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ABSTRACT

The emergence of chirality as one of the key issues in

pharmaceutical and agrochemical research has led to a flurry of

activity among synthetic organic chemists. Consequently,

enantioselective synthesis has become a major branch of organic

chemistry. The biocatalytic approach to this enantioselective

synthesis is currently emerging as a major tool.

This thesis describes our endeavor in developing inexpensive

crude esterases as useful alternatives to the expensive isolated

esteras' s in the synthesis of enantiomerically enriched synthons

and biologically important molecules. The thesis consists of three

chapters: (i) Introduction, (ii) Objectives, Results and

Discussion, (iii) Experimental. The first chapter, Introduction,

presents the current status of the field while according due place

to fundamental contributions.

The second chapter describes objectives, results and

discussion. Enzymes have been increasedly recongnised as versatile

catalysts especially in the synthesis of optically active

molecules.- However, synthetic organic chemists remained

apprehensive because of their preconceived notions about the

delicacy of enzymes. Moreover non-accessability of a required

enzyme often prevents one to go for an enzyme mediated
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In order to provide inexpensive and simple procedures for

enzyme mediated transformations, we have taken up the project

"enantioselective synthesis mediated by crude enzymes". We believe

that crude preparations of certain enzymes can be employed for a

projected reaction as long as the other enzymes present do not

interfere. Accordingly, we planned to make use of crude esterases

namely pig liver acetone powder (PLAP) and chicken liver acetone

powder (CLAP) for enantioselective synthesis of various molecules

(98-105 & 1).

We have first taken up the resolution of secondary

homoallyl alcohols, 98(a-g). We have first carried out the

resolution of these molecules via enantioselective hydrolysis of

corresponding acetates catalyzed by PLAP which produced the

product alcohols with moderate enantiomeric purities. However,

CLAP catalyzed hydrolysis of the same acetates provided the

product alcohols with very high enantiomeric purities (72-98%).

Next we have taken up the resolution of anti-homoallylic

alcohols, 99(a, d-h). This was achieved via CLAP catalyzed

hydrolysis of corresponding acetates which produced the product

alcohols in high enantiomeric purities (67->99%). We have also

studied the enantioselective hydrolysis of acetates of racemic

secondary propargyl alcohols, 100(a-e).

a-Methylene-/3-hydroxypropanoates, lOl(a-d) and propane-

nitriles 102(a-f) are molecules with unique structural features
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which could be exploited in the enantioselective synthesis by

using them as chirons. Therefore we have subjected acetates of

these racemic molecules to the PLAP catalyzed enantioselective

hydrolysis producing the desired alcohols in good enantiomeric

purities.

Cyclohexyl based chiral auxiliaries play a very important

role in asymmetric synthesis. Therefore we turned our attention to

synthesis of trans-2-arylcyclohexan-l-ols (103a-g) in homochiral

form. Accordingly, we prepared variously substituted arylcyclo-

hexanols, and their acetates were subjected to CLAP catalyzed

hydrolysis to produce the required chiral auxiliaries in

homochiral form.

Attracted by medicinal value of (S)-propranolol (1), we

attempted its synthesis via enzymatically generated precursors 123

& 124. We synthesized (±)-123 which upon CLAP catalyzed hydro-

lysis produced (R)-N-ethoxycarbonylpropranolol in 40% optical

purity. Then we have subjected the racemic 124 to PLAP catalyzed

hydrolysis which produced the required molecules in 46% optical

purity.

We have attempted the synthesis of 5-hexadecanolide (104),

pheromone of oriental hornet, Vespa orientalis, via enzymatically

produced cyclopetanol, 126. Unfortunately the required cyclo-

pentanol was obtained only in 427. optical purity from PLAP

catalyzed hydrolysis of corresponding acetate, (±)-126a. We have
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also attempted the synthesis of optically*- active (cis-6-methyl-

tetrahydropyran-2-yl)acetic acid (105), a constituent of secretion

of civet cat, Viverra civetta. We identified three molecules, 130,

132 & 136 as potential chiral precursors. We thought of

generating these precursors via enzymatic hydrolysis of

corresponding acetates of racemic alcohols. Unfortunately,

enzymatic (PLAP/CLAP) hydrolysis of acetates of 130, 132, 136 gave

only racemic products.

The third chapter deals with the experimental procedures

along with the spectral data and physical constants (m.p., b.p. &

optical rotations). Determination of enantiomeric purities of the

compounds is also described in detail.



INTRODUCTION

The synthesis of optically active compounds has been a

challenging area of organic synthesis with a long history! In

2

1848, it was for the legendary Louis Pasteur to carry out the

first resolution of a racemate into enantiomers and to recognize

subsequently, that "optical activity is a consequence of molecular

asymmetry". He also developed the two important methods,

diastereomer crystallization and fermentation which are still used

for the industrial-scale resolution of racemates.

In recent years, interest in the synthesis of optically

active compounds in homochiral form has gained new impetus as a

consequence of ever increasing awareness about the importance of
3

optical purity in the context of biological activity . Several

biologically active molecules, such as Pharmaceuticals, food

additives, agrochemicals, etc., are often chiral molecules.

Several chiral drug molecules exhibit different biological

activity within their enantiomer pairs. For example, the (S)-ena-

ntiomer of the drug propranolol (1), which is used to treat hyper-

tension, has 100 times of /3-adrenergic activity of the (R)-enanti-
3

omer. Similarly, the (R)-enantiomer of thalidomide is a drug used

for morning sickness while the (S)-enantiomer 2 is teratogenic.

Such a phenomenon of property differentiation within enantiomer

pairs is also exhibited by food additives and agrochemicals. For



example both enantiomers of sucrose are equally sweet, but only

the naturally occuring D-enantiomer is metabolized, making the

synthetic L-enantiomer a potential dietary sweetener. Similarly,

the (2R,3R)-enantiomer of paclobutrazol (3) is a fungicide while

3
the (2S,3S)-enantiomer acts as a plant growth regulator.

H

0
0 (S) - Propronolol (1) OH

(S) - Thofidomide (2) (2R. 3R) - Paclobutrazol (3)

This emergence of chirality as one of the key issues in

4 5

pharmaceutical and agrochemical research has led to a flurry of

activity among synthetic organic chemists. Consequently,
7

asymmetric synthesis, once thought to be a rather esoteric

subject, has become a major field of activity in both academic and

industrial laboratories all over the world. Research over the

last twenty years has resulted in great advances in developing

efficient and economic methods for the synthesis of a variety of

optically active compounds. The arsenal of synthetic organic

chemists has now become very rich in chiral building blocks and

methods for their preparation and elaboration.
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The biocatalytic approach, in particular, has recently

emerged as a major tool for the synthesis of homochiral compounds

with enzymes being increasedly recognized as potential chiral

catalysts. Consequently, biocatalysis in organic synthesis has

become a well-defined area of research. The field is served by a

steady stream of monographs, reviews and specialist
- 19-22

conferences

Enzymes have become highly attractive catalysts mainly due

to their high stereospecificity, regioselectivity, broad substrate
23

specificity and ability to work under mild conditions. Moreover,

enzymes are versatile and catalyze a broad spectrum of reactions.

There is an enzyme catalyzed equivalent for most types of organic

reactions with few exceptions such as Diels-Alder reaction and

Cope rearrangement.

The native enzymes can be modified to suit the requirements
24 25

via immobilization, chemical modification of active site and
y'fa

site-directed mutagenesis that may result in increased operatio-

nal stability and change in stereoselectivity. With the advent of

monoclonal antibodies, it has become possible to synthesize artif-

icial enzymes, the abzymes or catalytic antibodies, that have been
27

shown to catalyze required reactions in stereoselective manner.

Applications of enzymes for synthesis of optically active

molecules and other organic transformations have been of current

interest with rich literature. As it is not possible to review
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all the bibliographic material, some selective examples, that

represent fundamental contributions and describe current status of

the field, were chosen to illustrate the importance of enzymes in

organic synthesis.

Enzymes are conventionally classified into six groups based

on the type of reaction they catalyze: Oxidoreductases, transfer-

ases, hydrolases, lyases, isomerases and ligases. Oxidoreductases

and hydrolases are the most widely used enzymes for the

preparation of optically active molecules. Esterhydrolases are

of particular * interest since they do not require expensive

18

cofactors. Recent work of Klibanov on the utility of these

enzymes in organic media has made esterhydrolases more popular

among organic chemists. These esterhydrolases have been employed

for synthesis of enantiomerically enriched molecules via

(1) enantioselective hydrolysis of prochiral (or meso diesters)

and esters of racemic carboxylic acids and acylated racemic

alcohols.

(2) enantioselective esterification of racemic carboxylic acids

and acylation of racemic alcohols.

(3) enantioselective transesterification of prochiral (or meso)

diols , racemic alcohols and esters.

A large number of reports describing the applications of

esterhydrolases to organic synthesis have appeared in l i terature.

Since the thesis deals with the synthesis of optically active



molecules via hydrolysis of racemic esters, emphasis has been made

for hydrolytic reactions catalyzed by esterhydrolases.

Several commercially available esterases and lipases have

been employed for this purpose. Some of the more frequently used

among those are:

Pig liver esterase (PLE) Porcine pancreas lipase (PPL)

Horse liver esterase (HLE) Candida cylindracea lipase (CCL)

Bacillus subtilis lipase Asperigillus niger lipase (AND

Pseudomonas sp. lipase (PSD Pseudomonas cepacia lipase (PCD

Pseudomonas AK lipase (Lipase AK) Pseudomonas sp. SAM II lipase

28 29

Among these pig liver esterase ' is certainly the most widely

used esterase for the synthesis of enantiomerically enriched

compounds. PLE was employed as a catalyst for the kinetic
30

resolution of mandelic acid ester by Dakin as early as in 1903.

Enantioselective hydrolysis of prochiral diesters and diacyl

prochiral diols:

Prochiral diesters:

Several esterases and lipases such as PLE, PPL, PFL, etc.,

are capable of catalyzing enantiotopically specific hydrolysis of

prochiral diesters. One of the oldest reaction of this type is

31

due to Cohen et al. They showed that a-chymotrypsin (CHT)

catalyzes the hydrolysis of diethyl /3-acetamidoglutarate (4a) in

enantiospecific manner resulting in the production of (R)-ethyl-



hydrogen /3-acetamidoglutarate (4b) in optically pure form (Eq. 1).

NHAc NHAc

CHT

EtOOC COOEt

(1)

HOOC COOEt

(R)-4b

32
Later in 1975, Sih and coworkers reported PLE catalyzed

enantiospecific hydrolysis of dimethyl /3-hydroxy-/3-methylglutar-

ate (5a) to produce (S)-hydrogen-methyl |3-hydroxy-/3-methylglutar-

ate (5b) in 99% enantiomeric excess, which was subsequently trans-

formed into either enantiomer of mevalonolactone (6) (Scheme 1).

SCHEME 1:

PLE

COjMe

5a 5b

33

Ohno and coworkers employed PLE for asymmetric hydrolysis

of dimethyl ^-acylaminoglutarate (7a) which gave (S)-half ester 7b

in 937. enantiomeric excess. The (S)-7b was subsequently converted

into the azetidinone 8, a versatile precursor for carbapenem

antibiotics (Scheme 2).



SCHEME 2:

NHCOR NHCOR
H

PLE

R-OCHjPh

COjMa MeOjC

7a 7b 8

34

In 1984, Schneider et al. reported the enantioselective

synthesis of monoalkyl malonates (9b) with 8-86% enantiomeric

purity via PLE-cataJyzed hydrolysis of corresponding diesters
35

(9a). Later, Norin et al. studied the effect of size of substi-

tuent on the enantioselectivity of PLE-catalyzed hydrolysis of

dialkylated propanedioic acid esters (9a). They have also synthe-

sized optically pure (S)-a-methylphenylalanine (10a, R* = benzyl,

R" = Me), (S)-a-methyltyrosine (10b, R' = 4-hydroxybenzyl, R" = Me)

and (S)-a-methyl-3,4-dihydroxyphenylalanine (10c, R' = 3,4-dihydr-

oxybenzyl, R" = Me) employing 9b as chiral synthons (Scheme 3).

SCHEME 3:
R\

R"'
9a

^COOMo

PLE

R"*<^

9b

^COOH

^COOMo

10(a-c)

R' = alkyl or aryl, R" = ethyl or methyl

37

Jones et al. studied the effect of reaction conditions on

stereoselectivity of PLE catalyzed hydrolysis of dimethyl /3-methy-
38

lglutarate (lla) in detail (Eq. 2). Later, Ohno et al. reported
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a similar study on the effect of size of acyl group of /3-acylamin-

oglu ta ra te (7a) on stereoselectivi ty of PLE catalyzed hydrolysis.

Me Mo

PLE

MeOOC COOMe
11a

HOOC COOMe
11b

(2)

At + 20 C, pH = 7.0, MeOH = 0%, 797. e.e.

At - 10°C, pH = 7.0, MeOH = 207., 977. e.e.

Recently, Pseudomonas sp. lipase (PSD has been successfully

employed for asymmetric hydrolysis of diester 12a to produce the

(R)-half ester 12b in >987. enantiomeric excess which was

subsequently transformed into either enantiomer of a potent LTD

antagonist 13 (Scheme 4)

SCHEME 4:

39

MeO OOMe MeOO

(S) - MK-0571
(LTD* antagonist)

MejNO

00H

13 COOH

(R) - MK-0571

(LTD4 antagonist)



Diacyl prochiral diols:

Asymmetric hydrolysis of diacyl prochiral diols catalyzed by

esterhydrolases has been a well known method to provide the

corresponding optically active monoacyl diols. Schneider et at.

hydrolyzed the diacetate 14a with lipoprotein lipase to produce

(R)-14b in 91% enantiomeric excess (Eq. 3).

OCHjPh OCHJPh

Lipoprotein
^ B -

(Ipose

(3)

41

Sakai et al. reported PFL catalyzed hydrolysis of 2-methyl-

1,3-propanediol diacetate (15) (R=Me) to produce (R)-monoacetyl
42

diol 16 in >997. enantiomeric excess. Guanti et at. reported PPL

catalyzed asymmetric hydrolysis of several 2-aryl-l,3-propanediol

diacetates (15) (R=aryl) which gave the (S)-monoacetyl diols 17 in

90-967. enantiomeric excess (Scheme 5).

Scheme 5:

AcO

PPL

R^aryl

OAc AcO

15 17
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Mori et al. employed lipase P for asymmetric hydrolysis of

diacetate of 2-vinyl-l,3-propanediol (18a) to provide (R)-18b in

90% enantiomeric excess which is an important synthon for

antibiotic 1233A (Scheme 6).

SCHEME 6:

Antibiotic 1233A

44

Guanti et al. during their studies to prepare new chiral

building block,' asymmetrized tris(hydroxymethyl)methane(THYM) (20)

investigated the asymmetric hydrolysis of a variety of 2-(E)-alke-

nyl-l,3-propanediol diacetates (19a) catalyzed by PPL to obtain

corresponding (E)-alkenyl derivatives 19b with high optical

purities (>957.) (Scheme 7). The corresponding 2-(Z)-alkenyl

derivatives gave less satisfactory results.

SCHEME 7:

R = n-hexyl, isopropyl, cyclohexyl.

OR*

20
0R2
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Enantioselective hydrolysis of meso diesters and diacyl meso

diols:

Enzymes are now widely recognized as potential catalysts for

asymmetric synthesis with their abilities to asymmetrize meso

compounds via enantiotopic group discrimination. PLE has been the

most widely used enzyme for this purpose. Other enzymes that have

been employed with considerable success are PPL, PCL, SAM II, etc.

Meso diesters:

45

In 1981, Sih and coworkers employed PLE for the first time

to asymmetrize a meso diester. They asymmetrized dimethyl

cis-2,4-dimethylglutarate (21a) via enantiotopically specific

hydrolysis catalyzed by PLE and Gliocladium roseum which produced

the half esters 21b and 21c in 64% and 987. enantiomeric excess

respectively (Scheme 8).

SCHEME 8:

HOOC COOMe MoOOC COOMe MoOOC COOH

21b 21a 21c

Ohno et at. hydrolyzed the tricyclic meso diesters 22a and

24a using PLE as catalyst to produce the corresponding optically

active mono-acid-esters 22b and 24b in 77% enantiomeric excess.

The half esters 22b and 24b were subsequently converted into

nucleosides showdomycin (23) and cordycepin (25) respectively

(Scheme 9).
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SCHEME 9:

22a

24a

COOH

0

HOHJC Y ^ -

_ n
22b

OH OH

24b OH 25

PLE catalyzed asymmetric hydrolysis of cyclic meso diesters

26a-31a to produce the corresponding optically active half esters

26b-31b in 9-100% enantiomeric excess was concurrently reported by

47 48 49
Tamm et al. , Schneider et al. and Jones et al.

COOMe

COOR

26

COOMe .COOMo COORccCOOR X00R "COOMe

27 28 29

POOR ^ COOR

OOMo

30 31

a) R = Methyl, b) R = H
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Gais and coworkers have demonstrated the high utility of

PLE in large-scale synthesis of homochiral compounds by preparing

the half ester 31b in optically pure form in a mole-scale. The

half ester 31b is used as a chiron in the synthesis of several

naturally occurring and biologically active compounds (Scheme 10).

SCHEME 10:

COOMo
PLE

COOMe

Prostaglandln
precursors

"COOMe
31a 31b

Carbapenems

Fortamine

Zemlicka et al.
51

obtained the half ester 32b in 957.

enantiomeric excess from PLE catalyzed hydrolysis of meso diester

52

32a. Bloch and coworkers reported PLE catalyzed asymmetric

hydrolysis of the bicyclic mesodiesters 33a-35a which gave the

corresponding half esters 33b-35b in >977. enantiomeric excess.
OH

ROOC I COOMe

COOR
COOMe

COOR

COOMe

33 34

a) R = Methyl, b) R = H

35
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Diacyl meso diols:

53

Sih and coworkers described asymmetric hydrolysis of mes<

diacetates 36a and 37a catalyzed by PLE to produce th<

corresponding mono acetates 36b and 37b in about 307. enantiomeric
54

excess. Later, Schneider et al. showed PPL to be ideal enzyme

for the asymmetric hydrolysis of 37a, after screening severa

enzymes. The mono acetate 37b is very valuable chiron for the

synthesis of prostaglandins (Scheme 11).

SCHEME 11:

OAc

36

OAc Natural & unnatural

Prostaglandins

37
a) R = Ac, b) R = H

Wang and Sih synthesized (+)-biotin in homochiral fon

starting from the optically active monoacetate 38b, which in tur

was obtained from PLE catalyzed enantioselective hydrolysis <

corresponding diacetate 38a (Scheme 12).

SCHEME 12:
CHjPh CKjPh

I I
PLE ytK^—°H

Ac

I I
CHjPh CHjPh



Vasella et at. sucessfully asymmetrized the meso dipropio-

nate 39a via PLE catalyzed enantioselective hydrolysis which

produced the optically active monopropionate 39b in 957. enantio-

meric excess (Eq. 4).

PLE

OCOEt

(4)

39a 39b

57
Seebach and coworkers successfully employed pig liver

acetone-methylenechloride powder (PLAMP), a crude form of PLE,

for asymmetric hydrolysis of a variety of acyclic and cyclic meso

2-nitro-l,3-diols 40a-45a to produce the corresponding optically

active monoacetates 40b-45b in 90->977. enantiomeric excess.

RO.

NOj

.OAc RO

40

NOj

RO OAc

Me

44

OAc RO

NOj

•Ac RO

41 42

OAc

RO ,OAc
a) R = Ac

b) R = H

OEt

45
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Vandewalle et al. recently reported PLE catalyzed asymmetric

hydrolysis of the meso diacetates 46a and 47a, which produced the

monoacetates 46b and 47b in 957. and 807. enantiomeric excesses

respectively. The monoacetate 47b is a precursor for compactin

and mevinolin (Scheme 13).

SCHEME 13:

AcO

PLE

OAc AcO^ ^^ ^OH

b

46) R = CH2OCH2Ph, 47) R

Compactin

Mevinolin

OCH Ph

Enantioselective hydrolysis of racemic esters and acylated racemic

alcohols:

The potential of esterhydrolases as catalysts for kinetic

resolution of racemic carboxylic acids and alcohols via

enantioselective hydrolysis of their esters has been well

exploited. Several commercially available esterases, lipases and

proteases have been employed for this purpose. Prominent among

them are PLE, PPL, PSL, PCL, CCL, ANL, HLE, lipase p 30, SAM II,

chymotrypsin, etc.

Racemic carboxylic acid esters:

59

In 1968, Cohen and Milovanovic described a highly efficient

kinetic resolution of diethyl ct-benzylsuccinate (48a). They
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subjected the racemic diester 48a to the a-chymotrypsin catalyzed

enantioselective hydrolysis and obtained the half ester (R)-48b

and (S)-48a in very high optical purities (Eq. 5).

i ^ E t O O C ^ 1 +
'COOEt ^ COOH EtOOCT - (5)

ROC-48G (R)-(+)-48b (S)-(-)-46a

In 1982, Sih et al. reported kinetic resolution of racemic

hydroxy ester 49a via PLE catalyzed hydrolysis (Eq. 6).

PLE

COOMe ^ Y ^COOMe H<
= - = (6)
OH OH OH

Rac-49a (2R. 3R) -49a (2S. 3S)-49b

Morrow et al. resolved several racemic |3-hydroxy-/3-methyl

alkanoic acid esters 5Oa to produce optically active acids (R)-50b

and (S)-50a in 22-98% enantiomeric excess via PLE catalyzed

hydrolysis (Eq. 7).

Me Me OH
COOH a. R"OC~ " " n

R- (7,

Roc--50a (R)-50b (S)-50a

R' = CH CH_, n-CM., CHoCHo0H, CHoCH_0CHoPh, CHoCH(0Me)o

R" = Methyl or ethyl
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Ohta et al. employed PLE for resolution of several raceml

ct-benzyloxy-a-methylalkanoic acid esters (51) and obtained tb

corresponding optically active acids and esters in 60-99'

enantiomeric excess (Eq. 8).

Me OCHjPh P L E Me

HOO

(8)

Rac-51

63
Sih et al. prepared (S)-naproxen (52b)in 987. enantiomeri<

excess via CCL catalyzed enantioselective hydrolysis o:

corresponding racemic methyl ester 52a (Eq. 9).

UeOOC

Rac—52a (S)-naprox«n (52b) (R)-52a

64

Bloch and coworkers described efficient resolution

several ct-arylpropionic acids via HLE catalyzed hydrolysis

their methyl esters. They prepared methyl ester of (S)-ibuprol

(53a) in >96% enantiomeric excess (Eq. 10).
MeOOC UeOOC COOH

Rac—53a (S)-53a (R)-ibuprofen (53b)
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Sih and coworkers utilized ANL as catalyst for enantio-

selective hydrolysis of racemic ester 54a to produce the acid

(R)-54b in 987. enantiomeric excess (Eq. 11).

COOM« . COOH COOM«

SCOPh ( i i )

Roc-54o (R)-54b (S)-54a

Delinck and Margolin66 obtained both (S)- and (R)-acids 55b

with high enantiomeric excess from lipase P and CCL catalyzed

hydrolyses of racemic 55a respectively (Scheme 14).

SCHEME 14:

0™

(S)-55b Rac-55a (R)-55b

Recently Sih and Gu reported kinetic resolution of racemic

ester 56a via PPL catalyzed enantioselective hydrolysis to produce

optically pure (S)-56b and (R)-56a (Eq. 12).

Rac-56a (S)-56b (R)-56a

Kalaritis and coworkers described enantioselective hydro-

lysis of alkyl esters of several racemic a-substituted alkanoic

acids 57a catalyzed by lipase P 30. They recovered the unhydro-

Ivzed esters in 93-997. enantiomeric excess (Eq. 13). - ,t
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COOR"

X

Roc—57a

COOH R"OO<

X
(R)-57a

R = n-butyl, CH2CH2Ph; R" = Me or Et; X = F, Br, OH

Recently, Burgess et al. carried out resolution of several

methyl sulfinyl acetates and propionates 58a via enantioselective

hydrolysis catalyzed by Pseudomonas K-10 lipase. They obtained

the recovered esters in >957. enantiomeric excess (Eq. 14).

COOMe-
or z

or aryl

COOH

0

+ MeOCXll^H)

>95X «•«•

70

Rac—58a

Schneider et al.'" reported the PLE catalyzed stereoselect-

ive hydrolysis of cyclopropane esters 59a. PLE hydrolyzes only

trans-lR-esters to produce the corresponding (1R, 2R) acids 59b in

moderate enantiomeric excesses (Eq. 15).

PLE

"COOMe

Roc—cla 4c trans—59a

R-CH3 or a

2R)-59b

VCOOH (1S.2S)-«8ter

Rac—<as—«stei
(15)

Francalanci et al. employed steapsin for enantioselectiv'

hydrolysis of racemic n-butyl ^,3r-epoxybuty^ate (60) whic

produced the unreacted ester (R)-60 in >957. enantiomeric excess
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This (R)-epoxybutyrate 60 was converted into (R)-carnitine

chloride (61) (Scheme 15).

SCHEME 15:
OH

Stoapsin ^ ^ s .

P>s. ..COOBu — O * » ^ . C O O B u _ ^ _ _ [ J

Rac-60 (R)-60

72

Recently, Moretti et al. prepared optically active

diesters 62 and 63 (whose chirality is only due to trivalent

nitrogen atom) in 76 and 877. enantiomeric excesses via

enantioselective hydrolysis of the corresponding racemic diesters

catalyzed by lipase from Rhizopus delemer and PPL respectively.
MeOOC.

m ̂  ^ ^ ^ ^ ^ ' N w

Meoocr \y ^a Meoocr\^/

62 63
73Quite recently, Jones and Toone have reported an efficient

synthesis of optically active esters and acids 64-66 in >977.

enantiomeric excess via enantioselective hydrolysis of the

corresponding racemic esters using PLE.

.COOR ^ COOR ^v. X00R

64

R = Me or H, X = Br or H
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74
Zwanenburg et al. synthesized the acid, (-)-67b in homo-

chiral form via PLE catalyzed enantioselective hydrolysis of

racemic ester 67a (Eq. 16).

COOEt COOEt HOOC

PLE

Rac-67a (+)-67a (-)-67b

Sih and Fulling reported enantioselective hydrolysis of

racemic ketorolac acid ester (68a) catalyzed by protease from

Streptornyces greseus to produce both acid 68b and unreacted ester,

68a, in >967. enantiomeric excess (Eq. 17).

COOMe

S- greseus

COOHMeOOC,

PhOC

Roc—68a

COPh

(S)-68b (R)-68o

Acylated racemic alcohols:

Biocatalytic kinetic resolution of racemic alcohols via

enantioselective hydrolysis of their acyl derivatives using

esterhydrolases as catalysts has become a major tool for the

synthesis of homochiral alcohols. Several commercially available

esterhydrolases such as PLE, PPL, PFL, CCL, lipase P, lipase P 30

SAM II, etc., are capable of catalyzing the hydrolysis in enantio-
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76

selective manner.

Whitesides and Ladner'" reported PPL catalyzed enantiosele-

ctive hydrolysis of several acylated epoxyalcohols. They obtained

(R)-(-)-glycidyl butyrate (69a), a versatile chiron, in 927.

enantiomeric excess (Eq. 18).

H H
PPL

Rac-69a (R)-69a (S)-€9b

77
Ikekawa and coworkers reported resolution of binaphthol

via enantioselective hydrolysis of various dialkanoates of

binaphthol catalyzed by Bacillus sp. L-75 which produced the diol

and diester in high enantiomeric excess. Subsequently,

78

Kazlauskas reported a practical synthesis of both enantiomers of

binaphthol via bovine pancreas acetone powder (BPAP) catalyzed

hydrolysis of divalerate of (i)-binaphthol (70a) (Eq. 19).

(19)

Rac—70a (S)-70b

>99% ©•«•

(R)-70a

>98% ©•©•
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79 80
Sakai and coworkers ' showed that PCL catalyzed hydro-

lysis of several racemic acetates of substituted cycloalkanols

produced with very high enantioselectivity. The cycloalkanols

71-73 were obtained in >997. enantiomeric excess.

71 " 72 73

n = 1, 2, 3; R = Me or Et; E.e. = 997.

81

Roberts et at. reported enantioselective hydrolysis of

acetate of racemic oct-l-yn-3-ol (74a) catalyzed by Mucor miehei

lipase producing (3S)-oct-l-yn-3-ol (74b) in 807. enantiomeric

excess which was subsequently transformed into coriolic acid, an

antifungal agent (Scheme 16).

Scheme 16:

OAc OH
Mucor mlahei

«— Coriolic acid

(S)-74b

The racemic cyclopentenyl acetates 75 and 76 were resolved

82
via enantioselective hydrolysis catalyzed by lipase P and

83

Arthrobacter lipase respectively, producing the corresponding

alcohols and recovered esters in homochiral form (Scheme 17).



SCEHEME 17:

Rac-75 99% ©•©• >95X ©•«•

Rac-76

Arthrobactor r^

HO

84
Recently, Nieduzak and Carr reported the synthesis of

antiarrhythmic agent 77b via enantioselective hydrolysis of

corresponding racemic acetate 77a catalyzed by ANL (Eq. 20).

QAc

ANL

CHjCHjPh

Rac-77a

AcQ

CHjCHjPh

(S)-77b (R)-77a

(20)

or

Liang and Paquette described PPL catalyzed enantiosele-

ctive hydrolysis of chloroacetate of racemic sulcatol 78a which

produced unreacted chloroacetate (S)-78a in homochiral form (Eq.21).

OCOCHjCI ClCHjCOO

(21)

Rac-78a (R)-Sulcatol (S)-78a
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Wong and coworkers developed a chemoenzvmatic route to

optically pure versatile chiral synthons 79(a & b) using lipase

LP-8O as catalyst for enantioselective hydrolysis (Eq. 22).

OAc OH OAc (22)

OEt

Roc-79a

.OEt Li pose

R = N3

LP8O R^

• F. Cl 1
OE

OEt

79b

t EtO.

OEt

79a

87

Recently, Muljiani et al. reported Bacillus subtilis

mediated enantioselective hydrolysis of racemic-80a, which prod-

uced the desired alcohol 80b in >987. enantiomeric excess (Eq. 23).
C C I3 B- subtifis yy^ cue

(23)

OAc
Rac—80a

OAc
(S)-80a

OH
(R)-80b

88
Itoh et al. reported enzymatic resolution of racemic

esters 81 via enantioselective hydrolysis catalyzed by lipase P,

which gave the unreacted esters in >97% enantiomeric excess (Eq.

24).

OCOCHjSR*

.CN

Roc-81a

lipose P
OH

CN

81b

R = CH3> Ph, CH2CH2Ph, CH=CHPh, R' = CH3> Ph
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Esterification and transesterification:

89 90

The discovery ' of the fact that lipases retain their

catalytic activity in organic media of low water content (<17.) has

great impact on the field of biotransformations. These lipase
1 ft

catalyzed^ reactions in organic media have become very important

biotransformations for the production of enantiomerically enriched

compounds.

The effect of various solvents on the stereoselectivity cf
91~93

lipases continues to be an interesting aspect of these

biotransformations. Various solvents used for lipase catalyzed

reactions are hydrocarbons (hexane, heptane, toluene, etc.) ethers

(diethyl ether, diisopropyl ether, etc.), DMSO, DMF, pyridine,

etc. As the literature is very vast it is very difficult to cover

all the aspects, we have chosen few selected examples to indicate

the importance of this class of biotransformations.

