 24034. 461 Hz
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AQ 1 JEJ]\’.E! =ec
~ o 20,800 usac
DE 6.50 usac
N TE 298.5 x
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—————— CHANNEL £1 see—
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File =D:\MassHunter\GCMS\1\data'\alston\pnpre.D
Operator  : duan
Acquired : 18 May 2017 18:38 using AcgMethod M1.M

Instrument : 5977
Sample Name: pnpre
Misc Info :

vial Number: 5

Abundance
B000000)|
TE00000|
7000000
EE00000|
‘000000
E500000|
E000000|
4500000
4000000
3500000|
3000000
2500000
2000000 176.2
1600000]

1000000
161.1

500000| 1 1594 |
| 1l 15

1882

=}’
=

2171

an 724 (6.030 min): prpre. Chaata. ms
2

Catalytic Upgrading of Biofuel

2-(2-Bromophenyl)quinoline

2381 2661 268.0

3311 355.1 3TR.A 405.2 428.3

120

P A s nlaa o 1én1kz$nz{nzéﬂzénmnﬁéﬂaﬁ“&%ua&naﬁaﬂnﬁ“s&qaﬁ:&nahdﬂméﬂ&



Catalytic U

pgrading of Biofuel

FSynldH
QRSN A28 T2 RIgERREE3
ms uw ca‘-amlnm«v-cl [ Bl R
ROogo@tqlYLIT RN QNNN
e T e e R e T e e e e e e N e
e
Curment Data Parametars
HAME Faynld
EXFNO 4
AN EROCHD 1
FZ - Roquisition Faramatars
Data_ 20150820
Tima 15.30
~ INSTROM =pact
FROBHD 5 mm PAEEO EE-
N FULPROC zg30
™ 3276
SOLVENT nzc12
HE 16
os 2
Ph P EWH B012. 820 Hz
2 FIDRES 0.244532 Hz
g 2.0447233 sac
RLC 181
. . . . oW 6Z. 400 uzac
(2-(Quinoline-2-yl)phenyl)diphenylphosphine, PN-1 o -5 usac
o 1.00000000 =ac
Do 1
memm——ae CHANNEL ] me———
HOC1 1H
Fl 14.70 usac
FL1
FL1W 11.B8122272 W
SFO1 400.1324008 MEz
F2 - Fromssing paramatars
s8I 32768
8F 400.1300000 MEz
WOW M
SEB a
1B 0.30 Ez
[=:] a
BC 1.00
T T T T T T T T T T 1
9 8 7 ] 5 4 3 2 1 Ppm
LL 1L
EEE S B
= el = |ei| || =]
Fsynldc
Current Data Parameters
TR T AMEANT SRR NN S AR OWN DT M HbE Faynl
MO AWV TUNCSATOALTMMA DN A TOT OO @ EXEND &
e e e e S R S B S S = = EROCHD 1
P e L L L L T
e R e e s e R R F2 - Acquisition Parameters
N A B B A B Bl il e ol e il e PP T Y Data | 20150820
NN S LA Time 19.3¢
T INSTRUM =pect
PROBHD 5 mm PABEQ BE-
BULFROC zqpg3l
™ e
SOLVENT cozcl2
N3 53
s 2
AN B 24039, 461 B2
FIDRES 0.366798 Hz
AQ 1.3631499 =cc
— AG 203
o 20.800 usac
N e £.50 usac
TE 286.3 &
o1 1.00000000 sac
011 0.03000000 sac
1m0 1

Ph,P

mmmmmmmn CHANNEL £1 meee——
1

RUCT1 3c
(2-(Quinoline-2-yl)phenyl)diphenylphosphine, PN-1 = 930 ume

PLW 59.52175527 W

SFOL 100. 62282093 wmiz

wuC2
FCEDZ
PL2
FL12
FL13
PLM
FL1ZW
FL1W
sFo2

F2 - Process
ER
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a
15.00 d=
11.89122272 W
0.37571725 w
037571725 w
400.1316005 mEiz

in rametars
N F‘]Z? &d

100. 6127600 wEiz
EM

1.00 Bz

1.40
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FSynldp
o Current Data Farameters
o HRME FEynid
. EXFNO 2
o PROCHD 1
—
! FZ - Roquisition Parameters
Data_ 20150820
ing 15.21
INSTROM ot
FROBED 5 mm PRAEBO BE-
FULFRDG zgpg30
™ 36
SOLVENT coZcl?
HE 25
DS 4
=WH 64102.562 Hz
FIDRES 0.978127 Hz
o 0.5111B08 =sac
N RG 2050
o T.B00 usec
DE 6.50 usac
~ TE 2953 B
N D1 200000000 sec
D1l 0.03000000 sec
0 1
- CHANNEL f1 -
Ph,P e
2 14270 usec
3.00 dB
o X . FLIW 12.96693134 W
(2-(Quinoline-2-yl)phenyl)diphenylphosphine, PN-1 =FoL 1610755030 Mz
=—mmmmmn CHAHHEL £2 =mmmmmee
CPOPRG[2 waltzlé
noC2 18
BCPOZ BO.0D usec
FLZ o
PL1Z 15.00 dB
PL13 15.00 dB
FLZW 11.BB1222TZ W
PLLIW 0.375T1725 W
FLL3W 0.3T5T1725 W
EFOZ 400.1316005 MHz
F2 - Processing parameters
8L 32768
SF 161.9755930 MHz
WoW EM
=28 o
LB 1.00 Hz
CB 0
BC 1.40
T T T T T T T T
150 100 50 0 -50 -100 -150 ppm
File =D: \MassHunter\GCMS\1\data\alston\pnl.D
Operator = duan
Acquired @ 12 May 2817 11:88 using AcgMethod M3.M

Instrument = 5977
Sample Name: pnl
Misc Info :

vial Number: 7

Abundance Scan 1145 (11.482 min): pni.Chdata ms
31p2

~
2000000 N

(2-(Quinoline-2-yl)phenyl)diphenylphosphine, PN-1

1400000
1200000

1000000
2362

2000004 1847

B11 771
IUTJ 1281 1621  176.} e .I

e CETETET R e e e
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x10 5 |+ESI Scan (0.59-0.86 min, 17 Scans) Frag=170.0V Kin-Dept-15052017 S9.d

1.8
164 390.1403
1.4+

1.2+

0.8+
0.6
391.1435
0.4+

0.2

389.1450 392.1467

393.2965

38 387 388 389 390 391 392 393 394 395 396 397 398
Counts vs. Mass-to-Charge (m/z)

X

~

N
Ph,P

(2-(Quinoline-2-yl)phenyl)diphenylphosphine, PN-1

Mass Calc. Mass mDa PPM Formula
390.1403 390.1412 -0.9 -2.2 C27H21 NP
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Curmnt Data Parametars

HAME Faynila
EXFNO 2
FROCND 1
FZ - Roquisition Faramatars
AN Data_ 20151006
Tima 13.02
THSTRIM spact
FROEHD 5 mm FRAEBO EE-
~ FULFROG 2g30
N Tl 32768
SOLVENT cozciz2
HE 16
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EWH B012.820 Hz
FIDRES 0.244532 Hz
Csz RQ 2.0447233 mac
RC 25.4
oW 62.400 usac
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(2-(Quinoline-2-yl)phenyl)dicyclohexylphosphine, PN-2 o 100000000 sac
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FZ - Fromssing paramatars
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=[] =] o] = 0] = o
ala|ala|r|al~ o[ed ]
=== qq ol =1
Fsyn32ac
Current Data Parametars
FoeE e A0 AW Aoy M LM Faynila
COoOnNOYOoOWVNOPRDFMNMOOEFENOMOaN OO0 0PN O T 0o 00 EXPHO 3
4 4 4 & s s s s e s s s s s s e s s s s DT ADDOONTIO N T PROCNO 1
rirRupipni g e R R i P IR PR P B e S P SRRy
L ] oy ™o ™ ™o~ ™~ ” ™ - oo -~ - r~ - isiti .
e ke e e e e e E e e R R e R R R N R R R T e T R R N R | ;i._a_“cq”""“g.;,‘;;;;!;‘z“”
k—an_i;;‘_ﬁ b | A L—% el kv%‘gﬁéaw Tim 19.09
INSTRUM spect
PROBHD 5 mm PABBO BE-
PULPROC z 30
o &g
SOLVENT co2cl2
N3 220
os 2
SWH 24033._461 Hz
FIDRES 0.366798 Hz
AQ 1.3631499 =cc
RC 203
AN oW 20.800 usec
/ \
NUCZ 1H
FCPD2 80.00 usac
. . . . PL2
(2-(Quinoline-2-yl)phenyl)dicyclohexylphosphine, PN-2 zLiz 15.00 o
1 PL13 15.00 d8
LMW 11.88122272 W
PL12W 037571725 W
FL13W 0.375T1725 W
sro2 400.1316005 pEiz
FZ - Processing parameters
81 32768
sr 100. 6127690 pEiz
WOW EM
858 Q
18 1.00 Bz
GB Q
| | BC 1.40
-
T T T T T T T T T T T
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Fsynl20p
@ Current Data Farameters
=) HRME FsynlZ0
P EXENOD 3
= PROCHD 1
! FZ - Acquisition Parameters
| Data_ 201T0Z08
11.37
INSTROM =pact
FROBED 5 mm PRAEBO BE-
FULFRDG zgpg30
\ ™ ese
SOLVENT coZcl?
HE 48
~ = sai0z.568
=HH 102. Hz
FIDRES 0.978127 Hz
N g 05111808 mac
RL 050
o T.B00 usec
DE 6.50 usac
TE 29E.1 K
D1 200000000 sec
C P D11 0203000000 sec
2 0 1
- CHANNEL f1 -
£
. . . . F1 14.70 usec
- -/ - FL1 3.00 dB
(2-(Quinoline-2-yl)phenyl)dicyclohexylphosphine, PN-2 B r el d
SFOL 1619755930 MHz
=—mmmmmn CHAHHEL £2 =mmmmmee
CPOPRG[2 waltzlé
noC2 18
BCPOZ BO.0D usec
FLZ 0 de
PL1Z 15.00 dB
PL13 15.00 dB
FLZW 11.BB1222TZ W
PLLIW 0.375T1725 W
FLL3W 0.3T5T1725 W
EFOZ 400.1316005 MHz
F2 - Processing parameters
8L 32768
SF 161.9755930 MHz
WoW EM
=28 o
LB 1.00 Hz
CB 0
BC 1.40
T T T T T T T
150 100 50 0 -50 -100 -150 Ppm
File :D:'\MassHunter\GMS\1\data\alston\pn2.D
Operator @ duan
Acquired @ 12 May 2817 11:32 using AcgMethod M3.M
Instrument : 5977
Sample Name: pn2
Misc Info :

vial Number: 8

Abundance Scan 1036 (10.578 min): pn2.Dhdata.ms
3P3
1400000|

1300000
1200000 AN
1100000 ~

N

1000000|

Cy2P

(Quinoline-2-yl)phenyl)dicyclohexylphosphine, PN-2

:

100000f

a7
832 1070 131.0147.1163.1 180.2 2621 281.1 280.1 341.1367.2

401
e CETETE TR L T i o S Sasv sy nanys sy mant/ nanstasgeang et
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x10 5 |+ESI Scan (0.80-0.97 min, 11 Scans) Frag=170.0V Kin-Dept-15052017 S10.d

2.6+ 402.2342

0.8+ 403.2374

0.2
4042405 405 5446 4063286 407.3318

400 4005 401 401.5 402 4025 403 4035 404 4045 405 4055 406 406.5 407 407.5
Counts vs. Mass-to-Charge (m/z)

X

—

N
Cy2P

(2-(Quinoline-2-yl)phenyl)dicyclohexylphosphine, PN-2

Mass Calc. Mass mDa PPM Formula
402.2342 402.2351 -0.9 -2.1 C27H33NP

Curmnt Data Parammtars
RRME

Byns2
EXENOD 1
EROCHD 1
F2 - ACquisition Parametsrs
Data_ 20160518
Tima 18.24
THETEIM pact
FROESD 5 mm PABED HE-
EULFROC 2930
32768
SOLVENT cnzc1z
NS 16
L 2
FWH 5012620 Hr
FINRES 0.244532 Bz
0 2.0447233 mac
A 181
o 62400 usac
oE £.50 usac
Ph,P 1E 2366 K
2 o1 1.00080000 sac
™ 1

mmmmmmmn CEANNEL f1 =smmmme=
NDC1 1

(2-(Naphthalene-2-yl)phenyl)diphenylphosphine, PC-1 F1 14.70 usac
PL1 0 dB
FL1W 11.88122372 W
8F01 400.1324008 MHz

F2 - Fromssing paramatars
a1 &8

IF 400.1300084 MEz
WOW M
558 L]

LE 0.30 Hz
GB L]

