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Abstract of thesis entitled “New Enantloselectlve Catalysts Based on Chiral
Amino Alcohols”

Submitted by Pui-Erh Tong
For the Degree of Master of Philosophy
at The Hong Kong Polytechnic University in August 1998

Enantioselective catalysts based on chiral amino alcohols and their
derivatives demohstrate unique features in asymmetric catalytic reactions
because the chiral amino alcohols can be éasily obtained through reduction of
readily available chiral amino acids. The catalysts based on them have been
applied in a large variety of asymmetric reactions such as asymmetric
reduction, asymmetric diethylzinc addition, asymmetric
trimethylsilylcyanation, asymmetric alkylation, asymmetric aldol reaction, etc.
Because of their wide applications, ease of synthesis and recovery, new

enantioselective catalysts based on chiral amino alcohols are worth exploring.

Several- previous studies -involved the use of 2-amino-1,2-
aiphenylethanol and 2-amino-2-phenylethanol as chiral ligands. In this study,
the cyclohexyl analogs of these ligands have been sucessfully synthesized by
hydrogenating the pheny! rings. Furthermore the properties of these new
ligands in asymmetric borane reduction of prochiral ketones and asymmetric

conjugate addition of diethylzinc to enones have been studied.

Pao Yue-Kong Library
(‘*U' PolyU « Hong Kong



The objectives of this project are the design and synthesis of a series of
new chiral amino alcohols containing cyclohexyl groups, their reactivity and

enantioselectivity are comparéd with their phenyl counterparts.

Although a number of successful catalysts based on the use of chiral
oxazaborolidines have been explored which give high e.e.’s (enantioselective
exqess) for the desired chiral alcohols, few examples focus on the investigation
of steric and electronic effects of substituents on them. In this study, the
phenyl rings on 2—gmin0-2-phenyieﬂ1anol and 2-amino-1,2-diphenylethanol
were hydrogenated to 2-amino-2-cyclohexylethanol and 2-amino-1,2-
dicyclohexylethanol, respectively. The sterically more demanding cyclohexyl
analogs are found to be consistently more effective than their phenyl
counterparts (the former with e.e. value ﬁp to 94.7% and the biggest difference
in e.e. between the former and the latter was 36.5%). Moreover, a supplement

of the existing mechanism is proposed.

Recently the catalytic asymmetric conjugate addition of organometallic
reagents o prochiral enones has been attempted. However the
enantioselectivities of these processes are relatively low. In this study, the
catalyst derived from N,N-dimethyl-2-amino-1,2-dicyclohexylethano! has been
found to give good e.e.’s (up to 86.7% e.e.) for a wide variety of enones.
Moreover, the enantioselectivity of this catalyst is significantly better than its
phenyl analog (the biggest difference in e.e. between the former and the latter

was 48.8%).
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In conclusion, the modification of two existing chiral amino alcohols
has been proved to.be successful by hydrogenating their phenyl rings to
cyclohexyl rings, this study has furnished the chemistry of using chiral amino

alcohols as ligands in asymmetric catalytic reactions.
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Chapter 1 Introduction

1.1 Chiral amino alcohols in asymmetric catalysis
1.1.1 General introduction

Chiral amino alcohols are playing an important role in asymmetric
catalysis due to their easé of synthesis, recovery and most importantly, good
reactivity and e'nantioselectivity in a wide variety of asymmetric reactions.
A series of chiral amino alcohols and their derivatives have been developed
as shown in fig. 1-1 and the chirality of these compounds has been utilized
in many asymmetric processes. 1 is applied in asymmetric borane-
reduction of ket_(-mes,l 2 is applied in asymmetric trime’;hylsilylcyanatidn of
aldehydes,’ 3 and 4 are applied in asymmetric additioﬂ of diethylzinc to
aldehydes,® 3 and 5 are applied in asymmetric conjugate addition of
diethylzinc to enones,’ 6 is applied .in asymmetric aldol reaction of
aldehydes,” 7 and 8 are applied in asymmetric alkylation of carboxylic
acids,® 9 is applied in asymmetric transfer hydrogenation of k.etones,7 3 and
10 are applied in asymmetric Reformatsky reaction of aldc:hyde's,8 11 is
applied in asymrriétfic hydroformylation of sfgymme,9 12 is applied in
asymmetric hydrogenation of activated ketones.'”

Recently, (1R,2S)-2-amino-1,2-diphenylethanol (13) was found to be
a very effective chiral Hgand in different kinds of agymmetric catalytic

I and

reactions, especially in asymmetric borane-reduction of ketones’
asymmetric transfer hydrogenation,'? The derivatives* based on 13 (fig. 1-

2) have also been synthesized and it has been found that most of them



demonstrate very good enantioselectivities in a .vafiety of catalytic
asymmetric reactions.

Although several reports have suggested that chiral ligands containing
cyclohexyl groups give higher enantioselectivity than their phenyl analogs
3537 this modification has not yet been applied to chiral amino alcohol. It
may be due to the lack of convenient synthetic methods starting from
existing chiral amino alcohols to their cyclohexyl counterparts. In this
study, the synthesis of chiral aﬁl_ino alcohols containing cyclohexyl groups
has been explored. The applications of these new chiral ligands to two
asymmetric catalytic reactions : borane-reduction of ketones and conjugate
addition of diethylzinc to enones havé been systematically investigated. The
reactivity and enantioselectivity have been compared to their phenyl
analogs. |

A brief review of the above two catalytic feactions is given in 1.1.2 |
and 1.1.3 of Chapter one. The review about modiﬁcation of existing chiral
ligands by hydrogenating the phenyl rings on them is-given in 1.1.4 of
Chapter 1. The objective of this work is given in 1.2: Experimental plan
and synthetic procedures are given in Chapter 2. It is divided into three
parts : 2.1 Synthesis of new chiral amino alcohols containing cyclohexyl
groups, describes the hydrogenation of phenyl rings on chiral amino
alcohols and s.ynthesis of their correspbndin_g oxazaborolidines. 2.2
Synthesié of N-methylated and N,N-dimethylated chiral amino alcohols
with 1,2- dicyclohexy! backbone and their Ni(Il) catalysts for asymmetric

conjugate addition. 2.3 gives detailed experimental procedures. Chapter 3



describes the catalytic properties of these modified ligands in the two

asymmetric reactions, compared with their phenyl counterparts.

\g_\ CH,
N OH _/_/
Hi
OH ¢ N

(8)-1 o (S)-2 | ' (18,2R)-3
QO
o O
HO
(18,2R) -4 (S)-5 (8)-6
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©)-7 (S)-8 (R,R)-9
QPPh,
Pll)lh <'_>,coom <—>/\
N
0O
Hs PPh, Cy, Cyz
(S)-10 @SR | (8)-12

Fig. 1-1 Examples of highly effective chiral amino alcohols in various kinds of
asymmetric catalytic reactions reported I-10
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Fig. 1-2 Chiral 2-amino-1,2-diphenylethanol and some of its deﬁvati\'res44



1.1.2 Asymmetric borane-reduction of prochiral ketones

Enantioselective reduction of prochiral ketones leading to chiral
secondary alcohols is a topic of current interest.)> One of the most successful
methods was based on the use of chiral 1, 3, 2-oxazaborolidines as catalysts,
a method which was developed by Itsuno et al.!* as early as 1981. The
amino alcohol which was derived from a-amino acid was used to prepare the
oxazaborolidine complex 25 [Eq. 1). A moderate e.e. value (60%) was
obtained on reduction of propriophenone (26) a.md stoichiometric amount of

* ligand was needed [Eq. 2]

Hu\'s_\ + BH3 - H"

HpN OH [Eq. 1

(S)-25

\/J

THF, 300C [Eq- 2]
Ligand to substrate rat1o =125%
e.e.=60%
Yield = 100%
In 1985, the same group of chemists synthesized (S)-(-)-2-amino-3-

methyl-l,l-diphenylﬁéntanol as chiral auxiliary."” The enantioselectivities

were significantly improved up to 99% for the reduction of various ketones



(Table 1-1), in the presence of (8)-oxazaborolidine catalyst (27). However,

stoichiometric amount of chiral auxiliary- still could not be avoided [Eq. 3].

BH3.THF H

THF, 300C
. Ligand to substrate ratio = 125%

Table 1-1 Asymmetric borane-reduction of ketones by (8)-271°

R e.e(%) conversion{%)
Me 94 100

Et 94 100

Pr" 96 100
Bu" >99 100

The ﬂst break-through was achieved by Corey et al.'® who successfuliy
synthesized (8)-2-[diphenythydroxymethyl]-pyrrolidine (1) as chiral ligand.
The corresponding (S)-1, 3, 2-oxazaborolidine (28) catalyzed the asymmetric
borane-reduction of carbonyl compounds giving very high e.e. values (up to

97.3%) (Table 1-2). (S)-28 was only used in catalytic amount [Eq. 4].



Moreover, it also catalyzed the reduction of aliphatic ketones with high e.e.

values.
o
4 o [Bq 4]
ﬁ (S)28 W
R—C—R R—C—R
BH3.THF I
THF - H

Ligand to substrate ratio = 10%

Table 1-2 Asymmetric borane-reduction of ketones by (8)-28 11617

R R’ temp("C) e.e.(%) cbnvérsion(%)
CeHs CH, ' 2 96.6 100
CsHs CoHs -10 96.7 100
CeHs CH,(CI 32 95.3 100
t-Bu CH; -10 97.3 100

In addition to the success in developing a catalyhc asymmetric borane-
reductlon of carbonyl componds, Corey and his coworkers demonstrated that
the absolute stereochemistry of the chiral alcohols produced could be

~predicted.” " The prediction was confirmed and cited by many other
chemists ®&'%. Tt was based on the sizes of the two alkyl groups next to the
carbonyl group of the prochiral ketones as well as the configuration of the

chiral ligand. The concept is depicted below (Fig. 1-3).



H OH

OH
3 BHj3.THF BH3.THF H_:
A, P

Ry, Rg PhPh Rlarge mall y . Rp
(S)-alcohﬂﬁ H (R)-alcohol

\ \
H H
(R)28 (8)28

Fig. 1-3 The prediction of absolute stereochemistry of the resulting chiral alcohols
produced in asymmetric borane-reduction of ketones developed by Corey et a] 17 18
The Corey’s catalyst (28) was then investigated by many other groups
of chemists. Quallich et al."® used this chiral cafalyst (28) on the asymmetric
reduction Vof ketones containing heteroatom. They also discovered that
ketones, eg. 29 which contained heteroatoms are capable of coordinating with
borane, pafticularly via nitrogen, thus the ketoﬁe could be reduced
catalytically with oxazaborolidines to afford alcohols with high e.e.’s. They
proved thét the oxazole nitrogen was coordinating with borane competitively
with the catalyst _and once coordinated, the amine-borane 30 was inert under
the reaction conditions. Therefore, a solution of oxazole and the catalyst in
tetrahydrofuran was titrated in borane. Complete reaction was obtained with

1.7eq of borane, and the desired (S)-alcohol 31 was obtained in >90% e.e.