Direct esterification of carboxylic acids and alcohols:
94

In 1985, Klibanov and coworkers reported direct esterifi-

cation of various racemic a-haloacids 82a with n-butanol in hexane

catalyzed by CCL which resulted in production of optically active

(R)-esters and (S)-acids (Eq. 25).CCL
R,CHXC0OH ~— (jQ-^CHXCOOBu + (S)-R1CHXCOOH ( 2 5 )

Rac-82a 82b 82a

R = CH n-C H , n-C H , Ph; X = Br, Cl, 4-Chlorophenoxy
*3 O XO 1 ^ ci*s
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95

Subsequently, Langrand et al. described direct acylation

of various racemic alcohols 83a with lauric acid in hexane or

heptane catalyzed by CCL, which gave the optically active esters

and alcohols in high enantiomeric excess (Eq. 26).

Rac-83<3 83b

R = CH3, C2H5, n-C3H r

Ring opening of prochiral cyclic anhydrides:

Oda et al. reported asymmetric ring opening of various

3-substituted glutaric anhydrides (84a) with alcohols catalyzed by

PFL producing (R)-half esters 84b in 70-91% enantiomeric excess

(Eq. 27).

PFL
(27)

HOOC COOR

84b

R' = Cl

Transesterif ication of racemic and prochiral or meso alcohols:

Racemic alcohols:

Kinetic resolution of racemic alcohols via lipase catalyzed

transesterification was first reported by Klibanov et al. in 1985,

94
which marked the beginning of a new field of biotransformations.
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They subjected various racemic alcohols 85a to transesterification

with trichloroethyl butyrate catalyzed by PPL, producing optically

active esters and alcohols in 57-1007. enantiomeric excess (Eq. 28).

OH OCOPr" OH
PPL I I (28)

Rac-85a Ether/Heptane Q5b

R = CH C H ; R' = alkyl, phenyl

Several important chiral molecules, for example 86-90, have

been resolved via enantioselective transesterification catalyzed

u i- • • J - 97-101

by various lipases in organic media.
0

OH
869 7 87 9 8 8S9-9 89100

(PFL) (Upoae P) (Amano PS) (RGL) (PFL)

Prochiral and meso diols:

102

In 1986, Tombo et at. showed that PPL catalyzed trans-

esterification of prochiral diol 91a produces corresponding

optically active monoacetate 91b while hydrolysis of corresponding

diacetate 91c catalyzed by the same enzyme gives optically active

monoacetyl diol 91b (R = alkyl) but with opposite stereochemistry,

thus providing access to both the cnantiomers. Later, Wong and
103

coworkers reported similar results (R = OCH Ph) using PSL as
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the enzyme

SCHEME 18:

R

HO OH

91a

(Scheme

Li pose

AcOfT

18).

R

A
R

A
HO OAc AcO (

91b

Upo8e

Buffer

R
•

)H AcO OAc

91c

R = Alkyl, OCH Ph; R' = CH CH=CH.,

Similarly, meso diols can also be asymmetrized via lipase

mediated acylation in organic media. Using this methodology,

several synthetically useful chiral molecules 92-96 were synthesi-

104-107
zed in i.jmochiral form.

OH OH
OTBDMS

n
AcO OH AcO OH OAc

92 1 0 4 931 0 8 94*<* 95*0 7

(Upose SAM II) (Upose P30) (PCL)

96^07

(PCL)

Other biotransformations useful in asymmetric synthesis:

Among the synthetically useful biotransformations affected

by various types of enzymes, the biocatalytic reductions and

oxidations catalyzed by oxidoreductases or whole cells, and

carbon-carbon bond forming reactions catalyzed by aldolases,

ketolases, oxynitrilases, etc., are the most important transfor-
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mations in the context of asymmetric synthesis. The biocatalytic

carbon-carbon bond cleaving reactions catalyzed by whole cells are

the biotransformations that seem to open new avenues in the field

of asymmetric synthesis.

Asymmetric synthesis via biocatalytic reductions:

Biocatalytic reductions of prochiral carbonyl groups and

heterotopic carbon-carbon double bonds are very important

biotransformations since they result in the production of enantio-

merically enriched chiral synthons. Several microorganisms and

isolated enzymes have been in use for this purpose. Baker's Yeast

{Saccharomyces cerevisiae) ' catalyzed reductions are the

best among several biocatalytic asymmetric reductions (Scheme 19).

SCHEME 19:
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Asymmetric synthesis via biocatalytic oxidations:

Biocatalytic oxidation of alcohols, hydroxylations at

activated and unactivated carbons, epoxidation and Baeyer-Villiger

oxidation of ketones are among the most useful biotransformations.

Some selected examples have been mentioned below (Eq. 29-31,

Scheme 20).

Oxidation of alcohols:no

XX (29)

HO'' ^OH 0 ^ 0

Hydroxylation at activated and unactivated carbons:

SCHEME 20:

111,112

, Soyabean / —

HOOC

Pseudomonas

putida 39D

R = F, CI , Br, alkyl

Dpoxygenase \ r = .

OH

OH

HOOC
OH

(+)- * (-)-PInJtol

Epoxidation of olefins:
113

P* oloovorana

R » Ph. OMe. F
(30)
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Baeyer-Villiger oxidation of ketones:

V Acin«tobactor

114

* u.>(31)

Asymmetric synthesis via biocatalytic C-C bond forming reactions:

Aldol reaction:

The rabbit muscle aldolase (RAMA) catalyzed aldol reaction

between dihydroxyacetone phosphate (DHAP) and aldehydes that

produces optically active molecules has been extensively studied

and utilized by Whitesides and Wong (Eq. 32).

H
2-

OPO3 RAMA
( 3 2 )

117

Cyanohydrin formation:

The enzymatic asymmetric addition of HCN to aldehydes

catalyzed by oxynitrilases has proved to be one of the highly

useful biotransformations (Eq. 33).

CN
oxynrtrilo8e

RCHO + HCN — »— H- OH (33)
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Asymmetric synthesis via biocatalytic C-C bond cleavage:

Decarboxylation:

Enzymatic cleavage of a carbon-carbon bond is relatively new

118

to organic synthesis. The recently reported asymmetric

decarboxylation of a-disubstituted malonic acids catalyzed by

microorganism, Alacaligenes bronchisepticus, seems to be a highly

useful biotransformation (Eq. 34).
^

Me

Me^ ^COOH A bronchisepticus

(34)COOH A T

91-99% e-e-

Ar = Phenyi, 4-anisyl, 6-methoxy-2-naphthyl,

4-chlorophenyl, 2-thienyl



OBJECTIVES, RESULTS AND DISCUSSION

Objectives:

For the past five years our group has been actively involved

in developing simple methods for the production of optically

119-122

active compounds. The preceding prologue enables one to

conclude that enzymes have become versatile and highly potential

catalysts, especially in the field of synthesis of

enantiomerically enriched chiral compounds. This emergence of

biotransformations as a means for the production of optically

active compounds has drawn our attention sufficiently to initiate

research project in this area.

Despite the high utility of biotransformations, some

synthetic organic chemists remained apprehensive about the

experimental techniques involved. Moreover, accessibility of a

required enzyme often poses problems preventing one to go for an

enzyme mediated transformation in preference to conventional

reactions.

The use of purified enzymes on a regular basis could prove

expensive in case of most of the enzymes. We believe that crude

preparations of certain enzymes could be conveniently employed as

catalysts for projected reactions if the other enzymes present in

the preparation do not interfere. It has already been shown that

acetone powders of pig liver, horse liver, bovine liver and

bovine pancreas could be employed as catalysts with great ease
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as if they were single enzymes. Porcine pancreatic lipase (257.

protein) is generally used in its crude form. Moreover immobi-

lization of purified enzymes and their reuse may not always

possible.

In order to provide simple and inexpensive procedures, we

have initiated the project, "Enantioselective synthesis using

crude enzymes." We have started with employing pig liver acetone

powder (PLAP) (a crude form of PLE), an easily accessible and

inexpensive enzyme. Soon, our group has come out with a report in

124

1990, which described the PLAP-catalyzed enantioselective

hydrolysis of (±)-traas-l-acetoxy-2-aryloxycyclohexanes (97) that

produced corresponding (-)-alcohols in 90 to >997. enantiomeric

excess (eq. 35). Encouraged by this initial success, we have
. -„ ^ . , . 125,126

increased our efforts in this area.

a PUP Acetate
•— (-)-AJcohol + of ( 3 5 )

Ether-phosphate buffer / , x . . .
ClAc u a * * ^ 90->99% (+)-alcohol
VJ^C pH 8*0, room temperature

Rac-97

Ar = Phenyl, 3 & 4-tolyl, 2,3, & 4-anisyl

4-t-butyl, 4-biphenyl, 2,4-dimethyl

The main objective of this work is to synthesize various

enantiomerically enriched chiral synthons such as (1) homoallyl

alcohols 98 & 99, (2) propargyl alcohols 100, and (3)

3-aryl-3-hydroxy-2-methylenepropionates 101 and propanenitriles
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102; the chiral auxiliaries, trans-2-arylcyclohexan-l-ols (103);

the /3-adrenergic agent, (S)-propranolol (1); the pheromone of

oriental hornet, (R)-hexadecanolide (104) and (cis-6-methyl-

tetrahydropyran-2-yl)acetic acid (105), a constituent of grandular

secretion of civet cat (Viverra civetta) via enzyme mediated

transformations. We have planned to achieve this via

enantioselective hydrolysis of acetates of *.

1) racemic alcohols 98-103,

2) derivative or precursor of racemic-1 and

3) precursor-alcohols of compounds 104 & 105,

catalyzed by crude esterases such as pig liver acetone powder

(PLAP) and chicken liver acetone powder (CLAP) and thereby

demonstrate the potential of crude enzymes.

OH OH

R

Ph

9 8

OH

99

OH

Ar
COOMe

Ar

CN

101 102 103

OH

104 105

1

1

H



Results and Discussion:

With the aforementioned objectives in mind, we first

selected PLAP as the crude enzyme for utilization in enantio-

selective synthesis. We have prepared PLAP in our laboratory

38

following the procedure described by Ohno et al. from fresh pig

liver.

Homoallyl alcohols:

A<~ . a first step towards our target, we have started with

resolution of homoallyl alcohols because homoallyl alcohols are

very important chiral precursors for (3- and y-hydroxy carbonyl

frame work present in many naturally occurring and pharmacologi-

cally active compounds. Moreover, the double bond present in

homoallyl alcohols allows a variety of manipulations that one may

wish to carry out. Enantiomerically enriched homoallyl alcohols

have been prepared via chiral auxiliary-mediated asymmetric

127-129

allyl-metalation of aldehydes and ketones.

We have planned to achieve the resolution of homoallyl

alcohols via PLAP catalyzed enantioselective hydrolysis of their

racemic acetates, thinking that such a process would become simple

and inexpensive method for the synthesis of optically active

homoallyl alcohols. Accordingly, we prepared racemic-1-phenylbut-
130

3-en-l-ol (98a) via Luche's method, starting from benzaldehyde,

allyl bromide and zinc dust in about 957. yield. The structure of
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1 13

this alcohol was confirmed by IR, H and C NMR spectral data.

This alcohol was conver ^d into corresponding acetate 106a by

treatment with acetic anhydride in presence of pyridine and DMAP

(Scheme 21).

SCHEME 21:

Rac-106a

The racemic acetate 106a was then subjected to PLAP

catalyzed hydrolysis under a variety of conditions. We found that

the biphasic medium which consists of ether and 0.5 M, pH 8.0

KH PO /K HPO buffer in 1:4 ratio to be the best among all for
cL ^ cL ^r

this purpose. After 24h, during which time 597. hydrolysis was

accomplished, the reaction was stopped and a mixture of product

alcohol and unhydrolyzed acetate was isolated. The optically

active alcohol and enantiomerically enriched acetate were

separated by column chromatography (eq. 36).

OAc ™ 0 A c

(36)
Roc-1060 (R)-(+)-98o (S)-106o

The optical purity of the product, (R)-(+)-l-phenylbut-3-

131#n-l-ol (98a), [a]^° + 27.55 (c 2.54, PhH) {Lit.131 [ct]^1 - 39.9



(c 2.48, PhH), 847. ee, S-configuration} was determined to be 587.

by comparing optical rotations. The enantiomerically enriched

acetate was hydrolyzed with KOH/MeOH (eq. 37) to furnish

70
(S)-(-)-98a, [ct]p -31.25 (c 1.24, PhH) in 667. optical purity.

OAc OH
KOH/MeOH I

— A / 5 S . (37)

(S)-106a (S)-(-)-98a

This result was encouraging. We thought that introduction

of substituents into phenyl ring might produce better results.

Accordingly, we prepared several variously substituted racemic-1-

arylbut-3-en-l-ols (98b-98f) starting from corresponding

aldehydes, allyl bromide and zinc dust following the procedure

employed for (±)-98a. The structures of these alcohols were

1 13

established by IR, H and C NMR spectral data. Then these

alcohols were converted into corresponding acetates 106b-106f by

treatment with acetic anhydride.

OH OAc

AT ^ ^ AT'
Roc-98(b-f) Roc-106(b-f)

Ar = b) 4-tolyl, c) 4-chlor .phenyl, d) 4-methoxyphenyl,

e) 1-naphthyl, f) 2,4-dichlorophenyl



The racemic acetates 106b-106f were subjected to

PLAP catalyzed hydrolysis under similar conditions employed for

(±)-106a. The progress of the hydrolysis was monitored by HPLC.

When an appropriate degree of hydrolysis was accomplished, the

reactions were stopped, and the product (+)-alcohols and the

enantiomerically enriched acetates were isolated (Table 1). The

recovered acetates were hydrolyzed with KOH/MeOH to furnish (-)-

alcohols (Scheme 22).

SCHEME 22:

Rac-106(b-f) (+)-98(b-f) I KOH/MaOH

(-)-98(b-f)

The enantiomeric purities of ( + )-98b (Ar= 4-tolyl), (+)-98c

(Ar= 4-chlorophenyl), ( + )-98d (Ar= 4-methoxyphenyl) and (+)-98e

(Ar= 1-naphthyl) were determined by comparing their specific

131

rotations with literature values and found to be 677., 657., 647.,

and 727. respectively. The optical purities of (-)-98b, (-)-98c,

lr)-98d and (-)-98e were determined in the same mariner and the

values are given in Table 1. . The enantiomeric excess of (+)-98f

LAr = 2,4-dichlorophenyl) was determined by H NMR analysis of



Table 1 : Enantioselective hydrolysis of (±)-106 using PLAP*.

Substrate

r±)-106

106a

106b

106c

. 106d

106e

106f

Time
i n

h r s .

2 4

3 ?

3 2

3 2

5 0

2 4

Conv ers l on
ra1
OH

5 9

4 3

3 9

4 3

5 0 :

3 8 :

. i o
OAc

4 1

5 7

6 1

5 7

5 0

6 2

Yield c

(7.)

6 1

9 0

8 7

7 4

8 8

7 7

+ 27.55

+ 30.66

+ 21.94

+ 52.65

+ 69.96

+ 36.95

( +

[a

(c

(c

(c

(c

(c

(c

- 9 8

2 . 5 4 ,

1 .69,

2 .50 ,

7 .82 ,

3 .30,

3 .68 ,

PhH)

PhH)

PhH)

PhH)

PhH)

PhH)

E . e . d

(7.)

5 8

67

65

6 4

72

5 6 f

106

Y i e l d c

(7.)

9 0

9 2

91

9 0

9 0

7 0

E.
(

e
e .
7.)

6 6

53

4 7

4 5

6 5

3 0 *

-p-

a) All reactions were carried out in 5 mM scale. b) Conversion ratio was determined by

HPLC analysis. c) Yields of pure isolated products and are based on conversion ratio,

d) l?ased on literature values131 :for (S)-(-)-98a, Ar = phenyl, (a)21- 39.9 (c 2.48, PhH),

847. e.e.; for (-)-98b, Ar = 4-tolyl, [aj2 5- 37.3 (c 2.0, PhH), 827. e.e.; for (-)-98c,

Ar= 4-chlorophenyl, [a.)'"' -28.4 (c3.O3, PhH), 847. e.e.; for (-)-98d, Ar= 4-methoxyphenyl,

[a]2 3- 65.8 (c 3.56, PhH), 807. e.e.; for (-)-98e, Ar = 1-naphthyl, [a]2 4- 77.5 (c 2.98,

PhH), 807. e.e.; e) Determined by comparing observed specific rotations of (-)-alcohols,

obtained after hydrolysis with KOH/MeOH, with that of literature values. f) E.e. was

determined by H NMR (200 MHz) analysis of corresponding Mosher's ester, g) Based on [a]D

value of corresponding ( + )-alcohol.
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Mosher's esters of (±)- and ( + )-98f following the procedure

described below.

Determination of enantiomeric purity of (+)-98f:

The Mosher's ester of (±)-98f was prepared by treating the

racemic alcohol with (S)-(+)-a-methoxy-a-(trifluoromethyl)-

phenylacetyl chloride (MTPAC1) in presence of sodium hydride and

DMAP using pyridine as solvent (eq. 38). In the H NMR spectrum

of Mosher's ester of (±)-98f two distinct singlets with almost

OH
(S)-(+)-UTPACl 0

Rac-98f

Ar = 2,4-dichlorophenyl

equal integrations, appeared at 5 3.48 and 3.58 (due to OMe group)

arising from both enantiomers of homoallyl alcohol. Then, a

sample of (+)-98f was converted into corresponding Mosher's ester

following the procedure described for Mosher's ester of (±)-98f.

The H NMR spectrum of Mosher's ester of ( + )-98f contained two

distinct singlets with integrations in the ratio 12.9:3.6 appeared

at 8 3.48 and 3.58 (OMe protons) indicating that the ( + )-98f has

an enantiomeric purity of 567. (Table 1).

The (-)-98f derived from enantiomerically enriched recovered
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acetate was shown to be of 307. optical purity, by comparing the

observed optical rotation with that of ( + )-98f.

With the prominence of homoallyl alcohols as valuable

chirons and the importance of homochirality in mind, we increased

our efforts to improve the optical yields of the homoallyl

alcohols. For achieving this we planned to examine the

applicability of other enzyme, chicken liver acetone powder (CLAP)

Accordingly, we prepared CLAP from fresh chicken liver in our

laboratory in the following manner:

Chicken liver acetone powder (CLAP):

Fresh chicken liver was homogenized in chilled acetone using

kitchen juicer. The brown mass, obtained after filtration of the

homogenate, was air dried at room temperature and powdered using

juicer. The fibrous material was removed by sieving to get CLAP

as fine powder. Thus obtained CLAP was stored in refrigerator

which remained active even after 3 months.

CLAP-catalyzed hydrolysis:

Hydrolysis of racemic acetate 106e (Ar= 1-naphthyl) was

examined first because this substrate with PLAP-catalyzed

hydrolysis provided the best result. Of the various conditions

employed, the biphasic medium which consists of ether and 0.5 M,

pH 8.0, KH PO /K HPO buffer, and room temperature were found to

be the best even Tor CLAP-catalyzed reaction. The reaction was

carried out under these conditions and it took 20h to accomplish



28% hydrolysis (HPLC) (Table 2) (Scheme 23). The product ( + )-l-

(l-naphthyl)but-3-en-l-ol (98e), [a] + 92.9 (c 1.26, PhH)

{Lit. [a]^ -77.5 (c 2.98, PhH), 80% ee} with 96% optical

purity was isolated along with enantiomerically enriched acetate

106e, which in turn, upon hydrolysis with KOH/MeOH furnished

(-)-98e, [ a ] 2 2 -31.18 (c 0.89, PhH) with 32% optical purity.

SCHEME 23 :

QAc OH QAc
CLAP I

A r - — ^ " ^ " A r - ^ - ^ ^ + Ar "

Rac-106e (+)-98« I KOH/MeOH

(-)-98e

Ar = 1-naphthyl

After obtaining this highly encouraging results, we examined

hydrolysis of a variety of acetates of racemic homoallyl alcohols

(Table 2). The required racemic alcohols 98a, 98b, 98c, 98e, 98f,

130

and 98g were prepared following the same Luche's procedure,

starting from corresponding aldehyde, allyl bromide and zinc dust.

1 13

The structures of these alcohols were established by IR, H & C

NMR spectral analysis. The structures of 98f and 98g were further

confirmed by mass spectral analysis. These alcohols were

converted into corresponding acetates 106(a-c & e-g) by treatment

with acetic anhydride in presence of pyridine and DMAP.



Table 2 : Enantioselective hydrolysis of (±)-106 using CLAP*.

Subst r a t e

( ± ) - 1 0 6

106a

106b

106c

106e

106f

106g

Time
. n

hr s .

35

4 0

2 2

2 0

4 0

2 0

Conv e r s i on
r a t i o
OH:OAc

3 0 : 7 0

4 1:59

3 2 : 6 8

2 8 : 7 2

42 : 58

31 :69

Y i e l d c

86

90

75

89

92

88

+ 34.

+ 44.

+ 32.

H 92.

+ 56.

+ 23.

(

0 8

6 2

18

9 0

7 0

3 0

• >

(a

( c

( c

(c

(c

(c

(c

-98

c
,.
3 .

3 .

1 .

1 .

2.

1 1 ,

8 3 ,

2 0 ,

2 6 ,

3 0 ,

0 6 ,

PhH)

PhH)

PhH)

PhH)

PhH)

PhH)

E . e . d

(7.)

72

9 8

95

96

8 5 f

9 2 f

, 0 6

Y i e l d 0

(7.)

9 3

91

8 9

93

9 3

91

E . e . e

(7.)

38

7 3

51

32

56*

46*

a) All reactions were carried out in 5 mM scale. b) Conversion ratio was determined by

HPLC analysis. c) Yields of pure isolated products and are based on conversion ratio,

d) Based on literature values131: for (S)-(-)-9Sa, Ar = phenyl, [a]21- 39.9 (c 2.48, PhH),

847. e.e.; for (-)-98b, Ar = 4-tolyl, [a]2 5- 37.3 (c 2.0, PhH), 827. e.e.; for (-)-98c,

Ar = 4-chlorophenyl, [a] 2 3 -28.4 (c 3.03, PhH). 847. e.e.; for (-)-98e, Ar = 1-naphthyl,
24

(a] - 77.5 (c 2.98, PhH), 807. e.e.; e) Determined by comparing observed specific

rotations of (-)-alcohols, obtained after hydrolysis with KOH/MeOH, with that of

literature values. f) E.e. was determined by H NMR (200 MHz) analysis of corresponding

Moshei "s ester, g) Based on [a] value of corresponding ( + )-alcohol.



OH OAc

Ar

Roc-98(a-c & e—g) Rac-106(a-c & e-g)

Ar = a) Phenyl, b) 4-tolyl, c) 4-chlorophenyl, e) 1-naphthyl,

f) 2,4-dichlorophenyl, g) 3,4-dichlorophenyl

Then we subjected these acetates of racemic alcohols to the

CLAP-catalyzed hydrolysis under the previously mentioned

conditions. The product ( + )-alcohols and the enantiomerically

enriched acetates were isolated after usual work-up in good

chemical yields (Table 2). The recovered acetates were hydrolyzed

with KOH/MeOH to furnish (-)-alcohols.

The optical purities of ( + )-98a (Ar = phenyl), (+)-98b (Ar =

4-tolyl) and (+)-98c (Ar = 4-chlorophenyl) were determined by

131

comparing their specific rotations with literature values and

found to be 727., 987. and 957. respectively. The optical purities

of (-)-98(a-c) were determined in the same manner and the values

are given in the Table 2.

The enantiomeric excesses of (+)-98f (Ar=2,4-dichlorophen-

yl) and ( + )-98g • (Ar=3,4-dichlorophenyl) were determined by H NMR
132

analysis of corresponding Mosher's esters following previously

described procedure and found to be 857« and 927. respectively. The

optical purity of (-)-alcohols, (-)-98f and (-)-98g, was

determined by comparing their specific rotations with that of

corresponding ( + )-alcohols and found out to be 567. and 467.

respectively (Table 2).
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Anti-homoallyl alcohols 99:

The reasonable success achieved with the resolution of

homoallyl alcohols containing one chiral center prompted us to

take up the synthesis of more complex molecules in optically

active form. The synthesis of optically active compounds with two

133-135

or more chiral centers has been a challenging area of

present day organic synthesis because such molecules can be key

intermediates for the structurally nonrigid complex molecules,

such as polyethers, ansamycin and macrolide antibiotics.

The importance of homochiral molecules with multiple chiral

centers and lack of suitable methods for their large scale produ-

ction prompted us to take up the resolution of anti-homoallyl

alcohols 99. Obviously, we were in search of a suitable method

for the synthesis of racemic-anti-homoallyl alcohols with high

diastereomeric purity. Literature survey revealed that the method
13£>

of Torii et al. is one of the most convenient methods.

Accordingly, we first prepared (±)-anti-l,2-diphenylbut-3-en-l-ol

(99a) (R = Ph) by stirring a suspension of benzaldehyde, cinnamyl

chloride, tin (II) chloride dihydrate and aluminium powder in

THF-H2O (5:2) at 60°C (Scheme 24). The NMR spectral data of this
137

alcohol is in good agreement with literature data . The racemic

alcohol was converted into the corresponding acetate 107a by

treatment with acetic anhydride (Scheme 24).



SCHEME 24:

OAc

SnCIj-AI I J
+ RCHO

HjO-THF

R « Phonyl

Rac-99a

The racemic acetate 107a (R= phenyl) was then subjected to

CLAP catalyzed hydrolysis in biphasic medium containing ether and

phosphate buffer at room temperature (eq. 39). The progress of

the hydrolysis was monitored by HPLC. After 10 days, during which

time 25% of hydrolysis was accomplished, the reaction was stopped.

The product, (IS, 2R)-(-)-l,2-diphenylbut-3-en-l-ol (99a), [a]IJ

m
-14.26 (c 1.12, CHC1 ) {Lit. [a] -12.5 (c 3.4, CHC1 ), 977. ee,

(IS, 2R) configuration) and enantiomerically enriched acetate

20
107a, [a]fj + 11.26 (c 2.13, CHC1 ) were isolated.

OAc OH
0 A c

Ph Ph P*

Rac-107a <-)-99a (+)-107a

The enantiomeric excesses of (-)-99a and recovered acetate

were also determined by H NMR (200 MHz) analysis of acetates in

presence of Eu(hfc)o as described in the following.
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Determination of enantiomeric purity:

The H NMR (200 MHz) spectrum of racemic acetate 107a, in

presence of Eu(hfc),_, showed that the original singlet at 5 2.08

(due to COMe) shifted and appeared as two distinct singlets with

almost equal integrations, indicating that the two singlets arise

from two enantiomers.

Then a sample of (-)-99a was converted into corresponding

acetate by the action of acetic anhydride in presence of pyridine

and DMAP (eq. 40). The H NMR (200 MHz) spectrum of this acetate,

recorded in presence of Eu(hfc) , contained two distinct singlets

(OCOMe) with integrations in the ratio 0.6:15.1 revealing that the

(-)-99a has an enantiomeric excess of 92%.

OH OAc

Ĵ
 (40)

OH OAc

XJ s&s XJ
Ph Ph

2R)-(-)-99a (1S. 2R)-107a

Similarly, the H NMR spectrum of recovered acetate ( + )-107a

recorded in presence of Eu(hfc)_, showed two distinct singlets

(COCH ) with integrations in the ratio of 8.0:3.6 indicating that

the recovered acetate is enantiomerically enriched by 25%.

Encouraged by above results, we planned to examine the

generality of this transformation. Accordingly, we have prepared

seven more alcohols 99b-99h changing the R group following the
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previously described strategy using Torii's method. The racemic

alcohols were then converted into corresponding acetates 107b-107h

by treatment with acetic anhydride. The structures of both

1 13
alcohols and acetates were confirmed by IR, H and C NMR
(Fig. 1 for 99f) spectral data.

OH OAc

V
Ph Ph

Roc-99(b-h) Rac-107(b-h)

R = b) 4-tolyl, c) 4-chlorophenyl, d) isopropyl,

e) isobutyl, f) n-butyl, g) n-pentyl, h) n-hexyl.

These acetates were then subjected to CLAP catalyzed

hydrolysis in the biphasic medium (ether-phosphate buffer, pH 8.0)

at room temperature. The racemic acetates 107b and 107c were not

hydrolyzed by CLAP. The remaining acetates were smoothly

hydrolyzed by CLAP-catalyzed reaction. The product (-)-alcohols

and enantiomerically enriched acetates were isolated in good

yields (Table 3, Eq. 41). Their enantiomeric excesses were

determined by H NMR (200 MHz) analysis of acetates in presence of

Eu(hfc) .

(-) - Alcohol + (+) - Acetate
V (41)



LH

Table 3 : Fnantioselective hydrolysis of (±)-107 using CLAP*.

S u b s t r a t e

(±)-107

107a

107d

107e

107f

107g

107h

Time
i n

hrs .

240

2 6 4

7 5

6 5

7 5

1 4 4

b
C o n v e r s i on

r a t i o
OH:OAc

2 5 : 7 5

2 5 : 7 5

3 2 : 6 8

2 2 : 7 8

3 5 : 6 5

3 5 : 6 5

Yield c

(7.)

8 0

87

9 2

8 9

8 9

8 6

( -

- 14.26

- 60.65

- 45.90

- 57.41

- 44.55

- 46.70

(c

(c

(c

(c

(c

(c

)9

. 2 0

1. 12,

1.83,

?.. 20.

1.55,

1.61 ,

2.18,

CHC13)

CHC13)

CHC13)

CHC13)

CHCln)

CHCl )

E . e . d

(7.)

9 2

6 7

> 9 9

8 8

8 0

9 2

( + ) -

Y i e l d c

(7.)

9 3

9 2

9 5

9 3

94

9 2

1 0 7

E . e . e

(7.)

2 5

19

4 9

2 4

6 9

4 9

a) All reactions were carried out in 5 mM scale. b) Conversion ratio was determined by

HPLC analysis. c) Yields of pure isolated products and are based on conversion ratio,

d) Determined by H NMR (200 MHz) analysis of corresponding acetates in presence of chiral

shift reagent, Eu(hfc) . e) Determined by H NMR (200 MHz) analysis in presence of

Eu(hfc) .
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Determination of enantiomeric purity:

The racemic acetate, in each case, was first subjected to H

NMR (200 MHz) analysis in presence of Eu(hfc) . After ensuring

that the acetate signal shifts and splits into two distinct

singlets, samples of (-)-alcohols were converted into

corresponding acetates by treating the alcohols with acetic

anhydride in presence of pyridine and DMAP (eq. 42). These

acetates were then subjected to H NMR (200 MHz) analysis in

presence of Eu(hfc)_. This showed the enantiomeric purities of

(-)-99d (R = i-Pr), (-)-99f (R = n-Bu), (-)-99g (R = n-Pentyl) and

(-)-99h (R = n-Hexyl) to be 67%, 887., 80% and 92% respectively.

R^ V^ "— R X N X (42)

Ph Ph
(-)-99(d-h)

The enantiomeric purity of (-)-99e was however shown to be

>997. as indicated by the presence of only one signal for methyl

protons of acetoxy group in the H NMR (200 MHz) spectrum of

acetate of (-)-99e (Fig. 2) recorded in presence of Eu(hfc) .