BC 1.00
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Fsyn92c
Current Data Farameters
TR AV TANVOSNOO NYAODN WM GWY HRME aynd2
NN O O D PPN FMNO0 T MORD W@ T~ EXPHO 2
D T R = - S FROCHD 1
e e L Rl Es Bk R k- ol o - T T R R S R
FTEMMAOOAA OO NN NN N NSNS e T F2 - Aoquimition Parameters
B R K R R QS i i i N Rl i A el i N el B T T Date_ 20180519
LA N LA Tims 19.26
INSTRUM spact
PAOEHD 5 mm PABAC BE-
EULEROG zqpg 30
poed gﬁ]s
SOLVENT co2cl2
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03 2
SWH 24038.461 Hz
FIDAES 0.366798 Bz
AQ 1.3631433 mac
AL 144
) 20.800 usac
OE 6.50 usac
1= 299 4 &
o1 1.00000000 sec
o011 003000000 sec
04 1
e CHANNEL f1 =eee——
NUT1 13c
Pl 9.50 umac
FL1 -2.00 d=
FLIW 53.52175522 W
aFo1 1006223293 pmiz
e CHANNEL £ e
CPOERG[2 waltzlé
NuUC2 1H
BCEDZ 20.00 usec
PL2
PFL1Z 15.00 d=
FL13 15,00 da
LM 11.88122272 W
EL1MW 0.37571725 W
PL13W 0.37571725 W
gFo2 400.1316005 mEz
F2 - Processin rametars
54 N PEJZ'.‘SS
aF 100. 6127769 mEz
WOW EM
558 0
18 1.00 Hz
=} a
BC 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
FsynS2p
o Currant Data Paramaters
- NIME FoynaZ
. EXPND 3
" FROCHD 1
—
| FZ - hoquisition Parametars
Data_ 20160519
ima 1E.36
INSETRUM =spact
PROBHD 5 mm PAEBO BB-
FULFROG zgggm
™ 36
SOLVENT CD2Cl2
NS 23
ns 4
=WH 4102 562 Hz
FIDRES 0.978127 Bz
Ph P g 0.5111B08 sac
2 ARG 203
oW T.BO00 usec
DE 6.50 usec
TE 299.T K
. . o1 2.00000000 sec
(2-(Naphthalene-2-yl)phenyl)diphenylphosphine, PC-1 D11 0-03000000 =ec
00 1
—mmmmmme CHANHEL fl seee—
NOC1 P
Pl 14.T0 usec
FLL 3.00 dB
FL1W 12.96693134 W
sFO1 151_9755930 MEz
e ] L £2 mm—
CFDFRC[2 waltzlé
NUCZ 1H
PCEDZ B0.00 usec
PLZ o
FL1Z 15.00 dB
FL13 15.00 dB
FLZW 11.BB1Z22TZ W
FL1ZW 0_375T1726 W
FL1IW 0.375T1TZE6 W
SFOZ 400.1315005 MHz
FZ - Processing parameters
s1 32768
SF 16197553930 MEz
WOW EM
8858 [
LB 1.00 Bz
CE o
BT 1.40
T T T T T T T
150 100 o -50 -100 -150 ppm
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File :D:'\MassHunter \GMS\1\data\alston\pcl.D
Operator  : duan
Acquired : 12 May 2817 11:55 using AcgMethod M3.M

Instrument : 5977
Sample Name: pcl
Mise Info

vial Number: 2

Abundance
4500000

‘Scan 1042 (10,528 min): pei.Dhaate.ms

4000000

3500000

3000000

00000

2000000

1500000

1000000

E00000f

1851 3082

202
3.1 I|
Al |

a2 | 3311 _362.2368.1
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4063 4292

183, 2761
[ =22 " as |l
o ko b s 2k 2he 2k o abo

Fsynl20H

sk

£791 51532 5E3.2
ko adn Teho’ TEho ek

Cy,P

(2-(Naphthalene-2-yl)phenyl)dicyclohexylphosphine, PC-2

Curmnt Data Farametars
HAME

Faynlzd
EXFND 1
EROCHD 1
Fz - Aoquisition Farametars
Data_ 20170208
Tima 11.25
HETHDM spact
PROBED 5 mm FREED EE-
FULFROC g3l
T 32768
SOLVENT cozC1z
] 12
it} 2
EL B012.E20 B
FIDRES 0.244532 B
RO 2.0847233
AL 57
oW E2.400 usac
oE 6.50 usac
1E 236.0 K
o1 1.00000000 =ac
™ 1
mmmmmmme CHANNEL f1 =
HOC1
Pl 14.70 usac
FL1 0
ELIW 11. 58122272 W
g 400.1324008 MEz

F2 - Processing parameters

i 3ZTER

o 400.1300000 MEz
WO M
S5B L]

1E 0.30 Hz
=] o

£ 1.00

[

3.00
087
1.0
3.05,
212
10.44

3.06/
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Fsynlz20c
Current Data Farameters
FODHODAD A SO AB N THS D HAME Fayni2d
i = T T B o T T - T R e R R EXENO 2
Z S L= R - o el Bk i ) EROCHD 1
COCOTTMMAUNCON MG O@ R WD + ¢+ 4 s 5 + 8 ¢ 5 s 5 s + 4 3
AN T OO ANAARNEANENGNANN MM OO ToOR a0 F2 - Acquisition Paramters
b A Sl S e i S B e e L L L T Fata T0a35308
Lob | A by N LA Tims 11.27
i INSTRUM =pact
BROSHD & mm FAEED BE-
BULEROG zgpqdl
TD 5536
SOLVENT co2cl2
NS 117
o3 2
e 24038, 461 Hz
FIORES 0.366793 Bz
Ag 1.3631488 =mc
A 148
™ 20,800 usec
o= 6.50 usec
97

FLIW 5952175522 W
sFO1 100.6223299 miz
—mmmme CHANMEL £ e
CEOPAG([2 waltzlé
WuC2Z 1H
FcEn? 2000 usec
PL2 0 da

FL1Z 15.00 dB
FL13 15_00 d=
LMW 11.98122272 W
FLIZW 0.37571725 w
PL13W 037571725 W
SF02 400.1316005 mEz

52 - Processing parameters
a1 32768

ar 100. 6127690 wEz
WOW EM
538 ]
13 1.00 Ex
=] a
i || BC 1.40
_ "

File =D \MassHuRter\GIMSY 1\ data\alston\pe2 .0
Dperator = duan

Acquired : 12 May 2617 12:19 using AcgMethod M3.M
Instrument : 5977

Sample Name: pe2

Misc Info =

Vial Number: 18

Abundznce Scan 1040 (10671 min): po2.Chists ms

2332

180000
16000 |
140000 Cy2 P W73

120000
(2-(Naphthalene-2-yl)phenyl)dicyclohexylphosphine, PC-2

100000

22z

831 ﬂ
2531
1 1152 133049 9851 183 Wb 5

e CE T T L e e e e S hae vt oL et AR A e K e
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Fsynl20p
@ Current Data Farameters
=) HRME FsynlZ0
P EXENOD 3
= PROCHD 1
! FZ - Acquisition Parameters
Data_ 201T0Z08
11.37
INSTROM =pact
FROBED 5 mm PRAEBO BE-
FULFRDG zgpg30
™ 36
SOLVENT coZcl?
HE 48
DS 4
=WH 64102.562 Hz
FIDRES 0.978127 Hz
o 0.5111B08 =sac
L 0
o T.EOD usec
DE 6.50 usac
TE 29E.1 K
D1 200000000 sec
D1l 0.03000000 sec
0 1
........ CHANHEL fl meee———
HUC1
F1 14.70 usec
FL1 3.00 dB
PL1IW 12.96693134 W
SFOL 1619755930 MHz
-------- CHAHHEL
CPOPRG[2
noC2
EBCEDZ
FLZ o
PL1Z
PLL3 i
FLZW 11.BB1222TZ W
PLLIW -3TETLT
FLL3W 0.3T5T1725 W
EFOZ 400.1316005 MHz
F2 - Processing parameters
8L 32768
SF 161.9755930 MHz
WoW EM
=28 o
LB 1.00 Hz
CB 0
BC 1.40
T T T T T T T
150 100 50 0 -50 -100 -150 ppm
x10 5 |+ESI Scan (0.55-0.66 min, 8 Scans) Frag=170.0V Kin-Dept-15052017 S5.d
54
4.5+ 401.2395
4
3.5+
34
2.5+
24
1.5+
402.2427
14
0.5+
403.2458
o 399.2261 400.2263 A | 404.2497

398 3985 399 399.5 400 4005 401 4015 402 402.5 403 4035 404 4045 405 4055 406
Counts vs. Mass-to-Charge (m/z)

Cy2P
(2-(Naphthalene-2-yl)phenyl)dicyclohexylphosphine, PC-2

Mass Calc. Mass mDa PPM Formula
401.2395 401.2398 -0.3 -0.7 C28 H34 P
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5Z1p_H (1,%-heptadecene)

AP RSN M RN S 0o O D m ;o
VOO @ PR T T W O p O
WODDO -~ MO HG0 O oOoMMme® oo Current Data Paramatars
Al el T R T T R T T e R AR R e R R == =] EXENO P'Z
%J %%ﬁ# RV K\\r) k‘a{/ FROCHD 1
F2? - Acguisition Paramoters
Data_ 20170712
Time 9.34
INSTRUM spect
FROBHOD 5 mm FABAO BE-
FULFROG zg30
o 16384
SOIVENT cnoll
us 16
/\ s H
C H \ S ED12.E20 Hz
15129 Table 25, 2a FioaEs 0.433064 5z
AQ 1.022361€ sac
RG 8.5
o 62,400 usac
DE .50 usec
1E Z98.1 K
D1 1.00000000 sec
00 1
Fi 14.70 usec
FL1 0 dm
FLIW 11. BE122272 W
sFol 400.1336012 MHz
FZ - Processing parameters
51
EF 400.1300092 MHZ
WoW EM
SEE 1]
LB 0.30 Bz

B o
L FC 1.00

['=]
®
-]
@
s
w
-
h=]
k-]
3

T

2

|
8 v [ :_1 as:_}
| |ed [ew ~ 22

531_H
Curzent Data Farameters
N@EAF AN DN DR IR RO A OO NOFNONMOR MDD RRME s31H
FNTTAA oA AN AN FN NN DO OO NNED PN o EXENO 1
TRV~ TTFTMAMMOC RN T AROOOON G O® EROCHD 1
L T e e e e S R S = =

F2 - Acguisiticn Parameters

s o A

INSTRIUM apect
FROBHD 5 mm PABEO BE-
FULPROG zgi0

™ 16384
SOLVENT cocl3

N 16

] 2

SWH B012.820 Bz
FIDRES 0.409064 Hz
AQ 1.0223616 sac
B 16

oW £2.400 uscc
DE .50 usec
IE 288.0 &

D1 1. 00000000 sac
pul] 1

CHANNEL f1

CpHoy Xy Table 2.5, 2b

in
14.70 usac

dB
11.B812227Z w
400.1336012 Muz

F2Z - Frocassing parametaers
81 32768

8F 400.1300121 Mz
WOW ™
LY 0

LB 0.30 Bz
B 0

EC 1.00

T
9 8 7 [ 5 4 3 2 i ppm

l
S.a!s-:ﬂ 3 (3 3
- |a| |= o @ |+
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Catalytic Upgrading of Biofuel