[Eq. 5.



[Eq. 5]

/ BH3.THF, 20-25°C
THF

Ligand to substrate ratio = 5%
e.e. = 94%
yield >95%

(8)-31

Corey’s catalyst also prompted a large number of investigations on the
use of 1, 3, 2-oxazaborolidines as catalysts in asymmetric borane-reduction of
prochiral ketones. The following is a summary of chiral oxazaborolidines

synthesized by different chemists around the world (fig. 1-4)."°



| - Ph Ph
N .
N !
B/O N, O N_ O N-B
H i ) i H
H Me
Reference 19(a) 19(b) 19(c) 19(d)
Phpy, H Ph
3 : 1..Ph
N_ O N P
~B % /N\ﬂ N, ~B
A h
0 _
H = H
19 19
19(e) 19(F) (8) (b)
 Ph '
@)/k...ph @I\\ﬁPh Me,  Ph
Ph —
0 N '
N"- ?/ \]Ia/ 0 MeN\B /O
H H n
19(h) 19(i) 19G)

Fig. 1-4 Summary of various 1_,3,2-0xazabofolidines reported by different chemists '°

In many of these syntheses, it was difficult to syﬁthesize both
enantiomers of a product bécaus;a both antipodes of a ligaﬁd were not always
readily available. The products could only be prepared in both optical forms
through tedious resolution from the single chiral auxilliary. Tanaka et al.®
prepared both exo- and endo-2-hydroxy-3-(1-methyl-2-pyrrolyl)methylamino-
bomanes, respectively (32 and 33) (fig 1-5). Their oxazaborolidines were
found to be active catalysts for enantioselective borane reduction of prochiral

aromatic ketones with predictable absolute stereochemistry. These two

10



enantiomers could be readily prepared from D-camphor, However, only low

to moderate e.e. values were obtained (Table 1-3).

o

NH pfe

NH
OH OH
i
Me
exo-MPATH _ eno-MPATH
R ] 33

Fig. 1-5 Exo and endo ligands prepared by Tanaka et al ° for asymmetric borane-

reduction of prochiral ketones with predictable stereochemistry

Oxazaborolidines derjv

OH

ﬁ) from32 or 33 L
—R — R [Eq.6]
BH3.THF

THF, RT

Ligand to substrate ratio = 5%

Table 1-3 Asymmetric borane-reduction of ketones by exo-32 and endo-

20 ,
= - R iCat’t ee(%)  Yield(%)  Configuration
-Me 32 - 73 68 S
Me 337 73 62 R
Et 32 77 71 S
Et 33 79 65 R

Another successful chiral amino alcohol

was 2-amino-1,2-

diphenylethanol(13). In addition to its ease of synthesis and resolution, it

could catalyze a wide variety of asymmetric reactions with good

11



enantioselectivities. The first application of oxazaborolidine A of (1R, 28)-
13 [Eq. 7] in the enantioselective borane reduction of ketones was performed
by Jiang et al."! It was found to be an efficient catalyst to provide good to
excellent enenatioselectivities (up to >99%) for aromatic ketones (Table 1-4).

i A
| 7
@‘l—R | CaulystA | l*——R e
BH3.THF | |

THF, 45-500C H

Table 1-4 Asymmetric borane-reduction of ketones by catalyst A 1!

R L/S(%) e.e(%) Configuration
Me 20 | =99 R
CH,Br 5 96 S

Owing to the promising performance of Corey’s catalyst 28 and Jiang’s
catalyst A, in 1996, Joshi et al.*' applied them to synthesize certain C,-
symmetrical diols (e.g. 36) as shown in Eq. 8 For example, the redﬁctibn of
benzil 36 under various conditions was known to provide predominantly the
erythreo diastereomer in the absence of chiral catalyst. However, they
discovered that oxazaborolidines (A, 34, 35 in Fig. 1-6)-catalyzed the
reduction with borane-methy! sulfide complex (BMS) provided a higher ratio

of threo / erythreo diols (Table 1-5).

12



R R
HN/_\O
\p/
i

(i8,2R)-34 R"'= Me, R" = Ph
(1S,2R}A R'=R"=Ph

Fig. 1-6 Three chiral oxazaborolidines applied in the asymmetric borane-reduction of
benzil (36) developed by Joshi et al %!

BMS(2 eq)

Cat™, 450C

36

Table 1-5 Asymmetric borane-reduction of benzil (36) by A, 34,35 1

Reagent Solvent catalyst temp("C) time(min) threo : erythreo
NaBH, MeOH / 25 120 0:100
LAH THF / 0 30 4:96
LiAl(O'Bu);H THF Y 0 120 20: 80
BMS THF o 25 ~ No /
. reaction

BMS THF 34 25 - 180 27:73
BMS THF A AR 60 42 : 58
BMS THF 35 25 120 66 : 34
BMS THF 35 45 15 87:13
BMS THF 35 45 <5 88:12

13



Using oxazaborolidine of 2-amino-1,2-diph¢ny1ethanol (A) in
asymmetric borane-reduction of ketones was also investigated by Chan et
al”? in 1996.% Organoaluminium compond (1R,2S)-37 [Eq. 9] was found to
be able to increased the rate significantly and in some cases slightly increased
the enantioselectivity of the reaction as shown in Table 1-6. This finding
offered a simple modiﬁcation of the reaction system to make the asymmetric
catalytic reductior of prqchiral ketones a truly convenient synthetic method.

%ﬂ Al(i-Bu)3

— s (1R28)-37 [Eq.9

HN O
Ho)N  OH \p
(1R,28)-13 E
(1R,28)-A
| O
*
R!_C _R ( leZS)'37 - RI—-C -.__R
BH3.THF | [Eq. 10]
THF H

Ligand to substrate ratio = 5%

14



Table 1-6 Asymmetric borane-rgduction of ketones by (1R,28)-37

R R’ Al(i-Bu); Conversion(%) e.e.(%)
Pheny met.hy No | 77 | 75
Yes 100 80
Phenyl i-propyl No 34 65
| Yes 78 65
Naphthyl methyl | No 46 82
Yes | ' 100 81

Recently, many other novel chiral oxazaborolidines were synthesized
containing heteroatoms,” intermolecular linkage,** bearing bulkier groups,”
coordinating with transition metal,”® etc. for asymmetric borane reduction.
They have also been applied to other substrates to give many useful chiral

compounds.?’
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1.1.3 Asymmetric conjugate addition of diethylzinc to enones
Asymmetric conjugate addition of -diethyl'zinc to erones was less
explored when compared .to asymmetric bbranefreducﬁbn. On the other
hand, enan_tio-sele'ctive conjugate additions of -brganométallic reagents to
prochiral 'choxiés a'ﬁ'or‘d- oﬁﬁcally_ écfive _. 'ﬁ;Subétitﬁted ketones which
attracted the .concerr_ll of many chemists.® Luche et al?® found that Ni(ll)
salts facilitated the cohjugate addition ofl dialkylzi'nc to enones. In 1988,
Soai et al’® prepared a catalyst (1R,2S)-38 from (IR,2S)-N,N-
dibutylephedrine (3) as shown in Eq. 11. This catalyst was able to catalyze
the conjugate addition of diethylzinc to give quantitative yield [Eq. 12].

Unfortunately, only poor to moderate enantioselectivities were obtained

(Table 1-7).
CH3
 + Ni(acacyy 809, (IR, 28)-38
n-Bu—E H MeCN
b [Eq. 11]
" (IR,25)-3
RI\/\H/RZ. (IR, 28)-38 . Ry . Ry o 12
, q.
Diethylzinc in toluene, >(\H/ '
O MecN R3H O -

-300C, 2 hours
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Table 1-7 Asymmetric conjugate addition of diethylzinc to enones by

(1R,2S5)-38 ¥

R, R: R LIS(%) ee(%)  Yield(%)
Ph Ph Me 0% 40 72
Ph Ph Et 50% 45 75
Ph Ph Et 6% | 20 94
Ph Me Bt 60% 12 63
Me Ph Et 50% 44 78

Soai et al®® later reported that the enantioselectivity of these
reactions could be improved significantly by using a combination of Ni(Il)-
2,2%dipyridyl as an achiral ligand in acetonitrile to form the catalyst
[(1IR,25)-039] ﬁs shown in‘lEq. ‘13. A high enantidsélectivity up to 90% was
obtained in the conjugate addition of chalcone (40) [Eq. 14]. However, the

activity of the catalyst was not very satisfactory. In some particular

conditions, yield was high but e.e. was sacrified as shown in Table 1-8.

CH3
+ Ni(acacyy + 2,2-dipyridyl —30°C » (1R,25)39 [Eq. 13
Bl bH MeCN
n-Bu
(IR2S)-3"

(1R, 25)-39
Dlethylzmc in toluene, [E 4
MeCN q.1
H
-300C, 12 hours B H 0

Ligand to substrate ratio = 17%

17



Table 1-8 Asymmetric conjugate addition of diethylzinc to chalcone
(40) by (1R,28)-39 ‘@

Achiral ligand e.e.(%) Yield(%) | Configuration
2.2-dipyridy] 90 & R
Piperazine 7 a4 R

2,2-bisquinoline | ‘ 92 R

The reason for the tremendous enhancement of e.e. by adding 2,2-
dipyridyl as achiral ligand has not yet been understood. It might be due to
two reasons: firstly, the coordination of the achiral ligand to Ni(Il)
combined with chiral MO alcohol provide better discrimination of the
face of substrate té coordinate on the metal, secondly, ‘the achiral ligand
may help to block the_féce for undesirable attack.

Based on the results of Soai et al. 3" 43, Bolm and Ewald et al.*!
published the use of nickel-catalyzed asymmetric conjugate addition of
organozinc reagents to enones using chiral 2,22dipyridyl iigand (S?S)—n41
[Eq. 15 and 16] and up to 74% e.e. was obtained (Table 1-9). Detailed
investigation on the effect of catalyst concentration, ratio between

Ni(ID(acac),, ligand and substrate were also performed.