Similarly, the enantiomeric excesses of enantiomerically

enriched recovered acetates (+)-107d (R = i-Pr), (+)-107e (R =

i-Bu), (+)-107f (R = n-Bu), ( + )-107g (R = n-Pentyl) and ( + )-107h

(R = n-Hexyl) were shown to be 19%, 49%, 24%, 69% and 49%
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respectively, by H NMR (200 MHz) analysis in presence of

Eu(hfc)3.

It should be mentioned that in the H NMR (200 MHz) spectrum

of all the racemic acetates 107 (a-g), one singlet at around 5 1.8

appeared with very low intensity, possibly due i:o diastereomeric

impurity (syn-isomer). The diastereomeric purity of these

ofte

R

Ph

syn-DidStereomer

molecules is at least 957., as revealed by H NMR analysis of

racemic acetates in presence of chiral shift reagent, Eu(hfcL

during e.e determination. In all cases, COMe protons appeared as

two distinct singlets due to enantiomer pairs. We also observed

two additional singlets with low intensity which might be due to

the corresponding syn-diastereomer (̂

Secondary propargyl alcohols:

Homochiral propargyl alcohols 100 form an important class of

13 8

synthons for a variety of biologically active molecules. and
139

for a- & /3-hydroxy carboxylic acids . These molecules are

generally prepared via reduction of acetylenic ketones using

chiral reducing agents, ' asymmetric alkynylation of aide-



hydes and reductive cleavage of chiral acetylenic acetals.

Due to the importance of homochiral propargyl alcohols as

chiral precursors, we next examined the possible synthesis of

optically active propargyl alcohols via enantioselective

hydrolysis of corresponding racemic acetates catalyzed by enzymes.

For this purpose, we have chosen PLAP as the biocatalyst.

Accordingly, we have first prepared r±)-4-phenyl-3-butyn-2-ol

(100a) and the alcohol was converted into corresponding acetate

108a according to the following strategy (Scheme 25).

SCHEME 25:

OH OAc
R*CHO

Ethar

R - Ph. R1 » CH3 Roc-100a Roc-108a

The addition of phenylethynylmagnesium bromide (which was

generated in situ from phenylacetylene and ethylmagnesium bromide

in ether) to acetaldehyde at 0 C furnished racemic alcohol 100a in

857. yield. The structure of this molecule was confirmed by IR, H

13
& C NMR spectral data. Thus obtained racemic alcohol was

converted into corresponding acetate 108a by treating with acetic

annydride in presence of pyridine and DMAP. <

The racemic acetate 108a was subjected to PLAP-catalyzed

hydrolysis in biphasic medium (ether - phosphate buffer of pH 8.0)
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at room temperature. The progress of the hydrolysis was monitored

by HPLC. The reaction was stopped after 14h, during which time

48% hydrolysis was accomplished. The product, (R)-( + )-4-phenyl-

3-butyn-2-ol (100a), [ a ] 2 2 + 27.4 (c 2.7, EtOH) {Lit.141 [ a ] 2 5

+ 30.64 (c 5.15, EtOH), 98% ee} with 88% optical purity and

enantiomerically enriched acetate 108a, which in turn, upon

hydrolysis with KOH/MeOH provided (S)-(-)-100a, faln~ -14.15

(c 1.62, EtOH) with 45% optical purity (Scheme 26), were isolated

in good chemical yields (Table 4).

SCHEME 26:

OAc
PLAP

Ph" Ph'

Roc-108a (R)-(+)~ 100a

KOH/M«OH

After obtaining this encouraging result, we have prepared

four more racemic alcohols lOO(b-e) following the previously

described procedure starting from corresponding alkyne and

aldehyde. The structures of these alcohols were established by

1 13

IR, H & C *NMR spectral data. These alcohols were converted

into corresponding acetates 108(b-e) by treating the alcohols with

acetic anhydride in presence of pyridine and DMAP.



OH OAc

Roc-100(b-a) Rac-108(b-«)

b) R = Ph, R' = Et; c) R ="Ph, R" = i-Pr;

d) R = R' = Ph; e) R = n-C5Hn , R' = Ph

The racemic acetates 108(b-e) were subjected to PLAP

catalyzed hydrolysis under previously described conditions

(Scheme 27). The product alcohols and enantiomerically enriched

unhydrolyzed acetates were isolated in good yields. The recovered

acetates were converted into corresponding optically active

alcohols via hydrolysis with KOH/MeOH. The enantiomeric purities

of optically active alcohols were determined either by comparing

optical rotations or by H NMR analysis of corresponding acetates

in presence of chiral shift reagent Eu(hfc) .

SCHEME 27:

OAc OAc

Rac-108(b-«) KOH/MeOH

Alcohol

The optical purities of product (R)-( + )-alcohols, (+)-100b

(R = Ph, R = Et) and (+)-100d (R = R = Ph) were determined to be



Table 4 : Enantioselective hydrolysis of (±)-I08 using PLAP*.
oo

Substrate

( ± ) - 1 0 8

108a

108b

108c

108d

108e

Time
l n

hrs .

14

3 0

4 0

7 0

2 6

C o n v e r s i on
r a t i o
0H:0Ac

4 0 : 6 0

5 5 : 4 5

3 5 : 6 5

3 0 : 7 0

2 5 : 7 5

Yie ld 0

(7.)

8 3

86

8 2

8 9

87

+ 27. 4

+ 3 .74

- 3 . 08

+ 0 . 99

- 9 . 1 7

(c

(c

(c

(c

(c

1 0 0

D

2 .

7 .

2 .

6 .

3 .

2

7 0 ,

4 8 ,

2 7 ,

0 0 ,

3 8 ,

EtOH)

E t h e r )

EtOH)

CHC13)

EtOH)

E . e .
(7.)

8 8 e

1 5 f

3 9 8

1 5 1

18*

1

Yield
(7.)

9 2

9 2

9 2

9 1

9 3

0 8

c
E . e d

(7.)

4 5

18

2 l h

N i l

7 h

a) All reactions were carried out in 5 mM scale, b) Conversion ratio was determined by

HPLC analysis. c) Yields of pure isolated products and are based on conversion ratio,

d) Determined by comparing observed specif lcrotations of optically active alcohols

obtained after hydrolysis with^OH/MeOH with those of literature values, unless otherwise

specified.e) Based on literatue value : for ( + )-iuua, [aj + 30.64 (c 5.15, EtOH),
D

987. e .e . f) Based on l i t e r a t u r e v a l u e 1 4 3 : fo r ( + ) -100b, [a]2 1+ 21.97(c 1.27, E t h e r ) ,
D

907. e.e. g) Determined by H NMR analysis of corresponding acetate in presence of chiral

shift reagent, Eu(hfc) . h) Determined by H NMR analysis in presence of Eu(hfc) . i)

Based on literature value142 or M-lOOd, (a)25 + 2.26 (c 6.63, CHC1_), 347. e.e.
D 3
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157. in each case by comparing optical rotations observed with

142 143

literature values. ' The optical purities of (S)-(-)-alcohols

(S)-(-)-100b and (S)-(-)-100d derived from enantiomerically

enriched acetates 108b & 108d were also determined in the same

manner and found to be of 187* and zero, respectively (Table U).

Determination of enantiomeric purity of (-)-alcohols 100c & lOOe

and recovered acetates 108c & 108e:

The H NMR spectrum of (±)-108c recorded in presence of

Eu(hfc)^ showed that the original singlet at 8 2.12 (due to COMe)

shifted and appeared as two distinct singlets of almost equal

ntegration indicating that the two singlets arise from two

pnantiomers.

Then, a sample of (-)-alcohol 100c was converted into

corresponding acetate by treating the alcohol with acetic

anhydride in presence of pyridine and DMAP (eq. 43). The H NMR

spectrum of this acetate, recorded in presence of Eu(hfc)^ showed

two distinct singlets with integrations in the ratio 6.5:15

revealing that the (-)-100c has an enantiomeric excess of 397..

OAc

(43)

Similarly, the enantiomerically enriched 108c, precursor of
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( + )-100c was analyzed by H NMR analysis in presence of Eu(hfc)

and was shown to have an enantiomeric excess of 217.. The

( + )-alcohol is believed to have the same enantiomeric excess.

The optical purities of (-)-100e and recovered acetate 108e

were determined by H NMR analysis of acetates of (±)-, (-)- and

(+)-100e following the same procedure employed in case of 100c and

were found to have 18 and 17. respectively (Table b).

3-Aryl-3-hydroxy-2-methylenepropionates (101) and propanenitriles

(102):

With considerable success behind, we have taken up

resolution of Baylis-Hillman reaction products. Baylis-Hillman

144 145

reaction * provides molecules (101, 102, 109 & 110) with

unique structural features i.e., they contain three

functionalities providing handles for further manipulations.

OH

R

R = Alkyl or aryl

EWG = COOR (101), CN (102)

COR (109), SOOR (110)

Also the carbon frame work of these molecules is present in

many naturally occurring and biologically active compounds such as
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,146
pheromones e.g. sitophilate (111) " and a-methylene-/3-hydroxy-

147

y-t ityrolactones (112-115). But the potential of these Baylis-

Hillman reaction products has not been exploited so far. We

attribute the failure to utilize these molecules as chirons to the

fact that there are no suitable methods for the large scale

synthesis of these molecules in optically active form. There are,
148 149

some reports ' that describe the synthesis of esters (101) in

optically active form but there are no methods for the synthesis

of optically active nitriles (102).

OH

COOCHEt*

Sltophilote (111) '*'/—f* Vernolepin (113)

ĵ̂ , HO

H c Thufipolin B (112)

Aromaticin (114) Parthenin (115)

We have been trying to develop a suitable method for the

synthesis of these molecules in optically active form. As part of

our efforts towards achieving this, we aimed to resolve these
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molecules via enzymatic enantioselective hydrolysis of their

acetates using PLAP. Accordingly we first prepared (±)-methyl

3-hydroxy-3-phenyl-2-methylenepropionate (101a) via DABCO cataly-

zed reaction between methyl acrylate and benzaldehyde following

literature procedure. This alcohol was converted into

corresponding racemic acetate 116a by treating the alcohol with

acetic anhydride in presence of pyridine and DMAP (Scheme 28).

SCHEME 28:

OH OAc

DABCO J L ^COOMeAc^O
phCHO+|| ph^^Y^

ROC-101O Roc-116o

The racemic acetate 116a (Ar = phenyl) was subjected to PLAP

catalyzed hydrolysis in biphasic medium containing ether and

0.5 M, pH 8.0 phosphate buffer, at room temperature (eq. 44). The

hydrolysis was monitored by HPLC. After 20h, during this period

41% hydrolysis was accomplished, the reaction was stopped. The

product, ( + )-methyl 3-hydroxy-3-phenyl-2-methylenepropanoate

20
(101a) [a]n + 56.13 (c 1.60, Acetone) and enantiomerically

20
enriched acetate 116a, [a] - 70.09 (c 2.14, Acetone) were

isolated in good chemical yields. The enantiomeric excess of the

(+)-101a was determined by H NMR (200 MHz) analysis in presence

of chiral shift reagent, Eu(hfc) (Table 5).
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OAc

C 0 0 M e

OAc
PLAP

COOMe

Roc-116a

Ph'
(44)

Determination of enantiomeric purity of (+)-101a:

H NMR (200 MHz) analysis in presence of Eu(hfc) :

The H NMR (200 MHz) spectrum of racemic-lOla recorded in

presence of Eu(hfc)^ showed that the original singlet (for COOMe)

protons) at 6 3.72 shifted and appeared as two distinct singlets

with almost equal integration indicating that the two singlets

arise from two enantiomers. Two singlets (for COOMe protons) with

integration in 3.7:10.0 ratio, appeared in the H NMR (200 MHz)

spectrum of (+)-101a, recorded in the presence of Eu(hfcL,

indicating that the (+)-alcohol has an enantiomeric excess of 467..

At this stage it occurred to us that modification of aryl

moiety could help in achieving high enantiomeric purities.

Accordingly, we prepared three more alcohols following the

previously described strategy. The structures of these alcohols

1 13

were established by IR, H and C NMR spectral data. These

racemic alcohols were converted into corresponding racemic

acetates by treating the alcohols with acetic anhydride in

presence of pyridine and DMAP.



OH OAc

,COOMe
Ar

Roc-101 (b-d) Roc-116(b-d)

Ar = b) 4-tolyl, c) 4-chlorophenyl, d) 2-anisyl

These racemic acetates were subjected to PLAP-catalyzed

hydrolysis in the usual manner (eq. 45). The product ( + )-alcohols

and enantiomerically enriched acetates were isolated in good

chemical yields. The enantiomeric excesses of ( + )-alcohols were

determined by H NMR (200 MHz) analysis of alcohols in presence of

Eu(hfc)^, following the procedure described in case of ( + )-101a

(Table 3 ). The enantiomeric excess of enantiomerically enriched

acetates could not be determined because these molecules could

neither be converted into corresponding alcohols nor be analyzed

by H NMR in presence of Eu(hfc) (Table 5).

OAc OH OAc

Jy~ ™
Rac-116(b-d)

After the limited success with propionates 101, we turned

our attention to propanenitriles 102. We first prepared (±)-3-hy-

droxy-3-phenyl-2-methylenepropanenitrile (102a) via DABCO cataly-

zed reaction between acrylonitrile and benzaldehyde following the



procedure developed in our laboratory . The structure of this

1 13

alcohol was established by IR, H & C NMR spectral data. This

racemic alcohol was then converted into corresponding racemic

acetate 117a by treating the alcohol with acetic anhydride at 0 C

in presence of pyridine and DMAP (Scheme 29). ,

SCHEME 29:

PhCHO +

Rac-102a

OAc

Rac-117a

The racemic acetate 117a was then subjected to PLAP

catalyzed hydrolysis under the usual conditions. The progress of

the hydrolysis was monitored by HPLC. After 9h, during which time

427. hydrolysis was accomplished, the reaction was stopped. The

product (+)-3-hydroxy-3-phenyl-2-methylenepropanenitrile (102a),

20{a] + 19.54 (c 1.22, Acetone) and enantiomerically enriched

20acetate 117a, [a] - 6.64 (c 1.65, Acetone) were isolated in good

chemical yields (Eq. 46).

OAc

Rac-117a (+)-102a

(46)



Table S : Enantioselective hydrolysis of (±)-.M6/ll7 using PLAP*

Subs t rate
racem i c
116/1 17

1 If. a

116b

1 16c

1 16d

117a

117b

117c

11 7 d

117e

I 1 7 f

Time
i n

hrs .

O
 

00
 

CO
 

O
CM

 
C

M
 

C
M

 
—

9

9

14

10

14

24

Conv e r s i on
r a t i o
OH:O.\c

4 1 : 5 9

3 5 : 6 5

4 2 : 5 8

2 4 : 7 6

4 2 : 58

3 5 : 6 5

3 4 : 6 6

3 5 : 6 5

2 5 : 7 5

2 9 : 7 1

( + ) - 1 01 o r 102

Yie ld c

(7.)

90

89

86'

79

81

84

88

88

90

87

f I 2 0

+ 5 6 . 13 (c 1 . 6 0 , Ace tone)

• 7 6 . 6 2 (c 1 . 2 9 , Ace tone)

+ 7 1 . 5 5 (c 1 .09, Ace tone)

+ 2 6 . 3 3 (c 1 . 2 1 , Ace tone)

+ 19.54 (c 1 .22, Ace tone)

+ 2 7 . 3 0 (c 1 .13 , Ace tone)

• 13 .28 (c 0 . 8 2 , Ace tone)

+ 4 3 . 6 0 (c 1 .03 , Ace tone)

• 2 3 . 9 0 (c 1 .02, Ace tone)

• 6 0 . 4 2 (c 0 . 6 6 , Ace tone)

E . e . d

(7.)

46

65

62

50

60

70

59

64

70

86

Recovered

116/117*

Y i e 1 d c ( 7.)

90

90

89

93

87

89

89

92

88

95

a) All reactions were carried out in 5 mM scale. b) Conversion ratio was determined

by HPLC analysis. c) Yields of pure isolated products and are based on conversion ratio,

d) E.es. of 101 were determined by lH NMR (200 MHz) analysis in presence of chiral shift

reagent, Eu(hfc) an<̂  that of 102 were determined by HPLC analysis using chiral column,
3

CHIRALCEL OD (Daicel, Jpn) and were further confirmed by *H NMR (200 MHz) analysis of

corresponding acetates in presence of Eu(hfc) . e) E.es. were not determined as the

enantiomeric enrichment would not be appreciable.
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Determination of enantiomeric puri ty of (+)-102a:

The enantiomeric purity of (+)-102a was determined to be 607.

by HPLC analysis of (±)- and (+)-102a using chiral column,

CHIRALCEL OD (25 cm, Daicel, Jpn.) and 57. isopropanol in hexane as

eluent (0.4 mL per min.). The two enantiomers have retention

times 36 and 38 minutes. This was further confirmed H NMR

analysis of corresponding acetates in presence of Eu(hfc) (Table 5).

In order to examine the generality and enantioselectivity of

the transformation, we planned to modify the aryl moiety, which

may also help in achieving high enantiomeric purities.

Accordingly, we prepared five more alcohols following the

previously described strategy changing the aldehyde. The

1 13

structures of these alcohols were established by IR, H and C

NMR spectral data. These racemic alcohols were converted into

corresponding racemic acetates by treating the alcohols with

acetic anhydride in presence of pyridine and DMAP.
OH OAc

CN 1 .CN
Ar'

Roc-102(b-f) Rac-117(b-f)

Ar = b) 4-tolyl, c) 4-chlorophenyl, d) 2-anisyl,

e) 4-isopropylphenyl, f) 1-naphthyl.

These racemic acetates were subjected to PLAP-catalyzed

fcydrolysis in the usual manner (eq. 47). The product (+)-alcohols
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and enantiomerically enriched acetates were isolated in good

chemical yields. The enantiomeric excesses of (+)-a)cohols were

OAc OH

Roc-117(b- f ) (+)-102(b-f) (-)-i 17(b-f)

determined by HPLC analysis on chiral column, CHIRALCEL OD (Fig. 3

for 102c) and were further conf • med by H NMR (200 MHz) analysis

of corresponding acetates in presence of Eu(hfc)^ (Table 5 ). The

enantiomeric excess of recovered acetates was not determined as

the enantiomeric enrichment would not be appreciable.

Homochiral (-)-£rans-2-arylcyclohexan-l-ols (103), versatile

chiral auxiliaries:

The exponential growth of asymmetric synthesis in the last

two decades resulted mainly from the rational designing of a large

variety of chiral auxiliaries and their utilization in a large

number of reaction types. Among the various chiral auxiliaries,

152

the cyclohexyl-based chiral auxiliaries such as menthol

(118),153 Corey's 8-phenylmenthol (119)154 Whitesell's trans-2-

phenylcyclohexan-1-ol (103a) occupy a special position because

of their versatility and the high levels of absolute stereocontrol

they offer.
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Ar

1 1 8 119 ' 103a 103

The trans-2-phenylcyclohexan-l-ol (103a), in particular, has

Deen extensively used in a wide variety of asymmetric reactions

such as ene-reaction, Diels-Alder reaction, Zinc-Reformatsky

reaction, Pauson-Khand reaction, Darjen's glycidic ester

condensation reaction, etc., with remarkable stereocontrol. '

This high potential chiral auxiliary, trans-2-phenylcyclo-

hexan-1-ol (103a) can be obtained with homochirality in both (+)-

and (-)-forms via enzymatic resolution or directly via

158

asymmetric hydroboration of 1-phenylcyclohexene. But there has

been no access to its analogs of the type 103, that might offer

better levels of control as a consequence of increased bulkiness

of aromatic moiety.

We were interested in developing an efficient and economical

method for the resolution of analogs of trans-2-phenylcyclohexan-

l-ol of the type 103 that could prove handy in our pursuit for the

development of new asymmetric methodologies. Accordingly, we

first prepared (±)-trans-2-(l-naphthyl)cyclohexan-l-ol (103b) via

copper-catalyzed opening of cyclohexene oxide by 1-naphthylmagne-

shim bromide and converted the same into corresponding acetate

120b by treating (±)-103b with acetic anhydride in presence of
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pyridine and DMAP following the procedure described by Whitesell

et al . (Scheme 30). The structures of alcohol and acetate were

established by IR, *H (Fig. 4) & 13C NMR (Fig. 5), and Mass

spectral

SCHEME

U

data

30:

I?'

•

MgBr

06
CuCI l

Np

Rac-103b

Ac^O/Py
OAc

Rac-120b

Whitesell et al. have synthesized optically pure trans-2-

phenylcyclohexan-1-ol (103a) in both ( + )- and (-)-forms via

PLAP-catalyzed enantioselective hydrolysis of (±)-irans-l-acetoxy-

2-phenylcyclohexane (120a) (Scheme 31).

SCHEME 31:

Ph

OAc
PLAP

Roc—120a (-)-103a

OH +

OAc

KOH/MoOH

OH

(+)-103a
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It occurred to us that (±)-trans-l-acetoxy-2-(l-naphthyl)-

cyclohexane (120b) could be c lantioselectively hydrolyzed by PLAP.

Accordingly, the racemic acetate 120b was subjected to PLAP

catalyzed hydrolysis under the usual conditions. To our surprise,

no hydrolysis took place even after 5 days (Eq. 48). Then we

carried out the same reaction under various conditions (variation

in pH and changes in organic solvent). All our attempts met with

failure.

PLAP
OAc ^ - No hydrolysis

(48)

Roc-120b

Then we thought that naphthyl group may not have suited for

this enzyme and substrates with other aromatic groups could be

better for PLAP. Accordingly, we prepared a variety of trans-2-

arylcyclohexan-1-ols (103c-103g) following the scheme 30. These

1 13

alcohols were characterized by IR, H & C NMR spectral data.

The racemic alcohols were converted into corresponding racemic

acetates 120c-120g by treating the alcohols with acetic anhydride

in presence of pyridine and DMAP. These racemic acetates were

subjected to PLAP-catalyzed hydrolysis under various conditions

IEq.49). All- attempts met with failure. With this, we came to the

ponclusion that PLAP cannot tolerate substitution on phenyl ring.
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OAc m— No hydrolyslf ( 4 9 )

Roc-120(c-g)

Ar = c) 4-tolyl, d) 2-tolyl, e) mesityl,

f) 4-methoxyphenyl, g) 4-bromophenyl.

In our relentless efforts, we switched over to CLAP. We

first examined the CLAP-catalyzed enantioselective hydrolysis of

(±)-120a (Ar = phenyl) in two phase medium consisting ether and

0.5 M, pH 8.0, KH PO \K HPO buffer, at room temperature. The

progress of the hydrolysis was monitored by HPLC. In 10 days, 357.

hydrolysis was accomplished and then the reaction was quenched.

The product (->-(103a) Ar = phenyl, [ a ] 2 2 -58.66 (c 1.19, MeOH)

{Lit.155 [ a ] 2 7 -58.4 (c 10.0, MeOH), for (lR,2S)-enantiomer> with

>997. optical purity and enantiomerically enriched acetate 120a,

which in turn, upon hydrolysis with KOHXMeOH provided (+)-103a,

[ a ] 2 2 + 29.20 (c 2.46, MeOH) {Lit.155 [ a ] 2 3 + 58.3 (c 10.0, MeOH),

for (lS,2R)-enantiomer)} with 507. optical purity were isolated in

good yields (Table 6) (Scheme 32).

SCHEME 32:

Roc-120a (-)-103a I KOH/MoOH

(+)-103a
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We next subjected the racemic acetate 120b (Ar = 1-naphthyl)

to CLAP catalyzed hydrolysis under previously described conditions

(Scheme 33). In two days time, we noticed the start of hydrolysis

and was monitored by HPLC. The reaction was quenched after 12

days, by when 267. hydrolysis was accomplished. The product

alcohol and unhydrolyzed acetate were obtained in good yields.

22The enantiomeric excess of product (-)-alcohol 103b, [a] -72.94

(c 1.47, MeOH) and the (+)-alcohol, [a]j:2 +28.4 (c 1.51, MeOH),

obtained after hydrolysis of recovered acetate 120b with KOH\MeOH,

were determined in the following manner.

SCHEME 33:

(+)-103b

Determination of enantiomeric purity of (-)- and (+)-103b:

This was achieved via *H NMR (200 MHz) analysis of Mosher's

esters of (±)-, (-)- and ( + )-103b (Ar = 1-naphthyl). The (±)-103b

was treated with (S)-( + )-MTPACl in presence of sodium hydride and

JDMAP using pyridine as solvent to provide the required Mosher's

£ster (eq. 50). The *H NMR (200 MHz) spectrum (Fig. 6) of this



Table 6 : Enantioselective hydrolysis of (±)-120 using CLAP*.

Subst r a t e

(±)-120

120a

120b

120c

120d

120e

120f

120g

Time
i n

days

10

12

10

10

12

10

12

Conversi on
r a t i o
0H:0Ac

35:65

26:74

40:60

28:72

25:75

37:63

28:72

(-J-103

Yield0

(7.)

85

83

82

79

84

86

80

i i 2 2

| 0 C ) D

- 58.66 (c 1 . 19, MeOH)

- 72.94 (c 1 .47, MeOH)

- 59.50 (c 1 .37, MeOH)

- 63.96 (c 1 .45, CHC13)

- 32.48 (c 1 .26, MeOH)

- 55.40 (c 1 .46, MeOH)

- 26.28 (c 1 .67, CHC13)

E . e . d

(7.)

>99f

>99

>99

9O8

>99

>99

>99

Recovered
120

Yield 0

(7.)

86

91

88

83

87

89

85

E . e . e

(7.)

50f

39

65

34*

30

55

42

a) All reactions were carried out in 5 mM scale. b) Conversion ratio was determined

by HPLC analysis. c) Yields of pure isolated products and are based on conversion ratio,

d) E.es. were determined by *H NMR (200 MHz) anal- ysis of corresponding Mosher's esters,

unless otherwise specified. e) E.es were determined by H NMR (200 MHz) analysis of

Mosher's esters of (+)-alcohols obtained aTter hydrolysis with KOH/MeOH. f) Based on

literatue value15* : for (-)-103a, la]27 - 58.4 (c 10.0, MeOH) & for ( + )-103a, [a]23

D D

+ 58.3 (c 10.0, MeOH). g) Based on literature value159 : for (-)-103d, (a]26 -71.1
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compound shows two distinct singlets with almost equal integration

at 8 2.84 and 3.10 for OMe protons arisinr from two enantiomers.

tac-103b
NaH/DMAP/Py

*-̂  -̂  v-—
(50)

50:50

Then we prepared Mosher's ester of (-)-103b (Ar= 1-naphthyl)

and its H NMR spectrum shows absence of other enantiomer

indicating that the (-)-alcohol has an enantiomer ic excess of

>99%. Then (+)-alcohol was converted into corresponding Mosher's

ester and its H NMR spectrum shows two distinct singlets at

6 2.84 and 3.10 (OMe protons) with integration in the ratio 6.5:15

indicating that the (+)-alcohol has an enantiomeric excess of 397..

Encouraged by these results, the racemic acetates 120c-120g

w e re subjected to CLAP catalyzed hydrolysis under the usual

conditions to produce (-)-alcohols and enantiomerically enriched

acetates. The enantiomerically enriched acetates were hydrolyzed

With KOHXMeOH to produce corresponding ( + )-alcohols. The enantio-

» e r i c excesses of (-)-103c (Ar= 4-tolyl), (-)-103f (Ar= 4-methoxy-

Ifhenyl) and (-)-103g (Ar.= 4-bromophenyl) were determined by H NMR

MHz) analysis of corresponding Mosher's esters and found out
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to be >99% in all three cases. The enantiomeric excesses of

(+)-alcohols, 103c, 103f & 103g were also determined in the same

manner and were found to be 65, 55 and 427. respectively.

22
The enantiomeric excesses of (-)-103d (Ar = 2-tolyl), [<x]_

- 63.96 (c 1.45, CHC13) {Lit.159 [<x]^6 - 71.1 (c 10.0, CHCy, for

(lR,2S)-enantiomer> and ( + )-103d, [a]^ + 24.56 (c 2.52, CHCL̂ )

{Lit.159 [a]^6 + 70.6 (c 10.0, CHC13), (1S,2R)> were determined by

comparing specific rotations with literature values and were found

to be 90 and 347. respectively. The enantiomeric excesses of

(-)-103e (Ar = mesityl), [<x]̂  -32.48 (c 1.26, MeOH) and ( + )-103e

were determined according to the following procedure.

Determination of enantiomeric purities of (-)- & (+)-103e:

The Mosher's ester of (±)-103e was prepared from MTPAC1 and

corresponding alcohol following the procedure described in case of

Mosher's ester of (±)-98f. The H NMR spectrum of Mosher's ester

of (±)-103e, did not provide any information about its diastereo-

meric purity. However, the H NMR spectrum of Mosher's ester of

(±)-103e, recorded in presence of Eu(hfc) , showed that the

original singlet at 5 3.20 (merged with multiplet) shifts and

splits into two distinct singlets with equal integrations

indicating that the two singlets arise from the two enantiomers.

The Mosher's esters of (-)- & (+)-103e were then prepared

and the H NMR spectra of these Mosher's esters, recorded in

presence of Eu(hfc) , revealed that the alcohols (-)- & (+)-103e
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have enantiomeric excesses >99 and 307. respectively.

The absolute configurations for (-)-103b, (-)-103c, (-)-103e

(-)-103f and (-)-103g were tentatively assigned as (1R.2S) in

analogy with (-)-103a (Ar = Ph) & (-)-103d (Ar = 2-tolyl). Based

on this presumption, the structures of these molecules were drawn.

Attempted synthesis of (S)-propranolol (1):

Propranolol (1) has been used as a /3-adrenergic agent in

its racemic form. However, the (S)-enantiomer was shown to be

more active when compared to racemate or (R)-enantiomer. This

importance of chirality in its pharmacological activity and its

commerrial importance has stimulated lot of research in the

direction of developing simple and efficient methods for the

synthesis of (S)-propranolol (1). Recently, Sharpless and

coworkers and Achiwa et al. reported efficient non-enzy-

matic methods for the synthesis of (S)-propranolol (1).

(S)-propranolol (1) has also been synthesized starting from

homochiral precursors such as D-mannitol. Several reports

describing synthesis of (S)-propranolol, that rely on

enzymatically produced chirons such as cyanohydrins, glycerol

derivatives,165 halohydrins,166 etc., have appeared in recent

literature.

Owing to the medicinal importance of (S)-propranolol, we

became interested in developing a convenient method for its prepa-
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ration. Since the synthesis of (i)-propranolol is very easy and

cheap process, a direct resolution of propranolol may prove to be

economical. We Have identified the racemic acetate 123 as the

potential substrate for enzymatic enantioselective hydrolysis

catalyzed by PLAP or CLAP. Accordingly, we planned its synthesis

as outlined in the Scheme 34.

SCHEME 34:

HjO

Rac-121
Rac-1

I CICOOEVK2CQ3

AcjO/Py

Rac-123 Rac-122

The glycidyl 1-naphthyl ether (121) was prepared from

1-naphthol and epichlorohyrdin following literature procedure.

This racemic epoxide 121 was converted into racemic propranolol

(1) by refluxing a mixture of (±)-121, isopropylamine and

catalytic amount of water following Sharpless' procedure.

Then the secondary amino functionality was protected by converting

it into the ethyl carbamate 122 via treatment with ethyl
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chloroformate in aqueous K?CO . N-Protected racemic propranolol

122 was then converted into corresponding racemic acetate 123 by

treatment with acetic anhydride in presence of pyridine and DMAP.