C15H31/\ Table 2.5, 2d

FL1W
Brol

CHANKEL £1

1B
id.70
0 4

400.1336012

532p H (l-pentadecens)
Current Data Parameters
=33p_H
EXENO 2
COUNFOAN TN O MOV D NNWd ~odo FROCHE B
T T I e R T I T I O R el il el L R = me 0o
mmo@Pogrrerrsessooshad® e ® R S oo oo F? - Acquisition Parameters
VEUBEABEROBEABABEONTsTTsss ANNN A00O e 20370722
“—%&; \!/) :') et RVE \\ A INSTRIM ct
FROBED & mm FABBO BE-
FULFROG 2930
TD 16384
SOLVENT cocll
us 16
s 2
EWH 8012, E20 Hz
FIDRES 0.489064 Hz
AQ 1.0223616 sac
RG 2B.
oW 62.400 usec
DE E.50 usac
TE 29E.3 K
D1 1.00000000 =ac
00 1
CHANNEL £1
18
14.70 usac
/\ 0. ap122212
11. 861 W
C13H27 Table 2,5' 2C sFol 400. 1336012 mBz
F2 - Processing parameters
51 32748
EF 400. 1300092 MH=
WIW EM
558 0
LB 0.30 Hz
= 0
PC 1.00
1 P | |
I T T T T T T T T 1
9 : ] 7 5 4 3 1 Ppm
L
g (g Eﬂ 8
- |a| [ -
533p_H (l-heptadecens)
MO omUrdadw®mumtowds w S = oMW Currant Data Farameters
WoemNuoPho-Doydh 10> w0 o uy T o o oo R HAME =33p_H
TomwmoerEresetooha® S - T T o hooo OO EXEND f
el R e R e e ISR Ky o oo EROCHO 1
MH#W \\1/) I\ \P) F2 - Acquisition Parameters
Data_ 20170711
Tima 17.32
INSTRUM =
FROBHD 5 mm EABBO BE-
FULFROG =g30
0 16384
SOLVENT cocl3
HE 16
Ds 2
SWH B01Z.B2D Bz
FIDRES D.4ED0E4d HE
RO 1.0223616 sac
15 16
oW EZ.400 usec
DE .50 usac
IE 8.0 ®
D1 1.00000000 =ac
od 1

usac

B
11.BE1ZEZ7Z W

HHz

F2 - Processing parameters

I A | |
I T T T T T T T T T 1
9 8 T [ 5 4 3 2 1 Ppm
l | |
8 |8 a.a} 8 :] Fz_w
= |af == o =
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Catalytic Upgrading of Biofuel

alsi7ka H
29 QEEQSE338538"’9—[8&5833'&@89!88&
RN, CE DTN LN IR AL OIINES
e R R e e R e e R A L L .Q'ENU'IS
oUWl DU YTTTNNNrrrerr- 0@
N = e (PR
Curment Data Parametars
HAME als175a
EXFNO 1
FROCHO 1
- Aoquisition Faramatars
a 20170210
ma 3.3
TRSTRUM spact
FPROBHD 5 mm PABEOD EB-
PULPRDC zg30
gl 16384
SOLVENT coc1a
CisHog” X : ;
D= 2
15129 Table 3.6, 2a S
! FIDRES 0.433064 Hz
nQ 1.0223616 mac
RC 20.2
oW €2.400 usac
DE 6.50 usac
TE 298.2
DL 1.00000000 sac
o 1
mmme—mee CHANHEL ] =e————
HOC1 1H
Pl 14.70 usac
FLl =3
FL1W 11.BB122Z72 W
SFO1 400.1336012 MEz
B2 - PIGmRSSing paramtars
81 &8
8F 400.1300110 MHx
WDW ™
85B o
LE 0.30 Bz
CGE o
BC 1.00
N L
T T T T T T T T T T T
9 8 T 6 5 4 3 2 1 ppm
gl 8] |2 I~ Sl
= || |ed & g e
£
alsl75a_C13
Current Data Parameters
O e ™ HAME als175a
— — Ot @ AN T v T e EXEND 2
- . . - ™ oW FTARRYOMOENADO FPROCNO 1
o oo - RO O S S
o~ — w ¥ ~ o o r~ oy 2 - imiti P re
233 = fee dodddaagdanedd m - s s
LA N Tims 9.39
s INSTRUM =pact
PROSHD 5 mm PAEBO BE-
PULPROG z 30
TD 5536
SOLVENT cocl3
Nz |
os 2
EE 24039. 461 Hx
FIOAES 0.36E798 Bz
ng 1.3631488 mec
RC 101
™ 20300 usec
DE 6.50 usec
™= 2986 K
/\ D1 2.00000000 =ec
C H \ D11 0.03000000 =mee
157729 Table 3.6, 2a ‘
. ) - CEANNEL £1
1
-2.0
58_52175522 W
1006223298 ez
e CHANBEL £2 mee—
CPDPRG[2 waltzlé
Huc2 1H
ecenl 20.00 usec
BL2 0 da
FL1Z 15.00 dB
PL13 1500 da
BLW 1188122772 W
FL12W 0.37571725 w
FLIIW 0.37571725 w
aFoz 400_1316005 Mz
F2 - Procassin aramstars
a1 i
E 100. 6177712 ez
WOoW EM
558 ]
ra 1.00 Hz
cB ]
EC 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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Catalytic Upgrading of Biofuel

File :D: \MassHunter \GIMS\1\data\alston\alsl75a.0
DPEI"&tDI" : duan

Acquired : @7 Feb 2817 14:58 using AcgMethod M1.M
Instrument : 5977

Sample Name: als175a

Mise Imfo

vial Number: 146

Abundanoce #warage of 4.358 0 4.365 min_. als1768 Mhdala ms
&.2

4000001

ClSH29/\ Table 3.6, 2a

100000f 1242

|T|z.s . 2083

803
La.z || sozg |l 17z [, || ! 1843 |

d“ i | | , 1, |
e TEREEE RS %'Q"E 1 s St e gt g e s B 0 e R

=]
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Catalytic Upgrading of Biofuel

alsi74H H
288 eNBRCIIRBYBES 882899
eI AqAq regaenqggee
UL PWWL VWY WW WL WS T M Nr-=oQQ
ol A et LR
o
Curment Data Parametars
HAME als1T74H_H
EXFNO 1
EROCHD 1
F2 - Roquisition Faramatars
Data_ 20161208
Tima 14.03
INSTRM apact
FROBHD 5 mm PAEEO EE-
FULPROG zg30
™ 16284
SOLVENT coc13
HE 16
os 2
o 5012820 Hr
FIDRES 0. 433064 Hz
g 1.0223€16 sac
RC 18
o 62400 usac
OE .50 uzac
TE 298.6
C H \ Table 3 6 2b 1 1.00000000 mac
11123 g} ™o 1
mmm——mn CHANNEL ] e———
HOC1 1H
1 14.70 umae
FLl B
FL1W 11.BB122272 W
SFO1 400.1336012 MHEz
B2 - PIGmRSSing paramtars
8I (3
8F 400.1300099 MHEz
WO ™
55B [
1B 0.30 Ez
[=:] a
BC 1.00
A |
T T T T T T T T T T 1
9 8 T 6 5 4 3 2 1 ppm
|
o| (o) (|~ =] ey [
2| |2 (== = o |2
= g [~|a L adf |3
-
als174H_cl13
Corrent Data Parametars
o~ - HAME ala174e_c13
o E=3 ™o w WAL @B we s o oN o EXEHD 1
6‘\ - ™M ow WhE~-PODOTNOM A PROCHT 1
Ll — ~r-w MeAT AT ON T - imiti b
7 - N b a1
L bbb Lt Time 14.05
— INSTRUM =pact
PROSHD 5 mm PREBO BS-
PULFROG = 30
m %EEJE
SOLVENT cocll
NS 31
os 2
WE 24038461 Bz
FIDAES 0366799 Hx
A 1.3631483 mec
RG
o 20.800 usec
DE 6€.50 usec
1= 298.0 &
o1 2.00000000 sec
D11 1203000000 sec
C..H X Table 3.6, 2b :
117723 ! A —
NUC1 13c
Pl L
PL1 -2.0
ELIW 5952175522 W
aFo1 100. 6228293 wex
e CHANNEL £ mmmmmmme
CPOPRG[2 waltzlé
HucC2
PCPD2
FL2 ]
FL12
FL13
] 1188122272 W
FL1IW 0.37571725 W
FL13W 037571725 W
aFo2 400. 1316005 pez
F2 - Processin rametars
a1 9 PANaTes
E 100. 6127675 weiz
WOW EM
558 0
8 1.00 Hz
cB 0
BC 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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Catalytic Upgrading of Biofuel

File :D: \MassHunter \GIMS\1\data\alston\alsl74h.D
Operator @ duan

Acquired : 82 Dec 2816 11:31 using AcqMethod M1.M
Instrument : 5977

Sample Name: als174h

Mise Info

vial Number: 3

Abundance ‘Scan 244 (3.283 min): als17 4h.Chaale ms

1000000
g3z

B00000|

00000 w2
750000
700000

o CiHys X Table 3.6, 2b

00000
00000
400000
1113

300000

2000001

150000
1263
100000f

1643 1824

:

‘ 1403 ‘
i " 67.3 310.2

Itz 0 g 70 o 1l |éu|1$u 1k |§ol|én‘d'n RARS1 AR Mg A AR o S AR AR g RS AR
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Catalytic Upgrading of Biofuel

alsiT74e_H
gt8gcg2regingg aB23Ipees
e 0 oD wn =, o NN ﬁ‘@hkv—a@
RRA-QQARNRRAA AR SN
DWW WNWnWS T T TS T T Norr-rrCoo
RESEAN hss it NANORY=
Curment Data Parametars
HRE alslTea_H
EXFND 1
FROCHD 1
FZ - Aoquisition Faramatars
Data_ 20161208
Tima 14.23
IRSTRIM spact
EROBHD 5 m BAEBO EE-
EULFROC zgan
™ 16384
SOLVENT CoC13
HE 16
o= 2
E B012.E20 Hr
FIDRES 0. 483064 Bz
A 1.0223616 sac
BC 18
7] £2.400 umac
OE £.50 umac
TE 298.8
o1 1.00000000 sac
CyaHy7” ™ Table 3.6, 2 ‘
13" 127 aple O, C —--—=-- CHANHEL f1 ==m==m—
BDCL 1
El 14.70 umac
FLL L]
ELIW 11.88122272 W
sFOL 400.1336012 MEz
FZ - Frommssing parammtars
i 1]
=F 400.1300086 MHz
WD ™
558 o
18 0.30 Bz
cB o
BC 1.00
F ]
r T T T T T T T T T 1
9 8 7 6 5 4 3 2 1 ppm
g 3 (23 3 i
= |S| |~ o o (e
o
alsl74e_c13
Current Data Farametors
- ~ B als17ée_c13
© o oo WM wA oMo EXPHO 1
- . M ow R YRR R R ] EROCHD 1
-
= — ™o M AR RO Ao T -
— — ~ e e 08 e o0 e gfm_ncquuxuugol;:;;z\gmu
LA L L e Time 14.24
R Foiadl INSTRUM =pact
FROBHD 5 mm FAEED BE-
FULPROG zqpgdl
o) 36
SOLVENT cocll
NS 35
o5 2
SWE 24038, 461 Hz
FIDAES 0.366798 Hz
AQ 1.3631488 =ac
AL 223
oW 20.800 usac
DE 6.50 usac
TE 298.3 &
o1 2.00000000 =ac
D11 0.03000000 =ee
\ o 1
Ci3Hy7 Table 3.6, 2¢ e
) HUCL 13c
F1 9.50 usac
FL1 -2.00 ds
PLIW 58.52175522 W
SFOL1 100. 6228298 Mz
e CHANNEL £2 mee——
croPAC[2 waltzlg
wuC2 1
ecenl 20.00 usac
PL2 0 ds
FL1Z 15.00 dB
PL13 15.00 da
PLIW 11.88122272 W
EL12W 0.37571725 w
FL13W 037571725 W
SF02 400.1316005 mEz
52 - Processim rametars
81 N WJZTES
aF 100. 6127670 ez
WO EM
EEE
L8 1.00 ©z
ca
EC 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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Catalytic Upgrading of Biofuel

File =D:\MassHunter\GCMS\1\data\alston\als174e.D
Operator duan
Acquired 82 Dec 20816 11:86 using AcgMethod M1.M

Instrument : 5977

Abundance Scan 347 (3.873 min): als17 4e.Dhdata ms

o CisHyy X Table 3.6, 2c

40000q| 1113

3000004

2000004
1253

150000

100000
140.3 210.4
1824
| || 1643 1683
PR || i 1854 o135

4 | 2333 %33
Iz b o o o 1o o ik 1o 1 o tho 20 2o 2o 2o 2o 2o 2o o zho 2o s
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Catalytic Upgrading of Biofuel

alsi74f B
e2z82NIIEETRISBYR ggyeese
e e e e L regaenqggee
LU WWWW WWWW WL WS T M Nr-=oQQ
NGy RN
.
Curment Data Parametars
HRE alalT4r_H
EXFND 1
FROCHD 1
FZ - Aoquisition Faramatars
Data_ 20161208
Tima 14.
IRSTRIM pact
EROBHD 5 m BAEBO EE-
EULFROC zgan
T 16384
SOLVENT CoC13
HE
o= 2
El B012.E20 Hr
/\ FIDRES 0. 483064 Bz
C H \ RO 1.0223616 mac
1531 Table 3.6, 2d .
=Y, 7] £2.400 umac
OE £.50 umac
TE 2987
o1 1.00000000 sac
00 1
—--—=-- CHANHEL f1 ==m==m—
BDCL 1
El 14.70 umac
FLL L]
ELIW 11.88122272 W
sFOL 400.1336012 MEz
FZ - Frommssing parammtars
i &8
=F 400.1300088 MHz
WD ™
558 o
18 0.30 Bz
cB o
BC 1.00
. A ||
T T T T T T T T T T 1
9 8 7 6 5 4 3 2 1 ppm
| |
g 8 [ NG
= || == ol | |ed
o
als174f_c13
Current Data Farametsars
™ - RN al=1T4E_c13
L} o oo WU W O EXEND 1
- - M ow DR VW NS FROCHD 1
-
= — ™~ M AR R AT Ao T - imiti -
0 o SoE ghasaagss 2 emisitiog tarppiers
LA bbb L b A pe 14.16
R Fouladl INSTRUM
FEOBHD 5 mm EAEEO BE-
FULPROG zgpgdd
o) 5536
SOLVENT cocll
] a7
os 2
B 24038 461 Bz
FIDRES 0.366798 Hx
A 1.3631488 sec
BC 2249
oW 20.800 usac
oz 6.50 usac
1= 299.0 &
o 2.00000000 sec
D11 0.03000000 =ec
00 1
/\ SRR &% 11 1 A3 3 Qe —
CasH Table 3.6, 2d =
15" 131 aple .0, = 530 usac
FL1 -2.00 ds
ELIW 58.52175522 W
SFOL 100. 6223293 mEiz
—- CHANNEL £2
12 waltz
HuC2 1
ECED2 90.00 usac
PL2 L=
FL12 15.00 da
FL13 15.00 da
ELIW 11.98122272 W
EL12W 037571725 W
FL13W 037571725 W
=F02 400.1316005 iz
52 - Processin rametars
81 N PEJZTES
S 100. 6127671 ez
WO EM
EEE [
L8 1.00 mz
ca [
EC 1.40
- -
. " ¥ 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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Catalytic Upgrading of Biofuel