+ Ni(acac)2 3¢, (8,5)-42 [Eq. 15
MeCN

(S,8)-41
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(S,8)42

R T, R, [Eq. 16
Diethylzinc in hexane,
o -300C, 18 hours | '

Tablel-9 Asymmetric conjugate addition of diethylzinc to enones by (S,S)-
2% - _ | | .
R mol% "Ratio  e.e.(%) Yield(%)

Ni{acac), Ni : Ligand :
substrate ‘
Ce¢H; 1 1:30:100 72 - 55
CeH; 1 1:20:100 72 75
CgHs 1 1:10:100 54 82
CegHs | 1:5:100 20 74
CesH; 2 1:5:100 48 66
CesH; ' 2 1:5:100 18 73
Ce¢H; 5 1:3:100 58 58
CeHs 5 1:1:100 18 69
4-OCH;3- 5 1:10:100 74 - 68
1-CeHy ‘ .
CH; “5 -~ 1:5:100 2 76

1.4b

Subsequently, Bolm el al.™ designed two more ligands (S)-43 and

(S)-44 which catalyzed the asymmetric conjugate addition of diethylzinc to

chalcone (40), giving e.e. up to 86% in moderate yield [Eq. 17 and Eq. 18].

O

HO

O__O —> ©
, .17
& Diethylzinc in hexane, H 0o [Eq. 17]

O MeCN

40 -300C, 18 hours
NLL:S =1:30:100 e.e.= 86% Yield =62%

Y
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O Qi ©
_ Diethylzinc in hexane,
0

MeCN

-300C, 18 hours
Ni:L:S=1: 20:100 €.c. —86%Yleld ND

40
On the othef hand, Bolm et al* also suggested that asymmetric
amplication occurs in their system. They claimed that it was due to the
formation of dimeric nickel catalysts. If the nickel complexes with an
unequal mixture of enantiomeric ligands, one can form SS (where S is the
predominant enantiomer) and SR complexes. If the SR (meso enantiomer)
is relatively unreactive as a catalyst, one would-expect the enantioselectivity
of the reéc_tion to be higher than the enanﬁopurity of theli"éand. |
In addition to bidentate chiral amino alcohols, recently, a
tridentate(45) and tetradentate (46, 47) amino alcohol ligands were
synthesized by Feringa et al.32(ﬁg. 1-7) The tetradentate ligarids were not
effective in the asymmetric conjugate addition. However, the tridentate

ligand catalyzed the reaction with good e..(83%) as shown in Table 1-10.
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46n=1

4 47n=2

Fig. 1-7 Tridentate (45) and tetradentate (46 and 47) ligands prepared by Feringa et

al 32
O_ O = ©Q
A 45,46 0r47 < [Eq. 19
250 '
o MeCN, -25VC R H
40
Table 1-10 Asymmetric conjugate addition of dlethylzmc to chalcone
(40) by 45,46 and 477 _ | |
Chiral ligand L/S(%) e.e.(%) yield(%) configuration
45 16 83 83 S
46 8 21 72 S
47 8 69 88 s

After a series of detailed investigations of this reaction with Ni(II) '

complex, Feringa et al.>

also employed Cotacac)z in the presence of chiral
ligands (48 -50) as shown in fig 1-8 for the enantioselective conjugate

addition of diethylzinc to chalcone (40).. Enantioselectivity excess up to

83% was achieved when using chiral amino alcohol endo-48 (Table 1-11).
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However, the reaction was slow and.a considerable amount of the reduced

byproduct 1,3-diphenylpropan-1-one was detected.
o
- OH

exo-48 endo-48 (5)-49 (8)-50

B ph. -

o © OH

OH

Fig. 1-8 Chiral amino alcohols employed in the Co(acac), complex-catalyzed
conjugate addition of diethylzinc developed by Feringa et al *>

Table 1-11 Asymmetric conjugate addition of diethylzinc to chalcone
(40) by chiral ligands 48-50 *

Ligand ' Byproduct(%) e.e.(%) yield(%)
exo-48 B | 67 6l
endo-48 ' 5 83 - 73
(S)-49 20 33 50
(S)-50 20 28 50

Since phosphine ligands play an important role in asymmetric
catalytic reactions, Alexakis et al.>* employed chiral bidentate aryl- and
alkyl phosphine‘s coordinated to copper(Il)-triflate as catalysts for the
asymmetric conjugate addition of diethylzinc tolchalcohe. However, only

poor e.e. were obtained (0;7%).
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1.1.4 Chiral ligands containing cyclohexyl groups
The superiority of cyclohexyl group over phenyl. group present in

SO || was

chiral ligands has been demonstrated by several studies
generally dué to two reasons: firstly, a very bulky 3-dimentional cyclohexyl
- group could stabilize the conformation of the catalyst complex to enhance
effective enantiofacial discrimination, secondly, the less -electron-
withdrawing effeét of cyclohexyl group than phenyl group induced higher
availability bf lone-pairs of electrons on the chiral ligand, thus, stabili-zin'g '
the coordination between thel ligand and mefal. Two representative
publications are selected -hér‘e to elucidate this effect. The modification waé
firstly applied to chiral phosphine ligands in 1980 by Riley et al.*® They
investigated the chiral phosphine ligand containing cyclohexyl group in the
asymmetric hydrogenation of amino-acid derivatives. The naturally
occun'ing'(S)-mandelic_ acid (51) was investigated as a potentially useful
starting material bécguse it was rez;dily available for conversion to a chiral
di_phosphiné by the established procedures [Eq. 20]. Furthermore, the
phenyl ring coﬁid be réduced to a cydlohex_yl._ ring; affording a very bulkyt

three-dimensional group on the chiral chelate ring (fig. 1-9).

N, S
NK @ R=CHj 52 (Prophos)
R = cyclohexyl 53 (Cycphos)

/- p
P %\ \@ R=phenyl 34 (phenphos) |

Fig. 1-9 Preferred equatorial conformational structures of the known chiral chelate
ring substituted, 1,2—bi_(diphenylphosphino)ethane-type phosphine ligands **
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OH  H@am N\ H
-C—CO;H ——> ¢—COH
i RW/AO3 - H

(8)-51 J LiAlH4
QTs TsCl QH (Eq. 20
(F‘CH:OTS -1—-—-— (I:_,CHon
H - pyridine H . |
THFl LiPPhp

: kL
L workll? . » (R)- Q—?—-CH;Pth
with Ni(II) ‘ PPh,

"Cycphos" [53]

Table 1-12 compares some results for the hydrogenation of amino
acids derivatives in fig. 1-10 (55 - 59) with these three ligands (52-54). It
is obvious that the cycphos ligand is a superior ligand with respect to
~enantioselectivity, whiie prophos is, in general, somewhﬁt better than
phenphos (Table 1-12). The observed results may be aﬁﬁbutcd to the fact
that sterically rigid chelate ring would givé the highest é.-e. ‘On the basis of
such stereochemical argument, the bulkiest R group would provide the
greatest steric barrier of inversion arising from the substituent’s interaction
with adjacent methylene protons. Thus, we might reasonably predict that
the enantioselectivity would follow the order Cyphos>phenphos>prophos.

Since the cyclohexyl group was the bulkiest R group, the superiority was
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clearly demonstrated. However, the comparison between Pfophos and

Phenphos was not as clear.

H COH H CO.H H
CeHs : NH%:CH:; CgHs NH(I_I-:C6H5 H
0
55 a7
H CO,H H COH
\€=<NH<IT‘C6H5 ' >—HNH(I;C¢—,H5
o) 0
58 59

'Fig. 1-10 Amino acid derivatives with different structures employed as substrates in

the asymmetric hydrogenation by 52-54 3°

Table 1-12 Enantioselectivities(%) obtained in the asymmetric
hydrogenation of amino acid derivatives by cycphos, prophos and phenphos
35

Substrate (R)-Cycphos (53) (R)-Prophos (52) (S)-Phenphos (54)
55 83 83 78

S6 93 88 84

57 96 86 n.d.

58 91 79 n.d.

59 94 86 n.d.

Later on, Chan et al started a study of addition of

triethylaluminium to aldehydes [Eq. 21] using 1,1°-bi-2-naphthol (BINOL)

(60) and 5,5°,6,6,7,7’,8,8-octahydro-1,1-bi-2-naphthol (Hg-BINOL) (61)

as chiral auxiliaries (Fig. 1-11).
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COMNgeON

(R)-BINOL (60) (8)-Hg-BINOL (61)

Fig.1-11 Structures of (R)- B]NOL (60) and (S)- Hg-BINOL (61) developed by
Chan et al *®

While the (R)-BINOL system provided good yields of chiral aicohols
with moderate to good e.e. values, the (S)-Hg-BINOL system gave
quantitative yields of the desired alcohols in excellent e.e.valtes for all of

the aromatic aldehydes tested (Fig. 1-12). Part of the results are listed in

table 1-13.
0 . 0
F o (of B .
H
“ @ e
: F MeO

64 65

Fig. 1-12 Aldehydes with dlfferently-subst:ltuted aromatic rings employed as
substrates in the asymmetric triethylaluminium addition reaction by 60 and 61 *

' HO, Ft
j\ + AlEt; —Cat, —H, >\ + ArCH20H  [Eq. 21

Ar H

Cat = Ti(0-i-Pr)4 + Ligand
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Table 1-13 Asymmetric addition of trieth

61 36

ylaluminium to aldehydes by 60 and

Aldehyde Ligand

62

63

64

65

(R)-
BINOL
(S)-Hg-
BINOL
(R)-
 BINOL
(S)-Hs-
BINOL
R)-
BINOL
(S)-Hs-
BINOL
(R
BINOL
(S)-Hg-
BINOL,

Conversion(%) selectivity(%) e.e.(%) configuration

91.3

95.8

95.1

95.8

91.7

97.6

93

979

93.3

100

91.6

IQO
08.2
100
80.2

100

52 R
91 S
62 | R
90.6 S
77.87 R
94.4 S
67 R
92.8 S

Recently, Chan et al *’ established the generality of the advantage of

the sterically more demanding Hs-binaphthyl backbone by asymmetric

conjugate addition of dethylzinc to cyclic enones.

The above results reported imply that chiral ligands containing

cyclohexyl groups are more efficient than their phenyl analogs. However,

chiral amino alcohols -containing cyclohexyl groups have not yet been

explored.
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1.2 Objectives

Chiral amino alcohols’ have played a pivotal role in catalytic
asymmetric synthesis and their derivatives .are expected to be of substantial
interest for catalytic studies. On .the other hand, several previous reports
indicated that chiral ligands containing cyclohexyl groups gave higher
reactivity and'enantiosélectivty than their phenyl analogs. Since there is no
cyclohexyl derivatives of chiral amino alcohols have been applied m
asymmetric catalytic reactions,_ it‘ is highly desirable to design and-
synthesize a series of cyclohex;lrl derivatives of chiral amino alcohols and to
test their application in the asymmetric synthesis of highly- valued

pharmaceuticals and chiral intermediates.