The structures of (±)-121, (±)-l, (±)-122 and (±)-123 were in full

1 13

agreement with IR, H (Fig. 7) and C NMR (Fig. 8) spectral data.

The racemic acetate 123 was subjected to PLAP-catalyzed

hydrolysis under usual conditions (ether:0.5 M, pH 8.0, KH^PO /

K_HP0 buffer in 1:4). Unfortunately, no hydrolysis was observed

even after 5 days (eq. 51).

PLAP
No hydrolysis

(51)

Roc-123

Afterwards, we subjected the racemic acetate 123 to CLAP

catalyzed hydrolysis under usual conditions (eq. 52). We noticed

the s tar t of hydrolysis within 3 days and the progress of

hydrolysis was monitored by HPLC. After 8 days, 157. of hydrolysis

was accomplished.

COOEt

(52)

Roc-123
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The (+)-N-protected (R)-propranolol (122), ^ Q " + 1 0 - 8 6

(c 1.84, CHC1 ) with 407. optical purity was isolated. The optical

purity of this ' compound was established by converting (+)-122 to

20
the (R)-(+)-propranolol (1) [ a£ + 4.27 (c 0.70, EtOH), 407. e.e.

168{Li t . 1 6 8 [a]^° + 10. 6 (c 1.02, EtOH) optically pure) via

hydrolysis with KOHXMeOH and comparing the optical rotation of

(R)-propranolol with literature value (Eq. 53).

COOEt

(53)

Since the optical purity and the configuration of

propranolol obtained are not what we were hoping for, we directed

our attention towards the synthesis of a suitable precursor for

the preparation of homochiral (S)-propranolol. We have chosen the

acetate of chlorohydrin 124, as a suitable precursor. We prepared

(±)-2-acetoxy-l-chloro-3-(l-naphthoxy)propane (124) in one step

directly from the (l)-glycidyl 1-naphthyl ether (121) by treatment

with acetyl chloride in presence of catalytic amount of pyridine

(eq. 54). The structure of this compound was confirmed by IR, H

13
& C NMR spectral data. It is worthwhile to mention here that

the synthesis of (S)-(-)-propranolol via lipase PS catalyzed
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enantioselective transesterification of (±)-124 was reported by

Bevinakatti et al. recently.

AcCI
—

Py(cat»)
54)

Rac-121 Roc-124

We subjected the racemic acetate 124 first to PLAP catalyzed

hydrolysis under usual conditions (eq. 55). HPLC analysis showed

accomplishment of 357. hydrolysis in 45h. The (PJ-(-)-chlorohydrin

166 ^ 5
125 , - 4.37 (c 1.6, EtOH) {Lit. +9.0 (c 1.9 EtOH),

OAc
PLAP

Rac-124
(55)

>95% ee} obtained has 467. optical purity and the (S)-(+)-acetate

^° 166 [ ] ^ 5124, [a]^° + 5.9 (c 0.84, EtOH) {Lit.166 [a]^5 - 19.9 (c 2.4,

EtOH), >957. ee} has 287. optical purity. Efforts are under

progress in our laboratory to improve the optical purities of

these products by making some structural changes.

Towards the synthesis of optically active 5-hexadecanolide (104),

pheromone of Vespa orientalis:

Optically active substituted 5-valerolactones constitute an

169
important class of natural products e.g. pheromones. The title
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compound, 5-hexadecanolide (104), pheromone of the oriental

hornet, Vespa orientalis has attracted attention of many organic

chemist s. Several syntheses of this molecule that rely either

on naturally occurring homochiral precursors or hydroxy acids

generated via hydrogenation of keto acids using chiral
172 173

catalysts or Baker's yeast have been reported in literature.

This moelcule has also been synthesized via Baeyer-Villiger

oxidation of optically active cyclopentanone, generated via
174

reductive cleavage chiral acetal.

We plan to synthesize optically active 5-hexadecanolide

(104) using enzymatic methodology. We have identified the

(±)-£rans-2-undecylcyclopentan-l-ol (126) as the key intermediate

since this alcohol can be resolved via enantioselective hydrolysis

of its acetate* 126a, catalyzed by enzymes. The optically active

alcohols thus procured, can be converted into the required lactone

via Baeyer-Villiger oxidation of the corresponding ketone 127

(Scheme 35).

SCHEME 35:
OH

126 127 104

The synthesis of (±)-l-acetoxy-2-(n-undecyl)cyclopentane
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(126a) was achieved using the strategy outlined in the Scheme 36.

The ter t iary alcohol 128 was obtained in 507. yield by the addition

of n-undecylmagnesium bromide on cyclopentanone in THF at 0°C.

This cyclopentanol 128 upon dehydration with H^PO afforded

l-(n-undecyl)cyclopentene (129) in 857. yield. This cyclopentene

was converted into (±)-£rans-2-(n-undecyl)cyclopentan-l-ol (126)

via hydroboration with NaBH -I_ (following the procedure reported

by Periasamy et al ) followed by oxidation with H 0 \NaOH in 807.

yield. This cyclopentanol 126 was converted into corresponding

racemic acetate 126a by treating the alcohol with acetic anhydride

in presence of pyridine and DMAP. The structures of the molecules

1 13
126, 126a, 128, 129 were established by IR, H & C NMR spectral

data.

SCHEME 36:

HO
n-Cl1Ha3MgBr

Rac-126a Rac-126
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The racemic acetate 126a was then subjected to PLAP

catalyzed hydrolysis in biphasic medium containing ether and

phosphate buffer of pH 8.0 in 1:4 ratio and at room temperature.

The progress of the hydrolysis was monitored by GC. After 5 days,

(257. hydrolysis), the reaction was quenched and products were

isolated. The product, (-)-irans-2-(n-undecyl)cyclopentan-l-ol
*

20
(126), [a] - 10.2 (c 1.66, CHC1 ) was isolated in 767. chemical

yield. It produced (R)-(-)-2-(n-undecyl)cyclopentan-l-one (127),

[a]^° - 35.09 (c 2.97, ether), {Lit.174 [a]^4 + 81.0 (1.04, ether),

977. ee> with 427. optical purity, upon oxidation with PCC.176 This

shows that the absolute configuration of the alochol (-)-126 to be

(1R, 2R) with 427. optical purity (Scheme 37). The enantiomeri-

cally enriched acetate was not analyzed as the enantiomeric excess

of the product alcohol was not upto satisfactory levels.

SCHEME 37:

OAc OAc

Roc-126a

In fact, the conversion of optically active 2-undecylcyclo-

pentan-1-one to 5-hexadecanolide via, Baeyer-Villiger oxidation

174
with mCPBA was reported in the literature. However, we have

not proceeded further as optical purity of the ketone 127 is not

satisfactory.
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Towards synthesis of optically active (cis-6-methyltetrahydro-

pyran-2-yl)acetic acid (105):

The ( + )-S,S-(cis-6-methyltetrahydropyran-2-yl)acetic acid

(105) is a constituent of glandular secretion of civet cat

177
(Viverra civetta).

. 178-180

The synthesis of 105, both optically

active
181

and racemic, has attracted considerable attention

owing to the stereocontrol required by it. Of these, only the

179 180
syntheses of Kenian et al. and Jonss et al are based on

181

chirons generated enzymatically. Taddei et al. recently

reported an elegant synthesis of (±)-105 (Scheme 38). It occurs

to us the intermediates 130, 131, and 132 could be precursors of

substrates for enzymatic hydrolysis in order to obtain them in

optically active form so that the synthesis of optically active

105 would be achieved.

SCHEME 38:

PhCHjO OH

Rac-130

MeCHO

AIBr3

I U(EtaB)H



Accordingly, the compound 130 was prepared as outlined in

Scheme 39. The 1,3-propanediol was converted into monobenzyl

. ether 133 via monoalkylation with benzyl bromide in presence of

sodium hydride. The monobenzyl ether of propanediol was converted

into corresponding aldehyde 134 via PCC oxidation. The Luche's

allylation reaction on this aldehyde afforded (l)-l-benzyloxy-

5-hexen-3-ol (130). The racemic alcohol 130 was converted into

corresponding acetate 130a by treating it with acetic anhydride in

presence of pyridine and DMAP (Scheme 39). Structures of

compounds 130, 133, 134, and 130a have been established by IR, H

13
& C NMR spectral data.

SCHEME 39:

^ V . PhCHjBr ^ v

1 1 NoH 1
HO OH

i

PhCHjO

PhCHjO

133

OAc

1 J l -
Rac-130a

PCC

I ""phCHjl
OH

PhCHjO

i I

134

f + Zn
OH

1 J
Rac-130

The racemic acetate 130a was subjected to CLAP-catalyzed

hydrolysis under previously described conditions (eq. 56). We

have chosen CLAP because racemic acetates of homoallyl alcohols

are good substrates for CLAP. Hydrloysis has taken place but the

product alcohol and unhydrolyzed acetate from this reaction turned



,ut to be optically inactive.

PhC^O OAc

I I M •— Racomlc Products
\X^sX^ (56)

Rac-130a

Then we turned our attention towards the second compound 131.

Ve prepared corresponding chloro-compound 135 instead of

31, according to the scheme 40. The racemic alcohol 130 was

converted into the all-cis-tetrahydropyran compound 135 by

illowing a mixture of (±)-130, acetaldehyde and aluminium chloride

anhydrous) in benzene at 0-5 C following the procedure described

181

)y Taddei et al . The racemic 135 was debenzylated via

lydrogenolysis catalyzed by 57. palladium on carbon to get the

^acemic alcohol 136. The racemic alcohol 136 upon treatment with

icetic anhydride in presence of pyridine and DMAP produced the

squired racemic acetate 136a (Scheme 40).

SCHEME 4 0 :

PhCH*? ? H „ MeCHO

Roc-130

AcjO / Py



This racemic acetate 136a was first subjected to CLAP

catalyzed hydrolysis which produced only racemic alcohol and

acetate. Here we thought of changing the enzyme. Accordingly, we

subjected the racemic acetate 136a to PLAP catalyzed hydrolysis

which too produced racemic alcohol and acetate (Eq. 57).

OAc Enzyme
Racemic Products

(57)

Enzyme = PLAP or CLAP

Next we thought of employing the third compound, the (±)-132

as starting material for the enzymatic substrate. Accordingly we

prepared compound 132 using the following strategy (Scheme 41).

SCHEME 41:

OBn

Roc-132a

We first dechlorinated the (±)-all-cis-tetrahydropyran compound

135 by treating it with sodium metal in presence of t-butyl
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alcohol and then the dechlorinated compound 137 was debenzylated

via hydrogenolysis catalyzed by 57. palladium on charcoal to get

(±)-2'-(cis-6-methyltetrahydropyran-2-yl)ethanol (132). This

alcohol was converted into the corresponding racemic acetate 132a

by treatment with acetic anhydride.

The racemic acetate 132a was subjected to PLAP catalyzed

hydrolysis which produced racemic alcohol and acetate (Eq. 58).

These studies demonstrate that the substrates 130a, 132a and 136a

are not suitable to enzymatic enantioselective hydrolysis using

PLAP.

OAc
Racemic Products

(58)

Rac-132a

About active sites of PLE and CLE:

In the abscence of X-ray structure, it is difficult to

predict the steric course of enzymatic transformation of a new

substrate relying on literature analogies. It can often lead to

erroneous conclusions. Such a case was presented by PLE-catalyzed

enantioselective hydrolysis. PLE was so fickle, often exhibiting

reversal of stereoselectivities triggered by apparently trivial

changes even within structurally similar series of substrates. But

182
the advent of active-site model, developed by Jones et al., has



90

changed the scenario completely. With the aid of Jones' active-

site model of PLE, almost all the previously reported anamalous

results could ,be explained.

2.3 A

14 A

OL«A

at A

PB

PF

H S

1.IA

Fig: Top perspective of active-site model of PLE (Jones et al.r

^ Though we do not have any evidence for the structure of

active-site of esterase(s) present in chicken liver acetone powder

which is responsible for enantioselective hydrolysis, we can

speculate a possible active-site model for esterase(s) in CLAP on

the basis of our experimental results, particularly, in the case

of (±)-trans-l-acetoxy-2-arylcyclohexanes (120a-g). PLAP

hydrolyzes only (±)-£rans-l-acetoxy-2-phenvlcyclohexane (120a) and

fails to hydrolyze other (±)-£rans-l-acetoxy-2-arylcyclohexanes

(120b-g). Where as CLAP hydrolyzes a variety of {±)-trans-l-

acetoxy-2-arylcyclohexanes (120a-g). Therefore we believe that

the esterase(s) in CLAP has larger pockets when compared to PLE

which can accomdate sterically bulkier substrates.
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Conclusion:

Our prime objective of utilizing crud esterases, viz., pig

liver acetone powder (PLAP) and chicken liver acetone powder

(CLAP) as alternatives to expensive isolated esterases has met

with considerable success. We have succeeded in providing simple

and inexpensive procedures for the synthesis of optically active

secondary homoallyl alcohols (98) and anti-homoallyl alcohols (99)

with very high enantiomeric purities. We have succeeded in

producing a variety of homochiral trans-2-arylcyclohexan-l-ols

(103), versatile chiral auxiliaries, via CLAP mediated hydrolysis

of corresponding racemic acetates. We have made a good study of

PLAP catalyzed enantioselective hydrolysis of acetates of racernic

a-methylene-/3-hydroxypropanoates (101) and propanenitriles (102).

More study is required to achieve synthesis of enantiomerically

pure (S)-propranolol (1). We believe that crude enzymes will be

future reagents of choice for obtaining enantiomerically pure

compounds.



EXPERIMENTAL

Melting points: Melting points were recorded on a Buchi 510

apparatus and are uncorrected.

Boiling points: Boiling points refer to the temperatures measured

using short path distillation units and are uncorrected.

Infrared Spectra: Infrared spectra were recorded on Perkin-Elmer

model 1310 or 297 spectrophotometers. All the spectra were

calibrated against polystyrene absorption at 1601 cm . Solid

samples were recorded as KBr wafers and liquid samples as film

between NaCl plates.

Nuclear Magnetic Resonance Spectra: Proton magnetic resonance

spectra (100 or 200 MHz) and carbon-13 magnetic resonance spectra

(25 or 50 MHz) were recorded either on JEOL-FX-100 or Brucker 200

spectrometer. Spectra for all the samples were measured in

chloroform-d solution with tetramethylsilane(6 = 0 ppm) as internal

reference. Spectral assignments are as follows: (1) Chemical shift

on the 5 scale, (2) Standard abbreviation for multiplicity, i.e.,

s = singlet, d = doublet, t = triplet, q = quartet, br = broad,

(3) Number df hydrogens integrated for the signal, (4) Coupling

constant J in Hertz.

Mass spectral analysis: Mass spectra were recorded on Finnigon MAT

instrument (70 ev, 100 A, 180°C).

Optical rotations: Optical rotations were measured either on

Autopol II automatic polarimeter or Jasco DIP 370 Digital
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polarimeter at the wavelength of the sodium D-line (589 nm) and at

ambi< nt temperatures.

Chromatography: Analytical thin layer chromatography (TLC) was

performed on glass plates ( 7 x 2 cm) coated with Acme's silica gel"

G (250 m/i) containing 13% calcium sulphate as binder.

Visualization of spots was achieved by exposure to iodine vapor.

Column chromatography was carried out using Acme's silica gel

(100-200 mesh). High pressure liquid chromatography (HPLC)

analysis was carried out either on Waters Associates Liquid

Chromatograph equipped with model 440 absorbance detector (for

conversion ratio determination) or Shimadzu C-R4A Chromatopac

equipped with SPD-10A UV-VIS detector (for e.e. determinations)

using special grade solvents. E.e determinations were carried out

using chiral column, CHIRALCEL OD supplied by Daicel, Jpn. Gas

chromatography analysis was carried out on a CHEMITO Gas

chromatograph equipped with a flame ionization detector on SE-30

or carbowax column using nitrogen as carrier gas.

General: All reactions were monitored by TLC while enzymatic

reactions were monitored by HPLC. Moisture sensitive reactions

were carried out using standard syringe-septum techniques under

nitrogen atmosphere. All the solvents used were dried and

distilled using suitable drying agents before use. The yields of

products of enzymatic hydrolysis are based on conversion ratios.



(±)-l-Phenyl-3-buten-l-ol (98a):

130

This was prepared according to Luche's method.

To a saturated aqueous NH Cl solution (100 mL), zinc dust

(7.8 g, 120 mM), and a mixture of allyl bromide (10.4 mL, 120 mM)

and benzaldehyde (10.2 mL, 100 mM) in THF (20 mL) were added. The

resulting suspension was stirred at room temperature for lh. Then

the suspension containing zinc salts was extracted with ether and

the ether layer was dried over anhydrous sodium sulphate. Removal

o? solvent followed by distillation under reduced pressure yielded

pure alcohol as a colourless liquid.

Yield : 14 g (957.)

b.p. : 96°C at 3 mm (Lit.183 b.p. 71°C at 0.75 mm)

IR (neat): 3375 cm'1

lH NMR : $ 2.22 (br, 1H, D20 washable), 2.48 (t, 2H, J = 6 Hz),

4.68 (m, 1H), 4.88-5.24 (m, 2H), 5.50-6.00 (m, 1H),

7.30 (s, 5H).

13C NMR : 6 42.59, 73.35, 118.12, 125.94, 127.47, 128.36, 134.59,

144.06

(±)-l-(4-Methylphenyl)-3-buten-l-ol (98b):

This compound was prepared from 4-tolualdehyde, allyl

bromide and zinc dust following the same procedure as described

for compound 98a, as a colourless liquid.

Yield : 927.



b.p. : 92 C at 2.5 mm (Lit. b.p. 74-75 C at 0.42 mm)

IR (neat): 3375 cm"1

{H NMR : 6 2.20-2.60 (m, 6H, 1H D O washable), 4.60 (t, 1H,

J = 6 Hz), 4.88-5.20 (m, 2H), 5.44-6.00 (m, 1H), 7.12

(m, 4H).

1 C NMR : 5 20.70, 43.29, 73.06, 117.30, 125.77, 128.77, 134.65,

136.59, 141.06.

(±)-l-(4-Chlorophenyl)-3-buten-l-ol (98c):

This compound was prepared from 4-chlorobenzaldehyde, allyl

bromide and zinc dust according to the procedure described for

compound 98a, as a colourless liquid.

Yield : 947.

b.p. : 122°C at 1.5 mm (Lit.183 b.p. 98.5-99°C at 0.30 mm)

IR (neat): 3375 cm"

lH NMR : 8 2.40 (t, 2H, J = 6 Hz), 2.80 (br, 1H, OH), 4.58

(t, 1H, J = 6 Hz), 4.88-5.20 (m, 2H), 5.44-5.92 (m,

1H), 7.20 (m, 4H).

13C NMR : 5 43.53, 72.59, 118.53, 127.24, 128.48, 133.04, 134.01,

142.36.

(i)-l-(4-Methoxyphenyl)-3-buten-l-ol (98d):

This compound was prepared from 4-anisaldehyde, allyl

bromide and zinc dust following the same procedure a«:
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for compound 98a, as a colourless liquid.

Yield : 907.

b.p. : 1226C at 1.5 mm (Lit.183 b.p. 102-103°C at 0.35 mm)

IR (neat): 3400 cm'1

lH NMR : 5 2.16 (or, 1H, OH), 2.44 (t, 2H, J= 6 Hz), 3.76 (s,

3H), 4.62 (t, 1H, J= 6 Hz), 4.88-5.24 (m, 2H), 5.60-

6.08 (m, 1H), 6.80 (d, 2H, J = 8 Hz), 7.20 (d, 2H,

J = 8 Hz).

13C NMR : 5 43.12, 54.65, 72.71, 113.35, 117.12, 126.88, 134.59,

136.12, 158.53.

(±)-l-(l-Naphthyl)-3-buten-l-ol (98e):

This compound was prepared from 1-naph'ihaldehyde, allyl

bromide and zinc dust following the same nrocedure as described

for compound 98a, as a colourless oil.

Yield : 94%

b.p. : 148°C at 1.5 mm

IR (neat): 3375 cm"

*H NMR : 5 2.12 (br, 1H, OH), 2.36-2.92 (m, 2H), 5.00-5.28 (m,

2H), 5.48 (m, 1H), 5.64-6.16 (m, 1H), 7.28-8.16 (m, 7H).

13C NMR : 6 42.94, 70.24, 119.00, 123.36, 125.77, 126.24, 128.12,

129.24, 130.65, 134.04, 135.34, 140.01.

(±)-l-(2,4-Dichlorophenyl)-3-buten-l-ol (98f):
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This compound was prepared from 2,4-dichlorobenzaldehyde,

allyl bromide and zinc dust following the same procedure as

described for compound 98a. This was obtained as a crystalline

solid.

Yield : 957.

m.p. : 51-52°C

IR (KBr) : 3250 cm"1

lH NMR : 8 2.04-2.72 (m, 3H, 1H D O washable), 4.84-5.32 (m,

3H), 5.60-6.04 (m, 1H), 7.04-7.60 (m, 3H).

l3C NMR : S 41.76, 69.18, 118.77, 127.30, 128.06, 129.06, 132.18,

133.42, 133.83, 139.89.

Mass(M+) : 216 and 218.

(i)-l-(3,4-Dichlorophenyl)-3-buten-l-ol (98g):

This compound was prepared from 3,4-dichlorobenzaldehyde,

allyl bromide and zinc dust following the same procedure as

described for compound 98a, as a colourless liquid.

Yield : 917.

b.p. : 126°C at 1 mm

IR (neat): 3350 cm"1

H NMR : S 2.44 (m, 3H, 1H D O washable), 4.64 (t, 1H, J = 6 Hz)

4.88-5.26 (m, 2H), 5.40-5.96 (m, 1H), 6.96-7.36 (m, 3H).

13
C NMR : 6 43.41, 72.06, 118.88, 125.30, 127.89, 130.30, 131.18,

132.41, 133.59, 144.24. • . ? s
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Mass(M+) : 216 and 218.

(±)-l-Acetoxy-l-phenyl-3-butene (106a):

To a solution of racemic l-phenyl-3-buten-l-ol (7.4 g, 50

mM) in dry dichloromethane (50 mL) were added pyridine (8.9 mL,

110 mM) and 4-dimethylaminopyridine (0.122 g, 1 mM). To this

acetic anhydride (9.4 mL, 100 mM) was added dropwise with

stirring. After 3h stirring at room temperature;, the reaction

mixture was taken up in ether (150 mL) and washed successively

with ice cold 2N HC1 (3 x 30 mL) and saturated K^CCL solution.

The organic layer was dried over anhydrous Na SO . The liquid

obtained after concentration was purified by column chromatography

(10 % ethyl acetate in hexane) to afford pure racemic acetate as a

colourless liquid.

Yield : 8.5 g (907.)

IR (neat): 1740 cm"1

lH NMR : 5 2.04 (s, 3H), 2.60 (m, 2H), 4.88-5.24 (m, 2H),

5.44-5.92 (m, 2H), 7.28 (s, 5H).

(±)-l-Acetoxy-l-(4-methylphenyl)-3-butene (106b):

This compound was prepared by treating (±)-98b with acetic

anhydride in presence of pyridine and DMAP following the same

procedure as described for compound 106a, as a colourless liquid.

Yield : 92 7.



IR (neat): 1740 cm

1

99

-1

H NMR : 5 2.02 (s, 3H), 2.30 (s, 3H), 2.40-2.68 (m, 2H),

4.80-5.16 (m, 2H), 5.40-5.88 (m, 2H), 7.16 (m, 4H).

(±)-l-Acetoxy-l-(4-chlorophenyl)-3-butene (106c):

This compound was prepared by treating (±)-98c with acetic

anhydride in presence of pyridine and DMAP following the same

procedure as described for compound 106a, as a colourless liquid.

Yield : 897.

IR (neat): 1740 cm' 1

*H NMR : 6 2.06 (s, 3H), 2.40-2.64 (m, 2H), 4.84-5.16 (m, 2H),

5.28-5.90 (m, 2H), 7.24 (s, 4H).

(±)-l-Acetoxy-l-(4-methoxyphenyl)-3-butene (106d):

This compound was prepared by treating (±)-98d with acetic

anhydride in presence of pyridine and DMAP following the same

procedure as described for compound 106a, as a colourless liquid.

Yield : 937.

IR (neat): 1740 cm"1

lH NMR : 8 2.02 (s, 3H), 2.32-2.82 (m, 2H), 3.76 (s, 3H), 4.84-

5.16 (m, 2H), 5.40-5.88 (m, 2H), 6.82 (d, 2H, J= 8 Hz),

7.22 (d, 2H, J = 8 Hz)

(±)-l-Acetoxy-l-(l-naphthyl)-3-butene (106e):
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This compound was prepared by treating (±)-98e with acetic

anhydride in presence of pyridine and DMAP following the same

procedure as described for compound 106a, as a colourless oil.

Yield : 927.

b.p. : 162 C at 0.5 mm

IR (neat): 1740 cm"1

lH NMR : 5 2.08 (s, 3H), 2.76 (t, 2H, J = 6 Hz), 4.88-5.24 (m,

2H), 5.48-6.04 (m, 1H), 6.60 (t, 1H, J = 6 Hz),

7.32-8.24 (m, 7H).

(±)-l-Acetoxy-l-(2,4-dichlorophenyl)-3-butene (106f):

This compound was prepared by treating (±)-98f with acetic

anhydride in presence of pyridine and DMAP following the same

procedure as described for compound 106a, as a colourless liquid.

Yield : 92%

b.p. : 120°C at 0.9 mm

IR (neat): 1740 cm"1

*H NMR : 5 2.08 (s, 3H), 2.54 (t, 2H, J = 6 Hz), 4.84-5.24 (m,

2H), 5.44-5.96 (m, 1H), 6.12 (t, 1H, J = 6 Hz),

7.04-7.52 (m, 3H).

(±)-l-Acetoxy-l-(3,4-dichlorophenyl)-3-butene (106g):

This compound was prepared by treating (±)-98g with acetic
>

anhydride in the presence of pyridine and DMAP following the same
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procedure as described for compound 106a, as a colourless liquid.

Yield : 897.

IR (neat): 1740 cm"1

lH NMR : 6 2.08 (s, 3H), 2.52 (m, 2H), 4.84-5.16 (m, 2H)»

5.40-5.84 (m, 2H), 7.00-7.44 (m, 3H).

Pig liver acetone powder (PLAP):

This was prepared according to the procedure reported by

38

Ohno et al.

Freshly purchased pig liver (500 g) was homogenised in

chilled acetone (2 L) using kitchen juicer. The brown mass

obtained after filtration was air dried at room temperature and

powdered using juicer. Fibrous material was removed by sieving to

furnish 100 g of PLAP as fine powder. This powder can be stored

for 2-3 months in refrigerator without any significant loss of

activity.

General procedure:

PLAP/CLAP-catalyzed hydrolysis of racemic acetates:

To 0.5 M, pH 8.0, KH PO/K HPO buffer (40 mL), racemic

acetate (5 mM) in ether (10 mL) was added with stirring at room

temperature. After 10 min., PLAP/CLAP (1 g) was addded and the

stirring was continued. The progress of the hydrolysis was

monitored by HPLC/GC. When an appropriate. degree of hydrolysis

was accomplished, the reaction was quenched with 2N HC.) fin mi)
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To this sodium chloride (5 g) and dichloromethane (50 mL) were

added and the resulting suspension was vigorously stirred for

O.5h. Then the enzyme was removed by filtration with suction and

the layers were separated. The aqueous layer was extracted with

dichloromethane (3 x 20 mL). The combined organic layer was dried

over anhydrous Na_SO . Removal of solvent followed by column

chromatography (silica gel, 107. ethyl acetate in hexane) of the

crude liquid obtained, afforded optically active alcohol and

enantiomerically enriched unhydrolyzed acetate.

General procedure:

Hydrolysis of recovered acetates with KOH:

To a solution of 85% KOH (0.5 g, 7.5 mM) in MeOH (5 mL) was

added recovered acetate (3 mM) and stirred for 3h at room

temperature. Then methanol was removed under vacuum and the

residue was diluted with water (5 mL) and extracted with ether

(3 x 10 mL). The ether layer was dried over anhydrous Na SO and

concentrated. The crude liquid obtained was purified by column

chromatography (silica gel, 107. ethyl acetate in hexane) to afford

pure (-)-alcohol.

PLAP-catalyzed hydrolysis of (±)-l-acetoxy-l-phenyl-3-butene

(106a):

Hydrolysis of racemic-106a (0.95 g, 5 mM) with PLAP (1 g)
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afforded (R)-( + )-alcohol and unhydrolyzed acetate in 59:41 ratio.

Reaction time : 24h

Yield of (+)-alcohol : 0.26 g (617.)

Optical rotation : lal + 27.55 (c 2.54, PhH), 587. e.e.

(Lit.131 [a lD
2 1 - 39.9 (c 2.48, PhH), 847. e.e.}

Yield of recovered acetate: 0.36 g (907.)

The above recovered acetate upon hydrolysis (KOH/MeOH)

furnished (-)-alcohol.

Yield of (-)-alcohol : 0.24 g (947.)

20Optical rotation : [a]D - 31.25 (c. 1.24, PhH), 667. e.e.

{Lit.131 (alp,21 - 39.9 (c 2.48, PhH), 847. e.e.}

Roth (+)-alcohol and (-)-alcohol have IR, *H & l C NMR data

identical with that of the corresponding racemic compound.

PLAP-catalyzed hydrolysis of (±)-l-acetoxy-l-(4-methylphenyl)-3-

butene (106b):

Hydrolysis of racemic-106b (1.02 g, 5 mM) with PLAP (1 g)

afforded (+)-alcohol and unhydrolyzed acetate in 43:57 ratio.

Reaction time : 32h

Yield of (+)-alochol : 0.32 g (907.)

70
Optical rotation : f«] + 30.66 (c 1.69, PhH), 677. e.e.

{Lit.131 ( a l D
2 5 - 37.3 (c 2.0, PhH), 827. e.e}

Yield of recovered acetate: 0.53 g (927.)

The above recovered acetate upon hydrolysis (KOH/MeOH)
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afforded (-)-alcohol.

Yield of (-)-alcohol : 0.37 g (90%)

20
Optical rotation : [a] - 24.20 (c. 2.74 PhH), 537. e.e.

{Lit.131 I a ) D
2 5 - 37.3 (c 2.0, PhH), 827. e.e)

Both ( + )-alcohol and (-)-alcohol have IR, *H & 13C NMR data

identical with that of the corresponding racemic compound.

PLAP-catalyzed hydrolysis of (±)-l-acetoxy-l-(4-chlorophenyl)-3-

butene (106c):

Hydrolysis of racemic-106c (1.12 g, 5 mM) with PLAP (1 g)

afforded ( + )-alcohol and unhydrolyzed acetate in 39:61 ratio.

Reaction time : 32h

Yield of ( + )-alcohol : 0.31 g (877.)

Optical rotation : [a]£ + 21.94 (c 2.5, PhH), 657. e.e.

{Lit.131 [ a l D
2 3 - 28.4 (c 3.03, PhH), 847. e.e.)

Yield of recovered acetate: 0.62 g (917.).

The above recovered acetate upon hydrolysis (KOH/MeOH)

afforded (-)-alcohol.

Yield of (-)-alcohol : 0.46 g (927.)

Optical rotation : (a]ZJ - 15.92 (c 5.26, PhH), 477. e.e.

{Lit.131 [ a j 2 3 - 28.4 (c 3.03, PhH), 847. e.e.}.