File D:\MassHunter\GIMS\1\data\alston\als174f.0
Dperator duan
Acquired : 82 Dec 2816 11:19 using AcgMethod M1.M

Instrument : 5977
Sample Name: alsl74#
Mise Info =

wial Number: 7

Abundanca ‘SCAN 440 (4,408 min): als1747.D'aala.ms

B
B
)
[

1400000
1300000
1200000

1100000 B9.2

100000 C15H31/\ Table 3.6, 2d

BO0000| 113

1253

1393

| ‘ ” B3 g 2104
1824 sppa |
I Il I|| il ] ! 2015

| T
- T A S A Sy s st g« sy g enans s raspenaysr st

100000
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Catalytic Upgrading of Biofuel

alslifBde H
- - - =
355:08&&3851«&55&&&383&5«
R T2geruIiorasd i o
N rER5 388683200858 oR0n
PR © 00w W w0 w W wwwnwwwwned oo
"—%ﬁéﬁ}\\ R rﬁ@aﬁ—) - ';/
f/
Curmnt Data Paramatacs
HAME alslgda
EXFNOD 1
FROCND 1
FZ - Aoguisition Paramatars
/ Data_ Z0170427
Tima
INSTHI pact
FROBHD 5 mm FRERO EB-
POLFRDC zg30
Table 3.6, 2e 3
. ] SOLVENT cocl3
HE 16
MeO i :
SWH B012.620 Hz
FIDREE 0.483064 Hx
RO 1.0223616 sac
RC 80.6
oW 62.400 usac
OE 6.50 umac
TE 237.9 K
DL 1.00000000 sac
TDO 1
e CHANHEL {1 ==
HOC1 1H
Pl 14.70 uzac
FL1 -
PL1W 11. 88122272 W
8FO1 400.1336012 MEz
FZ - Fromssing paranatars
a1 €8
8F 400.1300113 MEx
WDW M
8B o
1B 0.30 Hx
GE ]
EC 1.00
‘ 1 .
T T T T T T T T T T 1
9 8 5 4 3 2 1 ppm

100 —
S
211 -
308~

alsl84e_13C

Current Data Farameters
ML

ur W00 WD - alsiféa
o o e Mo =N " [=3 EXFNO 2
. e . i "o Y I FROCHD 1
o e 593 e W @
PN e ™ B -
S I EEE8 8 12, Aewisision saimmecs
LA Time 10.00
INSTRUM =pact
PROSHD 5 mm PABEO BE-
PULPROG z 30
D mjs
SOLVENT cocl3
N3 29
o3 2
S 20033. 461 Bz
FIORES 0366799 Bz
ng 13631488 mc
/ A 203
o 20,300 umac
oE £.50 ussc
= 2987 &

2.00000000 =ec

Table 36, Ze B 403000000 =
Meo ;,a;'l"" CHANNEL £1 -13;--“-

Pl 9.50 usac
PL1 -2.00 da
PLIW 58.52175522 W
SF01 100. 6228298 ez
e CHANNEL £7 meeee——
CPOPRG[2 waltzlf
HuC: 1H
PCPD2 80.00 usac
PL2 L]
PL12 15.00 da
PL13 15.00 da
PLMW 1188122272 W
FL1ZW 0.37571725 W
FL13W 0.37571725 W
sFo2 400.1316005 mEz
F2 - Processing paramters
81 4 ee 768
ar 100. 6127736 mEz
WIW M
538 [
18 1.00 Bz

l M -

L | BC 1.40
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Catalytic Upgrading of Biofuel

File D:'\MassHunter \GMS\1\data\alston\alslBdet2.D
Operator @ duan

Acquired @ 26 Apr 2017 15:37 using AcgMethod M1.M
Instrument : 5977

Sample Name: alsl8det2

Misc Info :

vial Number: 2

Abundance Scan 201 (3.0F min): eis184at2. (hoata ms
14p.2

2400000

1200000

=

i MeO Table 3.6, 2e

1200000

1000000 1211

GO0000| 774 1331
g1y 1084

o Iy | |||| ||| | 2328 253 201.1 3102 3371 3412

BT ™t o= s o e e POl 00 0401l kP el
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Catalytic Upgrading of Biofuel

Curmnt Data Parametars
HAME alsigdg
ENFNO a
FROCHD 1

FZ - Acquisition Faramatars
Dat

20170427
13.
INSTRDM mpact
FROEHD 5 =m EAEED EE-
FULFROG 2g30
™ 16384
SOLVENT coc13
S 16

2
M O W B012.820 Hz
e Table 3 6 2f FIDREE 0.433064 Hz
=Yy E) 1.0223616 sac
1z
oW 62400 usac
OMe OE £.50 usac
1E 238.1 K

oL 1.00000000 =ac
1

H

14.70 usac
LR}

ELIW 11.58122272 W

SFO1 400.1336012 MEz

F2 - Processing paramaters

i

aF 400.1300095 MEz

WD ™

358 ]

1B 0.30 Bz

=] ]

BC 1.00

ok i | .

T
70 65 60 55 50 4

S5 40 35 30 25 20 15 1.0 ppm
|
| W ][] &) - I~
| 4l ollal o™ ™ |ed o
als184gcl3
Current Data Farametars
S @ 0w 0 0 D b als184g
o0 M AD o U o0 I T 00 o o o w o EXEND 4
= o~ ~ = FROCHC 1
Rl - - T B K
L R s R R ~ o N @ @ F2 - Roquisition Paramsters
B i i i i e M i o o I — Bate EREETTE
SRS s L Time 13.06
TN re INSTRUM =pact
FPROSHD 5 mm PABEO BE-
PULFROG z 30
D 5536
SOLVENT cocl3
N3 a
o3 2
S 24039.461 Bz
FIoREs 0.366794 Hz
/ ag 1.3631488 =ec
G 223
o 20,800 usac
oE £.50 umsc
= 293.2 =
m 2.00000000 =ec
11 1003000000 =ec
D0 1
MeO Tabe 3.6, 2f S
HUC1 13c
5 9.50 ussc
FL1 -2.00 d=
e ELIN 5852175522 W
sFo1 100.6228298 Mz
S R—
waltzig
20.00 usec
15.00 da
15.00 da

400.1316005 mEz

F2 - Processing parameters

81 768

aF 100. 6127741 mmz
WOW M
EEE] ]

18 1.00 Bz
ca ]

BT 1.40

T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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File D:'\MassHunter \GMS\1\data\alston\alslB4g.D
Operator  : duan

Acquired @ 26 Apr 2817 12:17 using AcgMethod M1.M
Instrument : 5977

Sample Name: als1dg

Mise Info

vial Nunber: 4

Abundance

1361

Il A

Scan 308 (3,565 Min): als184g.Didata ms

w2

MeO
OMe

Catalytic Upgrading of Biofuel

Table 3.6, 2f

150 140 180 160 170 1

144
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Catalytic Upgrading of Biofuel

alsi69H H
BN BE 28888y BEE 39S CRERBTYBEIBNBRBTR
AT aAARQARCRQAC Qe geaARRENTIITAN
PR ODOODODOOUODO UL EOUODL OWOL T IO IO N
;‘—hﬁ%ﬁ S A ) A ot
o
Curment Data Parametars
HAME als163H_H
EXFNO 1
EROCHD 1
F2 - Roquisition Faramatars
Data_ 20160315
Tima 1538
INSTRM apact
FROBHD 5 mm PAEEO EE-
FULPROG zg30
\ ™ 16384
SOLVENT coc13
HE 16
os 2
Ta e 3 6 29 L 012620 Hz
) FIDRES 0.433064 Hz
g 1.0223616 sac
RC 0.6
o £2.400 usac
OE £.50 uzac
TE 237.7
o1 1.00000000 =sac
™o 1
mmm——mn CHANNEL ] e———
HOC1 1H
1 14.70 umae
FLl 0B
FL1W 11.BB122272 W
SFO1 400.1336012 MHEz
B2 - PIGmRSSing paramtars
8I &8
8F 400.1300104 MEz
WO ™
55B [
1B 0.30 Ez
[=:] a
BC 1.00
1
T T T T T T T 1
9 8 7 6 5 4 ppm
L
| ol fio @ (o
ol al= (& = |8
ol ~lal = il ey
als16%H_13C
Current Data Farameters
N W HAME als1698_13C
- R=R - o w W o EXEHO 1
L - ™M ow - " EFROCHC 1
~ 0w T s s + @
= e o u 2 F2 - Acuisition Parameters
il akabalie e b Date_ 20160919
L, LA Tims 10.35
INSTRUM =pact
FAOHHD 5 mm EAHSC HE-
EULPROG zgpg3l
o 5536
SOLVENT cocl3
N3 108
o5 2
SWE 24038, 461 Hz
\ FIDRES 0366798 Bz
A 1.3631433 mec
AL 03
Table 3.6, 29 o
=
o1
O11
00
e CHANNEL f1 =eeee——
HUC1 13c
F1 9.50 usac
FL1 -2.00 ds
FLIW 5952175522 W
sFO1 100.6223299 miz
e CHANBEL £2 mee—
CPOPRG[2 waltzlé
HuC2Z 1H
ecenl 2000 usec
PL2 0 ds
FL1Z 15.00 dB
FL13 15_00 d=
LM 11.98122272 W
FL12W 037571725 w
FL13W 037571725 W
SF02 400.1316005 mEz
F2 - Processing parameters
81 32763
aF 100. 6127741 wEz
WOW EM
558 0
L8 1.00 Hz
=a a
EC 1.40
T T T T T T T T T T
200 180 160 140 120 100 80 60 40 0 ppm
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File

Dperator
Acquired
Instrument :
Sample Name:
Mise Info =
wial Number:

:D:\MassHunter\G{MS\1\data\alston\als169H_P.Dv

15:28 using AcqMethod M1.M

Abundance

‘Scan 116 (2.651 min); ais168H_P.udalams
105000

100000

85000

X

1321

1154
I 4l 1489 dss0

191.0 207 023 2

253.0
| 26712810 kA

3461

Catalytic Upgrading of Biofuel

Table 3.6, 29

405.0 503.3

e e AR AN

miz—
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Catalytic Upgrading of Biofuel

Curmnt Data Paramotars
HAME

alsl7T3b H
EXPNO 1
FROCHO 1
FZ - Roguisition Farameters
Data_ 20161124
Tima 14.40
THETHOM spact
FROBED 5 mm FAEEQ EB-
PULPROC zg30
T 16384
SOLVENT coc13
NS 16
oE 2
SWH B012. 620
FIDRES 0. 433064
g 1.0223616 mac
Tabel 3.6, 2h =
F . ) oW 62. 400 usac
DE .50 usac
TE 298.1 K
D1 1.00000000 sac
pei] 1
meemmeee CHANNEL f] ==
HDC1 1H
Fl 14.70 usac
PL1 0 dB
FL1W 11.88122372 W
8F01 400.1336012 MHz
FZ - Processing paranatars
81
aF 400.1300131 MHEz
WOwW pi
S5B o
LE 0.30 Hz
GE o
BC 1.00

oo o [l = w| [=
v—.‘rca 9| (S ! ol (e
eiled ~llal e ol led

als173b C13

Current Data Farameters
ML

TN TOWTWOWWn alalide £
- T o IO R = ] o w w 0o EXFNO 1
P o & 1 6 FROCHD 1
oo e ® o nu e + o +
R R R ks i w0l iy = 52 - Acguisition Paramters
o kel aEalinkel ~re e Ly Date_ 20161124
\“} \V P/ \{'/) \\l/) l\{) Time 1444
THETRIM space
PROSHD 5 mm PABEO BE-
PULPROC = 30
D %EEJE
SOLVENT cocl3
N3 139
o=
S 20033. 461 Bz
FIDRES 0.366798 =
ag 13631438 mc
RG 228
\ ™ 20,300 umac
DE 6.50 usac
= 298.3 &
o1 2. =o
o11 a.030 =
able :
- )
HUC
Pl
PL1 -2 da
ELW 58.52175532 W
sFoL 100.£223233 ez

sFoz 200. 1316005 wEz

F2 - Erocmasing parameters
85I

S 100. 6127730 wz
WIW

EEE L]