The objectives of_; this project are the design and synthesis of a series
of new c_:hir_al amino alcohols containing cyclohexyl g:roﬁps, their reactivity
and enantioselectivity are compared with tﬁeir phenyl counterparts in two
asymmetric catalytic reactions : the asymmetric borane-reduction of
prochiral ketones and asymmetric conjugate addition of diethylzinc to

enones. Details of the reactions and mechanisms are investigated.
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Chapte‘r'Z Experimental Section

2.1 Synthesis of new. chiral amino alcohols
containing cyclohexyl groups and their 1,3,2-
oxazaborolidines

Several studies show that chiral ligands containing cyclohexyl groups
as back bone aré more effective asymnﬁtric catalysts than their phehyl
countérparts with respect to both reactivity and enantioselectivity.>>>” In the
past, the chiral ligands con;taining cyclohexyl groups were synthesized
through multi-step reactions. Several methods were developed to modify
the existing chiral ligands by directly hydiogenation of the phenyl rings.3>®
However, these modifications have not yet been applied to the chiral amino
alcohols. Thus the catalytic performance between chiral amino alcohols
containing cyclohexyl groups and their phenyl analogs has not been
systematically inVesﬁ gated.

Several previous studies indicated that chiral 2-amino-1,2-
diphenylethanol (13) - wés an useful ligand which gave reasonable
enantioselectivites in a wide variety of asymmetric catalytic reactioﬁs.”’ 12
Therefore, it was chosen to be the target molecule. On the other hand,
chiral 2-amino-2-phenylethanol (66) was also included in order to furnish
the evidence of the modification. Chiral 13 can be purchased from
commercial source while chiral 66 was synthesized by reduction of its

corresponding amino acid- chiral phenylglycine without losing its optical
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purity.”® (1R,2S)-13 aﬁd (R)-66 were firstly hydrogénated to their
cyclohexyl derivatives (1R,28)-2—amino-1,2-dicyclqhexyiethanol (67) and
(R )-2-amino-2-cyclohexylethanol (68) with Raney nickel as a catalyst [Eq.
22]. For product (1R,25)-67 and (R)-68, 90% and 79% yields were

obtained, respectively (Method 2 on page 41).

@ : O Raney Ni, 80atm H,

EtOH, 600C, 24 hrs

NH; OH NHz OH
(Eq. 22]
@ Raney Ni, 80atm H2‘<:_>
5 EtOH, 700C, 24 hrs
NH2 OH NH2 OH

(®)-66 (R)-68

However, owing. to the high temperature and hydrogen pressure
adopt;ed, using Raney Nickel as catalyst was .not an economic and
convenient method. It was désirable to develope another more practical
method to hydrogenate (IR,28)-13 by using Platinum(Il) Oxide [Eq. 23]. 1t
was found that the method®® utilized io .hydrogénate BINOL(60) to Hs-
BINOL(61) could be applied to hydrogenate 13. A much lower hydrogen
pressure and reaction temperature were used. Good yield (89%) was
achieved (Method 1 on page 40). Through these novel synthetic routes [Eq.
22 and 23], chirél amino alcohols containing cyclohexyl groups can be

prepared easily.
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O O rossumm

glacial acetic acid, room
temperature, 48 hrs . om [Eq. 23

2 OH
(IR,28)-67
(IR,28)-13
Asymmetric borane-reduction of prochiral ketones is one of the oldest
asymmetric reactions and has been effectively catalyzed by many chiral
amino alcohols. In order to determine whether ligands 67 and 68 performed
better than their phenyl analogs, they were applied in this asymmetric
reaction. The cat'alysts' were prepared in sity, giving the 1, 3, 2-

oxazaborolidines [Eq. 24].  Structures of these complexes were

characterized based on the findings of Corey et al, !’

> \/] " BH3.THF, THF w
0 + BH3 3 - H , + Hp [Eq. 24

N OH 10 mins, room HN /)

temperature AN i

1,3,2-oxazaborolidine

Cat A, B,‘ C, D were synthesized from ligands 13, 67, 66, 68

respectively as shown in fig. 2-1.
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~p~ ANV
H H
Cat A CatB

O D
B~ , g/
Cat C CatD
Fig. 2-1 Structures of prepared 1,3,2-oxazaborolidines derived from reported

chiral amino alcohols with phenyl rings and new chiral amino alcohols with
cyclohexyl rings.

The experimental procedures of asymmetric borane-reduction of prochiral

ketones were basically based on those reported by Chan et al.*?
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2.2 Synthesis of N-methylated and N,N-
dimethylated chiral amino alcohols with 1,2- -
dicyclohexyl backbone and their Ni(I) catalysts
for asymmetric conjugate addition

Enantioselective carbon-carbon bond formation has received an
increasing interest because of its potential in the preparation of a variety of
high-valued non-racemic chiral alcohols. For example, asymmetric
conjugate addition of diethylzinc to enones afford optically active p-
substituted ketones, which are synthetically useful. To the best of my
knovlvledge, Soai et al™  have obtained ‘9'0% e, the highest
enantioselectivity by using (1R,2S)-39 as catalyst. However, the reactivity
of their system was not satisfactory [only 47% yield was obtained after 12-
hour reaction. In some particular conditions, yield was hjghr but e.e. was
sacrified (table 1-8)]. Therefore, development of a more effective chiral
catalyst towards the asymmetric conjugate addition reaction is highly
desﬁable.

In previoué studies, 2-amino-1,2-diphenylethanol (13) and its N,N-
d-hnetliylat'ed derivative 23 were highly effective ligand in many asymmetric
reactions, especiaﬂy the asyrmnétric diethylzinc addition to aldehydes ( up
to 97% e.e. was obtained by using 23).*’ However, 23 has not been applied
to the asymmetric conjugate addition reaction due to its low

enantioselectivity to a wide variety of enones. Therefore, modification of
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this ligand to giv§ high e.e.’s in the asymmetric conjugaté addition is worth
investigating. |

A more efficient chiral ligand has been syhthesized- (1R,2S)-N,N-
dimethyl-2-amino-1,2-dicyclohexylethanol (69), which contains a 1,2-
dicyclohexyl moiety in the Nickel(Il)-catalyzed conjugate addition of
diethylzinc to enones. A comparison with its phenyl analog, (1R,28)-N,N-
dimethyl-2-amino-1,2-diphenylethanol (23) with respect to the reactivity
and enantioselectivity was also investigated.

Ligaﬁd 23 and 69 were synthesized from (IR.2S)-2-amino-1,2-
diphenylethanol t13) and (1R,2S)-2-amino-1,2-dicyclohexylethanol (67)
respectively by refluxing with fdrmic acid and formaldehyde [Eq. 25] for 24
hours. The preparation of 23 and 69 was based on the procedures reported

by Jiang et al.*® Ligands 23 and 69 were obtained with 74% and 83%

yields respectively.
O @ @ @
HCOH
Reflux 24 hours
- [Eq. 25]
(1R,25)-13 (1R,28)—23
HCOOH
HCOH
Reflux 24 hours
H HyC- H
CH,
(IR,25)-67 (IR,25)-69



It was also of interest to obs'e'rvg the performance of mono-
substituted 'chiral amino alcohols in the conjugate additic_m reaction to
investigate the role played 5y the alkyl group on N atom. Therefore,
(1R,28)-14 and (1R,25)-70 were prepared according to the following routes
[Eq.26]. The route was basically based on the experimental procedures

published by Jiang et al. *!

-HCOOE @ @ BH, THF @
p-toluene sulfonic acid 500(; 24 hours
2 H reflux 24 hours \

HCOOEt BH, THF
—_— —-———-
p-toluene sulfonic acid 509C, 24 hours
2 H reflux 24 hours

(IR,28)-67 (45,5R)-72 (IR,25)-70

©

<

The catalysts were synthesized in situ by reacting ligand 23, 69, 14,
70 with Ni(acac), and 2,2-bipyridyl in acetonitrile. The suggested catalyst

structure is shown in Fig. 2-2.

Ligand 23 Cat1

Ligand 69 reflux  Cat2
Ligand 14+ Ni(acac)yy + 2,2-bipyridyl ———— Cat 3
Ligand 70 MeCN (41 4



/ \ Cat1 Ri=phenyl, Ry = R3 = methyl
—N N Cat 2 R1= cyclohexyl, Ry = R3 = methyl
O O Cat3 Rq=phenyl, Ry = methyl, Ry =H

Cat 4 Ry= cyclohexyl, Ry = methyl, Ry =H

Fig. 2-2 The suggested catalyst structure of Cat 1-4 forming in situ
The experimental procedures of asymmetric conjugate addition of

diethylzinc to énones were basically based on those reported by Soai et al.*?
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2.3 Experimental Procedures

Materials

The commercial reagents were used as received without further purification.
“All solvents were AR grade and purchased from Mallinckrodt. All solvents
used in asymmetric borane reduction and asymmetric conjUgaté addition

were dried using standard, published method and distilled before used.

List of reagents

2’-acetophenone (Aldrich, 99%)
2-amino-1,2-diphenylethano! (Aldrich, 99%)
2,2-bipyridyl Acros, 99%)

borane in THF (Acros, 1M solution in THF)

chalcone (Merck, 98%)

4’- chloroacetophénone (Aldrich, 97%)
3-chlorobenzaldehyde (Merck, 99%)

chloroform-d (Cambridge Isotope Laboratories, Inc., 99.8% atom D or
Aldrich, 99.8% atom D with 0.03% v/v TMS)
diethyizinc (Aldrich, IM solution in toluene)
3,3-dimethyl-2-butanone (Aldrich, 98%)

ethyl formate (Acros, 98%)

formaldehyde (Acros, 37 wit% solution in water, stabilized with 10-15%
methanol)

formic acid (Acros, 96%)

3-fluorobenzaldehyde (Acros, 98%)

glacial acetic acid (Aldrich, 99.99%)

hydrochioric acid (Aldrich, 37%)

iodine (Merck, 99.5%)

magnesium sulfate (Riedel-deHaen, 99%)
(R)-mandelic acid (Acros, 99%)
2’-methoxyacetophenone (Aldrich, 99%)
1-naphthaldehyde (Aldrich, 97%)

(R)-Phenylglycine (Acros, 98%)

Pp- toluene sulfonic acid monohydrate (Aldrich, 98.5%)
platinum(IV) oxide (Aldrich, grade of Adam’s catalyst)
propriophenone (Aldrich, 99%)
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Raney nickel (Acros, 50% slurry in water, pore size- 50 p, surface area- 80-
100 m*/g)

silica gel 60 (Merck, 230-400 mesh ASTM, particle sizes 0.040-0.063 mm)
sodium borohydride (Aldrich, 98%) '

sodium chloride (Acros, 99%)

sodium hydrogen carbonate (Farco, 99.8%)

sodium hydroxide (Aldrich, 97%)

sodium sulfate (Acros, 99%)
m-tolualdehyde (Acros, 98%)