Both ( + )-alcohol and (-)-alcohol have IR, lH & 13C NMR data

identical with that of the corresponding racemic compound.
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PLAP-catalyzed hydrolysis of (±)-l-acetoxy-l-(4-methoxyphenyl)-3-

butene (106d):

Hydrolysis of racemic-106d (1.1 g, 5 mM) with PLAP (1 g)

afforded ( + )-alcohol and unhydrolyzed acetate in 43:57 ratio.

Reaction time : 32h

Yield of ( + )-alcohol : 0.28 g (74%)

20Optical rotation : [a] + 52.65 (c 7.82, PhH), 647. e.e.

{Lit.131 [ a l D
2 3 - 65.8 (c 3.56, PhH), 80% e.e.)

Yield of recovered acetate: 0.56 (90%)

The above recovered acetate upon hydrolysis (KOH/MeOH)

afforded (-)-alcohol.

Yield of (-)-alcohol : 0.4 g (89%)

20Optical rotation : [aC - 37.1 (c 6.96 PhH), 45% e.e.

{Lit.131 [a] 2 3 - 65.8 (c 3.56, PhH), 80% e.e.)

Both (+)-alcohol and (-)-alcohol have IR, lH & 13C NMR data

identical with that of the corresponding racemic compound.

PLAP-catalyzed hydrolysis of (±)-l-acetoxy-l-(l-naphthyl)-3-butene

(106e):

Hydrolysis of racemic-106e (1.2 g, 5 mM) with PLAP (1 g)

afforded ( + )-alcohol and unhydrolyzed acetate in 50:50 ratio.

Reaction time : 50h

Yield of ( + )-alcohol : 0.435 g (88%)

20
Optical rotation : [a] + 69.96 (c 3.3, PhH), 72% e.e.

m 74
{Lit. la lD - 77.5 (c 2.98, PhH) 80% e.e.)
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Yield of recovered acetate: 0.54 g (907.)

The above recovered acetate upon hydrolysis (KOH/MeOH)

afforded (-)-alcohol.

Yield of (-)-alcohol : 0.4 g (927.)

20
Optical rotation : [a] - 63.07 (c 6.29, PhH), 657. e.e.

{[Lit.131 [a]^4 - 77.5 (c 2.98, PhH, 807. e.e.}

Both ( + )-alcohol and (-)-alcohol have IR, lH & 13C NMR data

identical with that of the corresponding racemic compound.

PLAP-catalyzed hydrolysis of (±)-l-acetoxy-l-(2,4-dichlorophenyl)-

3-butene (106f) :

Hydrolysis of racemic-106f (1.29 g, 5 mM) with PLAP (1 g)

afforded ( + )-alcohol and unhydrolyzed acetate in 38:62 ratio.

Reaction time : 24h

Yield of (+)-alcohol : 0.32 g (777.)

?0
Optical rotation : [a] " + 36.95 (c 3.68, PhH), 56 7. e.e.

Yield of recovered acetate: 0.56 g (707.).

The above recovered acetate upon hydrolysis (KOH/MeOH)

afforded (-)-alcohol.

Yield of (-)-alcohol : 0.43 g (927.)

20
Optical rotation : [a] - 19.80 (c 2.02, PhH), 30 7. e.e.

(based on [a] value of ( + )-98f)

Both ( + )-alcohol and (-)-alcohol have IR, *H & 13C NMR data

identical with that of the corresponding racemic compound.
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Determination of enantiomeric puri ty of (+)-(98f):

Mosher's ester of (±)-98f:

To a suspension of oil free sodium hydride (10 mg, 0.4 mM)

in pyridine (0.5mL) at room temperature were added (±)-98f (11 mg,

0.05 mM) and DMAP (5mg) and stirred for 15 min. To this 0.1 M

solution of (+)-a-methoxy-a-(trifluoromethyl)phenylacetyl chloride

(MTPAC1) in dichloromethane (1 mL, 0.1 mM) was added and stirred

for 24 hr. Then the reaction mixture was poured into cold 4N HC1

(5 mL) and extracted with ether ( 3 x 5 mL). The ether layer was

washed with saturated K CO solution and dried over anhydrous

^ Removal of solvent followed by column purification

(silica gel, 107. ethyl acetate in hexane) of the residue afforded

pure Mosher's ester.

*H NMR : 8 2.60 (t, 2H), 3.48 & 3.58 (two singlets, 3H), 4.95-
(200 MHz)

5.20 (m, 2H), 5.50-5.90 (m, 1H), 6.35-6.55 (m, 1H),

7.25-7.50 (m, 8H).

Two distinct singlets at 5 3.48 and 3.58 are of equal

integration indicating that the compound is a 50:50 mixture of two

diastereomers.

Mosher's es ter of (+)-98f:

Mosher's ester of ( + )-98f was prepared from (+)-MTPACl and

the corresponding alcohol following the same procedure as

described for Mosher's ester of (±)-98f. The H NMR spectrum of

this compound contained two singlets at 5 3.48 and 3.58 with
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integration in the ratio 12.9:3.6 establishing the enantiomeric

purity of ( + )-98f to be 56%.

Chicken liver acetone powder (CLAP):

Freshly purchased chicken liver (500 g) was homogenised in

chilled acetone (2 L) using kitchen juicer. The brown mass

obtained after filtration was air dried at room temperature and

powdered using juicer. Fibrous material was removed by sieving to

afford 100 g of CLAP as fine powder. This powder can be stored

for 2-3 months without any significant loss of activity.

CLAP-catalyzed hydrolysis of (±)-l-acetoxy-l-(l-naphthyl)-3-butene

(106e):

Hydrolysis of racemic-106e (1.2 g, 5 mM) with CLAP (1 g)

afforded (+)-alcohol and unhydrolyzed acetate in 28:72 ratio.

Reaction time : 20h

Yield of ( + )-alcohol : 0.25 g (897.)

22
Optical rotation : [a] + 92.9 (c 1.26, PhH), 96% e.e.

m 4
{Lit. ^ D " 7 7 - 5 (c 2.98, PhH), 80% e.e.}

Yield of recovered acetate: 0.8 g (93%).

The above recovered acetate upon hydrolysis (KOH/MeOH)

afforded (-)-alcohol.

Yield of (-)-alcohol : 0.6 g (92%)

Optical rotation : l a ^ 2 2 - 31.18 (c 0.89, PhH), 32% e.e.



109

m 94

(Lit. [alD - 77.5 (c 2.98, PhH), 80% e.e.}

Both ( + )-alcohol and (-)-alcohol have IR, *H & 13C NMR data

identical with that of the corresponding racemic compound.

CLAP-catalyzed hydrolysis of (±)-l-acetoxy-l-phenyl-3-butene

(106a):

Hydrolysis of racemic-106a (0.95 g, 5 mM) with CLAP (1 g)

afforded (R)-( + )-alcohol and unhydrolyzed acetate in 30:70 ratio.

Reaction time : 35h

Yield of ( + )-alcohol : 0.19 g (867.)

Optical rotation : [ a ] 2 2 + 34.08 (c 1.11, PhH), 727. e.e.

{Lit.131 [a]2 1 - 39.9 (c 2.48, PhH), 847. e.e.}

Yield of recovered acetate: 0.62 g (937.).

The above recovered acetate upon hydrolysis (KOH/MeOH)

afforded (-)-alcohol.

Yield of (-)-alcohol : 0.46g (957.)

Optical rotation : [ a ] 2 2 - 18.42 (c 1.84, PhH), 387. e.e.

{Lit.131 [a]2 1 - 39.9 (c 2.48, PhH), 847. e.e.}

Both ( + )-alcohol and (-)-alcohol have IR, *H & 13C NMR data

identical with that of the corresponding racemic compound.

CLAP-catalyzed hydrolysis of (±)-l-acetoxy-l-(4-methylphenyl)-

3-butene (106b):

Hydrolysis of racemic-106b (1.02 g, 5 mM) with CLAP (1 g)

afforded ( + )-alcohol and unhydrolyzed acetate in 41:59 ratio.



no
Reaction time : 40h

Yield of ( + )-alcohol : 0.3 g (90%)

Optical rotation : \OL]^2 + 44.62 (c 3.83, PhH), 987. e.e.

(Lit.131 (a]D
2 5 - 37.3 (c 2.00, PhH), 827. e.e.)

Yield of recovered acetate:0.53 g (917.).

The above recovered acetate upon hydrolysis (KOH/MeOH)

afforded (-)-alcohol.

Yield of (-)-alcohol : 0.4g (927.)

Optical rotation : [a] - 33.20 (c 1.13, PhH), 737. e.e.

{Lit.131 [ a ] n
2 5 - 37.3 (c 2.0, PhH), 827. e.e.}.

i 1J

Both ( + )-alcohol and (-)-alcohol have IR, !H & 13C NMR data

identical with that of the corresponding racemic compound.

CLAP-catalyzed hydrolysis of (±)-l-acetoxy-l-(4-chlorophenyl)-

3-butene (106c):

Hydrolysis of racemic-106c (1.12 g, 5 mM) with CLAP (1 g)

afforded ( + )-alcohol and unhydrolyzed acetate in J 2 : 6 8 ratio.

Reaction time : 22h

Yield of ( + )-alcohol : 0.22 g (757.)

Optical rotation : i a ^ 2 2 + 32.18 (c 3.20, PhH), 957. e.e.

{Lit.131 (a)D
2 3 - 28.4 (c 3.03, PhH), 847. e.e.}

Yield of recovered acetate: 0.68 g (897.).

The above recovered acetate upon hydrolysis (KOH/MeOH)

afforded (-)-alcohol.
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Yield of (-)-alcohol : 0.51 g (93%)

??
Optical rotation : i^D ~ 17.37 (c 2.24, PhH), 517. e.e.

{Lit.131 [a lD
2 3 - 28.4 (c 3.03, PhH), 847. e.e.}

Both (+)-alcohol and (-)-alcohol have IR, lH & 13C NMR data

identical with that of the corresponding racemic compound.

CLAP-catalyzed hydrolysis of (±)-l-acetoxy-l-(2,4-dichlorophenyl)-

3-butene (106f):

Hydrolysis of racemic-106f (1.29 g, 5 mM) with CLAP (1 g)
c

afforded (+)-alcohol and unhydrolyzed acetate in 42:58 ratio.

Reaction time : 40 h

Yield of ( + )-alcohol : 0.42 g (927.)

m.p. : 58-59°C
22

Optical rotation : [a] + 56.70 (c 1.30, PhH), 85 7. e.e.

Yield of recovered acetate: 0.7 g (937.).

The above recovered acetate upon hydrolysis (KOH/MeOH)

afforded (-)-alcohol.

Yield of (-)-alcohol : 0.54 g (927.)

Optical rotation : [ a ] 2 2 - 37.51 (c 1.35 PhH), 56 7. e.e.

(based on [a] value of (+)-98f)

Both (+)-alcohol and (-)-alcohol have IR, *H & 13C NMR data

identical with that of the corresponding racemic compound.

Determination of enantiomeric purity:

Mosher's ester of (+)-98f:



Mosher's ester of (+)-98f was prepared from ( + )-MTPACl and

the corresponding alcohol following the same procedure as

described for Mosher's ester of (±)-98f. The *H NMR (200 MHz)

spectrum of this compound contained two singlets at <5 3.48 and

3.58 with integration in the ratio 4.6:0.4 establishing the

enantiomeric purity of ( + )-98f to be 85%.

CLAP-catalyzed hydrolysis of (±)-l-acetoxy-(3,4-dichlorophenyl)-

3-butene (106g): :

Hydrolysis of racemic-106g (1.29 g, 5 mM) with CLAP (1 g)

afforded (+)-alcohol and unhydrolyzed acetate in 31:69 ratio.

Reaction time : 20h

Yield of ( + )-alcohol . 0.29 g (88%)

Optical rotation : ( a U 2 2 + 23.30 (c 2.06, PhH), 92 % e.e.

Yield of recovered acetate: 0.81 g (91%).

The above recovered acetate upon hydrolysis (KOH/MeOH)

afforded (-)-alcohol.

Yield of (-)-alcohol : 0.61 g (90%)

Optical rotation : \OL]^2 - 11.79 (c 2.13, PhH), 46 % e.e.

(based on [a] value of (+)-98g)

Both (+)-alcohol and (-)-alcohol have IR, lH & 13C NMR data

identical with that of the corresponding racemic compound.

Determination of enantiomeric purity:

Mosher's ester of (±)-98g:
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This was prepared from (±)-98g and ( + )-MTPACl following

the same procedure as described for Mosher's ester of (±)-98f.

lH NMR : 5 2.60 (m, 2H), 3.45 & 3.57 (two singlets, 3H), 4.95-
(200 MHz)

5.20 (m, 2H), 5.45-6.00 (m, 2H), 7.00-7.60 (m, 8H).

Two singlets at 5 3.45 and 3.57 are of almost equal

integration indicating that the compound is a 50:50 mixture of two

diastereomers.

Mosher's ester of (+)-98g:

Mosher's ester of ( + )-98g was prepared from (+)-MTPACl and

the corresponding alcohol following the same procedure as

described for Mosher's ester of (±)-98g. The *H NMR (200 MHz)

spectrum of this compound contained two singlets at 5 3.45 and

3.57 with integration in the ratio 4.7:0.2 establishing the

enantiomeric purity of ( + )-98g to be 92 7..

(lE)-l-Chloro-3-phenylprop-2-ene (cinnamyl chloride) :

To a solution of cinnamyl alcohol (38.5 mL, 300 mM) in dry

ether (300 mL) at 0°C, thionyl chloride (32.8 mL, 450 mM) was

added dropwise over 30 min. with stirring. After lh stirring at

0 C, the reaction mixture was allowed to warm to room temperature

and stirred for 5h. Then the solvent and excess thionyl chloride

were removed under reduced pressure. The crude liquid was

distilled under reduced pressure to afford pure cinnamyl chloride

as a pale yellow liquid.
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Yield : 39 g (85%)

b.p. : 70-74°C at 2 mm (Lit.184 b.p. 83-84°C at 1-2 mm)

IR (neat): No hydroxyl absorption.

!H NMR : 8 5.16 (d, 2H, J = 6 Hz), 5.96-6.72 (m, 2H), 7.28 (m,

5H).

(±)-an££-l,2-Diphenylbut-3-en-l-ol (99a):

This compound was prepared following literature

, 136

procedure.

To a mixture of cinnamyl chloride (11.1 mL, 80 mM) and

benzaldehyde (10.2 mL, 100 mM) in THF (100 mL), water (40 mL) was

added and the resulting suspension was heated to 60 C. Then

aluminium powder (2.16 g, 80 mM) and tin (II) chloride dihydrate

(9.02 g, 40 mM) were added in quick succession with vigorous

stirring. Then the reaction mixture was stirred for 3h at 60 C.

The reaction mixture was cooled to room temperature and diluted

with 2N.J HC1 (50 mL). The reaction mixture was extracted with

ether (3 x 50 mL). The combined organic layer was washed with

saturated NaHCO solution and dried over anhydrous Na SO..

Removal of solvent followed by column chromatography (silica gel,

10% ethyl acetate in hexane) of the crude afforded pure alcohol as

a colourless liquid.

Yield : 14 g (78%)
IR (neat): 3375 cm"1
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lH NMR : 5 2.36 (br, 1H, OH), 3.44 (t, H, J= 8 Hz), 4.68 (d, 1H,

J= 8H), 4.88-5.22 (m, 2H), 5.84-6.34 (m, 1H), 6.96-7.36

(m, 10H).

13C NMR : 5 58.94, 77.12, 118.18, 126.53, 126.71, 127.36, 127.89,

128.30, 137.94, 140.71, 142.01.

(±)-an£i-l-(4-Methylphenyl)-2-phenylbut-3-en-l-ol (99b):

This compound was prepared from 4-tolualdehyde and cinnamyl

chloride following the same procedure as described for compound

99a, as a pale yellow liquid.

Yield : 757.

IR (neat): 3375 cm"1

lH NMR : 6 1.52 (br, 1H, OH), 2.26 (s, 3H), 3.52 (t, 1H, J=

8 Hz) 4.76 (d, 1H, J= 8 Hz), 4.96-5.36 (m, 2H), 5.92-

6.52 (m, 1H), 6.80-7.48 (m, 9H).

°C NMR : 5 19.88, 57.71, 75.82, 116.83, 125.36, 125.53, 127.18,

127.36, 127.47, 135.71, 137.06, 138.06, 139.89.

(+)-an£i-l-(4-Chlorophenyl)-2-phenylbut-3-en-l-ol (99c):

This compound was prepared from 4-chlorobenzaldehyde and

cinnamyl chloride following the same procedure as described for

compound 99a, as a pale yellow liquid.

Yield : 807.

IR (neat): 3400 cm"1
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lU NMR : 8 2.36 (s, 1H, OH), 3.44 (t, 1H, J= 8 Hz), 4.78 (d, 1H,

J= 8 Hz) 4.96-5.44 (m, 2H), 5.92-6.48 (m, 1H), 6.84-

7.40 (m, 9H).

13C NMR : 8 59.23, 76.59, 118.77, 126.95, 128.24, 128.48, 126.65,

133.12, 137.77, 140.48, 140.71.

(±)-anti-2-methyl-4-phenylhex-5-en-3-ol (99d):

This compound was prepared from isobutyraldehyde (4 equiv-

alents) and cinnamyl chloride (1 equivalent) following the same

procedure as described for compound 99a, as a colourless liquid.

Yield : 737.

IR (neat): 3400 cm"

lH NMR : 5.0*68-1.04 (m, 6H), 1.32-1.96 (m, 2H, 1H D2O wash-

able), 3.16-3.64 (m, 2H), 4.92-5.28 (m, 2H), 5.84-6.32

(m, 1H), 6.96-7.40 (m, 5H).

13C NMR : 5 15.76, 20.06, 29.70, 54.59, 78.47, 116.53, 126.59,

128.06, 128.77, 138.89, 142.18.

(±)-anti-6-Methyl-3-phenylhept-l-en-4-ol (99e):

This compound was prepared from isovaleraldehyde (3 equiva-

lents) and cinnamyl chloride (1 equivalent) following th'e same

procedure as described for compound 99a, as a colourless liquid.

Yield : 72%

b.p. : 98-100°C at 1 mm
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1
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H NMR : 8 0.68-1.00 (m, til), 1.00-1.96 (m, 4H, 1H D O wash-

able), 3.20 (t, 1H, J= 8 Hz), 3.84 (m, 1H), 4.92-5.28

(m, 2H), 5.80-6.32 (m, 1H), 6.88-7.40 (m, 5H).

13C NMR : 8 21.64, 23.76, 24.53, 43.88, 57.82, 72.18, 117.65,

126.71, 128.30, 128.77, 138.65, 142.18.

(±)-an££-3-Phenyloct-l-en-4-ol (99f):

This compound was prepared from valeraldehyde (3 equival-

ents) and cinnamyl chloride (1 equivalent) following the same

procedure as described for compound 99a, as a colourless liquid.

Yield : 747.

b.p. : 116-118°C at 2 mm

IR (neat): 3350 cm"

lH NMR : 8 0.80 (distorted t, 3H), 1.30 (m, 6H), 1.72 (br, 1H,

OH), 3.20 (t, 1H, J= 8 Hz), 3.72 (m, 1H), 4.84-5.24 (m,

2H), 5.72-6.22 (m, 1H), 6.92-7.36 (m, 5H).

13C NMR : 8 13.91, 22.50, 27.83, 34.16, 57.11 73.97, 117.36,

126.42, 127.99, 128.48, 138.34, 141.85.

(±)-anti-3-Phenylnon-l-en-4-ol (99g):

This compound was prepared from capronaldehyde (2.5 equival-

ents) and cinnamyl chloride (1 equivalent) following the same

procedure as described for compound 99a, as a colourless li
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Yield : 707.

b.p. : 110-112°C at 2 mm

IR (neat): 3400 cm"

*H NMR : 6 0.84 (distorted t, 3H), 1.28 (br, 8H), 1.72 (br, 1H,

OH), 3.20 (t, 1H, J= 7.5 Hz), 3.76 (m, 1H), 4.92-5.28

(m, 2H) 5.80-6.28 (m, 1H), 6.96-7.40 (m, 5H).

13C NMR : 8 14.00, 22.59, 25.47, 31.82, 34.59, 57.23, 74.12,

117.53, 126.65, 128.34, 128.71, 138.59, 142.12.

(±)-an£i-3-Phenyldec-l-en-4-01 (99h):

This compound was prepared from n-heptaldehyde and cinnamyl

chloride following the same procedure as described for compound

99a, as a colourless liquid.

Yield : 747.

b.p. : 120-122°C at 1 mm

IR (neat): 3425 cm"1

*H NMR : 6 0.84 (distorted t, 3H), 1.22 (m, 10H), 1.76 (br, 1H,

OH), 3.20 (t, 1H, J= 8 Hz), 3.76 (m, 1H), 4.96-5.28 (m,

2H), 5.80-6.32 (m, 1H), 6.92-7.44 (m, 5H).

13C NMR : 6 17.94, 22.47, 25.59, 29.11, 31.70, 34.41, 57.18,

74.00, 117.59, 126.53, 128.06, 128.65, 138.48, 141.94.

(±)-ant i-4-Acetoxy-3,4-diphenylbut- l -ene (107a):

This compound was prepared by treating (±)-99a with acetic

anhydride in presence of pyridine and DMAP following the same
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procedure as described for compound 106a, as a colourless liquid.

Yield : 927.

IR (neat): 1730 cm"1

*H NMR : 8 1.85 & 2.08 (two singlet:, in 1:99, 3H), 3.75 (t, 1H,
(200 MHz)

J = 8 Hz), 5.05-5.26 (m, 2H), 5.91-6.30 (m, 2H), 6.87-

7.40 (m, 10H).

l3C NMR : 5 21.11, 56.65, 78.35, 117.30, 126.83, 127.30, 127.89,

128.16, 128.48, 128.59, 137.77, 138.68, 140.01, 170.24.

(±)-anti-4-Acetoxy-4-(4-methylphenyl)-3-phenylbut-l-ene (107b):

This compound was prepared by treating (±)-99b with acetic

anhydride in presence of pyridine and DMAP following the same

procedure as described for compound 106a, as a colourless liquid.

Yield : 947.

IR (neat): 1730 cm"

*H NMR : 5 2.08 (s, 3H), 2.28 (s, 3H), 3.76 (t, 1H, J = 8 Hz),

4.88-5.32 (m, 2H), 5.88-6.36 (m, 2H), 6.76-7.40 (m, 9H).

13C NMR : 5 21.17, 56.65, 78.06, 117.30, 126.88, 127.47, 128.59,

128.71, 128.93, 136.06, 137.51, 138.18, 140.30, 170.18.

(±)-an£i-4-Acetoxy-4-(4-chlorophenyl)-3-phenyl-but-l-ene (107c):

This compound was prepared by treating (±)-99c with acetic

anhydride in presence of pyridine and DMAP following the same

procedure as described for compound 106a, as a colourless li
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Yield : 917.

IR (neat\: 1730 cm"1

lH NMR : 5 2.04, (s, 3H), 3.64 (t, 1H, J= 8 Hz), 4.84-5.24 (m,

2H), 5.80-6.40 (m, 2H), 6.76-7.36 (m, 9H).

13C NMR : 8 21.06, 56.58, 77.47, 117.59, 127.06, 128.36, 128.65,

128.77, 133.65, 137.54, 139.65, 170.06.

(±)-an£i-4-Acetoxy-5-methyl-3-phenylhex-l-ene (107d):

This compound was prepared by treating (±)-99d with acetic

anhydride in presence of pyridine and DMAP following the same

procedure as described for compound 106a, as a colourless liquid.

Yield : 92%

IR (neat): 1730 cm"1

XH NMR : 5 0.90 (two d, 6H, J = 6 Hz), 1.52-1.71 (m, 1H), 1.82 &
(20G MHz)

2.04 (two singlets in 1:99, 3H), 3.54 (t, 1H, J = 8 Hz),

5.05-5.25 (m, 3H), 5.90-6.15 (m, 1H), 7.20-7.40 (m, 5H).

13C NMR : 6 15.42, 19.53, 20.58, 28.59, 52.88, 79.00, 116.18,

126.59, 127.77, 128.59, 138.53, 141.00, 170.47.

(±)-ant£-4-Acetoxy-6-methyl-3-phenylhept-l-ene (107e):

This compound was prepared by treating (±)-99e with acetic

anhydride in presence of pyridine and DMAP following the same

procedure as described for compound 106a, as a colourless liquid.

Yield : 93%
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IR (neat): 1740 cm"1

*H NMR : 5 0.82 (two doublets, 6H, J = 5 Hz), 1.05-1.65 (m, 3H),
(200 MHz)

1.86 & 2.04 (two singlets in 2:98, 3H), 3.35 (t, 1H,

J = 8 Hz), 5.05-5.18 (m, 2H), 5.24-5.40 (m. 1H), 5.94-

6.14 (m, 1H), 7.15-7.40 (m, 5H).

13C NMR : 6 20.70, 21.29, 23.11, 24.29, 41.29, 55.71, 73.82,

116.36, 126.59, 127.89, 128.53, 138.24, 140.89, 170.11.

(±)-anti-4-Acetoxy-3-phenyloct-l-ene (107f):

This compound was prepared by treating (±)-99f with acetic

anhydride in presence of pyridine and DMAP following the same

procedure as described for compound 106a, as a colourless liquid.

Yield : 927.

IR (neat): 1730 cm"

*H NMR : 6 0.80 (distorted t, 3H), 1.10-1.51 (m, 6H), 1.86 &
(200 MHz)

2.04 (two inglets in 3:97, 3H), 3.40 (t, 1H, J = 8 Hz),

5.02-5.30 (m, 3H), 5.90-6.12 (m, 1H), 7.22 (m, 5H).

13C NMR : 5 13.29, 20.41, 21.76, 26.84, 31.41, 54.65, 75.24,

116.12, 126.36, 127.65, 128.24, 137.83, 140.65, 168.73.

(±)-anti-4-Acetoxy-3-phenylnon-l-ene (107g):

This compound was prepared by treating (±)-99g with acetic

anhydride in presence of pyridine and DMAP following the same

procedure as described for compound 106a, as a colourless liauiri
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Yield : 94%

IR (neat): 1730 cm"

*H NMR : 8 0.85 (distored t, 3H), 1.12-1.50 (m, 8H), 1.88 & 2.05
(200MHz)

(two singlets in 2:98, 3H), 3.40 (t, 1H, J = 8 Hz),

5.05-5.30 (m, 3H), 5.95-6.15 (m, 1H), 7.15-7.40 (m, 5H).

13C NMR : 8 13.82, 21.00, 22.35, 24.88, 31.41, 32.17, 55.12,

75.82, 116.65, 126.83, 128.12, 128.71, 138.30, 141.12,

170.77.

(±)-anti-4-Acetoxy-3-phenyldec-l-ene (107h):

This compound was prepared by treating (±)-99h with acetic

anhydride in presence of pyridine and DMAP following the same

procedure as described for compound 106a, as a colourless liquid.

Yield : 94%

IR (neat): 1740 cm"1

lH NMR : 5 0.85 (distorted t, 3H), 1.12-1.50 (m, 10H), 1.85 &
(200 MHz)

1.85 & 2.08 (two singlets, 3H), 3.40 (t, 1H, J = 8 Hz),

5.05-5.30 (m, 3H), 5.90-6.20 (m, 1H), 7.15-7.40 (m, 5H).

13C NMR : 8 13.76, 20.76, 22.29, 25.06, 28.76, 31.41, 32.12,

55.06, 75.59, 116.47, 126.71, 128.01, 128.18, 128.59,

138.24, 141.00, 170.47.

CLAP-catalyzed hydrolysis of (±)-anii-4-acetoxy-3,4-diphenylbut-

1-ene (107a):
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Hydrolysis of racemic-107a (1.33 g, 5 mM) with CLAP (2 g)

afforded (-)-alcohol and unhydrolyzed acetate in 25:75 ratio.

Reaction time : 10 days

Yield of (-)-alcohol : 0.22 g (807.)

Optical rotation : [<x]£ - 14.26 (c 1.12, CHC1 ), 92 7. e.e.

{Lit. la] - 12.5 (c 3.4, CHC1 ), 977. e.e.}

Yield of recovered acetate: 0.93 g (937.)

20
Optical rotation : [a] + 11.26 (c 2.13, CHC1 ), 25 7. e.e.

1 13

Both (-)-alcohol and ( + )-acetate have IR, H & C NMR data

identical with that of the corresponding racemic compound.

Determination of enantiomeric pur i ty:

Acetate of (-)-99a:

This was prepared by treating (-)-99a with acetic anhydride

in presence of pyridine and DMAP following the same procedure as

described for (±)-107a.

Yield : 927.

This compound has IR, H NMR data identical with that of

corresponding racemic compound.

H NMR (200 MHz) analysis in the presence of Eu(hfc)3 :

The H NMR spectrum of (±)-107a (5 mg) was recorded in the

presence of Eu(hfc)_ (40 mg). It was observed that the original

singlet at 6 2.08 due to COCH group shifts and splits into two

distinct singlets of equal integration indicating that the two

singlets arise from two enantiomers. Similarlv. acf»tnt*» «r
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(-)-99a was subjected to H NMR analysis in presence of Eu(hfc)_.

The signal of acetoxy-methyl shifts and splits into two distinct

singlets but with integration in the ratio 0.6:15.1 indicating

that (-)-99a is 92% enantiomerically pure. The recovered acetate

was subjected to same analysis which showed that its optical

purity is 257..

CLAP-catalyzed hydrolysis of (±)-anti-4-acetoxy-5-methyl-3-phenyl-

hex-1-ene (107d): !

Hydrolysis of racemic-107d (1.16 g, 5 mM) with CLAP (2 g)

afforded (-)-alcohol and unhydrolyzed acetate in 25:75 ratio.

Reaction time : 11 days

Yield of (-)-alcohol : 0.2 g (877c)

20
Optical rotation : [a]^ - 60.65 (c 1.83, CHC1 ), 677. e.e.

Yield of recovered acetate: 0.8 g, (927.)

20
Optical rotation : la]^ + 15.61 (c 2.69, CHC1 ), 19 7. e.e.

Both (-)-alcohol and (+)-acetate have IR, lH & l C NMR data

identical with that of the corresponding racemic compound.

Determination of enantiomeric purity:

Acetate of (-)-99d:

This was prepared by treating (-)-99d with acetic anhydride

in presence of pyridine and DMAP following the same procedure as

described for (±)-107a.

Yield : 917.
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This compound has IR, H NMR data identical with that of

corresponding racemic compound.

H NMR (200 MHz) analysis in the presence of Eu(hfc) :

1The H NMR spectrum of (±)-107d (5 mg) was recorded in the

presence of Eu(hfc)^ (40 mg). It was observed that the original

singlet at 8 2.04 due to C0CH_ group splits into two distinct

singlets of equal integration indicating that the two singlets

arise from the enantiomers. Where as in the H NMR spectrum of

acetate of (-)-99d recorded in presence of Eu(hfcL, we observed

two singlets in the ratio 1.5:5.5 for acetoxy-methyl protons

showing the enantiomeric purity of (-)-99d to be 67%. The

recovered acetate was subjected to same analysis and its

enantiomeric purity was found to be 19%.

CLAP-catalyzed hydrolysis of (±)-ant£—4-acetoxy-6-methyl-3-phenyl-

hept-1-ene (107e):

Hydrolysis of racemic-107e (1.23 g, 5 mM) with CLAP (2 g)

afforded (-)-alcohol and unhydrolyzed acetate in 32:68 ratio.