18 1.00 Bz
ca L]

BT 140

T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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Catalytic Upgrading of Biofuel

File :D:\MascHunter\GIMS\ 1\ data\alston\ALS1736.D
Operator @ duan

Acquired @ 11 Nov 2816 14:58 using AcqMethod M1.M
InStrument : 5977

Sample Name: ALS173B

Mize Info

vial Number: 2

Abundance Scan 123 {2.681 min): ALS1738.Chaate ms

400010 E Table 3.6, 2h

1500001
1502

100000

432

671 751 ‘ 0E2 12|2.2 1=.2

ol PR = 1 ly . l pdl 2073 2631 2033
ks 80 6 o e 1 o 1 1ka To o ke 1 2o 2l 2z 2lo 2k ooz 2 2k a0

R e Iiblu
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Catalytic Upgrading of Biofuel

alsi75ke_H
SEEWazasasaassmsasawg@ggss%ma
(=} S m~0nm - E; o e oy sg - :z fe g R - -] o E; P~ b B
ANANNE R Err 00 QeAqAaNnRRAH NN NN Y
oL LRV OR O oo RoeRU LWL oW
B e U
Curment Data Parametars
HAME als175a
EXFNO 1
EROCHD 1
F2 - Aoquisition Faramatars
Data_ 20170210
Tima 3.22
INSTRM apact
FROBHD mm PAEBO EE-
FULPROG zg30
™ 16284
K‘x._\_ SOLVENT CoC13
HE 168
os 2
. o 5012820 Hr
Table 3 .E 2' FIDRES 0433064 Ez
- - g 1.0223616 sac
RC 22.6
o £2.400 usac
OE £.50 uzac
TE 237.9
o1 1.00000000 =sac
™o 1
mmm——mn CHANNEL ] e———
HOC1 1H
1 14.70 umae
FLl B
FL1W 11.BB122272 W
SFO1 400.1336012 MHEz
B2 - PIGmRSSing paramtars
8I (3
8F 400.1300103 MEz
WO ™
55B
1B 0.30 Ez
[=:]
BC 1.00
PRI
T T T T T T T T T T T T T T T T T T T T
18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 ppm
|
10wy =g |[@ -
| =lal |a ]
&= ale=l o &
alsl175e_cC13
Current Data Parametsra
TWOORN DWW MO Mo A =175
MM DAOMAOOho T o0 ® o EXEND 2
f e e e e e e e e e e Y e o Iy EROCHD 1
FOCHOORE - ORTETOW -+ o+ +
R R R R R RS R R R E S R I o F T -~ 52 - Aoguisition Parameters
B I R g e G e G el e i o o I Data_ 20170210
Lolb ) el A Tim
— INSTROM
FROBHD
FULPROG
SOLVENT
L]
o8 2
B 24038_461 Ex
FIDRES 0366798 &z
AgQ 1.3631483 =ec
HG 1
o 20.300 usec

Huc2
ecEn?
L2

FL12
PL13
PL2W
FL1ZW
PL1W
aFo2

DE
TE 8 K
‘ %
00
\ ;.{.E;"" CHANNMEL £1 -13;--...
511 00 dm
- PLIW
Table 3.6, 2i
2

T T T T
200 180 160 140 120 100 0 ppm
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6.50 usac
59a.2

2

0 sec
0.03000000 sec
1

15.
11.88122272 W
037571725 W
037571725 W
400.1316005 wEz

£l - Processing parameters
I 32768

100. 6127909 Mz
M

1.00 &=
1.40



Catalytic Upgrading of Biofuel

File D:\MassHunter\GCMS\1\data\alston\alsi75e.D
Operator  : duan

Acquired : 87 Feb 2817 15:39 using AcgMethod M1.M
Instrument : 5377

Sample Name: als17%Se

Misc Info

vial Number: 158

Abundance ‘Scan 886 (6.967 min): als17 62.D'data ms

400000

380000}
340000

300000

2080000 \
20000 Table 3.6, 2i

200000
180000
160000}
140000
120000}
100000}

2000 11838

1862
40000|

345 1067

511 B 750 e || L “ AT vl ||
™ @ 70 80 % 1 1o 12 130 180 180 1o w0 18 180

3101 3271

St ve ke ol s o R s ahss s

mEz—=
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Catalytic Upgrading of Biofuel

acth2ka_H
ModMoTdoaT o oT O W oo — ~
oo o oo~ B0 dood — oo
AN NNt A h oo w W w Current Data Farametecs
Ll ol ol o el e e R I — HAME acthabz
EXFND 1
;&\W \V/ | \Y) PROCHO 1
F2 - Acquisition Parameters
Data_ 20171024
Tima 15.17
INSTRUM pact
PROBED 5 mm PABEQ EB-
BULFROG zg30
m 16?&!
SOLVENT cocl3
Nz 16
0= z
=1 8012.820 Hz
FIDRES 0.4B9064 Hz
OH Ag 1.0223616 sec
RG 45.2
oW €Z.400 usec
DE 6.50 usec
IE 295.1 x
M D1 1.00000000 sec
e 00 1
CHANMEL £1 =
18
14.70 usec
0 de
11.88122272 w
Table 4 4 2a 400.1336012 pmz
! F2 - Procossing paramtors
81 32768
e 400.1300080 pEz
WoW M
S58 0
LB 0.30 mz
GB a
BT 1.00
l . 1— J Im
I T T T T T T T T T 1
9 8 T 6 5 4 3 2 1 Ppm
L | I
oo {x} ("} ] =}
[~ @ w ol =1
< v—'] :i] o = n]
acth2ba cl13
- o=
i e REER g
i e e A
= e s it
I/ Wi |
Current Data Farameters
HAME acth?ba
EXFNO 2
FROCKD 1
F2 - imition Paramctars
nata_m 20171020
Tima 18.27
INSTRUM spact
5 mm PAEED EE-
FULFRDG 2qpg3l
I gg:s
SOLVENT ool
NS 11
OH E =
EWH 2d038.4€1 Hz
FIDRES D.3EE7%0 Hz
RQ 1.3E314B8 =soc
RZ 144
oW 20800 usec
Me DE 650 usac
TE 205.7 K
o1 2.00000000 sec
o1 0.03000000 =ec
o0 1
—mmmmmen CHANNEL £l mmeee———
WUCL 13c
Table 4.4, 2a = 350 usec
= FLL -2.00 dB
ELLW EB.E2175522 w
SFOL 100.E228298 MHz
FL12 1500 4B
FLL3 15.00 dB
FLIW 11.80122272 W
FLL1IW 0.375T1725 W
FL13W 0.375M1725 W
SFOZ 400.1316005 MEz
F2 - Frocessing parameters
34 32768
SF 100.E127797 MEz
WO =]
EEE ]
IE
T T T T T T T T T T T - 5 100
200 180 160 140 120 100 80 60 40 20 0 ppmsc 1.40
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acth33H2 H

AD 0 O - r~ = W o
o WO U~ o« o o
™™ Lol
[l ol < - - = T T
N Ny

OH
Me

MeO
Table 4.4, 2b

AV

——3.852
T—3.782

—2.533

1.464
1.448

=Z

1.80=
IR
1.81=

acth33HZ C13

Catalytic Upgrading of Biofuel

Current Data Farameters

HAME acth33H2
EXEND 1
PROCHD i

F2 - Aoguizition Farametars
Data_ 20171116
Time 16.02
INSTRUM spect
PROBHD 5 mm FAEBO BE-
BULFROG zgil

g 16384
SOLVENT cpel3

HZ 16

DS z
SWH E01Z.820 Bz
FIDRES D.4E90Ed HZ
AQ 1.0223616 sac
ARG &

oW EZ.400 usec
DE 6. 50 usec
IE 208.4 K
ol 1.00000000 sac
ol i

Pl 14.70 usec
PL1 0 da

BL1W 11.88122272 W
srol 400.1336012 MHz
F - Froocessing paramaters
a1

s5r 400.1300102 =z
WoW M
EEES 0

LB 0.30 Bz
Ga 0

BT 1.00

& 5 zE & T o -
. N T o =
- noRa ] Sl F: =
a s o3 o TEEE e o Current Data Faramctors
HAME acthiiul
I VI oo :
FROCNO 1
¥2 - Acquisition Faramators
Date_ 20171116
Tima 1E.07
IHETRIM spect
5 mm FRAEEO EE-
FULFROG 1gpg3l
o Tiae
SOLVENT cocll
OH e z
DS 2
SWH 24D3B.dEL Hz
FIDRES 0.3EET798 Hz
ng 13631408 =mac
i 228
Me oW 20.B00 usec
DE E_5] usoc
TE 20B.E X
o1 2.00000000 sac
o1l 0.03000000 =ac
o0 1
Meo mmmmmmm CHAMNEL {1 seee——
WUCL 13c
Table 4.4, 2b o 330 e
. H FL1 -2.00 4B
FL1W 5B.52175522 w
SFO1 100.EZ2ZB25E mHz
——— (] L £ e
waltzlE
wuc? 18
FCFDZ B0.00 uwsec
FLZ 0 d8
FL12 15.00 48
FL13 15.00 48
FLIW 11.8B122272 W
FL1IW 0.375T1725 W
FL13W 0.37571725 m
SFO2 a00.1316005 MHEZ
L ‘ I | F2 - Frocessing paramctars
" .
EF 100.E12TERD MHx
WOW =)
S5E 0
ILE 1.00 Hz
T T T T T T T T = I
200 180 160 140 120 100 80 20 0 ppmec 1.40
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Catalytic Upgrading of Biofuel

153

acth331iZ_H
R X - o &S W@ w -
~ i~ W WD W M o o~
W 0 o 00 o B el ] - =
I ol e S R LR ] —
WS N Wi
Current Data Paramctors
HAME acth3312
EXFNO 2
FROCNO 1
F2 - Acquisition Parameters
Date_ 20171116
Time 1B.16
INSTRUM apeot
OH FRAOBHD 5 mm FREBQ BE—
FULFROG =g30
0 16384
SOLVENT cocld
NS 16
ns 2
Me i B01Z.B20 Hz
FIDRES D.4809064 Hz
AR 1.0223616 mec
RG iz
o 62.400 usec
Me DE 6.50 usac
TE 298, 3
o1 1.00000000 =ec
Table 4.4, 2c '
L]
CHANNEL £1
iH
14.70 usec
0 dn
11.BE122272 W
400.1336012 mEz
F2 - Processing parameters
81 IFT68
SF 400.1300093 MEz
WO EM
S58 a
LB 0.30 Bz
GB a
FC 1.00
T T T T T T T T 1
9 ] 7 [ 5 4 2 Ppm
r l r l‘ FW
@ =] o ) ~
~[ e o o | o o
el nl] =1 |+ o =
acth331rz_ci3
Current Data Parameters
ML acthiirl
e e EXEND 3
=9 Ha g8E s FAmcwo !
EREI rre g o F2 - Aoguisition Parametars
[ e s Data_ 20171116
1T W | e
INSTRUM apact
FACEED & mm FRAEED EE-
EULEROGS 1qpg30
0 [T
SOLVENT cocl3
N3 20
o3 2
SWH 20030_461 Hx
FIDRES 0.3EET00 Hx
OH RO 1.3£314088 =mac
HE £l
™ Z0_B00 usas
0E £_5D usac
TE 2003 K
01 2_00000000 sec
Me D11 0-03000000 =ac
00 1
e e CHANNEL fl s
NUC1 13c
F1 9_ED usac
Me BL1 -2.00 dB
FLIW 58_E2176522 W
Table 4 4 2C L 100.EZ20200 Mz
v —_—— I 5 J—
CEOERG[2 waltzlE
wuC2 18
ECED2 BD.00 usec
FL2 0 48
FL1Z 16,00 dB
FL13 1600 dB
LW 11_BB122372 W
FL1ZW 0_37671726 W
FL1IW 0_37E71726 W
RN 4001316005 Mz
F? - Frocessing parametars
a1 33768
a5 100. 6127600 Mz
WIW )
EEES 0
| I 18 1.00 Hz
L ca 0
g FC 1.40
T T T T T T T T
160 140 100 80 60 40 20 o ppm