Instruments

NMR spectra were ;btained on a BRUKER model AVANCE DPX
400 spetrometers ("H : 400 MHz, '°C : 101 MHz). ’C chemical shifts are
positive downfield (and negative upfield) from Me,Si. Melting points were
determined using a Electrothermal 9100 apparatus with sealed capillaries.
Mass analyses were performed by V.G. Micromass, Fisons VG platform
and Finnigan Model 95 ST. Optical rotations were measured on a Perkin-
Elmer Model 341 polarimeter. GLC and HPLC analyses were performed
| using a Hewlett-Packard Model HP 5890 Series I GC and a Hewlett-
Packard 1050, repectively. |
F or:ﬁation of (R)—Z-amino-ﬁ-phenyleti-mnal [(R)-66] ¥

A three-neck round bottom flask was fitted with a magnetic stirring
bar, a reflux condenser and an additional funnel. The flask was charged
with sodium borohydride (1.73 g, 45.75 mmol) and tetrahydrofuran (70 mL,
predried over sodium).. The remaining neck was sealed with a septum with
a nitrogen line attached. The flask was cooled to 0°C in an ice bath. A

solution of iodine (4.825 g, 19 mmol) dissolved in tetrahydrofuran (20 mL)
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was poured into the additional funnel and added to the reaction vessel
dropwise over 30 minuteé. (R)-Phenylglycine (2.5 g, 19 mmol) was added
in one portion, evoluting hydrogen gas vigorously. The ﬂask was heated to
reflux for 18 hours and cooled to room témperature. Methanol was added
cautiously until the mixture became clear. After stirring for 30 minutes, the
solvent was removed by rotatory evaporation leaving a white paste which
was dissolved by addition of 40 mL of 20 % aqueous sodium hydroxide.
The solution was then stirred for 4 hours and extracted with 3x150 mL of
dichloromethane. | The organic extracts were dried over anhydrous
magnesium Sulfate, and the white semi-solid was recrystallized with toluene
for 1 day to give 1.9g of (R)-2-amino-2-phenylethanol (71 % yield).

The analytical data for (R)-2-amino-2-phenylethanol were as follows :
"H-NMR (400 MHz, CDCls) 8: 7.26 (m, 5H); 3.99 (q, 1H); 3.69 (dd, 1H);
3.53(dd, 1H).

Formation of (R)-2-amino-2-cyclohexylethanol {(R)-68]

~ A solution of (Rj—2-amino—2-pheﬁylethanol (0.5 g, 3.6 mmol) in 15
mL methanol and Raﬁey-nickel catalyst were chargéd into a 50 mL
autoclave equipped with a magnetic stirring bar. Eighty atmosphere of
hydrogen gas was filled and the mixture was stirred at 80°C for 24 hours.
After cooling to room temperature, the mixture was filtered to remove the
solid catalyst. Evaporation of ethanol afforded the crude product, which
was purified by crystallization with ethanol to give 0.41 g of (R)-2-amino-
2-cyclohexylethanol (79% yield).
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The analytical ‘data for (R)-2-amino-2-cyclohexylethanol were as
follows : m.p.: 180-182°C; [o]p (c=1, methanol) : -9.4°; 'H-NMR (400
MHz, CD;0D) 5:3.79@(1, 1H); 3.61(dd, 1H); 2.96 (m, 1H); 1.32-1.09 (m,
11H), C-NMR (101 MHz, CD;0D) 8: 60.9, 59.7, 39.0, 30.4, 30.1, 27.3,
272 ,M":144. -

The enantiomeric excess of (R)-2-amino-2-cyclohexylethanol was
determined as follows : 0.06 mmol of (R)-2-amino-2-cyclohexylethanol and
0.07 mmol of (R)-mandelic acid were dissolved in 1 mL of CDsOD. This
solution was used directly for the 'H NMR analysis. Resonances for the
proton at the stereogenic centre of rac-2-amino-2-cyclohexylethanol :
0=5.02 and 4.9é ppm (AS=0.Ippm). Based on this method * the
enantiomeric excess of (R)—2—ainino-2—cyclohexylethanol was established to
be >99%.

Formation of (1R,28)-2-amino-1,2-dicyclohexylethanol [(1R,28)-67]
Method 1 :

A 50 mL autoclave with a magnetic stirring bar was charged w1th
(1R,28)-2-amino-1,2-diphenylethanol (0.2 g 0.9 mmol), 20 mg PtO, (0.02g
, 0.09 mmol) and gla;:ial acetic acid (10mL) under 3 atmosphere- of Hj.
The solution was stirred for 48 hours at room temperature. After releasing
the hydrogen gas and removing the solid catalyst by filtration, the mixture
was neutralized with aqueous NaHCO; solution followed by extraction with
20mL ethyl acetate three times. The combined extracts were dried with

sodium sulfate and the solvent was removed with rotary evaporator to give
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198 mg of crude product. The crude product was purified by crystallization
with 70% ethanol aqueous solution to give 185 mg crystals of (1R,28)-2-
amino-1,2-dicyclohexylethanol (89% yield).

The analytical data for (1R,2S)-2-amino-1,2-dicyclohexylethanol
were as follows : m.p.: 144-146°C; [a]p= +8.0°%c = 1.0, ethanol); 'H-
NMR(400 MHz, CDClg) o: 3.28(dd,- 1H, J=6.2 and 4.4 Hz); 2.59(dd, 1H, J
= 6.1 and 4.3 Hz); 1.79-1.10(m,22H). ">C-NMR (101 MHz, CDCl3) & :
76.94, 57.87, 39.77, 30.85, 27.45, 27.42, 27.08, 26.97, 26.88, 26.71, 26.53
ppm. M":226.
The enantiomeric excess of (1R,2S)-2-amino-1,2-dicyclohexylethanol was
determined by its N-methylated derivative [see preparation of ( IR,ZS)-N-
methyl-2-amino-1,2-dicyclohexylethanol (1R,28)-70].
Method 2 : |

A solution of (1R,28)-2-amino-1,2-diphenylethanol (0.2 g, 0.9 mmol)
in 15 mL methanol and Raney-nickel catalyst were charged into a 50 mL
autoclave equipped with a magnetic stifring bar. Eighty "atmosphere of
hydrogen gas was filled and the mixture was stirred at 60°C for 24 hours.
After c.:ooling to room temperature, the mb.(ture was filtered to remove the
solid catalyst. Evaporation of ethanol afforded the crude product. The
crude product was purified by crystallization with ethanol to give 0.18 g of
(1R,28)-2-amino-1,2-dicyclohexylethanol (90% yield). The analytical data
for (1R,28)-2-amino-1,2-dicyclohexylethanol by method 2 were the same as

those by method 1.
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Formation of (4S,5R)-4,5-diphenyloxazoline [(4S,5R)-7-1] 4l

A one-neck 50 mL round bottom flask was fitted with a magnetic
stirring bar and reflux condenser . The flask was charged with (1R,2S)-2-
amino-1,2-diphenylethanol (0.2 g, 0.9 mmol) and p-toluene sulfonic acid
(0.02 g, 0.1 mmol). Ethy! formate (4 mL) was added to dissolve the solids.
The. mixture was heated to reflux for 24 hours. The solution was then
cooled down to room .temper'ature and solvent was removed by rotatory

-evaporation to obtain a white solid. The solid was recrytallized with
ethanol for one day to give 0.17g of (4S,5R)-4,5-diphenyloxazoline (éS%
yield).

‘The analytical data for (4S,5R)-4,5-diphenyloxazoline were as
follows : lH—NMR(400 MHz, CD;0D) & : 8.16 (s, 1H); 7.46(m, 10H);
5.68(d, 1H); 5.37(d, 1H).

Formation of (I1R,2S)- N-methyl-2-amino-1,2-diphenylethanol [(1R,2S)-
1414

A 50 mL one-neck round bottom flask was charged with (4S,5R) 4,5-
diphenyloxazoline (0.lg, 04 mmol) and a magnetic stirring bar.
Tetrahydrofuran (SmlL, predried over sodium) was added to dissolve the
solid. The mixture was cooled to 0°C followed by the injection of borane in
tetrahydrofuran (1.5mL of 1M solution) under nitrogen protection. The
mixture was reacted at 0°C for 3 hours and then at 50°C for 24 hours. After
the reaction, the solution was cooled down to room temperature prior to the

addition of hydrochloric acid (ImL of 2N solution) and methanol (1mL)
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was added. The solution was concentrated by rotatory evaporation leaving
a white solid. The solid was then dis’s_olved in hot ‘water (ZmL) and
transfered into a separatory funnel. Sodiuin hydroxide was added until pH
was adjusted to 11. The solution was then extracted by 3x 10 mL
dichloromethane. The organic extract was dried by anhydrous magnesium
sulfate and the solvent was removed by rotatory evaporation to give a
white solid, followed by dissolving it into hexane, particles which did not
dissolved in hexane was removed by filtration. The solution was put aside
and crystals were precipitated. The crystals were filtered to give 0.07g of
(1R,28) N-methyl-2-aminc-1,2-diphenyl ethanol (77% yield).

The analytical data fof (IR,28) N-methyl-2-amino-1,2-diphenyl
ethanol were as follows : IH—NMR(400 MHz, CDCl3) 8: 7.27(m, 10H);
4.81(d, 1H); 3.77(d, 1H); 2.29(s, 3H).

Formation of (48,5R)-4,5-dicyclohexyloxazoline [(4S,5R)-72]

A 50 ml one-neck round bottom flask was fitted with a magnetic
stirring bar and a reﬂux condenser. The ﬂasl_( was charged with (1R,2S)-2-
amino-l,2-dicycldhexylethanol(0.2 g, 0.9 mmol) and p-toluene sulfonic
acid (0.02 g, 0.1 mmol). Ethyl formate (4 mL) was then added to dissolve
the solids. The mixture was heated to reflux for 24 hours. After the
reaction, the solution was cooled down to room temperature and the solvent
was removed by rotatory evaporation to obtain a white solid. The solid was
recrystallized in ethanol for one day, giving 0.17 g of (4S,5R)- 4,5-
dicyclohexyloxazoline (82% yield).
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The analytical data for (4S,5R)- 4,5-dicyclohexyloxazoline were as follows
: 'H-NMR(400 MHz, CD;0D) 5: 8.2(s, 1H); 4.08(dd, 1H); 3.47(dd, 1H);
1.98-1.21(m, 22H).