Reaction time : 75 h

Yield of (-)-alcohol : 0.3 g (92%)

20
Optical rotation : [a] - 45.90 (c 2.2, CHC1 ), >99% e.e.

Yield of recovered acetate: 0.8 g (95%)

20
Optical rotation : [alD + 21.03 (c 2.04, CHC1 ), 49 % e.e.

Both (-)-alcohol and (+)-acetate have IR, *H & 13C NMR data
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identical with that of the corresponding racemic compound.

Determination of enantiomeric purity:

Acetate of (-)-99e:

This was prepared by treating (-)-99e with acetic anhydride

in presence of pyridine and DMAP following the same procedure as

described for (±)-107a.

Yield : 93%

This compound has IR, H NMR data identical with that of

corresponding racemic compound.

H NMR (200 MHz) analysis in the presence of Eu(hfc) :

In the H NMR spectrum of (±)-107e (5 mg), recorded in the

presence of Eu(hfc)_ (40 mg), the original singlet at 5 2.04 due

to COCH group splits into two distinct singlets of equal

integration indicating that the two singlets arise from two

enantiomers. Similarly, acetate of (-)-99e was subjected to H

NMR analysis in presence of Eu(hfc) . The singlet due to COCH_

remained intact (as singlet) indicating that (-)-99e is enantio-

merically pure. The recovered acetate was subjected to same

analysis. Its enantiomeric purity v/as found to be 49%.

CLAP-catalyzed hydrolysis of (±)-anti-4-acetoxy-3-phenyloct-l-ene

(107f):

Hydrolysis of racemic-107f (1.23 g, 5 mM) with CLAP (2 g)

afforded (-)-alcohol and unhydrolyzed acetate in 22:78 ratio.
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Reaction time : 65 h

Yield of (-)-alcohol : 0.20 g (89%)

Optical rotation : [a]^ - 57.41 (c 1.55, CHCy, 887. e.e.

Yield of recovered acetate: 0.9 g (937.)

20
Optical rotation : [a] + 27.39 (c 1.89, CHC1 ), 24 7. e.e.

1 13

Both (-)-alcohol and (+)-acetate have IR, H & C NMR data

identical with that of the corresponding racemic compound.

Determination of enantiomeric pur i ty :

Acetate of (-)-99f:

This was prepared by treating (-)-99f with acetic anhydride

in presence of pyridine and DMAP following the same procedure as

described for (±)-107a.

Yield : 927.

This compound has IR, H NMR data identical with that of

corresponding racemic compound.

H NMR (200 MHz) analysis in the presence of Eu(hfc)3:

The H NMR spectrum of (±)-107f (5 mg) was recorded in the

presence of Eu(hfc)^ (40 mg). It was observed that the original

singlet at 5 2.04 (due to COCH group) splits into two distinct

singlets of equal integration indicating that they arise from two

enantiomers. Similarly, the acetate of (-)-99f was subjected to

H NMR analysis in presence of Eu(hfc) . The singlet of

acetoxy-methyl group splits into two distinct singlets in the

ratio 0.9:15, indicating that (-)-99f is 887. enantiomerically
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pure. The recovered acetate was subjected to same analysis which

showed that its enantiomeric purity is 247..

CLAP-catalyzed hydrolysis of (±)-an£i-4-acetoxy-3-phenylnon-l-ene

(107g):

Hydrolysis of racemic-107g (1.3 g, 5 mM) with CLAP (2 g)

afforded (-)-alcohol and unhydrolyzed acetate in 35:65 ratio.

Reaction time : 75 h

Yield of (-)-alcohol : 0.34 g (897.)

70
Optical rotation : [a]JT - 44.55 (c 1.61, CHC1 ), 807. e.e.

Yield of recovered acetate: 0.80 g (947.)

20
Optical rotation : [<x)Z. + 33.89 (c 2.12, CHC1 ), 69 7. e.e.

Both (-)-alcohol and ( + )-acetate have IR, *H & 13C NMR data

identical with that of the corresponding racemic compound.

Determination of enantiomeric purity :

Acetate of (-)-99g:

This was prepared by treating (-)-99g with acetic anhydride

in presence of pyridine and DMAP following the same procedure as

described for (±)-107a.

Yield : 927.

This compound has IR, H NMR data identical with that of

corresponding racemic compound.

H NMR (200 MHz) analysis in the presence of Eu(hfc) :

The H NMR spectrum of (±)-107g (5 mg) was recorded in the
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presence of Eu(hfc) (40 mg). It was observed that the original

singlet at 8 2.05 due to COCH group shifts and splits into two

distinct singlets of equal integration indicating that the two

singlets arise from two enantiomers. Similarly, acetate of

(-)-99g was subjected to H NMR analysis in presence of Eu(hfc)_.

The singlet due to acetoxy-methyl protons splits into two distinct

singlets in the ratio 1.4:13.0, indicating that (-)-99g is 807.

enantiomerically pure. The recovered acetate, after same

analysis, was found to be 697. enantiomerically pure.

CLAP-catalyzed hydrolysis of (±)-an£i-4-acetoxy-3-phenyldec-l-ene

(107h):

Hydrolysis of racemic-107h (1.37g, 5 mM) with CLAP (2 g)

afforded (-)-alcohol and unhydrolyzed acetate in 35:65 ratio.

Reaction time : 6 days

Yield of (-)-alcohol : 0.35 g (867.)

20
Optical rotation : [all! - 46.70 (c 2.18, CHC1 ), 927. e.e.

Yield of recovered acetate: 0.82 g (927.)

20
Optical rotation : [a] + 23.33 (c 2.48, CHC1 ), 49 7. e.e.

1 13

Both (-)-alcohol and (+)-acetate have IR, H & C NMR data

identical with that of the corresponding racemic compound.

Determination of enantiomeric purity:

Acetate of (-)-99h:

This was prepared by treating (-)-99h with acetic anhydride
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in presence of pyridine and DMAP following the same procedure as

described for (±)-107a.

Yield : 927.

This compound has IR, H NMR data identical with that of

corresponding racemic compound.

H NMR (200 MHz) analysis in the presence of Eu(hfc)3?

The H NMR spectrum of (±)-107h (5 mg) was recorded in the

presence of Eu(hfc)_ (40 mg)- It was observed that the original

singlet at 6 2.08 due to COCH_ group shifts and splits into two

distinct singlets of equal integration indicating that the two

singlets arise from two enantiomers. Similarly, acetate of

(-)-99h was subjected to H NMR analysis in presence of Eu(hfcL.

The singlet due to acetoxy-methyl protons splits into two distinct

singlets in the ratio 0.35:9.0, indicating that (-)-99d is 927.

enantiomerically pure. The recovered acetate was found to be 497.

enantiomerically pure by same analysis.

(±)-4-Phenyl-3-butyn-2-ol (100a):
...... •

To a solution of bromomagnesium phenylacetylide (100 mM)

{prepared from phenylacetylene (11.2 mL, 102 mM) ethylmagnesium

bromide (7.5 mL, 100 mM)) in dry ether (100 mL), acetaldehyde

(6.7 mL, 120 mM) in dry ether (20 mL) was added dropwise at 0°C.

After stirring for lh at 0 C, the reaction mixture was allowed to

warm to room temperature and was stirred further for lh. Then the
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reaction was quenched with saturated NH Cl solution. The organic

layer was separated and dried over anhydrous Na^SO.. Solvent was

evaporated and the residue was distilled under reduced pressure to

afford pure racemic alcohol*as a colourless liquid.

Yield : 12.4 g (857.)

b.p. : 81°C at 2 mm (Lit.185 b.p. 89-92°C at 3 mm)

IR (neat): 3325, 2230 cm' 1

lH NMR : 5 1.52 (d, 3H, J = 6 Hz), 2.16 (br, 1H, D2<D washable),

4.72 (m, 1H), 7.08-7.52 (m, 5H).

l3C NMR : 5 24.17, 58.41, 83.71, 91.24, 122.71, 128.24, 131.65.

(+)-l-Phenyl-l-pentyn-3-ol (100b):

This compound was prepared from bromomagnesium phenyl-

acetylide and propionaldehyde following the same procedure as

described for compound 100a, as a colourless liquid.

Yield : 827.

b.p. : 110°C at 1 mm (Lit.186 b.p. 133-134°C at 10.5 mm)

IR (neat): 3350, 2250 cm"1

*H NMR : 5 1.06 (t, 3H, J = 6 Hz), 1.52-2.10 (m, 3H, 1H DO

• washable), 4.52 (t, 1H, J = 6 Hz), 7.00-7.48 (m, 5H).

13C NMR : 6 9.35, 30.76, 63.94, 85.92, 90.06, 122.71, 128.24,

131.65.

(±)-4-Methyl-l-phenyl-l-pentyn-3-ol (100c):

This compound was prepared from bromomagnesium
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acetylide and isobutyraldehyde following the same procedure as

described for compound 100a, as a colourless liquid.

Yield : 847.

b.p. : 112°C at 1 mm (Lit.187 b.p. 95°C at 0.5 mm)

IR (neat): 3350 cm"1

*H NMR : 5 1.06 (two doublets, 6H, J = 6 Hz), 1.48-2.16 (m, 2H,

1H D20 washable), 4.36 (d, 1H, J = 6 Hz), 7.08-7.48 (m,

5H).

13C NMR : 5 17.41, 18.11, 34.53, 68.12, 85.35, 89.12, 122.83,

128.24, 131.65.

(±)-l,3-Diphenyl-2-propyn-l-ol (lOOd):

This compound was prepared from bromomagnesium phenyl-

acetylide and benzaldehyde following the same procedure as

described for compound 100a, as a colourless viscous liquid.

Yield : 817.

b.p. : 170°C at 1 mm (Lit.185 b.p. 165-168°C at 0.5 mm)

IR (neat): 3350, 2210 cm"1

lH NMR : 5 2.24 (br, 1H, OH), 5.68 (s, 1H), 7.16-7.76 (m, 10H)

13C NMR : 8 64.88, 86.53, 89.00 126.83, 128.36, 128.65, 131.83,

140.83. w

(±)-l-Phenyl-2-octyn-l-ol (lOOe):

This compound was prepared from 1-heptynylmagnesium bromide
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and benzaldehyde following the same procedure as described for

compound 100a, as a colourless liquid.

Yield : 887.

O 188 n '

b.p. : 130 C at 1 mm (Lit. b.p. 180-182 C at 16 mm)

IR (neat): 3350 cm"

!H NMR : 8 0.88 (distorted t, 3H), 1.00-1.72 (m, 6H), 1.92-2.36

(m, 3H, 1H D20 washable), 5.40 (br, 1H), 7.08-7.60 (m,

5H).

13C NMR : 5 13.76, 18.64, 22.00, 28.11, 30.94, 64.53, 80.12,

87.35, 126.65, 128.01, 128.41, 129.53, 133.89, 141.47.

(±)-3-Acetoxy-l-phenylbut-l-yne (108a):

This compound was prepared by treating (±)-100a with acetic

anhydride in the presence of pyridine and DMAP following the same

procedure as described for compound 106a, as a colourless liquid.

Yield : (907.)

b.p. : 84°C at 2 mm

IR (neat): 1740, 2250 cm"1

*H NMR : 8 1.56 (d, 3H, J = 6 Hz), 2.08 (s, 3H), 5.64 (q, 1H,

J = 6 Hz), 7.04-7.52 (m, 5H).

(±)-3-Acetoxy-l-phenylpent-l-yne (108b):

This compound was prepared by treating (±)-100b with acetic

anhydride in the presence of pyridine and DMAP following th*»
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procedure as described for compound 106a, as a colourless liquid.

Yield : 88%

b.p. : 92°C at 2 mm

IR (neat): 1740, 2250 cm"1

lU NMR : 8 1.08 (t, 3H, J = 7 Hz), 1.88 (m, 2H), 2.10 (s, 3H),

5.52 (t, 1H, J = 7 Hz), 7.08-7.52 (m, 5H).

(±)-3-Acetoxy-4-methyl- l -phenylpent- l -yne (108c):

This compound was prepared by treating (±)-100c with acetic

anhydride in presence of pyridine and DMAP following the same

procedure as described for compound 106a, as a colourless liquid.

Yield : 917.

b.p. : 118°C at 2.5 mm

IR (neat): 1740 cm"1

XH NMR : 5 1.06 (two d, 6H, J = 7 Hz), 1.80-2.24 (m, 4H), 5.40

(d, 1H, J = 5 Hz), 7.00-7.52 (m, 5H).

(±)-3-Acetoxy-l,3-diphenylprop-l-yne (108d):

This compound was prepared by treating (±)-100d with acetic

anhydride in the presence of pyridine and DMAP following the same

procedure as described for compound 106a, as a viscous liquid.
f

Yield : 897.

b.p. : 172°C at 2 mm

IR (neat): 1740, 2250 cm"1 ^
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*H NMR : 8 2.12 (s, 3H), 6.66 (s, 1H), 7.04-7.64 (m, 10H)

(±)-l-Acetoxy-l-phenyloct-2-yne (108e):

This compound was prepared by treating (±)-100e with acetic

anhydride in the presence of pyridine and DMAP following the same

procedure as described for compound 106a, as a colourless liquid.

Yield : 90%

b.p. : 152°C at 4 mm

IR (neat): 1740, 2250 cm"1

lU NMR : 6 0.84 (distorted t, 3H), 0.96-1.68 (m, 6H), 2.04 (s,

3H), 2.20 (m, 2H), 6.40 (m, 1H), 7.08-7.60 (m, 5H).

PLAP-catalyzed hydrolysis of racemic-3-acetoxy-l-phenylbut- l-yne

(108a) :

Hydrolysis of racemic-108a (0.94 g, 5 mM) with PLAP (1 g)

afforded (+)-alcohol and unhydrolyzed acetate in 40:60 ratio.

Reaction Time : 14h

Yield of (+)-alcohol: 0.24 g, (83%)

Optical Rotation : [ a ] 2 2 + 27.4 (c 2.7, EtOH), 88% e.e.

{Lit.141 [ a ] 2 5 + 30.64 (c 5.15, EtOH), 98% e.e.}

Yield of unhydrolyzed acetate: 0.52 g (92%)

The above recovered acetate upon hydrolysis (KOH/MeOH)

furnished (-)-alcohol.

Yield of (-)-alcohol: 0.31 g (89%)
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Optical Rotation : [ a ] 2 2 - 14.15 (c 1.62, EtOH), 457. e.e.

{Lit141, [ a ] 2 5 + 30.64 (c 5.15, EtOH), 987. e.e.}

Both (+)-alcohol and (-)-alcohol have IR, *H & 13C NMR data

identical with that of the racemic alcohol.

PLAP-catalyzed hydrolysis of racemic-3-acetoxy-l-phenylpent-l-yne

(108b):

Hydrolysis of racemic-108b (1.01 g, 5 mM) with PLAP (1 g)

afforded ( + )-alcohol and unhydrolyzed acetate in 55:45 ratio.

Reaction Time : 30h

Yield of ( + )-alcohol: 0.38 g, (867.)

22

Optical Rotation : [a] + 3.74 (c 7.48, Ether), 157. e.e.

{Lit.143 [ a ] 2 1 + 21.97 (c 1.27, Ether), 907. e.e.)

Yield of unhydrolyzed acetate: 0.42 g (927.)
>

The above recovered acetate upon hydrolysis (KOH/MeOH)

furnished (-)-alcohol.

Yield of (-)-alcohol: 0.30 g (907.)

Optical Rotation : [ a ] 2 2 - 4.42 (c 5.20, Ether), 187. e.e.

{Lit.143 [ a ] 2 1 + 21.97 (c 1.27, Ether), 907. e.e.}

Both (+)-alcohol and (-)-alcohol have IR, lH & 13C NMR data

identical with that of the racemic alcohol.

PLAP-catalyzed hydrolysis of racemic-3-acetoxy-4-methyl-l-phenyl"
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pent-1-yne (108c):

Hydrolysis of racemic-108c (1.08 g, 5 mM) with PLAP (1 g)

afforded (-)-alcohol and unhydrolyzed acetate in 35:65 ratio.

Reaction Time :"40h

Yield of (-)-alcohol: 0.25 g, (827.)

Optical Rotation : [a]!:2 - 3.08 (c 2.27, EtOH), 397. e.e.

Yield of unhydrolyzed acetate: 0.65 g (927.)

The above recovered acetate upon hydrolysis (KOH/MeOH)

furnished ( + )-alcohol.

Yield of (+)-alcohol: 0.48 g (927.)

Optical Rotation : [ a ] 2 2 + 1.59 (c 2.51, EtOH), 217. e.e.

Both ( + )-alcohol and (-)-alcohol have IR, *H & 13C NMR data

identical with that of the racemic alcohol.

Determination of enantiomeric pur i ty :

Acetate of (-)-100c:

This was prepared by treating (-)-100c with acetic anhydride

in presence of pyridine and DMAP following the same procedure as

described for (±)-106a.

Yield : 917.

This compound has IR , H NMR data identical with that of

(±)-108c. . • •

H NMR analysis in the presence of Eu(hfc) •

The H NMR spectrum of (±)-108c (5 mg) was recorded in the

presence of Eu(hfc)^ (20 mg). It was observed that original
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singlet at 5 2.12 (due to COCH group) shifts and splits into two

distinct singlets of equal integration indicating that the two

singlets arise from two enantiomers. Similarly, acetate of

(-)-100c was subjected to H NMR analysis using Eu(hfc)^. The

singlet due to COCH separated into two distinct singlets of

6.5:15 integration indicating that the enantiomeric excess of

(-)-100c to be 397.. The recovered acetate was subjected to the

same analysis which showed that its optical purity is 217..

PLAP-catalyzed hydrolysis of racemic-3-acetoxy-l,3-diphenylprop-l-

yne (108d):

Hydrolysis of racemic-108d (1.25 g, 5 mM) with PLAP (1 g)

afforded ( + )-alcohol and unhydrolyzed acetate in 30:70 ratio.

Reaction Time : 70h

Yield of ( + )-alcohol: 0.28 g, (897.)

Optical Rotation : (al^2+ 0.999 (c 6.0, CHC1 ), 157. e.e.

{Lit.142 [ a ] 2 5 + 2.26 (c 6.63, CHC1 ), 347. e.e.)

Yield of unhydrolyzed acetate: 0.8 g (917.)

The above recovered acetate upon hydrolysis (KOH/MeOH)

furnished almost racemic alcohol.

Yield of alcohol : 0.61 g (907.)

Optical Rotation : Nil

{Lit.142 [ a ] 2 5 + 2.26 (c 6.63, CHC1 ), 347. ee>

Both ( + )-alcohol and the alcohol obtained from recovered
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1 13
acetate have IR, H & C NMR data identical with that of the

racemic alcohol.

PLAP-catalyzed hydrolysis of racemic-l-acetoxy-l-phenyloct-2-yne

(108e):

Hydrolysis of racemic-108e (1.22 g, 5 mM) with PLAP (1 g)

afforded (-)-alcohol and unhydrolyzed acetate in 25:75 ratio.

Reaction Time : 26h

Yield of (-)-alcohol: 0.22 g, (877.)

Optical Rotation : [ a ] ^ - 9.17 (c 3.38, EtOH), 187. e.e.

Yield of unhydrolyzed acetate: 0.85 g (937.)

The above recovered acetate upon hydrolysis (KOH/MeOH)

furnished (+)-alcohol.

Yield of (+)-alcohol: 0.64 g (917.)

22
Optical Rotation : [a] + 4.09 (c 1.46, EtOH), 77. e.e.

Both ( + )-alcohol and (-)-alcohol have IR, *H & 13C NMR data

identical with that of the racemic alcohol.

Determination of enantiomeric purity:

Acetate of (-)-100e:

This was prepared from (-)-100e and acetic anhydride in

presence of pyridine and DMAP following the same procedure as

described for (±)-106a.

Yield : 917.

Thic pnmnnnnH hac TR H NMR data iH^ntJ^oi ,.,:+u *L_*. -*•
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(±)-108e.

H NMR analysis in the presence of Eu(hfc) :

The H NMR spectrum of (±)-108e (5 mg) was recorded in the

presence of Eu(hfc)_ (20 mg). It was observed that original

singlet at 5 2.04 due to COCFL group shifts and splits into two

distinct singlets of equal integration indicating that the two

singlets arise from two enantiomers. Similarly, acetate of

(-)-100e was subjected to H NMR analysis using Eu(hfc) . The

singlet due to COCH separated into two distinct singlets with

7:10 integration indicating that the enantiomeric excess of

(-)-100e to be 187.. The recovered acetate was subjected to

similar H NMR analysis which showed that its enantiomeric purity

is 77..

(±)-Methyl 3-hydroxy-3-phenyl-2-methylenepropanoate (101a):

This was prepared following literature procedure.

A mixture of benzaldehyde (10.15 mL, 100 mM), methyl

acrylate (13.5 mL, 150 mM) and DABCO (1.68 g, 15 mM) was allowed

to react at room temperature for 7 days. The reaction mixture was

dissolved in ether (150 mL) and the solution was washed with 2N

hydrochloric acid, water and aqueous sodium bicarbonate solution

in that order. The ether layer was dried over anhydrous Na,_S0..

Removal of solvent and excess methyl acrylate on a rotary

evaporator followed by distillation of the crude under reduced
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Yield : 16.3 g (857.)

b.p. : 100°C at 0.5 mm

IR (neat): 3450, 1710 cm"1

lH NMR : 5 2.98 (d, 1H, OH, J = 5 Hz), 3.72 (s, 3H), 5.56 (d,
(200 MHz)

1H, J = 5 Hz), 5.80 (m, 1H), 6.30 (s, 1H), 7.32 (s, 5H).

13C NMR : 8 51.82, 72.94, 125.89, 126.77, 127.89, 128.48, 141.59,

142.36, 166.89.

(±)-Methyl 3-hydroxy-3-(4-methylphenyl)-2-methylenepropanoate

(101b):

This compound was prepared from 4-tolualdehyde, methyl

acrylate and DABCO following the same procedure as described for

(±)-101a, as a colourless liquid.

Reaction Time : 8 days

Yield : 757.

b.p. : 122°C at 1 mm

IR (neat): 3450, 1710 cm"1

!H NMR : 5 2.32 (s, 3H), 2.95 (d, 1H, OH, J = 5 Hz), 3.73 (s,
(200 MHz)

3H), 5.54 (d, 1H, J = 5 Hz), 5.86 (s, 1H), 6.32 (s,

1H), 7.20 (m, 4H).

C NMR: 5 20.76, 51.53, 72.35, 125.18, 126.59, 128.89, 137.18,

138.53, 142.36, 166.65.
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(±)-Methyl 3-hydrqxy-3-(4-chlorophenyl)-2-methylenepropanoate

(101c):

This compound was prepared from 4-chlorobenzaldehyde, methyl

acrylate and DABCO following the same procedure as described for

compound (±)-101a, as a colourless liquid.

Reaction Time : 6 days

Yield : 787.

b.p. : 126 C at 1 mm

IR (neat): 3425, 1710 cm"1

lH NMR : 8 3.06 (d, 1H, OH, J = 6 Hz), 3.72 (s, 3H), 5.50 (d, 1H,
(200 MHz)

J = 6 Hz), 5.80 (s, 1H), 6.32 (s, 1H), 7.30 (s, 4H).

1 3C NMR : 5 51.70, 72.18, 125.94, 127.89, 128.36, 133.42, 139.83,

141.71, 166.57.

(±)-Methyl 3-hydroxy-3-(2-methoxyphenyl)-2-methylenepropanoate

(lOld):

This compound was prepared from 2-methoxybenzaldehyde,

methyl acrylate and DABCO following the same procedure as

described for compound (±)-101a, as a colourless liquid.

Reaction Time : 6 days

Yield : 72%

b.p. : 130~132°C at 2 mm

IR (neat): 3450, 1710 cm'1

lH NMR : 5 3.36 (d, 1H, OH, J = 6 Hz), 3.74 (s, 3H), 3.83 (s,



(200 MHz)

• ' 3H), 5.71 (s, 1H) 5.84 (d, 1H, J = 6 Hz), 6.28 (s, 1H),

6.72-7.44 (m, 4H).

13C NMR : 8 51.76, 55.41, 68.18, 110.77, 120.83, 125.59, 127.77,

129.00, 129.47, 141.77, 156.83, 167.24.

(±)-Methyl 3-acetoxy-3-phenyl-2-methylenepropanoate (116a):

This compound was prepared by treating (±)-101a with acetic

anhydride in presence of pyridine and DMAP following the same

procedure as described for (±)-106a, as a colourless liquid.

Yield : 87%

b.p. : 126°C at 1 mm

IR (neat): 1730 cm'1

!H NMR : 5 2.08 (s, 3H), 3.68 (s, 3H), 5.82 (s, 1H), 6.36 (s,

1H), 6.64 (s, 1H), 7.31 (s, 5H).

(±)-Methyl 3-acetoxy-3-(4-methylphenyl)-2-methylenepropanoate

(116b):

This compound was prepared by treating (±)-101b with acetic

anhydride in presence of pyridine and DMAP following the same

procedure as described for (±)-106a, as a colourless liquid.

Yield : 857.

b.p. : 142°C at 5 mm

IR (neat): 1730 cm"1

H NMR : 8 2.06 (s, 3H), 2.30 (s, 3H), 3.66 (s, 3H), 5.82 (s,
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1H), 6.34 (s, 1H), 6.60 (s, 1H), 7.16 (m, 4H).

(±)-Methyl 3-acetoxy-3-(4-chlorophenyl)-2-methylenepropanoate

(116c):

This compound was prepared by treating (±)-101c with acetic

anhydride in presence of pyridine and DMAP following the same

procedure as described for (±)-106a, as a colourless liquid.

Yield : 897.

b.p. : 124°C at 0.6 mm

IR (neat): 1730 cm' 1

lH NMR : 5 2.08 (s, 3H), 3.70 (s, 3H), 5.86 (s, 1H), 6.38 (s,

1H), 6.62 (s, 1H), 7.29 (s, 4H).

(±)-Methyl 3-acetoxy-3-(2-methoxyphenyl)-2-methylenepropanoate

This compound was prepared by treating (±)-101d with acetic

anhydride in presence of pyridine and DMAP following the same

procedure as described for (±)-106a, as a colourless liquid.

Yield : 837.

IR (neat): 1730, 1240 cm"1

2H NMR : 8 2.08 (s, 3H), 3.72 (s, 3H), 3.82 (s, 3H), 5.61 (s,

1H), 6.36 (s, 1H), 6.76-7.08 (m, 3H), 7.12-7.40 (m, 2H).

PLAP-catalyzed hydrolysis of (±)-3-acetoxy-3-phenyl-2-methylene-



propanoate (116a):

Hydi olysis of racemic-116a (1.17 g, 5 mM) with PLAP (1 g)

afforded (+)-alcohol and unhydrolyzed acetate in 41:59 ratio.

Reaction time : 20h

Yield of (+)-alcohol : 0.36 g (907.)

20Optical rotation : [a] + 56.13 (c 1.60, Acetone), 467. e.e.

Yield of recovered acetate: 0.62 g (907.)

20Optical rotation : [a] - 70.09 (c 2.14, Acetone)

Both ( + )-alcohol and (-)-acetate have IR, *H & 13C NMR data

identical with that of corresponding racemic compounds.

Determination of enantiomeric pur i ty:

H NMR (200 MHz) analysis in presence of Eu(hfc) :

The (±)-101a (5 mg) was subjected to H NMR analysis in the

presence of Eu(hfc) (lOmg). It was observed that the singlet at

5 3.72, arising from OMe (COOMe) group shifts and splits into two

distinct singlets of equal integration indicating that it is a

racemate.

Then the ( + )-alcohol was subjected to same analysis under

identical conditions. The singlet due to OMe protons now splits

into two distinct singlets with integration in 3.7:10.0 ratio,

showing that the enantiomeric excess of ( + )-l01a to be 467..

PLAP-catalyzed hydrolysis of (±)-3-acetoxy-3-(4-methylphenyl)-

2-methylenepropanoate (116b):
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Hydrolysis of racemic-116b (1.24 g, 5 mM) with PLAP (1 g)

afforded (+)-alcohol and unhydrolyzed acetate in 35:65 ratio.

Reaction time : 28h

Yield of (+)-alcohol : 0.32 g (89%)

20Optical rotation : [al + 76.62 (c 1.29, Acetone), 657. e.e.

Yield of recovered acetate: o.72 g (907.)
f

20
Optical rotation : [a] - 88.47 (c 1.97, Acetone)

1 13
Both ( + )-alcohol and (-)-acetate have IR, H & C NMR data

identical with that of corresponding racemic compounds.

Determination of enantiomeric purity:

XH NMR (200 MHz) analysis in presence of Eu(hfc) :

The H NMR spectrum of (±)-101b (5 mg) was recorded in the

presence of Eu(hfc)_ (10 mg). The original singlet at 5 3.73 due to

OMe (COOMe) protons splits into two singlets in 1:1 ratio arising

from both enantiomers. Similar analysis of ( + )-alcohol showed two

singlets in the ratio 2.0:9.3 for COOMe protons establishing its

enantiomeric purity to be 657..

PLAP-catalyzed hydrolysis of (±)-3-acetoxy-3-(4-chlorophenyl)-

2-methylenepropanoate (116c)

Hydrolysis of racemic-116c (1.34 g, 5 mM) with PLAP (1 g)
"i

afforded ( + )-alcohol and unhydrolyzed acetate in 42:58 ratio.

Reaction time : 28h

Yield of ( + )-alcohol : 0.41 g (867.)
20

Optical rotation : [a] + 71.55 (c 1.09, Acetone), 627. e.e.
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Yield of recovered acetate: 0.69 g (89%)

20Optical rotation : [a] - 85.61 (c 1.64, Acetone)

Both (+)-alcohol and (-)-acetate have IR, H & l C NMR data

identical with that of corresponding racemic compounds.

Determination of enantiomeric purity:

H NMR analysis using Eu(hfc) :

The original singlet at <5 3.72 due to OMe (COOMe) protons

appeared as two distinct singlets in 50:50 ratio in the H NMR

spectrum of (±)-101c (5 mg) recorded in the presence of Eu(hfc)

(20mg) while that of ( + )-101c showed two distinct siglets in the

ratio 3.2:13.7 indicating that its enantiomeric purity is 62%.

PLAP-catalyzed hydrolysis of (±)-3-acetoxy-(2-methoxyphenyl)-

2-methylenepropanoate (116d):

Hydrolysis of racemic-116d (1.32 g, 5 mM) with PLAP (1 g)

afforded (+)-alcohol and unhydrolyzed acetate in 24:76 ratio.

Reaction time : lOh

Yield of (+)-alcohol : 0.21 g (79%)

20
Optical rotation : [a] + 26.33 (c 1.21, Acetone), 507. e.e.

Yield of recovered acetate: 0.94 g (93%)

20Optical rotation : [a] - 7.21 (c 1.38, Acetone)

1 13

Both ( + )-alcohol and (-)-acetate have IR, H & C NMR data

identical with that of corresponding racemic compounds-

Determination of enantiomeric pur i ty:

H NMR (200 MHz) analysis in presence of Eu(hfc)3:
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In the H NMR spectrum of (±)-101d (5 mg) recorded in the

presence of Eu(hfc)_ (10 mg) the original singlet of OMe (COOMe)

protons at 8 3.74, appeared as two distinct singlets of equal

integration, indicating that they arise from two enantiomers. On

the other hand H NMR spectrum of ( + )-101d recorded in presence of

Eu(hfc)_ showed two distinct singlets with integration in 9.7:3.2

ratio revealing its enantiomeric purity to be 50%.