Catalytic Upgrading of Biofuel
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acth33k_H
MRS OoMN oo WO ™~ ooy u L= M-
= N el L R ] s Bl - ™M w wy
W nw T ety @ o o T T T uy L
r:r-:r:r:r-:)r:r:/s-: q‘q‘-éj «‘.«4«“;‘» I -
N RV Ve N
OH
Me
Br
Table 4.4, 2d
) X
T T T T T T T T T T
9 8 T 6 5 4 3 2 1 ppm
5 4 G
&l g & 3
acth33k_ci13
i 332 seue %
| I W
OH
Me
Table 4.4, 2d
. . | ] L |
200 180 160 140 120 100 80 60 40 0 ppm

Current Data Farameters

HAME acthiik
EXEHD 1
EROCHO 1
FZ - Acguizition Farameters
Date_ 20171114
Tima 16,16
INSTRUM spect
FROBHD  § mm FABEO BE-
EULFROG zgdl
16%!!
SOLVENT cocl3
HE 16
D= z
SWE 8012.820 Hz
FIDRES 0.4B9064 Hz
AQ 1.0223616 =ec
HG 36
oW €Z.400 usec
DE 6.50 usec
1= 290.0 x
Dl 1.00000000 sec
o0 1
= CEANNEL £1
18
14.70 usac

0 dB

400.1336012

11.88122272 w

MEHE

E2 - Frocessing parameters
51 32766

sr 400.1300095
Won M
=58 0
s 0.30
GB 0
EC 1.00

Current Data Parameters

KRME acthilk
EXENO 2
FROCNOD 1
¥ - Roquisition Paramaters
Data_ Zn7114
Tima 16.22
INSTRIM spact
5 mm FAEED EE-
FULFROC 2gpgil
65536
SOLVENT ocll
HE 18
DS 2
EWH 24038461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sac
o 228
oW 20,800 usec
DE €.50 usec
TE 258.2
o1 2.00000000 sec
D11 0.03000000 sec
o0 1

FL1 -2.00 @&
5052175522 W

EFO1 100.6228298 MHz
e CHANNEL 2 meeee——
CFOFRG[2 waltzlE
wucE 18
FCPD2 B0.00 usaec
FL2 0 de

FL1Z 15.00 4B
FL13 15.00 dE
FLIW 1188122272 w
FLLIW 0.37571725 w
FL13W 0.37571725 w

400.1316005 Mz

F2 - Processing parameters
51 ]

327¢l
SF 100.6127785 MHz
WOW ™
SSE o
LE 1.00 Hz
=3 o
PC 1.40

Mz

Hz



Catalytic Upgrading of Biofuel

acth3ilo H
Current Data Parameters
MAME acth3ds
ST T ET O oy — oy =1 EXEN 1
W w0 O o I A o L] @
NN A A A D o o o o W = T FROCHD 1
il ol ol ol T o oo - - F2? - Aoqguisition Paramotors
W{g_{__—‘ l\‘_&/// || ||’ v Data_ 201?;1;:
16.
INSTRUM =pact
FROBHD 5 mm FABBO BB-
FULFROG zg30
o 16384
SOLVENT cocl3
3 16
ns 2
SWH B012.820 Hz
FIDEES D.4805064 Hz
OH AQ 1.0223816 =ac
RG 36
oW 62.400 usac
DE 6.50 usac
TE 208.1 K
Me D1l 1.00000000 sac
00 1
= CHANNEL £1
HUC1 1H
F1l 14.70 usec
FL1 0 da
FL1W 11. BE1ZEZT W
Me sFol 400.1336012 MEz
F2? - Processing paramcters
sI
Table 44 Ze sF 400.1300099 M=
! WO EM
sSB 1]
LB 0.30 Bz
B 1]
PC 1.00
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
LL L
) -] e =}
@@ @ (@ =]
= .:].: =] S|d|el =
acth33o C13
Corrent Data Faramctars
HRBE acth3dlg
EXEND 2
FROCHD 1
wom e
F, B Adan = S F2 - Aoguisition Farameters
- -+ & e Data_ 20171114
o = cied Time 17.11
INSTROM =pect
PROBHD 5 mm EABBO BE-
FULFAOG opg.
O 65536
SOLVENT cocll
NS 42
os 2
SWEL 24039.461 Hz
FIDRES 0.366799 Hz
O 1.3631488 mac
OH AL 256
o 20. 800 ussc
o E.50 u=mac
IE 2986 &
o1 2.00000000 sec
Me D11 0.03000000 sec
00 1
————m—— CHAMNEL £1 ————eem—m
HUT1 13c
41 9.50 usac
FL1 -2.00 ds
PLIW 58.52175522 W
M SFO1 100. 6229209 MEz
€ e CEHANNEL £2 mmemeeee
CEDERG([2 waltzlé
Table 4.4, 2e i
' BCEDZ 20.00 usec
PL2 o
PL1? 15.00 d=8
PL13 15.00 da
PLIW 11.88122272 W
FL1ZW 037571725 w
FL1 0. 37571725 w
gE02 400. 1316005 wEiz
F2 - Procoasmin ramsters
s1 9 P iTea
ar 100. 6127750 MEx
W EM
EEE] 1]
18 1.00 EHz
[=:} o
BC 1.40
T 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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Catalytic U

0.87,~
—_—
0.89

acth33g H
SR AV NP MO ANO PR DS o o @ o
TOANAMMAA RS SN O NSO D oo o] NownMmo
MO AR DA 00 AO00 O w W e T T
i e T o o
WW l‘\_v/ ‘\V/ "x&_‘ A
OH
Me
OEt
Table 4.4, 2f
I T T T T T T T T T 1
9 8 7 6 5 4 3 2 i ppm

pgrading of Biofuel

Current Data Farametars
MAME

acth33g

EXEFNO 1

FROCNO 1

FZ - Acquisition Parameters

Dats_ 20171116

Tina 16.24

IHSTRIM =pact

FROBED 5 mm FAEBD BE-

FULFROG zg30

™ 16384

SOLVENT cocl3

HE 16

ns z

SWH B01Z.B20 Hz

FIDRES 0.489064 Hz
1.0223616 =ac

RG 354

oW 62.400 uscc

DE 6.50 usac

TE 28B.3 K

oi 1.00000000 =ec

D0 1

CHRMHEL £1

WuC1 1H

Fl 14.70 usac

FL1 D dB

FLIW 1186122272 W

SFO1 400. 1336012 MHZ

FZ - Frooessing parameters
SI 32768

SF 400. 1300093 MHz
WEW EM

=58 ]

LB 0.30 Bz
GB ]

FC 1.00

acth33g C13
w anem @
- mene o W ~ e
. [ fras B o=
2 sH458 o i g
a i e oo
| N | | S —
HAME acth3.
EXERO
FROCHO 1
F2 - Roguisition Farameters
Date_ 20171116
Time 18.09
IRETRIM spact
FROEHD 5 mm FABED BB-
FULFROG zgpg3l
OH = 3L
SOLVENT cocl3
NE ao
DS 2
EWH 2403B.4E1 Hz
FIDRES 0.3EET9E Hz
M RO 1.36314B8 =mac
e RC 228
oW 20,800 usec
DE £.50 usec
TE I00.5 K
o 2.00000000 sac
D1l 0.03000000 sec
Et £ 1
mmcmeeee CHAMNEL fl =seeceee
NuCL 13c
Table 4.4, 2f n 350 e
. ) FL1 -2.00 dB
FLIW EB.521TEE2D W
EFO1 100.6220208 Muz
mmmmmmme CHANKEL {7 seee——
[z waltzlé
wuc? 1
FCFDZ BED.00 usec
FLZ 0 de
FL1Z 15.00 dE
FL13 15.00 2B
FLIW 11.BB122272 W
FL1IW 0.376717256 W
FLLIW 0.3TE71725 w
EFO2 400.131E005 pEz
| | FI - Processing parameters
o Wil Sl -
o - S 100. 6127741 Maz
WIW B
SEE 0
LE 1.00 Hz
T T T T T T T T T T = 0
200 180 160 140 120 100 80 60 40 20 0 ppmsc 1.40
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Catalytic Upgrading of Biofuel

acth33a_H

Currant Data Paramatars
RRME

EXPND
PROCKD

8.537
8.528
7,708
7.701
T.686
7.682
T.667
T.663
7.284
7.264
T.258
7.211
T.198
7.193
7.180
~ 4,896
1.510
1.494

%4.379

~4.863

actniia
1
1

F2 - Aoquisition Paramatars
20171

Data_ 109
bl L 2 Tima 943
NS spact
CROEED 5 mm PREBO EB-
TULPROC g0
16384
EOLVENT cociz
RS 1E
] 2
8012820 Hz
FIDRES 0. 489064 Hz
RQ 1.0223616 nac
BC 128
oW 62400 usac
i 6.50 usac

OH %

207.9 K
1.00000000 sac
1

= e CHAMNEL £1 =

WIC1
Pl

PL1 o
\ PLIK
e £

14.70 umc

4B
11. 88122272 W
400.1326012 MHz

| F2 - Procassing paramatars
51

~N o,

Table 4.5, 4a @ o

T

400.1300106 MHz
™

0.30 Hz

1.00

9 8 T 6 5 4 3 2 1 ppm
g g 7= & e
- = |=]= =1 o
acth33a_13C
Currant Data Parametars
KAME acthiia
EXFNO 2
2 z 8 B e e w FROCHO 1
; ! . e nERE s
b 2 b4 ] R - F2 - Acquimition Paramctors
= [ Bl ~E e o Date_ 20171108
Tima 10.52
INETRUM spact
FROEHD 5 mm FAEEO BB~
FULFROG zgpg3d
5536
EOLVENT cocll
NE 145
DS 2
EWH 24039. 461 Bz
FIDRES 0.366799 HE
RQ 1.3631438 sec
HG 203
bl 20.900 usec
oE 6.50 usec
TE 298.3 &
o 2.00000000 sec
D11 0.03000000 sec
TD0 1
O H wuc1 13c
¥1 3,50 usec
FL1 —d.
FLIW 58.52175522 W
sFOL 100. 6223298 Mz

| Me

N =,
Table 4.5, 4a

EI
EF
WO
EEE
LE

GE
BT

157

==mmmmme CHANNEL
CEDERG[2

£ mmmmmm

waltzlé

1H
80.00 wsec
15.00 da
15.00 da

11.B8122272 w

0.37571725 W

D.37571726 W
400.1316005 Mz

0de

F2 - Frocessing parameters

32763
100. 6127678 MEz
EM
]
1.00 HZ
]
1.40



Catalytic Upgrading of Biofuel

Current Data Farameters

HAME
EXFHD
FROCRD

acth3id
1

1

F2 - Aoquizition Parametors

Data_
Time
INSTROM
FROBHD
FULEROG

™
SOLVENT

20171114

16.05

spact

5 mm FABBO BE-
=gl

16384

cocli

16

2
B012.820 Hz
D.480064 Hz
1.022361¢ sac

i
62.400 usec
6. 50 usec

298.2
1.00000000 sac
1

in
14.70 usec

0 de
11.B812Z272 W
400.1336012 MEHz

F? - Processing parameters
IZ768

400.1300059 Mz
M

0.30 Bz
1.0

Current Data Farameters
HRME acth3id

acth33d_H
T NTHOT N [ k1] — oo
SanRRdReADsS SRGa & oE
I T W o o -
‘-b=:§;;:a§§£,,i,fL~J k“$§FL'J | kv/
OH
74 ] Me
Table 4.5, 4b
I T T T T T 1
9 ) T [ 5 4 pPpm
| |
283 5 BB
acth33d acl3
g B g
OH
74 / Me
Table 4.5, 4b
200 180 160 140 120 100 80 0 20 0 ppm
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EXERO

FROCHO 1

¥2 - Acquismition Paramotars
Date_ 2071114
Tima 1£.11
INSTRIM apect
FROEED & mm PAEBO EE-
FULFROC zqpg3D

o i
SOLVENT oocl3

HE L]

DE 2

EWH 24038.4€1 Hz
FIDRES 0.3EET0E Hz
RQ 1.3631408E8 sac
RC 228

oW 20_B00 usec
DE S50 usec
TE 2085 K

o1 2.00000000 =ec
D1l 0.03000000 =ec
™0 1
m——mmmme CHAMNEL £l mm—e——
wuC1 13c

Fl O_50 usec
FL1 -2

FL1W 5B.521755322 W
EFO1 100. 6226298 MHz

EI
EF
WoW
EEB
LE
[~}
BT

- CHAMNEL £2 -
2 waltz

1H
BO.00 usec
0 de
15.00 dE
15.00 dm
1188123371 w
0.37671735 W
0.37571725 W
400.131E005 puz