Formation of (IR,2S)-N-methle_-amina-I,Z-dicyclohexyletkanol
[(1R,28)-70]

A 50 mL one-neck round bottom flask was charged with (4S,5R)-4,5-
diphenyloxazoiine (0.1g, 04 mmol) and a magnetic stirbar,
| Tetrahydrofuran (Sml, predried over sodium) was added to dissolve the
solid. The mixture was cooled to 0°C, followed by the addition of borane in
tetrahydrofuran (1.5mL of IM solution , 1.5 mmol) by syringe under N,
protection. The solution was reacted at 0°C for 3 hours and then 50°C for
24 hours. After the reaction, the mixture was cooled down to room
temperature prior to the addition of hydrochloric acid (ImL of 2N solution)
and methanol (1mL). The .solution was concentrated by rotatory
evaporation giving a white solid. The solid was then dissolved in hot water
(2ﬁ1L) and the aqueous solution was transfered into a separatory funnel.
Sodium hydroxide was added until pH was adjusted to 11. The solution
was extracted by 3x 10 mL dichloromethane. The solvent was removed by
rotatory evaporation giﬁng a white solid which was dissolved in hexane,
particles which did not dissolved was filtered. The solufion was put aside
and crystals were precipitated. The crystals were filtered to give 60mg of

(1R,2 S)-N-methyl-2-amino-1,2~dicyclohexy_lethanol (61% yield).
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The  apalytical data for  (1R,2S)-N-methyl-2-amino-1,2-
dicyclohexylethanol were as follows : m.p.: 55-57°C; [a]p= +1.4 °(c = 1.0,

ethanol); "H-NMR(400 MHz, CDCls) 8: 3.36(q, 1H); 2.40(s, 3H); 2.25(dd,
1H); 2.05(d,1H); 1.90(d, 1H); 1.75-1.05(m, 22H) C-NMR (101 MHz,
CDCly) & : 73.8975, 66.1376, 39.6081, 38.1112, 35.7284, 31.9448,
30.2177, 29.1129, 28.2797, 27.0017, 26.7088, 26.5792, 26.1464, 26.0264
ppm. M':240

The enantiomeric excess of  (1R,2S)-N-methyl-2-amino-1,2-
dicyclohexylethanol was determined as follows : 0.06 mmol of (1R,28)-N-
methyl-2-amine-1,2-dicyclohexylethanol and 0.07 mmol of (R)-mandelic
acid were dissolved in ‘1 mL of CDCl;. This solution was used directly for -
the '"H NMR analysis. Resonances for the proton at the stereogenic centre
of rac-N-methyl-2-amino-1,2-dicyclohexylethanol: 6=3.43 and 3.36 ppm
(A5=0.07ppm). Based on this method the enantiomeric excess of (1R,2S)-
N-methyl-2-amino-1,2-dicyclohexylethanol was established to be >99%.
Formation of (IR,2S)- N,N-dimethyl-2-amino-1,2-diphenylethanol
[(1R,25)-23]%

A 50 mL one neck round bottom flask c'ontaining a magnetic stirring
bar was charged w1th (1R,28)-2-amino-1,2-diphenylethanol (0.5 g, 2Zmmol),
formic acid (5 mL), formaldehyde (2.5mL of 37% aqueous solution). The
mixture was refluxed for 20 hours. After the reaction, the solution was
cooled down to room temperature. Sodium hydroxide( 80mL of 10%

aqueous solution) was added and white solids precipitated. The solids was
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filtered and dissolved in ethyl acetate (30ml). The solution was washed by
saturated sodium chloride solution for three times. The orgaﬁic phase was
dried by anhydrous magnesium sulfate. The solvent was removed by
rotatory evaporation giving a white solid. 0.36g of (1R,2S)- N,N-dimethyl-
2-amino-1,2-diphenylethanol was obtained (74% yield).

The analytical | data for (1R,28)- N,N-dimethyl-2-amino-1,2-
diphenylethanol were as follows : 1H-‘NI\/[R(400 MHz, CDCI;) 6: 7.13-
7.10(m, 6H); 6.99-6.97(m, 4H);- 5.31(d, 1H); 3.2(d, 1H); 2.35(s, 6H).

F ormﬁtion of (1R,2S5)-N,N-dimethyl-2-amino-1,2-dicyclohexylethanol
[(1R,2S)-69]
A 50 mL one neck round bottom flask was charged with (1R,2S)-2-
amino-1,2-dicyclohexylethanol (0.2 g, 0.9mmol), formic acid (2 mL) and
| formaldehyde (1mL of 37% aqueous solution). The mixture was refluxed
for 20 hoﬂrs. Aﬁer the reaction, the solution was cooled down to room
temperature. Sodium hydroxide (40mL of 10% aqueous solution) was
added and white solids precipitated. The_solids was filtered and dissolved
in ethyl acetate (30mL). The solution was washed with saturated sodium
chloride solution for three times. The organic phase was dried by
anhydrous magnesium sulfate, and the solvent was removed by rotatory
evaporation giving a white solid. 0.19g of for (1R,2S) N,N-dimethyl-2-
amjno-1,2-dicyclohexylethanol was obtained (83% yield).
The analytical data for (1R,2S) N,N-dimethyl-2-amino-1,2-
dicyclohexylethanol were as follows : m.p.: 72-74°C; [a]p= + 3.0%(c = 1.0,
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ethanol); "H-NMR(400 MHz, CDCl;) 8:3.48(t, 1H); 2.28(s, 6H); 2.25(dd,
1H); 1.84-1.11(m, 22H) '"C-NMR (101 MHz, CDCly) & : 73.6158,
69.6347, 69.4601, 42.4081, 40.9957, 36.6137, 32.5980, 31.3912, 31.0284,
27.7390, 26.9797, 26.7667, 26.6837, 26.2913.ppm, M': 254.
Typical procedures lof asymmetric borane-reduction of acetophenone 2
Under nitrogen atmosphere, a solution of chiral amino alcohol (0.09
mmol) in 5 mL THF and a THF solution of borane (180 uL of a 1 M
solution, 0.18 mmol) ﬁvere mixed well in a 25 ml Schlenk flask with a
magnetic stirring bar at ambient temperature for 10 minutes to form
oxazaborolidine-catalyst (Cat A-D). After the addition of a 210 pL of
acetophenone (1.8 mmol), a THF solution of borane (2.0 mL of a 1M
solution, 2.0 mmol) was added and the mixture was allowed to stir at 50°C
for 5 minutes. The configuration, conversion and enantioselectivity were
determined by GLC with a Chromopack CP-Chirasil-DEX CB capillary
column except 2’-methoxy-1-phenylethanol in which the configuration was
determined by méasuring. its optical rotation and compared with literature
value. Selectivity was >99% in all entries.
Typical procedures of asymmetric conjugate addition of diethylzinc to
Chalcone
A mixture of Ni(acac), (3.6 mg , 0.014mmol) and chiral amino alcoho!
(0.034mmol) in MeCN (0.2 mL) was stirred at 80°C for 1 hour under

nitrogen atmosphere in a 25 mL schlenck flask. After the reaction, the

solvent was removed under vacuum, 2,2’-Bipyridyl (2 mg , 0.014mmol)
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and MeCN (0.2 mL) were added, and the mixture was stirred at 80°C for 1
hour. The resulting green solution (Cat 1-4) was cooled to room
temperature. Chalcone (40 mg , 0.2 mmol) was added, and the mixture |
was stirred for 20 minutes before cooling tol—30°C. Diethylzinc (1M
solution in toluene, 0.24 mmol) was added dropwise, and the resulting
mixture was stirred at -30°C for 12 hours. The reaction was quenched with
1 M hydrochloric acid (0.6 ml) , and the product was extracted with ethyl
acetate( 3 mL). The configuration and enantioselectivity were determined
by HPLC with a Daicel OD column. The conversion on chromatogram was
calibrated against standard samples with known composition of substrate
and product. Selectivity was >90% in all entries. Enones with substituted
aromatic rings (81-84) were synthesized according to standard
procedures.*’

The use of La(acac), to prepare the catalyst were followed the same

procedures as above.
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Chapter 3 Results and Discussion

3.1 Application of new chiral amino alcohols in
the asymmetric borane-reduction of ketones

© © © Q

N N o o
H H | H H
Cat A CatB CatC CatD

Having prepared the four new catalysts A, B, C, D, their catalytic
properties were examined by employing them in the asymmetric borane-

reduction of ketones [Eq. 27]. The results are shown in Tabie 3-1.

73 74
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Table 3-1 Asymmetric borane-reduction of acetophenone (73)

Entry Cat L/S(%) ee(%) Conversion(%) configuration
1 A S 65.0 100 R
2 B 5 75.0 | 100 R
3 A 15 76.7 100 R
4 B 15 81.3 100 R
5 A 20 93.7 100 R
6 B 20 94.7 100 R
7 c 20 70.6 72.6 S
8 D 20 76.2 100 S

Substrate : BH3.THF = 1 : 1.1 ; Different L/S ratio was performed by
varying amount of substrate; Reaction time = 2 hours

Comparing entries 1-8 in Table 3-1, it was found that Cat B and D
gave higher enantioselectivites than Cat A and C, respectively, in the
reduction of acetophenone (73) to 1-phenylethanol (74) as shown in Eq. 27.
These results confirmed the prediction that chiral amino alcohols containing
cyclohexyl groups gave higher enantioselectivity than their phenyl
counterparts. In addition, higher ligand to substrate ratio gave higher
enantioselectivity. However, the improvement of e.e. by Cat B as
compared to Cat A became less significant (entries 1-6). For example,
when L/S =5 %, the difference of e.e. between Cat A and B was as high as
10% (entries 1 and 2), but was only 1 % difference for L/S = 20% (entries 5
and 6). The variation of e.e. of Cat A and B with the increase of ligand to

substrate ratio was shown in fig. 3-1,
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—e—CatA
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e.e.(%)

5 15 20
LS(%)

Fig. 3-1 The variation of e.e. of Cat A and Cat B with the increase of
ligand to substrate ratio (L/S)

Moreover, since Cat C and Cat D were less reactive than A and B,
use of Cat D has exhibited significant improvement on reaction

conversion(entries 7 and 8 in Table 3-1).

Based on these preliminary results, a detailed study of this reaction

with different ketones was performed.