(±)-3-Hydroxy-3-phenyl-2-methylenepropanenitrile (102a):

This was prepared following the procedure developed in our

1 U 1 5 1

laboratory.

A mixture of benzaldehyde (10.2 mL, 100 mM), acrylonitrile

(9.87 mL, 150 mM) and DABCO (1.68 g, 15 mM) was allowed to react

at room temperature for 40h. The reaction mixture was dissolved

in ether (150 mL) and the solution was washed with 2N HC1, water

and aqueous sodium bicarbonate solution in that order. The ether

layer was dried over anhydrous Na SO Removal of solvent and

excess acrylonitrile on a rotavapor followed by distillation of

the crude under reduced pressure afforded pure racemic alcohol, as

a colourless liquid.

Yield : 12.7 g (80%)

b.p. : 120-124°C at 1.5 mm (Lit.151 b.p. 110°C at 0.95 mm)

IR (neat): 3450, 2240 cm"1

*H NMR : 5 2.80 (br, 1H, D20 washable), 5.22 (s 1H), 5.96 (s,



1H), 6.04 (s, 1H), 7.36 (s, 5H).

13C NMR: 5 73.59, 117.00, 125.94, 126.41, 128.21, 130.36, 139.12

(±)-3-Hydroxy-3-(4-methylphenyl)-2-methylenepropanenitrile (102b):

This compound was prepared from p-tolualdehyde, acrylo-

nitrile and DABCO following the same procedure as described for

(±)-102a, as a colourless liquid.

Reaction time : 50h

Yield : 787.

b.p. : 138-142°C at 0.5 mm

IR (neat): 3440, 2240 cm'1

*H NMR : 6 2.36 (s, 3H), 2.80 (br, 1H, OH), 5.16 (s, 1H), 5.96

(d, 1H, J = 1 Hz), 6.04 (d, 1H, J =1 Hz), 7.20 (m, 4H).

13C NMR : 5 22.53, 75.06, 118.71, 127.83, 128.01, 131.00, 131.47,

131.47, 137.89, 140.01.

(±)-3-Hydroxy-3-(4-chlorophenyl)-2-methylenepropanenitrile (102c):

This compound was prepared from p-chlorobenzaldehyde,

acrylonitrile and DABCO following the same procedure as described

for (±)-102a, as a colourless liquid.

Reaction time : 40h

Yield : 83%

b.p. : 146-148°C at 1.5 mm

IR (neat): 3425, 2225 cm"1
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lH NMR : 6 2.60 (br, 1H, OH), 5.24 (s, 1H), 6.02 (d, 2H, J =

6 Hz), 7.30 (s, 4H).

13C NMR : 5 72.32, 116.77, 125.53, 127.83, 128.71, 130.89, 134.12,

137.71.

(±)-3-Hydroxy-3-(2-methoxyphenyl)-2-methylenepropanenitrile(102d):

This compound was prepared from 2-methoxybenzaldehyde,

acrylonitrile and DABCO following the same procedure as described

for (±)-102a, as a colourless liquid.

Reaction time : 40h

Yield : 767.

b.p. : 135-137°C at 1 mm

IR (neat): 3450, 2240 cm"1

*H NMR : 6 3.56 (br, 1H, OH), 3.76 (s, 3H), 5.44 (br, 1H), 5.92

(m, 2H), 6.68-7.40 (m, 4H).

13C NMR : 5 55.00, 68.82, 110.59, 117.06, 120.65, 125.47, 127.06,

129.47, 129.89, 156.24.

(±)-3-Hydroxy-3-(4-isopropylphenyl)-2-methylenepropanenitrile

(102e):

This compound was prepared from 4-isopropylbenzaldehyde,

acrylonitrile and DABCO following the same procedure as described

for (±)-102a, as a colourless liquid.

Reaction time : 60h
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Yield : 867o

b.p. : 142-144°C at 1 mm

IR (neat): 3450, 2240 cm"1

*H NMR : 6 1.25 (d, 6H, J= 4 Hz), 2.28 (d, 1H, OH, J= 2 Hz),
(200 MHz)

2.92 (m, 1H), 5.30 (d, 1H, J= 1 Hz), 6.04 (s, 1H), 6.15

(s, 1H), 7.30 (m, 4H).

13C NMR : 8 23.87, 33.85, 73.97, 117.09, 126.57, 126.96, 129.64,

136.69, 149.70.

(±)-3-Hydroxy-3-(l-naphthyl)-2-methylenepropanenitrile (102f):

This compound was prepared from 1-naphthaldehyde, acrylo-

nitrile and DABCO following the same procedure as described for

(±)-102a. The crude liquid thus obtained was purified by column

chromatography (silica gel, 25% ethyl acetate in hexane) to afford

pure alcohol as a viscous liquid.

Reaction time : 75h

Yield : 767.

IR (neat): 3400, 2225 cm'1

*H NMR : 8 3.24 (br, 1H, OH), 5.80 (m, 1H), 5.92 (s, 2H), 7.12-

8.00 (m, 7H).

13C NMR : 8 70.59, 117.30, 123.24, 125.24, 125.36, 125.94, 126.53

129.00, 129.42, 130.36, 131.36, 133.83, 134.30.

(±)-3-Acetoxy-3-phenyl-2-methylenepropanenitrile (117a):
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This compound was prepared by treating (±)-102a with acetic

anhydride in presence of pyridine and DMAP following the same

procedure as described for (±)-106a, as a colourless liquid.

Yield : 857.

b.p. : 115°C at 0.5 mm

IR (neat): 2225, 1740 cm"1

lH NMR : 5 2.18 (s, 3H), 6.01 (s, 1H), 6.10 (s, 1H), 6.32 (s,
(200 MHz)

1H), 7.38 (s, 5H).

(±)-3-Acetoxy-3-(4-methylphenyl)-2-methylenepropanenitr i le (117b):

This compound was prepared by treating (±)-102b with acetic

anhydride in presence of pyridine and DMAP following the same

procedure as described for (±)-106a, as a colourless liquid.

Yield : 87%

b.p. : 132°C at 6 mm

IR (neat): 2225, 1740 cm"1

lH NMR : 5 2.14 (s, 3H), 2.34 (s, 3H), 5.96 (d, 1H, J = 1 Hz),
(200 MHz)

6.04 (d, 1H, J = 1 Hz), 6.29 (s, 1H), 7.22 (m, 4H).

(±)-3-Acetoxy-3-(4-chlorophenyl)-2-methylenepropanenitrile (117c):

This compound was prepared by treating (±)-102c with acetic

anhydride in presence of pyridine and DMAP following the same

procedure as described for (±)-106a as a colourless liquid.

Yield : 847.
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b.p. : 138°C at 2 mm

IR (neat): 2225, 1740 cm'1

lH NMR : 5 2.16 (s, 3H), 6.05 (d, 1H, J = 1 Hz), 6.10 (d, 1H,
(200 MHz)

J = 1 Hz), 6.30 (s, 1H), 7.34 (s, 4H).

(±)-3-Acetoxy-3-(2-methoxyphenyl)-2-methylenepropanenitrile(117d):

This compound was prepared by treating (±)-102d) with acetic

anhydride in presence of pyridine and DMAP following the same

procedure as described for (±)-106a, as a colourless liquid.

Yield : 867.

b.p. : 141°C at 2 mm

IR (neat): 2240, 1740 cm"1

lU NMR : 5 2.16 (s, 3H), 3.82 (s, 3H), 5.96 (d, 2H, J = 2 Hz),
(200 MHz)

6.68 (s, 1H), 6.70-7.46 (m, 4H).

(±)-3-Acetoxy-3-(4-isopropylphenyl)-2-methylenepropanenitrile

This compound was prepared by treating (±)-102e with acetic

anhydride in presence of pyridine and DMAP following the same

procedure as described for (±)-106a, as a colourless liquid.

Yield : 86%

b.p. : 146°C at 2 mm

IR (neat): 2240, 1740 cm"1

*H NMR : 5 1.22 (d, 6H, J = 6 Hz), 2.18 (s, 3H), 2.90 (m. 1H).
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5 .96 (s, 1H), b.08 (s, 1H), 6.30 (s, 1H), 7.12-7.36

(m, 4H).

(±)-3-Acetoxy-3-(l-naphthyl)-2-methylenepropanenitrile (117f):

This compound was prepared by treating (±)-102f with acetic

anhydride in presence of pyridine and DMAP following the same

procedure as described for (±)-106a, as a colourless liquid.

Yield : 90%

IR (neat): 2240, 1740 cm' 1

*H NMR : 5 2.20 (s, 3H), 5.92 (d, 1H, J = 1.2 Hz), 6.10 (d, 1H,
(200 MHz)

J = 1.2 Hz), 7.06 (s, 1H), 7.36-8.08 (m, 7H).

PLAP-catalyzed hydrolysis of (±)-3-acetoxy-3-phenyl-2-methylene-

propanenitrile (117a):

Hydrolysis of racemic 117a (1 g, 5 mM) with PLAP (1 g) affordec

( + )-alcohol and unhydrolyzed acetate in 42:58 ratio.

Reaction time : 9h

Yield of ( + )-alcohol : 0.27 g (81%)

20
Optical rotation : [a] + 19.54 (c 1.22, Acetone), 60% e.e.

Yield of recovered acetate: 0.5 g (87%)

20
Optical rotation : [<x]n - 6.64 (c 1.65, Acetone)

Both (+)-alcohol and (-)-acetate have IR, *H & * C NMR data

identical with that of corresponding racemic compounds.

Determination of enantiomeric purity:
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By HPLC anlysis using chiral column:

The enantiomeric excess of ( + )-102a was determined to be 607.

by HPLC analysis using chiral column, CHIRALCEL OD (25 cm)

Conditions employed:

Substrate

'• t )-102a

(+)-102a

El
iPrOH

5

5

uent
:Hexane

: 95

Flow r a t e
mL/min.

0

0

4

4

R e t e n t
t ime(m

3 6 .

3 8 .

3 6 .

3 7 .

i on
in . )

39

2 9

0 8

99

Rat io of
enant iomers

49:5 1

19 .8 :80 .2

E. e.
7.

6 0

By H NMR (200 MHz) analysis in presence of Eu(hfc) :

The (±)-117a (5 mg) was subjected to H NMR analysis in the

presence of Eu(hfc) (25 mg). It was observed that one of the two

singlets at 5 6.01 and 6.10, due to olefinic protons, splits into

two distinct singlets of equal integration indicating that it is a

racemate.

Then the ( + )-alcohol was converted into the corresponding

acetate following the same procedure as described for (±)-106a and

subjected to H NMR analysis under identical conditions. The

singlet of olefinic proton now splits into two distinct singlets

with integration in 3:12.4 ratio showing the enantiomeric excess

of (+)-alcohol to be 61%.

PLAP-catalyzed hydrolysis of (±)-3-acetoxy-3-(4-methylphenyl)-

2-methylenepropanenitrile (117b):
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Hydrolysis of racemic 117b (1.075 g, 5 mM) with PLAP (1 g)

afforded (+)-alcohol and unhydrolyzed acetate in 35:65 ratio.

Reaction time : 9h

Yield of (+)-alcohol : 0. 25 g (847.)

Optical rotation
20: [a] + 27.3 (c 1.13, Acetone), 707. e.e.

Yield of recovered acetate: 0.62 g (897.)

Optical rotation
20

: [aJD - 8.16 (c 1.22, Acetone)

Both (+)-alcohol and (-)-acetate have IR, *H & 13C NMR data

identical with that of corresponding racemic compounds.

Determination of enantiomeric purity:

By HPLC anlysis using chiral column:

The enantiomeric excess of (+)-102b was determined to be 707.

by HPLC analysis using chiral column, CHIRALCEL OD (25 cm).

Conditions employed:

Substrate

(±)-102b

(+)-102b

E1uent
iPrOH:Hexane

10:90

10:90

F 1 ow rate
mL/min.

0 . 5

0 . 5

Re t en t ion
t ime(min. )

27.342

29. 934

27. 1 19

29. 615

Ratio of
enantiomers

4 9 . 3 : 5 0 . 7

14 .5 :85 .4

E. e.
7.

7 0

By H NMR (200 MHz) analysis in presence of Eu(hfc) :

The enantiomeric excess of (+)-102b was also determined by

H NMR analysis of (±)-117b and acetate of (+)-102b in the

presence of Eu(hfc) and found to be 727. (on the basis of

integrations of separated signals of olefinic protons).
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PLAP-catalyzed hydrolysis of (±)-3-acetoxy-3-(4-chlorophenyl)-

2-methylenepropanenitrile (117c):

Hydrolysis of racemic-117c (1.18 g, 5 mM) with PLAP (1 g)

afforded (+)-alcohol and unhydrolyzed acetate in 34:66 ratio.

Reaction time : 14h

Yield of (+)-alcohol : 0.29 g (887.)

Optical rotation
20

: [alD + 13.28 (c 0.82, Acetone), 597. e.e.

Yield of recovered acetate: 0.69 g (897.)

Optical rotation 20
: [a] - 6.60 (c 1.81, Acetone)

1 13

Both (+)-alcohol and (-)-acetate have IR, H & C NMR data

identical with that of corresponding racemic compounds.

Determination of enantiomeric purity:

By HPLC anlysis using chiral column:

The enantiomeric excess of (+)-102c was determined to be 597.

by HPLC analysis using chiral column, CHIRALCEL 0D (25 cm).

Conditions employed:

Substrate

(±)-102c

(+)-102c

E 1 uen t
iPrOH:Hexane

10:90

10:90

Flow r a t e
mL/min.

0 . 5

0 . 5

Re t en t i on
t ime(m i n . )

46 . 38

50. 95

46 . 00

49 . 55

Ratio of
enant iomers

4 9 . 6 : 5 0 . 4

2 0 . 3 : 7 9 . 6

E .e .
7.

59

i

PLAP-catalyzed hydrolysis of (±)-3-acetoxy-{2-methoxyphenyl)-

2-methylenepropanenitrile (117d): , . ,. . 4; J t . , ;
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Hydrolysis of racemic-117d (1.15 g, 5 mM) with PLAP (1 g)

afforded (+)-alcohol and unhydrolyzed acetate in 35:65 ratio.

Reaction time : lOh

Yield of (+)-alcohol : 0.28 g (887.)

,20
Optical rotation + 43.60 (c 1.03, Acetone), 647. e.e.

Yield of recovered acetate: 0.69 g (927.)

,20
Optical rotation - 9.54 (c 1.46, Acetone)

1 13

Both (+)-alcohol and (-)-acetate have IR, H & C NMR data

identical with that of corresponding racemic compounds.

Determination of enantiomeric purity:

Py HPLC anlysis using chiral column:

The enantiomeric excess of ( + )-102d was determined to be 647.

by HPLC analysis using chiral column, CHIRALCEL OD (25 cm).

Conditions employed:
Substrate

(±)-102d

(+)-102d

El
iPrOH

10

10

uent
.-Hexane

: 9 0

: 9 0

Flow r a t e
mL/min.

0 .

0 .

5

5

Reten
t ime (

30

35

31

35

t i on
min. )

. 94

. 26

. 70

. 92

Ratio of
enantiomers

49. 1

20.4

:50

79

.9

.6

E.e.

64

By H NMR (200 MHz) analysis in presence of Eu(hfc)3:

lH NMR analysis of (±)-117d and acetate of (+)-102d in the

presence of Eu(hfc)« was carried out and the enantiomeric purity

of (+)-102d was found to be 677. (on the basis of integrations of

separated signals of olefinic protons).
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PLAP-catalyzed hydrolysis of (±)-3-acetoxy-3-(4-isopropylphenyl)-

2-methylenepropanenitrile (117e):

Hydrolysis of racemic-117e (1.28 g, 5 mM) with PLAP (1 g)

afforded (+)-alcohol and unhydrolyzed acetate in 25:75 ratio.

Reaction time : 14h

Yield of (+)-alcohol : 0.22 g (907.)

.20
Optical rotation C + 23.90 (c 1.02, Acetone), 707. e.e.

Yield of recovered acetate: 0.83 g (887.)

,20
Optical rotation - 6.79 (c 1.85, Acetone)

Both (+)-alcohol and (-)-acetate have IR, *H & 13C NMR data

identical with that of corresponding racemic compounds.

Determination of enantiomeric purity:

£y HPLC anlysis using chiral column:

The enantiomeric excess of (+)-102e was determined to be 707.

by HPLC analysis using chiral column, CHIRALCEL OD (25 cm).

Conditions employed:

Substrate

(±)-102e

( + ) - 1 0 2 e

Eluent
iPrOH:Hexane

05:95

05:95

Flow rate
mL/min.

0 .

0 .

5

5

Re
t i

t en t ion
me(min.)

32. 63

34.61

32. 56

34. 49

Ratio of
enantiomers

49.8:50

14.7:85

2

. 2

E. e.
7.

7 0

PLAP-catalyzed hydrolysis of (±)-3-acetoxy-3-(l-naphthyl)-

2-methylenepropanenitrile (117f):

Hydrolysis of racemic-117f (1.25 g, 5 mM) with PLAP (1 g)
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afforded ( + )-alcohol and unhydrolyzed acetate in 29:71 ratio.

Reaction time : 24 h

Yield of ( + )-alcohol : 0.26 g (877.)

Optical rotation
20

: [a] + 60.42 (c 0.66, Acetone), 86% e.e.

Yield of recovered acetate: 0.84 g (957.)

Optical rotation
20

: [alD - 14.2 (c 1.12, Acetone)

Both (+)-alcohol and (-)-acetate have IR, *H & 13C NMR data

identical with that of corresponding racemic compounds.

Determination of enantiomeric purity:

£y HPLC anlysis using chiral column:

The enantiomeric excess of (+)-102f was determined to be 867.

by HPLC analysis using chiral column, CHIRALCEL OD (25 cm).

Conditions employed:

Substrate

(±)-102f

(+)-102f

Eluent
iPrOH:Hexane

30:70

30:70

Flow rate
mL/min.

0. 5

0. 5

Re tent ion
t ime(min. )

15. 24

23.41

15.37

23.33

Ratio of
enantiomers

51:49

6 . 8 : 9 3 . 2

E . e .
7.

86

By H NMR (200 MHz) analysis in presence of Eu(hfc)3:

The enantiomeric excess of (+)-102f was determined to.be 867.

by H NMR analysis of (±)-117f and acetate of (+)-102f in presence

of Eu(hfc) based on integrations of separated signals of olefinic

protons.
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(±)-£rans-2-Phenylcyclohexan-l-ol (103a):

This compound was prepared following the same procedure

as reported by Whitesell et al.

To a stirred solution of phenylmagnesium bromide (100 mM) in

dry THF (100 mL) [prepared from bromobenzene (10.5 mL, 100 mM) and

magnesium turnings (2.43 g, 100 mM)] at -20°C, cuprous chloride

(0.49 g, 5 mM) was added. After 10 min., a solution of

cyclohexene oxide (10.1 mL, 100 mM) in dry THF (10 mL) was added

dropwise at the same temperature. After the addition is complete,

the reaction mixture was allowed to warm to 0 C. After stirring

2h at 0 C, the reaction was quenched with saturated (NH ) 7 S0.

solution. Organic layer was separated and washed with saturated

(NH ) SO solution until the aqueous layers were no longer blue.

The combined aqueous layer was extracted with ether (3 x 50 mL).

The extracts were combined and dried over anhydrous Na SO and

concentrated. The solid obtained, was crystallized from pentane

to furnish the racemic alcohol as a white crystalline solid.

Yield : 14 g (797.)

m.p. : 56-57 (Lit.155 m.p. 56-57°C)

IR (KBr) : 3300 cm"1

lH NMR : 6 1.27-2.17 (m, 9H, 1H D20 washable), 2.37-2.48 (m, 1H),
(200 MHz)

3.60-3.71 (m, 1H), 7.20-7.38 (m, 5H).

13C NMR : 6 25.11, 26.06, 33.41, 34.43, 53.18, 74.29, 126.83,

128.12, 128.77, 143.71.
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Mass(M+) : 176

(±)-trans-2-(l-Naphthyl)cyclohexan-l-ol (103b):

This compound was prepared from 1-naphthylmagnesium bromide

and cyclohexene oxide following the same procedure described for

compound 103a. The crude solid obtained, was crystallized from

hexane to furnish racemic alcohol, as a white crystalline solid.

Yield : 65%

o 1 RQ n

m.p. : 129-130 C (Lit. m.p. 129-130 C)

IR (KBr) : 3220 cm"1

lH NMR : 5 1.49-2.30 (m, 9H, 1H D20 washable), 3.40 (m, 1H),
(200MHz)

4.00 (m, 1H), 7.40-8.25 (m, 7H).

13C NMR : 5 25.24, 26.49, 33.99, 34.96, 47.03, 74.28, 122.94,

123.35, 125.64, 125.71, 126.02, 127.07, 128.99,

132.81, 134.29, 139.70.

Mass(M+) : 226

(±)-trans-2-(4-Methylphenyl)cyclohexan-l-ol (103c):

This compound was prepared from p-tolylmagnesium bromide and

cyclohexene oxide following the same procedure as described for

compound 103a. The crude solid obtained, was crystallized from

hexane to furnish racemic alcohol as a white crystalline solid.

Yield : 74%

m.p. : 70-72°C (Lit.190 m.p. 72-73°C)
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IR (KBr) : 3250 rr- -1

!H NMR
(200MHz)

13

5 1.25-2.14 (m, 9H, 1H D20 washable), 2.32 (s, 3H),

2.32-2.44 (m, 1H), 3.58-3.63 (m, 1H), 7.14 (s, 4H).

C NMR : 8 21.00, 25.06, 26.06, 33.47, 34.47, 52.76, 74.35,

127.89, 129.47, 136.30, 140.48.

Mass(M+) : 190

(±)-trans-2-(2-Methylphenyl)cyclohexan-l-ol (103d):

This compound was prepared from o-tolylmagnesium bromide and

cyclohexene oxide following the same procedure as described for

compound 103a. The crude oil obtained was distilled under reduced

pressure to afford pure racemic alcohol as a colourless liquid.

Yield : 707.

b.p. : 96°C at 2 mm (Lit.159 b.p. 81-82°C at 0.2 mm)

IR (neat): 3400 cm" 1

H NMR :

(200 MHz

13

8 1.20-2.20 (m, 9H, 1H DO washable), 2.38 (s, 3H),

2.68-2.86 (m, 1H), 3.70-3.90 (m, 1H), 7.00-7.40 (m, 4H).

C NMR : 8 19.64, 24.94, 26.06, 32.94, 34.35, 47.53, 74.06,

125.47, 126.00, 126.30, 130.41, 137.00, 141.65.

Mass(M+) : 190

(±)-trans-2-(2,4,6-Trimethylphenyl)cyclohexan-l-ol (103e):

This compound was prepared from mesitylmagnesium bromide and

cyclohexene oxide following the same procedure as described for
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compound 103a. The crude solid obtained, was crystallized from

hexane to furnish racemic alcohol, as a white crystalline solid.

Yield : 787.

; 76°C (Lit.191 m.p. 76.5°C)m.p

IR (KBr) : 3400 cm

1
H NMR

(200MHz)

13
C NMR

-1

5 1.22-2.18 (m, 9H, 1H D O washable), 2.23 (s, 3H),

2.33 (s, 3H), 2.45 (s, 3H), 2.92-3.05 (m, 1H), 4.13-

4 23 (m, 1H), 6.82 (d, 2H, J= 9 Hz).

5 20.64, 21.76, 21.94, 25.33, 26.26, 29.82, 35.53,

49.23, 71.35, 129.77, 131.53, 135.36, 135.77, 136.18,

138.59.

Mass(M ) : 218

(±)-trans-2-(4-Methoxyphenyl)cyclohexan-l-ol (103f):

This compound was prepared from 4-anisylmagnesium bromide

and cyclohexene oxide following the same procedure as described

for compound 103a. The crude solid obtained was crystallized from

hexane to furnish racemic alcohol as a white crystalline solid.

Yield : 717.

: 70-72°C (Lit.191 m.p. 71-72°C)m.p

IR (KBr) : 3400 cm

1

-1

H NMR
(200 MHz)

5 1.25-2.14 (m, 9H, 1H washable), 2.30-2.41 (m, 1H)

3.54-3.62 (m, 1H), 3.78 (s, 3H), 6.83-6.90 (m, 2H),

7.13-7.20 (m, 2H). ' ?
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13C NMR : 6 24.94, 26.00, 33.41, 34.41, 52.18, 55.06, 74.35,

114.06, 128.77, 135.42, 158.47.

Mass(M+) : 206

(±)-trans-2-(4-Bromophenyl)cyclohexan-l-ol (103g): -

This compound was prepared from 4-bromophenylmagnesium

bromide and cyclohexene oxide following the same procedure as

described for compound 103a. The crude solid obtined was

crystallized from hexane to furnish racemic alcohol, as a white

crystalline solid.

Yield : 60%

m.p. : 107°C

IR (KBr) : 3250 cm"1

lH NMR : 5 1.25-2.14 (m, 9H, 1H D20 washable), 2.33-2.46 (m, 1H),
(200MHz)

3.57-3.65 (m, 1H), 7.09-7.16 (m, 2H), 7.41-7.48 (m, 2H).

13C NMR : 6 26.23, 27.11, 34.53, 35.94, 53.26, 75.41, 121.72,

131.00, 133.06, 144.01.

Mass(M+) : 254 and 256

(±)-trans-l-Acetoxy-2-phenylcyclohexane (120a):

This compound was prepared by treating racemic-103a with

acetic anhydride in presence of pyridine and DMAP following the

same procedure as described for compound 106a. The crude liquid

obtained, was distilled under reduced pressure to produce pure
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racemic acetate 120d as a colourless liquid.

Yield : 92%

b.p. : 90-92°C at 0.5 mm

IR (neat): 1740 cm"1

lH NMR : 5 0.96-2.24 (m, 11H), 2.32-2.80 (m, 1H), 4.64-5.12 (m,

1H), 7.16 (s, 5H).

(±)-trans-l-Acetoxy-2-(l-naphthyl)cyclohexane (120b):

This compound was prepared by treating racemic-103b with

acetic anhydride in presence of pyridine and DMAP following the

same procedure as described for compound 106a. The crude oil

obtained was purified t>y column chromatography (silica gel, 10%

ethyl acetate in hexane) to furnish pure racemic acetate 120b as a

colourless viscous oil.

Yield : 96%

IR (neat): 1740 cm"1

{H NMR : 5 1.20-2.32 (m, 11H), 3.32-3.72 (m, 1H), 4.96-5.40 (m,

1H), 7.08-8.24 (m, 7H).

(±)-irans-l-Acetoxy-2-(4-methylphenyl)cyclohexane (120c):

This compound was prepared by treating racemic-103c with

acetic anhydride in presence of pyridine and DMAP following the

same procedure as described for compound 106a. The crude solid

obtained, was crystallized from hexane to get pure racemic acetate
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120c as crystalline solid,

Yield : 837.

m.p. : 46-48°C

IR (neat): 1740 cm"1

lU NMR : 6 1.04-2.32 (m, 14H), 2.40-2.76 (m, 1H), 4.68-5.08 (m,

1H), 7.04 (s, 4H).

(±)-£rans-l-Acetoxy-2-(2-methylphenyl)cyclohexane (120d):

This compound was prepared by treating racemic-103d with

acetic anhydride in presence of pyridine and DMAP following the

same procedure as described for compound 106a. The crude liquid

obtained, was distilled under reduced pressure to afford pure

racemic acetate 120d as a colourless liquid.

Yield : 927.

b.p. : 98-99°C at 1 mm

IR (neat): 1740 cm"1

lH NMR : $ 1.02-2.40 (m, 14H), 2.64-3.08 (m, 1H), 4.70-5.16 (m,

1H), 6.84-7.28 (m, 4H).

(±)-£rans-l-Acetoxy-2-(2,4,6-trimethylphenyl)cyclohexane (120e):

This compound was prepared by treating racemic-103e with

acetic anhydride in presence of pyridine and DMAP following the

same procedure as described for compound 106a. The crude oil

obtained, was column purified (silica gel, 107. ethyl acetate in
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hexane) to produce pure racemic acetate 120e as a viscous oil that

solidified on standing for long period.

Y i e l d : 92% • • • ' - .

m.p. : 63-64°C

IR (neat): 1740 cm"1

*H NMR : 6 0.96-2.48 (m, 20H), 2.84-3.32 (m, 1H), 5.16-5.56 (m,

1H), 6.72 (s, 2H).

(±)-£rans-l-Acetoxy-2-(4-methoxyphenyl)cyclohexane (120f):

This compound was prepared by treating racemic-103f with

acetic anhydride in presence of pyridine and DMAP following the

same procedure as described for compound 106a. The crude solid

obtained, was crystallized from hexane to get pure racemic acetate

.as a white crystalline solid.

Yield : 91%

m.p. : 56-57°C

IR (KBr) : 1720 cm"1

*H NMR : 5 1.04-2.28 (m, 11H), 2.36-2.76 (m, !IH), 3.76 (s, 3H),

4.68-5-08 (m, 1H), 6.80 (d, 2H, J = 8 Hz), 7.08 (d,

J = 8 Hz).

(±)-trans-l-Acetoxy-2-(4-bromophenyl)cyclohexane (120g):

This compound was prepared by treating racemic-103g with

acetic anhydride in presence of pyridine and DMAP following the
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same procedure as described for compound 106a. The crude liquid

obtained, was purified by column chromatography (silica gel, 107.

ethyl ace ta te in hexane) to furnish pure racemic ace ta te as

colourless liquid.

Yield : 957.

IR (neat): 1740 cm"1

lH NMR : 8 0 .68-2 .20 (m, 11H), 2.32-2.76 (m, 1H), 4.64-5.08 (m,

1H), 6 .80-7.60 (m, 4H).

CLAP-catalyzed hydrolysis of (±)-irans-l-acetoxy-2-phenylcyclo-

hexane (120a):

Hydrolysis of racemic-120a (1.09 g, 5 mM) with CLAP (1 g)

afforded (-)-alcohol and unhydrolyzed acetate in 35:65 ratio.

Reaction Time : 10 days

Yield of (-)-alcohol: 0.26 g (857.)

m.p. : 64-65°C (Lit.155 m.p. 64-65°C)

99
Optical Rotation : [a]^ - 58.66 (c 1.19, MeOH), >997. e.e.

{Lit.155 [ a ] 2 7 -58.4 (c 10.0, MeOH)}

Yield of unhydrolyzed ace ta te : 0.6 g (867.)

The above recovered aceta te upon hydrolysis (KOH/MeOH)

furnished ( + )-alcohol.

Yield of (+)-alcohol: 0.47 g (977.) '. ••• -•• •'•->> •• -

Optical Rotation : [ a ] 2 2 + 29.20 (c 2.46, MeOH), 507. e.e.

- • {Lit.155 [ a j 2 7 + 58.3 (c 10.0, MeOH)}
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Both ( + )-alcohol and (-)-alcohol have IR, *H & 13C NMR data

identical with that of racemic alcohol.

CLAP-catalyzed hydrolysis of (±)-trans-l-acetoxy-2-(l-naphthyl)-

cyclohexane (120b):

Hydrolysis of racemic-120b (1.34 g, 5 mM) with CLAP (1 g)

afforded (-)-alcohol and unhydrolyzed acetate in 26:74 ratio.