F2 - Processing parametaers
327eR

100. 6127736 MHz
=1

1.00 Hz
1.40
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acth3ika H

Current Data Parameters
z eLhgd = HAME acthia
e -0 o EXFNO 1
. e e e e EROCHD 1
o o
F2 - Acguizition Farametors
Data_ 20171214
Tima 1Z.00
INSTRUM spect
FROBED 5 mm FAEBO BB-
PULFROG =zg30
il 16384
SOLVENT cocl3
HE 16
ns 2
SWH 8012.820 Hz
FIDRES 0.4B9064 Hz
aQ 10273616 =men
RG 0.5
OH o 62.400 usec
DE 6. 50 usec
IE 297.0 x
ol 1.00000000 sec
o0 i
CHRANNEL f1 =
is
14.70 usec
0 d8
11.88122272 W
400.1336012 sz
F2 - Froocessing parametors
81 IZTEB
ar 400.1300080 Mz
Table 4.6, 6a = =
] s5B Q
L8 0.30 Hz
GB L]
EC 1.00

T T 1
6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 20 1.5 0.5 ppm

1.0
L L
@ o l=xflal Mol
- RGN G
a ]'— lnl - 1-5
acth3ba 13C
HEE o g 43 Current Data Parameters
-] w o HRME acth3ba
R B o EXEND ]
q/ | | || I| EROCHD 1
FZ - Acquisition Parameters
Data_ 20171214
Tima 1Z.05
INSTRIM spect.
EROEED 5 mm FAEBO HA-
EULFRDG zgpg3l
™ EEE3E
SOLVENT cncl3
HE &T
DS 2
SWH 24038.451 Hz
FIDRES D.355T98 Hz
AQ 1.36314EE =mac
RG Z56
O H oW Z0.EOD usac
DE £.50 usac
TE Z9B.& K
DL 2.00000000 sac
D1l 0.03000000 sec
o] 1

e CHANMEL f1 e
HUC1 13C

F1 9.50 usac
FLL -2.00 dm
PLIW EB.E21TEEZZ W
EFO1 100.622ZEZ98 MHZ

== CHANWHEL £2 ==
CEDERG[Z waltzlg
NDC! 1

Table 4.6, 6a 20,5 wmae

FLZ o de

PFL1Z 15.00 dB

PL13 15.00 dm

PLIW 11.BB1ZZZTZ W

FL1IW D.37T57172Z5 W

FL13W D.3T5T1TZ5 W

SFO2 400.1316005 HHz

FZ - Processing parameters

8K 3ZTEE

SE 100.612TT2E MHz

WOW EH

=58 o

18 1.00 Bz
L cB o

EC 1.40

T
110 100 90 80 70 60 50 40 30 20 10 0 ppm
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acth3tb H
TN AV TNACA T A0 TO0 O A
AN NTHNRNOUONRE N0 - -
Ho daFrWw@VR BT TN O
‘«-Zn:._i_i.-i_i_i.-i_i.-i._i_ifl.-i_.‘)._i.-i_i_iij_};
YT
OH
Me
Table 4.6, 6b
I T T T T T T T T T T 1
6.0 5.5 5.0 4.5 4.0 is 3.0 25 2.0 1.5 1.0 0.5 ppm
I
g 2g glls
(=] (=] - | |ed
acth3bb_ci13
OH
Me
Table 4.6, 6b
T T T T T T T T T T T T
110 00 90 80 70 60 50 40 30 20 10 0 ppm
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Current Data Farametars

HRME acth3th
EXPHO 1
FROCHD 1

E2 - Acguisition Parameters
20171214
12.13
spact
5 mm PABEO BE-
zg3D
16%&-‘1
cocl3
16

2
BO1Z.820 Bz
D.4E9064 Hz
1.0233616 =ac

E0.B
£2.400 usec
.50 usaec

207.B
1.00000000 sac
i

CHANKWEL £1 =

1
14.70 usec

11.BA12327F W
400.1336012 Mz

Fl - Processing paramoters
32

81 TEE

ar 400.1300069 Mz
W >

558 0

1B D0.30 Hz
cB 0

EC 1.00

Current Data Paramestars

HAHE acth3Eb
EXFHD F
FROCND 1

F? - Roguisition Parameters

Data_ 20171214
Tina 12.17
INSTRUM spact
FROBED 5 mm PAEBOD HE-
FULFRDG zgpg30

m 65536
SOLVENT cocl3

HE 34

] 2

EWH 2403B.461 Hz
FIDRES 0.366798 Hz
RO 1.3631488 sac
RC 203

oW 20.800 usac
DE &.50 usec
TE 2983 K
D1 2.00000000 =ac
D1l 0.03000000 =ac
oo 1
——mmmmee CHANNEL £l mmee———
HUC1 13C

Fl 9.50 usac
FLL -2.00 ds
FLIW EB.521T5522 W
EFDL 100. 5228298 HHz
=mmmmmme CHANHEL 2 ss—
CFOFRC[2 waltzlg
HOCZ 1H
PCFDZ ED.00 usac
ELZ

FL1Z 15.00 dB
FL13 15.00 dB
FLIW 11.BB1ZZZTZ W
FL1ZW D.37571725 W
PL13W D.3T5TLT2E W
SFOZ 400.1316005 MHz
FI - Processing parameters
SI 32TEE

EF 100. 8127702 HHz
WO EH

=58 0

L 1.00 Bz
=] ]

EC 1.40
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acth33g H

Current Data Farameters
NAME

CPR W AN AP O DT AME-OM DT =

HOOD@EWPEONN A0 00~ o £ acthi3g
TEMOOTOAOM MM N N o el EXFNO 1
I A e o P T o FROCHD :

F? - Acquisition Parameters

Data_ 20171109
Tima 1d.40
INSTRUN spact
PROBHD 5 mm PAEBC BB-
PULFROG zg30
™ 163E4
SOLVENT cocl3
HE 16
DS z
SWH 8012.E20 Bz
OH FIDRES 1. 489064 Hz
AQ 1.0223614 sac
RS 4
oW 6Z. 400 usec
OE 6.50 usec
TE 296.1 K
ol 1.00000000 sec
™00 1

Table 4.7, 8a

ppm

acth33g_13C

PLi 0 ds

PLIW
EFOL

11.88122272 w
4D0.133601Z MEx

F? - Frocessing paramotors
s8I 32768

8F 400.1300106 ME=z
WoW EM
358 ]

LB 0.30 Bz
GB o

BC 1.00

o e .
= e LREEE
o = e
- ann FRER
W '
Current Data Faramaters
MAME acthiig
EXFNO
FROCNO 1
FI - Acquisition Parameters
Data_ 20171109
Tima 1046
INSTRIM spact
FROEHD & mm FAEED EE-
FULFROC = 30
™ ggzs
EOLVENT oocl3
NE g
DS 2
EWH 2Q038.4E1 Hz
OH FIDRES 0.3EE7908 Hz
RAQ 1.36314BF =mac
Rz 203
oW 20,800 usec
DE E.50 usec
TE 250.5 K
ol Z2.00000000 sec
D1l 0.03000000 sec
o0 1
e CHAMMEL £1 e
NUC1 13c
Fl .50 usec
FL1 -2.00 d&
FL1W 5B.52175527 W
Table 4.7, 8a
1H
B0.00 usec
15.00 dE
15.00 d
11.B0122372 W
FL12W 0376725 w
FL13W 0376725 W
sFoZ a00.13160056 Mz
‘ | I F - Frocessing parametecs
| 51
g SF 100.612790% MEz
WO =
EEB -
T T T T T T T T T = o
160 140 120 100 80 60 40 20 0 ppms: 1.a0
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acth3d4a_H
FWE M- ~OTOERORMB T RO NS &
= R e e R i TR o =0 T ] A ap Current Data Paramcters
W U T T T e T 0 e O g g g HAME acth3da
P pisiel 1
il il ol Sl Sl S ol ol Sl o™
FROCHO 1
w A = \{J
— F2 - Acguisiticn Faramotors
Data_ 20171117
Time 9.08
INSTRIM =paot
FROBED & mm FABEO BE-
FULFROG zg
o 16384
SOLWENT cocl3
Me OH i i<
s 2
SWH EDi2.B20 Az
FIDRES D.489064 Hz
AD 1.0223616 =ac
RG 20.
oW 62.400 usac
DE E6.50 usac
TE 297.4 K
D1 1. 00000000 sac
o0 1
Table 4 7 8b = CHANNEL f1 =
=0y 1m
14.70 usec
0 de
11.BB122272 W
400.1336012 MHZ
F2 - Procoasing paramctors
51 3ZT68
EF 400.1300080 MHZ
WO EM
B8B o
LB D0.30 Hz
&8 1]
A X L FF 1.00
I T T T T T T T T T 1
9 8 7 [ 5 4 3 2 1 ppm
1,
sl @ g
| |ui (=} ol|ed
acth3da_C13
P e
pe e b ] ARE #
B at oy r
3383808940 ERES %
L KI\‘\\ Wg/ '\Vfl
A B
Current Data Parameters
HAME acthida
EXFRO 2
FROCNO 1
F2 - Roguisition Parameters
Data_ 20171117
Time 5.14
INETRIM 2Tt
5 mm FAEEOQ EE-
FULFROG 1gpg30
o it
SOLVENT =ik ]
Me OH ns 3
DE 2
EWH 2Q038.4E1 Hz
FIDRES 0D.3EET0E Mz
RQ 1.36314BB sac
G 181
oW 20.B00 usec
DE E.50 usec
= 200.7 ®
DL 2.00000000 sec
ol 0.03000000 sec
o0 1
Table 4.7, 8b e £
WuCL 13c
FL12 15.00 dB
FL13 15.00 4B
FLIW 1188122272 W
FL1IW 037571738 W
FL13W 037571738 W
sFo2 400.1316005 pEz
FZ - Prooessing parameters
. I 327ER
5 EF 100.6127871 MEz
WO =
S5E 0
IE
T T T T T T T T T = 0 1.00 %=
160 140 120 100 80 60 40 20 0 ppmzc 1.40
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acth34f H

——2.344
T-z2.257

OH

Me

Table 4.7, 8¢

w
[ -]
-
& -
(L
£
(2]

2.28
T.50

—=—
077 =

acth34f ci13

Current Data Faramotors

Hz
Hz
sac

usac

HRAME acth34f

EXFNO 1

FROCHD 1
F2 - Acguisition Parameters

Data_ Z0171Z214

Tima 10.45

INSTRUM =pact

FROBED 5 mm PABED BE-

PULFROG zglD

g 16384

SOLVENT coCl3

NS 16

D= 2

BD1Z.820

D.4EDDE4

1.0223816

Ti.B

E2.400

&.50

207.
1.00000000
i

CHANNEL £1

i
14.70

400.1336012

usac
K

sac

usac

d8
11.B8122272 W

MHZ

F2 - Processing parametars

51 3ZT6B
ar 400.1300093
W M
58 0

LB D.30
GB a

BT 1.00

B =
= ~ Current Data Farameters
o 2 HRME acthiag
EXEHO
A FROCND 1
F2 - Acquimition Parameters
Data_ 20171214
Tima 10.51
INSTRIM spect
FROBHD 5 mm PABEO BE-
O H FULFROG 2gpg3l
65536
SOLVENT cncl3
HE 24
Me B H
SWH 24034. 461 Hz
FIDRES 0.366799 Hz
nQ 1.3631498 sec
RC 114
= 20. 300 usac
DE 650 usac
TE 298.5 K
D1 -00000000 sac
Table 4. 7, 8c D11 0703000000 =
o] 1
PL1W E8.52175522 W
SFOL 100. 6228298 MEz
s CHANNEL £2 swssm—
CFOPRG[2 waltzlé
NOCZE 1H
PCFDZ 80.00 usec
PL! o
FL1Z 15.00 ds
FL13 15.00 dB
PLZW 11.83122272 W
FL1IW 0. 37571725 wW
PL13W 037571725 w
EFODZ 400.1316005 MEz
FZ - Processin rametars
SI N PJZTES
SF 100. 6227748 mmiz
WOW EM
558 [
18 1.00 Bz
=) 0
FC 1.40
T T T T T T T T T
160 140 120 100 80 60 40 20 0 ppm
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ACTH3I4D_H
Current Data Farameters
THRNO TR AP OT Do R HAME ACTHIAD
@O0 s T Moo Do oo EXENO 1
NN A A Ao OO0 00O FROCHO 1

FZ - Acquisition Faramaters
L%%WA Date_ 20171117
Tima 14.04

INSTHIM =pact
FROBHD & mm FABEO BE-
FULFROG zgal
™ 16384
SOLVENT cocl3
NE 16
os 2
SWH B012.820 Hz
FIDRES 0.4800&4 Bz
AQ 1.0223616 sac
RG BO.
oW £2.400 usec
DE 6.50 usac
IE 208.0 K
D1 1.00000000 sac
OH - '
= CHANNEL f1 =
NOTL 18
Fl 14.70 usec
FL1 0 d8
FL1W 11.BE12272 W
SFOL 400.133601F MHz
F2 - Processing parameters
F 81 IZTER
8F 400.1300097 MHz
WoW M
Table 4.7, 8d = o
. LB 0.30 Bz
GB [
BC i.00

o
@ -
-~
@ -
on -
o
& -
[
- ]