2’-methoxyacetophenone (75), 4’-chloroacetophenone (76), 2’-
acetonaphthone (77), propriophenone (26) and 3,3-dimethyl-2-butanone

(78) were employed as substrates.
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" Table 3-2 Enantioselective borane reduction of different prochiral ketones

Entry Substrate Cat e.e.(%) conversion(%) configuration
1 75 A 69.2 100 S
2 75 B 78.1 100 S
3 75 - C 54.4 78.4 R
4 75 D 79.1 100 R
5 76 A 59.3 100 R
6 76 B 67.4 100 R
7 77 A 73.0 100 R
8 77 B 76.4 100 R
9 26 A 618 100 R
10 26 B 67.9 100 R
1 26 C 245 100 s
12 2 D 610 00 s
13 78 A 39.8 15.6 R
14 78 B 44.4 14.0 R
15 78 C 7.0 11.2 S

16 78 D 30.8 14.9 S

Substrate: Ligand : BH;. THF =1 : 0.2 : 1.1 ; Ligand to substrate ratio = 20% ;
reaction time = 2 hours
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Table 3-2 shows a consistent improvement of enantioselectivity when
using cyclohexyl groups on chiral ligands. In some cases, the enhancement
of e.e. were significant (e.g. entries 3 and 4, 5 and 6, 11 and 12). All
catalysts gave low conversions and enantiloselectivities for aliphatic ketones
(entries 13-16). The reaction for such poor reaction of aliphatic ketones 78
not yet fully understood, these results were formally similar to most of the
chiral oxazaborolidines reported in the literature. Such a low reactivity
towards reduction might be due to electron-donating ability of alkyl groups
to the carbonyl groups éo,, that the carbonyl carbon became less susceptible
to the hydride transfer. In addition, lack of bulky substituent adjacent to the
carbonyl group for enantiofacial selection might the cause for the lower e.e.
Nevertheless, the superiority of Cat B and D over Cat A and C was still
observed. For substrates 75 (entries 1-4), it was surprising to note that the
configurations of the resulting 2’-methoxy-1-phenylethanol (79 on fig. 3-5)
were opposite to all corresponding entries of other substrates. Naturally, for
chiral ligands with two chiral centres, (1R,2S)- ligands should give product
with R conﬁguraﬁon, for _chiral ligands with one chiral centre, (R)- ligands
should give product with S conﬁ,c;;urzal’tion.1"]-’"18 These unusual results
suggested a modified transition state for this reaction.

According to the mechanism of Corey et al.,' the borane reduction of
prochiral ketones using chiral 1,3,2-oxazaborolidines as catalysts consists of
four steps : I, formation of the borane adduct ¢; II, coordination of the

ketone to borane adduct ¢ giving d - a transition state; III, stereospecific
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transformation of a hydride from BHj to the carbonyl carbon; IV, releasing

of the product to regenerate the catalyst (fig. 3-2).

R
R Ro 2

BH3THE N>H_<O T.HZB/ 2—};

g HaB’ \B/ Rg_

H ~ RS\C/m
b ¢ R,
RL d

Fig. 3-2 Mechanism of asymmetric borane-reduction of ketones by 1,3,2-
oxazaboro—lidine, demonstrating the four critical steps !

From the above mechanism, Corey and coworkers suggested that the
absolute stereochemistry of the chiral alcohols produced could be predicted.
It was based on the sizés of the two alkyl groups attached to the carbonyl
group of the prochiral ketones as well as the configuration of the chiral

ligand. The concept was depicted below (Fig. 3-3).

OH 0 OH
H',,, (S) BH3.THF BH3.THF H_:

' ‘ )K{ A
Ry, S Riargé

small Ry, Rg
(R)-amino alcohol (S)-amino alcohol
or or
(18,2R)-amino aicohol (1R,28)-amino alcohol

Fig. 3-3 The prediction of absolute stereochemistry of the resulting chiral
alcohols developed by Corey etal 1718
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For asymmetric borane-reduction of acetophenone (73) and most of
the common prochiral ketones, the above mechanism was valid to predict
the absolute configurations of the resulting chiral alcohols. The validity can

be demonstrated by the two 3-dimensional transition states below.*

N A R R OH
+2"IB“0. — .
TN s i RL" 1 Rs
RS _ \ . /R H
AN
H Tl (R)-Alcohol

H

Rg" | RL
H

(S)-Alcohol

(R)-oxazaborolidine complex

Fig. 3-4 Three-dimensional transition state of asymmetric borane-reduction of
general ketones showing the perpendicular coordination between the substrate and
oxazaborolidine catalysts **

From fig. 3-4, the ketone molecule was coordinated to the
oxazaborolidine perpendicularly with the larger alkyl group (Ry) oriented
oppositely to the large R groups on the ligand . This is the most stable

transition state because these two bulky groups were the most distant.

55



Therefore, the enantiofacial attack of the hydride jon could be established.

Unfortunately, the experimental results of entries 1-4 on Table 3-2
could not be explained based on above hypothesis, which the resulting 2’-
methoxy-1-phenylethanol (79) of entries 1 and 2 in Table 3-2 should be R
configuration and entries 3 and 4 should be $ configuration. It indicated
that the coordination-pattern of 75 with the chiral oxazaborolidines was not
simply according to the steric-hindrances of various groups as suggested

previously. Therefore, it is important to examine the role of o-methoxy

group during the transition state.

(R)-oxazaborolidine complex (R)-2"-methoxy-1-phenylethanol

Fig. 3-5 Suggested 3-dimensional transition states of asymmetric borane-reduction
of 2’-methoxyacetophenone (75) showing the planar coordination between 75 and
oxazaborolidine catalysts
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The above is the proposed 3-dimensional transition state of
asymmetric borane-redﬁction of 2’-methoxyacetophenone 75 (Fig. 3-5 ).
The lone pairs of electrons of the methoxy group could interact with_the
positively charged-N atom, thus, a horizontal coordination between the
ketone and the oxazaborolidine was established. The enantiofacial attack
was controlled by the steric hindrance of the bulky R groups on the hydride
nucleophile. The above hypothesis explained the configurations obtained in
entries 1-4 on table 3-2. In addition, we could observe that this kind of
enantiofacial control was less effective than general perpendicular
coordination.

From the above transition states (Fig. 3-4 and 3-5), the bulkier the R
groups are, the more efficient is the enantiofacial discrimination, that is the
reason why Cat B and D gave higher enantioselectivity than Cat A and C.

In summary, these findings add a new dimension to the chemistry of
asymmetric borane-reduction as well as catalysts based on chiral amino
alcohols. The modified ligands can be applied on a wide variety of

asymmetric catalytic reactions and achieve impressive improvement.
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3.2 Application of new chiral amino alcohols in
the asymmetric conjugate addition of diethylzinc

to enones _
Ligand derived : |
H,C-N H;C-N i & ! H H
’ (l:H3 o (|3H3 " &H?, éH3
Catalyst 1 2 3 B

Asymmetric conjugate addition of diethylzinc to chalcone (40) was
studied using Cat 2. Table 3-6 shows the effect of organic solvent on both

conversion and enantioselectivity.

_E?za;_' [Eq.28]

0 Solvent 0
40 80

Table 3-3 Solvent effect of catalyst 2

Entry Solvent e.e.(%) Conversion(%) Configuration
| 1 THF / -l | trace /
2 Diethy! ether / _ trace /
3 CHyCl» 41.8 303 S
4 Toluene 45.8 214 S
5 MeCN 82.0 88.9 S

Cat = Cat 2; Substrate : EtyZn : Ni(acac), : ligand : 2,2-bipyridyl =1:1.2:
0.07 : 0.17 : 0.07; reaction time = 12 hours; reaction temperature = -30°C.
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Resuits in Table 3-3 show that MeCN gives higher conversion and
e.e. than CH,Cl; and toluene for the alkylation of chalcone (40) to (S)-1,3-
diphenylpentane-1-one (80). When TH]_" and diethyl ether were used as
solvents (entries- 1.and 2), only tré'ce amount of (8)-1,3-diphenylpentan-1-
one (80) was detected. VIt was i:Jrobany due their poor solubilities to the
substrate and catalyst repectively. In addtion, reactions in CH>Cl, and
toluene(entries 3 and 4) gave only moderate e.e. and conversion indicated
that a solvent with high polarity might be beneficial for this catalytic
reaction.

Effect of Cat 1_4'011 the asymmetric conjugate addition of diethylzinc
to chalcone (40) was investigated in both toluene and'acétonitrile (Table 3-
4).

Table 3-4 Comparison of catalysts 1, 2, 3, 4 in the asymmetric conjugate
addition of diethylzinc to chalcone (40)

Entry - Cat Solvent  e.e.(%) conversion(%) -. configuration
1 1 Toluene 1.6 434 S
2 2 Toluene 45.8 214 _ S
3 1 - ‘MeCN 33.2 532 S
4 2 MeCN 82.0 88.9 S
5 3 MeCN / trace /
6 4 MeCN / trace /

Substrate : EtZn : Niacac), : ligand : 2,2-bipyridyl=1:1.2:0.07: 0.17 :
0.07; reaction time = 12 hours; reaction temperature = -30°C
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It was noted that the enantioselectivity of chiral catalyst was enhanced
tremendously from Cat 1 to Cat 2 in both solvent systems. Cat 1 gave an
almost racemic product in toluene (entry 1) and low enantioselectivity in
MeCN (entry 3). IhUs‘the advantage of the more steriéa]_ly—demanding 1,2-
dicyclohexyl backbone of Cat 2 was clearly demonstrated in this reaction.
Beside the steric effect, liga.n'd with cyclohexyl groups which had better
electron-donating ability than its phenyl analogs probably stabilized the
catalyst complex when coordinating to the electron-deficient Ni(Il) metal.
Since MeCN gave the best rate and enantioselectivity, it was chosen as the
solvent for the subsequent study.

When using Cat. 3 and Cat 4, only trace amount of (S)-1,3-
diphenylpentan-1-one (80) was detected (entries 5 and 6). Aithough the
detailed mechanism of this reaction was still not clear, the proton present on
amino group of th.e ligand mighf play an importah_t role to deactivate the
catalyst. The two alkyl groups on N atom of Cat 1 and Cat 2 also helped to
stabilize the rigidity of the catalyst complex.

Effect of ligand to substrate ratio of Cat 1 and Cat 2 on asymmetric

conjugate addition of diethylzinc to chalcone (40) is shown in Table 3-5.
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Table 3-5 Effect of ligand to substrate ratio of Cat 1 and 2 on
asymmetric conjugate addition of diethylzinc to chalcone (40)

Entry Cat L/S(%) e.e.(%) _convel"sion(%) configuration
1 1 10 312 314 S
2 2 10 ‘l - 80.0 41.8 S
3 1 17 332 53.2 S
4 2 17 82.0 88.9 S
5 1 20 38.8 69.0 S
6 2 20 80.7 99.5 S
7 1 25 37.2 89.3 | S
g 2 25 809 100 S

Et2Zn : Ni(acac), : ligand : 2,2-bipyridyl = 7;1_.: 041:1: 0.41; Different
L/S ratio was performed by varying amount of substrate; Reaction time =
12 hours; Reaction temperature = -30°C; 'Solvent = MeCN

The enantioselectivity of the reaction of both catalysts was found to
be insensitive to the concentration of chiral ligand used in this catalytic
reaction (entries 1, 3, 5, 7 and 2, 4, 6, 8). However, higher conversion was
obtained with_ the hlcrease of chiral ligand concentration. Furthermore, it
was noted that the use of Cat 2 led to a substantial increase on conversion,
while Cat 1 resulted in a graduate increase. The change of conversions of
Cat 1 and Cat 2 with ligand to substrate ratio (L/S%) is demqnstrated.in

Fig. 3-6. It can be explained by the signiﬁcantly higher reactivity of Cat 2,

therefore, a plateau of converion against L/S(%) occured earlier than Cat 1.
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Fig. 3-6 Change of conversions of Cat 1 and Cat 2 with ligand to substrate
ratio (L/S%)

Chiral catalysts containing rare-earth metals are attracting much
interest recently. In the study of the asymmetric conjugate addition of
diethylzinc to chalcone (40), we used La(acac), as metgl complex to prepare
the chiral catalysts. Unfortunately, only low enantioselectivities were
obtained (Table 3-6). However, the results still reflected the superiority of

ligand 69 over ligand 23,

Table 3-6 The effect of using rare-earth metal La(acac), to prepare the catalyst

Entry Ligand e.e.(%) Conversion(%) configuration
1 23 - 89 7.1 S
2 . 69 38.7 4.8 S

Substrate : Et,Zn : La(acac), : ligand : 2,2-bipyridyl =1:1.2:0.07 : 0.17 :
0.07; Reaction time = 12 hours; reaction temperature = -30°C
The superiority of Cat 2 over Cat 1 was further established by employing

them in ésymmetric conjugate addition of diethylzinc to various enones [Eq. 29-32].
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The results are shown in Table 3-7. Previous reports of employing enones with
substituted aromatic rings as substrates was much less than those employihg

chalcone (40), therefore, it is valuable to explore and investigate this area.