0 ppm

acth34d_13C

Current Data Farameters
MM X

B ERRRRENARENYT o il craae
g sasssssndsdd : s :
MALL] LA LA 52 - Acguismition Paramstars
o Date_ 20171117
Time 14.07
INSTRIOM spact
PROSHD 5 mm PABBO BE-
BULERGG 2qpg3l
m ggg]s
SOLVENT cocll
NS a1
03 2
e 24039, 461 Hx
FIDAES 0.366798 Hz
A 1.3631433 mec
OH 5 23
o 20,300 usec
oz 6.50 usac
1= 2993 &
o1 2.00000000 =ec
D11 0.03000000 =ec
100 1
CHANNEL £1
3.50 usac
F -2.00 da
5952175522 W
Table 4 7 8d SFOL 100. 6228293 wEx
’ mmmmmeme CHANNEL 2 mmmmmem=
CPOFRG[2 waltzlé
HuC2 18
BCEDZ 2000 usec
FLZ 0 ds
FL1Z 15.00 d=s
FL13 15.00 d=
BLIW 11.98122272 W
FL1W 0.37571725 w
FL13W 0.37571725 w
aFo2 400.1316005 ez
h L l FZ - Processing parameters
s (. a1
’ E 100. 6127726 pEx
WO EM
558 a
18 1.00 Ex
T T T T T T T T T = 0
160 140 120 100 80 60 40 20 0 ppm =c 1.40
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acth3dd 19F

@
&
- Curront Data Paramctars
3 HAME ACTHIAD
! EXFNO 3
FROCNO 1
F2Z - Acquisition Farameters
Data_ 2m71117
Time 14.17
INSTRIM spact
PROSED  § mm PAEEO EB-
FULFROG 2gfhiggn
131072
SOLVENT nel
Hs 16
D8 4
e 293085.711 m2
FIDREs 0.631135 Bz
ag 0.7340032 sec
RG
o 5.600 usee
DE .50 usec
T 2974 &
F DL 1.00000000 =ec
D11 0.03000000 =ssc
D12 0.0D002000 soc
Table 4.7, 8d i
aple 4./,
woCt 197
F1 14.20 usec
FL1 -3.00 d8
FLIN 19, 650768444 W
B 3764607164 MEz
= CHANNEL £2
CPOPRG[2Z waltzlé
w2 1
FoEDZ 80.00 uses
FL2 b dn
FLI1Z 15.00 d8
FLIW 11.88172272 W
FLIIW 0.37571725 W
sFo2 400.1316005 mn=
¥2 - Erocessing parameters
=1 65536
= 376. 4883660 Mz
WOW EM
= ]
8 0.30 12z
cB o
o 1.00
T T T T T T T T T T
0 -20 -40 -60 -100 -120 -140 -160 -180 ppm
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acth3de_H
Current Data Parameters
HAME acthide
- - . o EXFNO 1
e e 5 EROCHT !
T‘“’_’f"_““}"'_’f"_““}"’_’f","“f r-: F2 - Acquisition Parameters
o ol Sl ol o wy Data_ 20171117
Tima 14.21
W‘A INSTHROM apect
FROBHD 5 mm FABBO BE-
FULFROG zg3d
™ 16384
SOLVENT cocll
Hz 1
Ds 2
SWEH BD12.820 Hz
FIDRES D.480064 Hz
AQ 1.0223616 sac
RG .
O H oW £2.400 usec
DE 6. 50 usec
IE 208, 1
D1 1.00000000 sac
o4 1
= CHANNEL £1
in
14.70 usec
dB
11.BB122272 W
400.1336012 MmHz
F2 - Processing paramctors
I 81 32768
Tab e 47, 8e =F 400.1300099 Mz
WOW =™
588 1]
1B 0.30 Bz
GE 1]
24 1.00
|-
L
T T T T T T T T T T T
85 8.0 7.5 7.0 6.5 6.0 5.5 50 4.5 4.0 ppm

acth3de_c13

Current Data Farameters
HAME

O G B o acthide
SHSEIEREIIET %333 pee 2
SERRRRAANGAY EREd FROCHD !

\Il '\L\iﬁ,\% éfj// W} F2 - hoguisition Parameters
Dats_ 20171117
ki ¢ Time 14.30
INETRIM spact
PROEHD 5 mm PAEBO EB-
PULFROC b 30
™ ise
EOLVENT acl3
uE €5
D8 2
s 20030461 Hs
OH FIDRES 0.36E750 B
a0 1.3631488 mas
s 220
B 20,800 uses
oE £.50 uses
™ 28001
o1 200000080 =ec
ou1 003000000 =ec
o0 1
memmwwes CHANNEL {1 =eee——
NUC1 13c
1 5.50 uses
L1 -2.00 a8
FLiw 5052175522 W
sFo1 100. 220280 Mz
Table 4.7, 8e oot
waltzié
woCc2 1H
BCED2 80.00 usas
2 0
FL12 15.00 @8
FL13 15.00 dB
FLiw 1108123372 W
BL1IW 0037571725 W
Friiw 0EENTEE W
svoz a00. 1316005 Mz
FI - Frocessing parameters
0 lL =1 3768
) ¥ 100.6127828 wz
WDW M
EEE 0 -
= .
T T T T T T T T T T T T T T T . 10 s
170 160 150 140 130 120 110 100 90 80 70 60 50 40 PpmE: 1.40
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acth3dc_H
Currant Data Farameters
HAME acth3dc
o ol e ol e - = EXENO 1
CODWM A ~ODWTNA eT A~ DT FROCHO 1
e L R R TR R TR R
(el i ol ol ol ol ol ol ol ol el el ol o S o e F2 - Roquisition Paramaters
w e Data_ 20171117
Tima 5.1E
INSTRUM spact
FROBHD 5 mm FABBO BE-
FULFROG =zg30
™ 16384
SOLVENT cncl3
NS 16
08 z
S E012.820 Bz
FIDRES 0489064 Bz
AQ 1.0223616 =ec
AG 40.3
o 62.400
OH oE 6.50
TE 208.1 K
o1 1. 00000030 =ec
™00 1
CHANNEL £1
NuC1 18
Bl 14.70 usen
PFL1 0 de
EL1W 11. 88122272 W
Br SFOL 400.1336012 MHz

F2 - Processing parametars
I Z

Table 4.7, 8f =

400.1300080 Mmz
=M

oW
=58 o

LB 0.30 Hz
GB o

BC 1.00

9 8 T 6 5 4 3 2 1 Ppm
l‘ m r ‘L
@l |2
= |2 *.ﬂ
| | o
acth3dc_C13
SER®
P
I Current Data Farameters
N b acthide
" EXFNO 2
FROCKO 1
¥2 - hoquisition Parametars
Date_ 271117
Tima 9.2z
INSTRIM spact.
FROEHD & mm FAEED EE-
PULFROG zgpg 30
™ i
SOLVENT ocld
OH nE 17
DS 2
EWH 24036_4E1 Hz
FIDRES 0.3EETSE Hz
AQ 1.3631488 sac
RE 101
oW 20.B00 usec
DE E.50 usec
TE 208.4 x
Br o1 200000000 sec
D11 0.03000000 =ac
To0 1

Table 4.7, 8f

mmmmmmme CHAKNEL f1 =eeee—
NUC1 13c

51

Fl 550 usac
FL1 -2.00 dE
EFL1W 5B.52175522 W
SFO1 100.E2ZBZ98 MHz
mmmmmmn CHANMEL {1 mmmmmm——
CFDFRG[2 waltzlé
w2 18
FCPD2 BO. 00 usac
FLZ 0 de

FL12 1500 &E
FL13 15.00 dE
FLIW 1188122272 W
FL1IW 037671725 W
FL13W 037671725 W

-2 Ju A00.131E005 MEz

F2 - Processing parameters
32

TER
100.6127712 MHz
=11

¥
WDW
SEE o
1B 1.00 ®=
T T T T T T T T T o
160 140 120 100 80 60 40 20 0 ppmezc 1.40
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Crystal structure data of Pd-quinolinylphosphine complex (Pd-NP-1)
Pd(C27H20NP)(CH3CO32)2 .CH:Cl2

Table 1. Crystal data and structure refinement for BCYOY6 (6 Apr 2016).

Identification code yoy6

Empirical formula Pd(C27H20NP)(CH3COy), .CHCI;

Formula weight 698.82

Temperature 297(2) K

Wavelength 0.71073 A

Crystal system Triclinic

Space group P-1

Unit cell dimensions a=10.0468(5) A - = 81.570(2)°.
b =12.3263(7) A . = 75.746(2)°.
¢ =13.6449(8) A . =69.269(2)°.

Volume 1528.42(15) A3

Z 2

Density (calculated) 1.518 Mg/m?3

Absorption coefficient 0.872 mm-!

F(000) 708

Crystal size 0.12 x 0.06 x 0.04 mm3

Theta range for data collection 2.22 to0 30.61°.

Index ranges

Reflections collected
Independent reflections
Completeness to theta = 30.61°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(l)]
R indices (all data)

Largest diff. peak and hole

-14<=h<=14, -17<=k<=17, -19<=I<=19
135040

9404 [R(int) = 0.0355]

99.7 %

None

0.7461 and 0.7084

Full-matrix least-squares on F2
9404/0/ 386

1.004

R1=0.0377, wR2 = 0.1031
R1=0.0498, wR2 = 0.1175
1.080 and -0.961 e. A3
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Crystal structure data of Pd- naphthalylphosphine complex
(Pd-CP-1)
C58H46C18P2Pd2

Table 1. Crystal data and structure refinement for ALS1702.

Identification code ALS1702

Empirical formula C58 H46 C1l8 P2 Pd2

Formula weight 1301.29

Temperature 298 (2) K

Wavelength 0.71073 A

Crystal system, space group Monoclinic, C 2/c

Unit cell dimensions a = 26.9421(86) A alpha = 90

deg.

b = 11.1527(33) A beta =
114.7781(86) deg.

c=19.7203(59) A gamma = 90 deg.

Volume 5380 (3) A"3

Z, Calculated density 4, 1.607 Mg/m"3
Absorption coefficient 1.164 mm"-1

F(000) 2608

Crystal size 0.16 x 0.10 x 0.08 mm

Theta range for data collection 2.76 to 27.51 deg.

Limiting indices -34<=h<=34, -14<=k<=14,
-25<=1<=25
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Reflections collected / unique

Completeness to theta = 27.51

Absorption correction
equivalents

Max. and min. transmission

Refinement method

Data / restraints / parameters

Goodness-of-fit on F"2
Final R indices [I>2sigma(I) ]
R indices

(all data)

Largest diff. peak and hole
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60625 / 6168 [R(int) = 0.0426]

99.5 %

Semi-empirical from

0.9126 and 0.8356

Full-matrix least-squares on F"2

6168 / 0 / 317

1.029
R1 = 0.0342, wR2 = 0.0774
R1 = 0.0515, wR2 = 0.0850
0.675 and -0.910 e.A"-3
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Crystal structure data of Ru-(2-aminobenzyl alcohol) complex
C17H22C12NORu
Table 1. Crystal data and structure refinement for ALS1701.

Identification code ALS1701

Empirical formula Cl7 H22 Cl2 N O Ru

Formula weight 428.33

Temperature 297(2) K

Wavelength 0.71073 A

Crystal system, space group Monoclinic, P 21/n

Unit cell dimensions a=28.5254(6) A alpha = 90 deg.

b=8.1427(6) A beta=293.2099(21)

deg.
c =25.0351(19) A gamma = 90 deg.

Volume 1735.2(2) A"3

Z, Calculated density 4, 1.640 Mg/m"3

Absorption coefficient 1.212 mm"-1

F(000) 868

Crystal size 0.26 x 0.12 x 0.06 mm

Theta range for data collection 2.48 to 27.52 deg.

Limiting indices -11<=h<=11, -10<=k<=10,
-32<=1<=32

Reflections collected / unique 42578 / 3995 [R(int) = 0.0482]
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Completeness to theta = 27.52 99.8 %

Absorption correction Semi-empirical from
equivalents

Max. and min. transmission 0.9308 and 0.7435

Refinement method Full-matrix least-squares on F"2

Data / restraints / parameters 3995 / 2 / 208

Goodness-of-fit on F"2 1.062

Final R indices [I>2sigma(I) ] R1 = 0.0299, wR2 = 0.0677
R indices (all data) Rl1 = 0.0386, wR2 = 0.0710
Largest diff. peak and hole 1.154 and -0.659 e.A"-3
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PLATON version of 09/11/2017; check.def file version of 08/11/2017

Datablock ALS1701 - ellipsoid plot
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