- 00, O,

-300C for 12 hrs

3- (I-Naphthalenyl) 1-phenyl-2-propen-1-one

@ @ ‘ o ’ (a3
7 EtzZn MeCN %]
-300C for 12 hrs

3- (3—Methylbenzyl) 1-phenyl-2-propen-1 -one

@ ~ O Etgzn MeCN a3l

-300C for 12 hrs

@

@

3-(3-Chlor0benzyl)- -phenyl-2-propen-1-one

O/O

3- (3-Fluor0benzyl) 1-phenyl-2-propen-1-one

[Eq. 32]

Y

Etzzn MeCN
<300C for 12 hrs
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Table 3-7 Asymmetric conjugate addition of diethylzinc to 40, 81-84

Substrate e.6.(%) * conversion(%) configuration
Cat1l Cat 2 Cat1 Cat 2
332 82.0 53.2 88.9 S
¢ : |
40 ' :
@@ © 41.5 78.6 277 42.6 S
I |
81 - o
3 60.0 79.8 14.0 31.1 S

452 80.9 45.3 48.3 S

41.1 86.7 27.5 36.4 S

Substrate : Et,Zn : Ni(acac), : ligand : 2,2-bipyridyl =1 : 12:0.07:0.17:
0.07; reaction time = 12 hours; reaction temperature = -30°C.

Results in Table 3-7 demonstrate that Cat 2 is consistently better than
Cat 1 regarding both the conversion and the enantioseiectivity. On the
other hand, the conver_sions of these enones (81-84) were generally lower
than conjugate addition to chalcone (40). It was probably due to the
presence of substituents on-aromatic rings of the substrétes caused steric
hindrance for the attack of ethyl anion and the presence of substituents

destabilized the coordination. It was also interesting to note that substituent
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on the aromaﬁc ring of enone had somé effect on the enantioselectivity
when. Cat 1 was employed, but little effect was observed for Cat 2.

Finally, these results again give an evidence of the generality of the
advantage of the sterically more-demaﬁding 1,2-dicyclohexyl backbone.
On the other hand, an effective catalyst (Cat 2) has been developed which is
one of the ‘best catalysts among all previous reported catalysts in the

asymmetric conjugate addition of diethylzinc to enones.
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Chapter 4 Conclusions

Summary :

1) Design and synthesis of a series of easily prepared chiral amino alcohols
containing cyclohexyl groups. These new ligands can furnish thé
investigation of steric and electronic effects of substituents on chiral amino
alcohols. This topic maybe significantly interesting both for its novelty and

for its practical value.

2) Application of (1R,2S)—2—amino-2-cyclohexylethan01(68) and (R)-2-amino-
1,2-dicyclohexylethanol(67) in the asymmetric borane-reduction of
prochiral ketones has revealed that these newly synthesized ligands are

consistently more effective than their phenyl counterparts.

3) A supplement of the existing mechanism of asymmetric borane-reduction

has been proposed.

4) Application of (1R,28)-N,N-dimethyl-2-amino-1,2-dicyclohexylethanol
(69) in the asymmetric conjugate addition of diethylzinc to enones with
high reactivity and enantioselectivty. Furthermore, this .ligand has been

found to be significantly more effective than its phenyl counterpart.
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Claims to original research

1. Synthesis of (1R,2S)-2-amino-1,2-dicyclohexylethanol (67), (R )-2-amino-2-
cyclohexylethanol(68), (1R,2S)-N,N-dimethyl-2-amino-1,2-dicyclohexyethanol
(69) and (1R,2S)- N-methyl-2-amino-1,2-dicyclohexylethanol (70).

2. Application of (1R,28)-67 and (R )-68 in asymmetric bo.rane-reduction of
ketones and application of (1R,25)-69 and (1R.28)-70 in the asymmetric

conjugate addition of diethylzinc to enones.
Conclusions

The development of a new, highly efficient method for the production of
chiral amino alcohols containing cyclohexyl groups (67 and 68) from their phenyl
analogs opens up a new frontier for the development of more efficient synthetic
methods. The application of the new 1,3,2-oxazaborolidines (Cat B and D)
'cpntaining cyclohex&l groups in the asymmetric borane-reduction of prochiral
ketones clearly demonstrates conSistentI sﬁperiority of these new chiral amino
alcohols over their phenyl analogs. The supplement of existing mechanism of the
asymmetric borane-reduction also furnishes the chemistry of this area. The
tremendous improvement of reaction rate and enantioselectivity by employing new
catalyst (Cat 2) containing cyclohexyl group, in the asymmetric conjugate addition of
enones, is of particularly high scientific and practical interest. The chemistry of
asymmetric conjugate addition of 'enones with substituted aromatic rings has also

been furnished. This finding establishes the generality of the advantage of the

67



sterically more demanding cyclohexyl groups, excellent opportunities are offered for
upgrading many existing catalytic systems.
Recommendations

There are several prospects of this work which are valuable to be explored in the
future :

1. The hydrogenatidn of phenyl rings of other existing chiral amino alcohols by
similar procedures can be performed to achieve substantial exploration of this area.
2. ’fhe improvement of enantioselectivity in asymmetric borane-reduction by new
catalysts containing cyclohexyl group was not significant enough, some other
substrates/reaction conditions can be examined to achieve impressive improvement.
3. The generality of the suggested mechanism of the asymmetric borane-reduction
of 2’-methoxyécetophenone (75) needs to be established by employing more

different kinds of similar ketones e.g. ketones with aromatic ring containing hydroxy

group.

4. The detailed mechanism of asymmetric conjugate addition has not been fully
understood, the mechanistic study is valuable to be performed. |

5. The low conversions of asymmetric conjugate addition of diethylzinc to enones
with substituted -aromatic rings (81-84) can be improved after the establishment of
the mechanism. Examining &iﬁerent ligands, metals, reaction conditions and

different organozinc reagents will be potential to develop highly efficient catalysis.
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Racemic 70 + (R)-Mandelic Acid
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Racemic 70 + (R)-Mandelic Acid

(Stereogenic centre)

pom
———3 44512
3.42284
3.37188
—3.35227

S
\ WA A W

L .
- w

o =3

5 ~

sy =

g o

LE T L T I T hl T -T ] T T T T 1 I

ppm 3.45 3.40 3.35

Fig. 4-15 "H NMR Spectrum of Rac-70 + (R}-Mandelic Acid {Steregenic centre)

93



#m

(1R, 28)-70 + (R)-Mandelic Acid
(Stereogenic centre)

-—3.36967
———3.34824

3.45 1.40 3.35

4-16 '"H NMR Spectrum of (1R,25)-70 + (R)-Mandelic Acid(Stereogenic centre)

94



fem

" (18, 2R)-70 + (R)-Mandelic Acid
(Stereogenic centre)

3.44842
3.42554

=

—_—
———————

————

. \.
/ \
N
i ; A
i K\ e ,__1’ \"\'\ J'\ ;"\ °
o - R Vo e W Y T

T Y L} ¥ T I s T T T T T T T T T T T T Lg T ¥ T ¥ T T T T T L3 T T ¥ 1 T
3‘11175 3.450 1 445 3.400 3.37% 3.350 3.32% 3.300

4-17 '"H NMR Spectrum of (15,2R)-70 + (R)-Mandelic Acid(Stereogenic centre)

95



Appendix 2 Lists of conference papers and academic journal papers

Conference papers

1. Tong, P.E.; Li, P.; Zhang, F.Y.; Chan, A.S.C. “Synthesis of a series of novel chiral
amino alcohols and their catalytic properties”. Proceedings of the 4th Symposium on

Chemistry Postgraduate Research in Hong Kong, Hong Kong, 19 April, 1997

2. Tong, P.E.; Zhang, F.Y.; Li, P.; Chan, A.S.C. “The effect of a series of novel
chiral amino alcohols on the ruthenium(Il)-catalyzed asymmetric transfer
hydrogenation of ketones in propane-2-ol’. Proceedings of the 214th American

Chemical Society National Meeting, Las Vegas, NV, USA, 7-11 September, 1997

3. Tong, P.E.; Li, P.; Zhang, F.Y.; Chan, A.S.C. “The synthesis and application of a
series of new chiral amino alcohols in the asymmetric borane-reduction of ketones”.
Proceedings of the 2nd Conference for Worldwide Chinese Young Chemists, Hong

Kong, 20-23 December, 1997
4. Tong, P.E.; Li, P.; Zhang, F.Y.; Chan, A.S.C. “The synthesis and application of a

series of new chiral amino alcohols in the asymmetric borane-reduction of ketones”.

Proceedings of the Symposium on Frontiers of Chemistry, Hong Kong, 1997
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5. Tong, P.E.; Li, P.; Zhang, F.Y.; Chan, A.S.C. “The synthesis and application of a
series of new chiral amino alcohols in the asymmetric conjugate addition of
diethylzinc to enones”. Proceedings of the 5th Symposium on Chemistry

Postgraduate Research in Hong Kong, Hong Kong, April 25, 1998
Academic journal papers

1. Tong, P.E.; Zhang, F.Y.: Li, P.; Chan, A.S.C. “Enantioselective borane-reduction
of ketones catalyzed by new 1,3,2-oxazaborolidines containing cyclohexyl groups™.

In preparation.
2. Tong, P.E.; Zhang, F.Y ; Li, P.; Chan, A.S.C. “Enantioselective conjugate

~ addition of diethylzinc to enones catalyzed by chiral nickel complexes containing a

new chiral aminoalcohol with cyclohexyl groups”. In preparation.
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