Reaction Time : 12 days

Yield of (-)-alcohol: 0.24 g (837.)

m.p. : 101-102°C

Optical Rotation: : [ a ] 2 2 - 72.94 (c 1.47, MeOH), >997. e.e.

Yield of unhydrolyzed acetate: 0.9 g (917.)

The above recovered acetate upon hydrolysis (KOH/MeOH)

furnished ( + )-alcohol.

Yield of ( + )-alcohol: 0.72 g (95%)

Optical Rotation : [ a ] 2 2 + 28.40 (c 1.51, MeOH), 397. e.e.

Both ( + )-alcohol and (-)-alcohol have IR, *H & l 3C NMR data

identical with that of racemic alcohol.

Determination of enantiomeric purity:

Preparation of Mosher's ester of (±)-103b:

To a suspension of oil free sodium hydride (10 mg» 0.4 mM)

in pyridine (0.5mL) were added (±)-103b (11 mg, 0.05 mM) and DMAP

(5mg) and stirred for 15 min at room temperature. To this 0.1 M

solution of (+)-a-methoxy-a-(trif luoromethyl )phenylacetyl chloride
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(MTPAC1) in dich loromethane (1 mL, 0.1 mM) was added and stirred

for 24 h. Then the reaction mixture was poured into cold 4N HC1

(5 mL) and extracted with ether ( 3 x 5 mL). The ether layer was

washed with saturated K9C0 solution and dried over anhydrous

Na^SO . Removal of solvent followed by column purification

(silica gel, 107. ethyl acetate in hexane) of the residue afforded

pure Mosher's ester.

*H NMR : 8 1.40-2.40 (m, 8H), 2.84 & 3.10 (two singlets, 3H),
(200 MHz)

3.60-3.80 (m, 1H), 5.48-5.70 (m, 1H), 6.88-8.15 (m, 12H).

Two distinct singlets of almost equal integration appeared

at 8 2.84 and 3.10 due to OMe protons indicating that the compound

is a 50:50 mixture of two diastereomers.

Mosher's esters of (-)-103b & (+)-103b :

Mosher's ester of (-)-103b was prepared from (+)-MTPACl and

the corresponding alcohol following the same procedure as

described for Mosher's ester of (±)-103b. The H NMR spectrum of

this compound showed only one singlet at 5 2.84 (OMe protons)

establishing the enantiomeric purity of (-)-103b to be >997..

Similar analysis of Mosher's ester of (+)-103b established the

enantiomeric purity of (+)-103b to be 39%. '•• •

CLAP-catalyzed hydroslysis of (±)-trans-l-acetoxy-2-(4-methyl-

phenyDcyclohexane (120c): - £"*•- *"~

Hydrolysis of racemic-120c (1.16 g, 5 mM) with CLAP (1 g)
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afforded (-)-alcohol and unhydrolyzed acetate in 40:60 ratio. .

Reaction Time : 10 days

Yield of (-)-alcohol: 0.31 g (827.)

m.p. : 54-55 C

Optical. Rotation: : [a] - 59.50 (c 1.37, MeOH), >997. e.e.

Yield of unhydrolyzed acetate: 0.61 g (887.)

The above recovered acetate upon hydrolysis (KOH/MeOH)

furnished (+)-alcohol.

Yield of (+)-alcohol: 0.48 g (987.)

Optical Rotation : [a}2 2 + 39.12 (c 1.89, MeOH), 657. e.e.

Both (+)-alcohol and (-)-alcohol have IR, *H & 13C NMR data

identical with that of racemic alcohol.

Determination of enantiomeric purity:

Mosher's ester of (±)-103c:

This compound was prepared from (+)-MTPACl and (±)-103c

following the same procedure as described for Mosher's ester of

(±)-103b.

lH NMR : 51.20-2.40 (m, 11H), 2.60-2.80 (m, 1H), 3.15 and 3.25
(200 MHz)

5.16-5.36 (m, 1H), 6.94-7.32 (m, 9H).

The two singlets at 5 3.15 and 3.25 arising from OMe protons

are of equal intensities indicating that they arise from two

diastereomers. •-... , . .

Mosher's esters of (-)-103c & (+)-103c :

Mosher's ester of (-)-103c was prepared from (+)-MTPACl and
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the corresponding alcoho1 following the same procedure as

described for Mosher's ester of (±)-103b. The H NMR (200 MHz)

spectrum of this compound contained only one singlet at 8 3.15

(OMe protons) establishing the enantiomeric purity of (-)-103c to

be >997.. On the otherhand, the enantiomeric excess of (+)-103 was

found to be 657, by similar analysis.

CLAP-catalyzed hydrolysis of (±)-trans-l-acetoxy-2-(2-methyl-

phenyDcyclohexane (120d):

Hydrolysis of racemic-120d (1.16 g, 5 mM) with CLAP (1 g)

afforded (-)-alcohol and unhydrolyzed acetate in 28:72 ratio.

Reaction Time : 10 days

Yield of (-)-alcohol: 0.21 g (797.)

Optical Rotation: : [ a ] 2 2 - 63.96 (c 1.45, CHC13), 907. e.e.

{Lit.159 [ a ] 2 6 - 71.1 (c 10.0, CHCy}

Yield of unhydrolyzed acetate: 0.69 g (837.)

The above recovered acetate upon hydrolysis (KOH/MeOH)

furnished (+)-alcohol.

Yield of (+)-alcohol: 0.53 g (957.)

Optical Rotation : [ a ] 2 2 + 24.56 (c 2.52, CHC1 ), 347. e.e. "

{Lit.159 [ a ] 2 6 + 70.6 (c 10.0, CHC1 )>

1 13
Both (+)-alcohol and (-)-alcohol have IR, H & C NMR data

identical with that of racemic alcohol.
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CLAP-catalyzed hydrolysis of (±)-trans-l-acetoxy-2-(2,4,6-tri-

methylphenyDcyclohexane (120e):

Hydrolysis of racemic-120e (1.30 g, 5 mM) with CLAP (1 g)

afforded (-)-alcohol and unhydrolyzed acetate in 25:75 ratio.

Reaction Time : 12 days

Yield of (-)-alcohol: 0.23 g (84%)

m.p. : 81-82°C

22
Optical Rotation: f : [a] - 32.48 (c 1.26, MeOH), >99% e.e.

Yield of unhydrolyzed acetate: 0.85 g (87%)

• The above recovered acetate upon hydrolysis (KOH/MeOH)

furnished (+)-alcohol.

Yield of (+)-alcohol: 0.67 g (95%)

22
Optical Rotation : [a] + 9.78 (c 1.40, MeOH), 30% e.e.

Both (+)-alcohol and (-)-alcohol have IR, *H & 13C NMR data

identical with that of racemic alcohol.

Determination of enantiomeric purity:

Mosher's ester of (±)-103e:

This compound was prepared from (+)-MTPACl and (±)-103e

following the same procedure as described for Mosher's ester of

(±)-103b.

lH NMR : 5 1.08-2.60 (m, 17H), 3.00-3.48 (m, 4H), 5.60-6.00 (m,

. r ..;,.,. 1H), 6.56-7.44 (m, 7H).

H NMR (100 MHz) analysis in presence of Eu(hfc)^:

The *H NMR (100 MHz) spectrum of Mosher's ester of (±)-103e
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(5 mg), recorded in presence of Eu(hfc) (30 mg), revealed that the

original singlet at 5 3.20 (merged with multiplet) arising from

OMe group, shifts and splits into two distinct singlets with

almost equal integration indicating that the Mosher's ester is a

50:50 mixture of two diastereonners.

Mosher's esters of (-)-103e & (+)-103e :

Mosher's ester of (-)-103e was prepared from (+)-MTPACl and

the corresponding alcohol following the same procedure as

described for Mosher's ester of (±)-103b. The *H NMR (200 MHz)

spectrum of this compound, recorded in presence of Eu(hfc) ,

revealed that the original singlet at 8 3.20 shifts but remains

intact as singlet establishing the enantiomeric purity of (-)-103e

to be >997.. Similar analysis established the enantiomeric purity

of (+)-103e to be 307..

CLAP-catalyzed hydrolysis of (±)-tra/is-l-acetoxy-2-(4-methoxy-

phenyDcyclohexane (120f):

Hydrolysis of racemic-120f (1.24 g, 5 mM) with CLAP (1 g)

afforded (-)-alcohol and unhydrolyzed acetate in 37:63 ratio.

Reaction Time : 10 days

Yield of (-)-alcohol: 0.33 g (867.)

m.p. : 83-84°C

22 . v

Optical Rotation: : [a] - 55.40 (c 1.46, MeOH), >997. e.e. '

Yield of unhydrolyzed acetate: 0.7 g (897.) *- * ~ J .**'•••
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The above recovered acetate upon hydrolysis (KOH/MeOH)

furnished ( + )-alcohol.

Yield of (+)-alcohol: 0.55 g (957.) .. . ..

Optical Rotation : ( a ] 2 2 + 30.82 (c 1.63, MeOH), 55% e.e.

Both (+)-alcohol and (-)-alcohol have IR, *H & 13C NMR data

identical with that of racemic alcohol.

Determination of enantiomeric purity:

Mosher's ester of (±)-103f:

This compound was prepared from ( + )-MTPACl and (±)-103f

following the same procedure as described for Mosher's ester of

(±)-103b. :

*H NMR : 6 1.20-2.30 (m, 8H), 2.56-2.78 (m, 1H), 3.18 and 3.28
(200MHz)

(two singlets, 3H), 3.78 and 3.80 (two singlets, 3H)

5.10-5.28 (m, 1H), 6.80-7.30 (m, 9H).

Two singlets with almost equal integration at 5 3.18 and

3.28 (OMe protons) indicate the presence of two diastereomers in

1:1 ratio.

Mosher's ester of (-)-103f & (+)-103f :

Mosher's ester of (-)-103f was prepared from ( + )-MTPACl and

the corresponding alcohol following the same procedure as

described for Mosher's ester of (±)-103b. The *H NMR (200 MHz)

spectrum of this compound contained only one singlet at 6 3.18

(OMe protons) establishing the enantiomeric purity of (-)-103f to

be >99%. On the otherhand, the enantiomeric purity of (+)-103f
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was shown to be 55% by a similar analysis.

CLAP-catalyzed hydrolysis of (±)-trans-l-acetoxy-2-(4-bromo-

phenyDcyclohexane (120g):

Hydrolysis of racemic-120g (1.49 g, 5 mM) with CLAP (1 g)

afforded (-)-alcohol and unhydrolyzed acetate in 28:72 ratio.

Reaction Time : 12 days

Yield of (-)-alcohol: 0.285 g (807.)

m.p. : 121-122°C

Optical Rotation: : [a]22 - 26.28 (c 1.67, CHC1 ), >997. e.e.

Yield of unhydrolyzed acetate: 0.9 g (857.)

The above recovered acetate upon hydrolysis (KOH/MeOH)

furnished (+)-alcohol.

Yield of (+)-alcohol: 0.74 g (967.)

Optical Rotation : [a] + 11.18 (c 1.42, CHC1 ), 427. e.e.

Both (+)-alcohol and (-)-alcohol have IR, *H & 13C NMR data

identical with that of racemic alcohol.

Determination of enantiomeric purity:

Mosher's ester of (±)-103g :

This compound was prepared from (+)-MTPACl and (±)-103g

following the same procedure as described for Mosher's ester of

(±)-103b.

!H NMR : 8 1.20-2.40 (m, 8H), 2.60-2.85 (m, 1H), 3.22 and 3.38
(200MHz)

(two singlets, 3H), 5.10-5.30 (m, 1H), 6.90-7.60 (m, 9H).
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The two singlets with almost equal integration appeared at 5

3.22 and 3.38 (OMe protons) indicate the presence of two

diastereomers in equal concentration.

Mosher's esters of (-)-103g & (+)-103g :

Mosher's ester of (-)-103g was prepared from (+)-MTPACl and

the corresponding alcohol following the same procedure as

described for Mosher's ester of (±)-103b. The *H NMR (200 MHz)

spectrum of this compound contained only one singlet at 5 3.22

(OMe protons) establishing the enantiomeric purity of (-)-103g to

be >99%. The ( + )-103g was shown to be 427. enantiomerically pure

by a similar analysis.

(±)-l,2-Epoxy-3-(l-naphthoxy)propane (121):

To a solution of sodium 1-naphthoxide {prepared from

1-naphthol (14.4 g, 100 mM) and IN NaOH solution (100 mL)>

epichlorohydrin (11.7 mL, 150 mM) was added with stirring at room

temperature. t After 6h the reaction mixture was extracted with

ether and the organic layer was washed with 5% NaOH solution. The

organic layer was dried over anhydrous Na_S0 and the solvent was

removed on a rotary evaporator. Fractional distillation of the

crude liquid under reduced pressure afforded pure (±)-121.

Yield : 16 g (80%)

b.p. : 160°C at 3 mm (Lit.167 b.p. 148-50°C at 2 mm) .

IR (neat): 1600 cm" . . . :• . , ,.
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*.H NMR., i,..$.;,2.64r3.Qi3,. Cm, 2H), 3.44 (m, 1H), 3.92-4.44 (m, 2H),

6.76 (m, 1H), 7.12-7.52 (m, 4H), 7.56-7.84 (m, 1H),

8.04-8.36 (m, 1H).

13C NMR : 6 44.00, 49.74, 68.59, 104.83, 120.53, 121.89, 125.12,

125.42, 125.65, 126.30, 127.30, 134.36, 154.06.

(±)-Propranolol (1):

To a solution of racemic-121 (10 g, 50 mM) in isopropylamine

(50 mL), water (2 mL) was added and the reaction mixture was

refluxed for 3h. Removal of excess isopropylamine followed by

recrystallization of the crude solid from 207, benzene in hexane

afforded racemic propranolol in pure form.

Yield : 11 g (857.)

IR (melt): 3300 cm"1

*H NMR : 8 1.12 (d, 6H, J = 5 Hz), 2.64-3.20 (m, 5H, 2H D20

washable), 3.96-4.48 (m, 3H), 6.64-6.88 (m, 1H), 7.12-

7.56 (m, 4H), 7.60-7.88 (m, 1H), 8.04-8.32 (m, 1H).

13C NMR : 5 22.11, 49.03, 49.47, 68.00, 70.65, 104.88, 120.48,

121.80, 125.18, 125.47, 125.83, 126.36, 127.47, 134.48,

154.29.

(±)-N-Ethoxycarbonylpropranolol (122):

To a mixture of 2N K CO solution (25 mL) and (±)-l (5.2 g,

20 mM) in acetone (5 mL), ethyl chloroformate (2.9 mL, 30 mM) was
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added at 0 C with stirring. After 2h, the reaction mixture was

extracted with ether and the organic layer was dried over

anhydrous Na SO . Removal of solvent afforded pure N-protected

propranolol 122, as a colourless liquid.

Yield : 6 g (90%)

IR (neat): 3400, 1660 cm"1

*H NMR : 5 1.04-1.40 (m, 9H), 1.60 (br, 1H, OH), 3.52 (d, 2H,

J= 4 Hz). 3.96-4.40 (m, 6H), 6.76 (m, 1H), 7.12-7.52

(m, 4H), 7.56-7.84 (m, 1H), 8.00-8.24 (m, 1H).

13C NMR : 5 14.47, 20.35, 20.64, 46.88, 48.47, 61.76, 69.88,

71.35, 104.83, 120.65, 121.71, 125.24, 125.53, 125.89,

126.41, 127.59, 134.53, 154.24.

(±)-l-(N-Ethoxycarbonylisopropylamino)-2-acetoxy-3-(l-naphthoxy)-

propane (123):

To a solution of racemic-122 (5 g, 15 mM) in dichloromethane

(25 mL), pyridine (2.8 mL, 35 mM) and DMAP (36 mg, 0.3 mM) were

added. To this acetyl chloride (2.1 mL, 30 mM) was added

dropwise with stirring at 0 C. After 2h stirring, the reaction

mixture was taken up in ether (40 mL) and washed successively with

2N HC1 (3 x 10 mL), NaHCO solution and water. The organic layer

was dried over anhydrous Na^SO . Removal of solvent followed by

column chromatography (silica gel, 307. ethyl acetate in hexane)

afforded pure racemic-123 as a viscous liquid.
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Yield : 5 g (897.) ?

IR (neat): 1740, 1680 cm"1

lH NMR : 6 1.25 (m, 9H), 2.10 (s, 3H), 3.40-3.75 (m, 2H), 4.08-
(200 MHz)

4.40 (m, 5H), 5.60 (m, 1H),6.8O (d, 1H, J = 4 Hz) 7.30-

7.56 (m, 4H), 7.80 (m, 1H), 8.25 (m, 1H).

13C NMR : 8 14.58, 20.50, 20.88, 20.99, 44.38, 48.96, 61.30,

67.90, 71.46, 104.90, 120.79, 121.88, 125.32, 125.73,

126.44, 127.48, 134.60, 154.31, 156.44, 170.33.

CLAP-catalyzed hydrolysis of racemic-123:

Hydrolysis of racemic-123 (1.12 g, 3 mM) with CLAP (1.5 g)

afforded ( + )-alcohol and unhydrolyzed acetate in 15:85 ratio.

Reaction Time : 8 days

Yield of (+)-alcohol: 0.13 g (877.) '

70
Optical rotation : [aC + 10.86 (c 1.84, CHC13), 407. e.e.

{based on optical purity of (R)-(+)-l)

Yield of recovered acetate: 0.9 g (94%)

1 13Both (+)-alcohol and recovered acetate have IR, H & C NMR

data identical with that of corresponding racemic compounds.

(R)-(+)-Propranolol (1):

To a solution of KOH (0.1 g) in MeOH (2 mL), was added

(+)-122 {obtained from CLAP catalyzed hydrolysis of (±)-123)>

(0.13 g) and stirred for 2 h. Then MeOH was removed under reduced

pressure, and the residue was dissolved in water and extracted
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with ether. The ether layer was dried over anhydrous NaoS0ji.
2 4

Removal of solvent followed by recrystallization from hexane

afforded colourless crystals.

Yield : 0.07 g (897.)

m.p.. . : 66-67 °C ( Lit.168 m.p. 73 °C )
20

Optical rotation: [a] + 4.27 (c 0.7, EtOH), 407. e.e.

{ Lit.168 [<x]p~ + 10.6 (c 1.02, EtOH)}

This compound has spectral data identical with that of

(±)-propranolol(l)

(±)-^-Chloro-3-(l-naphthoxy)prop-2-yl acetate (124):

To a mixture of (±)-121 (8 g, 40 mM) and pyridine (0.3 mL,

4 mM) in dry benzene (40 mL) acetyl chloride (7.1 mL, 100 mM was

added with stirring at room temperature. After 3h stirring, the

reaction mixture was diluted with ether (40 mL) and washed

thoroughly with water and saturated K?C0 solution. The organic

layer was dried over anhydrous Na^SO. and concentrated.

Distillation of the crude oil under reduced pressure afforded pure

acetate as a colourless viscous oil.

Yield : 8 g (717.)

b.p. : 164 C at 1 mm

IR (neat): 1740 cm"1 . . .

2H NMR : 5 2.12 (s, 3H), 3.88 (d, 2H, J = 4 Hz), 4.32 (d, 2H,

J = 4 Hz), 5.50 (m, 1H), 6.80 (m, 1H), 7.20-7.56 (m,
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4H), 7.64-7.88 (m, 1H), 8.04-8.28 (m, 1H)

13C NMR : 6 20.64, 42.59, 66.29, 71.00, 104.94, 121.00, 121.71,

125.42, 125.71, 126.53, 127.53, 134.48, 153.83, 170.13.

PLAP-catalyzed hydrolysis of racemic-l-chloro-3-(l-naphthoxy)-

prop-2-yl acetate (124):

Hydrolysis of racemic-124 (1.39 g, 5 mM) with PLAP (1 g)

afforded (R)-(-)-chlorohydrin (125) and unhydrolyzed acetate in

35:65 ratio.

Reaction time : 45h

Yield of (+)-alcohol: 0.35 g (857.)

IR (neat)

1

: 3400 cm-1

H NMR : $ 2.68 (br, 1H, D20 washable), 3.60-3.96 (m,

2H), 4.00-4.48 (m, 3H), 6.76 (m, 1H), 7.12-

7.56 (m, 4H), 7.60-7.84 (m, 1H), 8.00-8.24

(m, 1H).

1 3 C NMR

Optical rotation

: 5 46.18, 68.65, 69.88, 105.06, 121.00,

121.65, 125.42, 125.83, 126.53, 127.65,

134.53, 153.89.

20

{Lit. 166

- 4.37 (c 1.6, EtOH), 467. e.e.

+ 9.0 (c 1.9, EtOH), >957. e.e.)

Yield of recovered acetate: 0.85 g (947.) .

20 *
Optical rotation : [a] + 5.9 (c 0.84, EtOH), 287. e.e.

{Lit. 166 - 19.9 (c 2.4, EtOH), >957. e.e.}
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The recovered acetate has IR, H & C NMR data identical

with that of corresponding racemic compound.

l-(n-Undecyl)cyclopentan-i-ol (128) :

To a solution of n-undecylmagnesium bromide (50 mM) in THF

(50 mL) {prepared from n-undecyl bromide (11.1 mL, 50 mM) and

magnesium (1.21 g, 50 mM)} was added dropwise a solution of

cyclopentanone (4.4 mL, 50 mM) in THF (10 mL) at 0 C. After

stirring for 2 h at room temperature, the reaction was quenched

with saturated NHX1 solution. The organic layer was separated

and the aqueous phase was extracted with ether (2 x 25 mL). The

combined organic layer was dried over anhydrous Na^SO and

concentrated }on a rotavapor. The crude product obtained was

column purified (silica gel, 5% ethyl acetate in hexane) to

furnish pure tertiary alcohol as a colourless liquid.

Yield : 6 g (50 %).

IR (neat): 3400 cm" .

lH NMR : 6 0.84 (distorted t, 3H), 1.24-1.60 (m, 29H).

13C NMR : 5 13.23, 21.94, 23.11, 24.00, 28.64, 28.94, 29.59,

31.17, 38.82, 40.88, 81.65.

l-(n-Undecyl)cyclopent-l-ene (129) :

A suspension of tertiary alcohol 128 (4.8 g, 20 mM) and

losphoric acid (5 mL) was heated for lh at 120 C. The reaction
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mixture was, allowed to cool to room temperature, diluted with

water (10 mL) and extracted with hexane. The organic layer was

washed with 57. NaOH solution followed by water and dried over

anhydrous Na_S0 . Removal of solvent followed by column purifi-

cation (silica gel, hexane) afforded pure 129 as a colourless

liquid.

Yield : 3.8 g (857.). J

IR (neat): 3050 cm" (weak).

*H NMR : 6 0.88 (distorted t, 3H), 1.00-2.00 (m, 27H), 5.28

(br, 1H).
13C NMR : 6 13.35, 22.06, 23.82, 27.23, 28.76, 29.06, 30.59,

31.35, 31.41, 34.41, 122.41, 144.48.

(±)-trans-2-(n-Undecyl)cyclopentan-l-ol (126) : •

This was prepared following the frydroboration/oxidation

procedure reported by Periasamy et al.

To a suspension of sodium borohydride (0.27 g, 7 mM) in THF

(25 mL) under nitrogen atmosphere, was added the cycloalkene 129

(3.33 g, 15 mM) and cooled to 0 C . Then a solution of iodine

(0.9 g, 3.5 mM) in THF (15 mL) was added dropwise at 0 °C. After

stirring for 3 h, the reaction was quenched with water (1 mL) and

added 2.5 N NaOH solution (15 mL). Then 307. aqueous H O solution

(14 mL) was added dropwise with stirring at 0 C and the contents

were stirred overnight at room temperature. The contents were
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extracted with ether (3 x 30 mL). The ether layer was dried over

anhydrous Na SO and concentrated on a rotavapor. The crude

product obtained was purified by column chromatography (silica

gel, 5 7, ethyl acetate in hexane) to afford pure alcohol as a

colourless liquid.

Yield : 2.9 g (80%).

IR (neat): 3350 cm" .

lH NMR : 8 0.88 (distorted t, 3H), 1.10-2.10 (m, 28H), 3.64-3.92

(m, 1H).

13C NMR : 8 14.00, 21.88, 22.70, 28.35, 29.41, 29.76, 30.00,

• •/ 32.00, 34.00, 34.47, 48.23, 79.06.

(±)-trans-l-Acetoxy-2-(n-undecyl)cyclopentane (126a) :

• This compound was prepared by treating (±)-126 with acetic

anhydride in presence of pyridine and DMAP following the same

procedure as described for compound 106a, as a colourless liquid.

Yield : 927.

IR (neat): 1740 cm"1.

lH NMR : 8 0.87 (distorted t, 3H), 1.25 (s, 20H), 1.50-2.00 (m,
(200 MHz)

... 7H), 2.04 (s, 3H), 4.70-4.80 (m, 1H).

13C NMR : 5 13.82, 20.94, 22.47, 27.88, 29.23, 29.53, 30.00,

vi:^-^--::-; r: 31.76, 33.53, 45.18, 81.30, 170.60.

PLAP-catalyzed hydrolysis of (±)-126a :
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Hydrolysis of racemic-126a (0.7 g, 2.5 mM) with PLAP (1 g)

afforded (-)-alcohol and unhydrolyzed acetate in 25:75 ratio.

Reaction time: 5 days

Yield of (-)-alcohol: 0.11 g (767.)

20
Optical rotation : [a] -10.2 (c 1.66, CHC1 ), 427. e.e.

Yield of recovered acetate: 0.47 g (897.)

1 13
The (-)-alcohol and recovered acetate have IR, H & C NMR

data identical with that of corresponding racemic compounds.

(R)-(-)-2-(n-Undecyl)cyclopentan-l-one (127) :

To a stirred suspension of pyridinium chlorochromate (0.22g,

1 mM) in dichloromethane (5 mL), a solution of (-)-126 (0.11 g,

0.45 mM) in dichloromethane (2 mL) was added in one portion at

0 C. After stirring for 2 h ,the reaction mixture was diluted

with dry ether (10 mL). The supernatant solution was decanted

from the black gum. The inorganic black gum was washed with dry

ether ( 3 x 2 mL). The combined organic layer was passed through a

short column • of f lorisil. Removal of solvent provided pure

(R)-(-)-127 as colourless liquid. ,

Yield : 0.09 g (857.).

TR ( n e a t ) : 1740 c m ' 1 . . v • . • •

lH NMR : 6 0.88 (distorted t, 3H), 1.28-2.36 (m, 27H).

13C NMR : 5 13.82, 20.53, 22.47, 27.35, 29.17, 29.41, 31.70,

37.88, 48.88, 220.89.
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ical rotation : [a]
20

Optical rotation : [a] - 35.09 (c 2.97, ether), 42% e.e.

(Lit.174 [a]^4 + 81.0 (c 1.04, ether), 97% e.e.}.

3-Benzyloxypropan-l-ol (133):

To a suspension of oil free sodium hydride (4.8 g, 200 mM)

in dry benzene (200 mL) at reflux propan-l,3-diol (14.5 mL,

200 mM) was added with stirringv After refluxing for lh, benzyl

bromide (23.8 mL, 200 mM) was added slowly. The reaction mixture

was further refluxed for 2h. Then the reaction mixture was cooled

to room temperature and diluted with water. The layers were

separated and the aqueous layer was extracted with ether (2 x

30 mL). The combined organic layer was dried over anhydrous

Na SO and concentrated on a rotavapor. The crude liquid

obtained, was distilled under reduced pressure to get pure

alcohol, 133.

Yield : 20 g (60%)

b.p. : 122-124°C at 2.5 mm (Lit.192 b.p. 155°C at 23 mm)

IR (neat): 3350 cm"1

Hi NMR : 5 1.84 (m, 2H), 2.10 (br, 1H, D20 washable), 3.48-3.84

(m, 4H), 4.50 (s, 2H), 7.30 (s, 5H).

13C NMR : 5 32.47, 60.71, 68.59, 73.24, 127.89, 128.65, 138.53.

3-Benzyloxypropanal (134):

To a stirred suspension of pyridinium chlorochromate (PCC)
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(38.8 g, 180 mM) in dichloromethane (200 mL), 3-benzyloxypropanol

(19.9 g, 120 mM) in dichlormethane (20 mL) was added in one

portion at room temperature. After stirring for 2h, the reaction

mixture was diluted with dry ether (100 mL). The supernatant

solution was decanted from the black gum. The inorganic black gum

was washed with dry ether (3 x 30 mL). The combined organic layer

was passed through a short column of florisil. Removal of solvent

followed by distillation of the residual liquid under reduced

pressure furnished pure aldehyde. •

Yield : 17.7 g (907.)

b.p. : 106-108°C at 2.5 mm (Lit.193 109°C at 3.0 mm) "

IR (neat): 1720 cm"1

lH NMR : 8 2.66 (m, 2H), 3.79 (t, 2H, J = 5 Hz), 4.51 (s, 2H),

7.28 (s, 5H), 9.77 (m, 1H).

13C NMR : 5 43.47, 63.59, 72.82, 127.47, 128.24, 137.89, 201.01

(±)-l-Benzyloxy-5-hexen-3-ol (130):

130 • *"•

This was prepared following Luche's procedure.

To a saturated aqueous NH Cl solution (100 mL), zinc dust

(7.8 g, 120 mM) and a mixture of allyl bromide (10.4 mL, 120 mM)

and 3-benzyloxypropanaldehyde (16.4 g> 100 mM) in THF (15 mL) were

added with stirring at room temperature. After 2h , the reaction

mixture was extracted with ether (3 x 30 mL). The ether layer was

dried over anhydrous Na SO and concentrated to produce racemic
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alcohol 130, as a colourless liquid.

Yield : 19.5g (95%)

IR (neat): 3400 cm"

*H NMR : <5 1.76 (q, 2H, J = 6 Hz), 2.24 (t, 2H, J = 6 Hz), 2.80

(br, 1H, D O washable), 3.52-3.96 (m, 3 H), 4.52 (s,

2H), 4.84-5.20 (m, 2H), 5.56-6.04 (m, 1H), 7.30 (s, 5H).

13C NMR : 6 35.64, 41.59, 68.17, 69.35, 72.77, 117.06, 127.42,

128.12, 134.71, 137.89.

(±)-4-Acetoxy-6-benzyloxyhex-l-ene (130a):

To a solution of (±)-130 (5.15 g, 25 mM) in dichloromethane

(25 mL) were added pyridine (4.5 mL, 55 mM) and DMAP (60 mg, 0.5

mM). To this acetic anhydride (4.7 mL, 50 mM) was added slowly

with st irr ing at room temperature. After stirring for 3h, the

reaction mixture was taken up in ether (75 mL) and washed

successively with 2N HC1 (3 x 15 mL) and saturated K-CO-

solution. The organic layer was dried over anhydrous Na^SCL.

Removal of solvent afforded pure racemic acetate as a colourless

liquid. .

Yield : 5.4g (87%)

IR (neat): 1740 cm"1 .

lH NMR : 8 1.64-2.08 (m, 5H), 2.30 (t, 2H, J = 6 Hz), 3.46 (t,

. .. 2H, J = 6 Hz), 4.44 (s, 2H), 4.84-5.20 (m, 3H), 5.48-

6.00 (m, 1H), 7.28 (m, 5H).



13C NMR : 6 20.35, 33.17, 38.23, 65.88, 70.18, 72.35, 117.35,

127.18, 127.89, 133.24, 138.01, 169.95.

(±)-all-cis-2-(2'-Benzyloxyethyl)-4-chloro-6-methyltetrahydropyraii

(135):

181

This was prepared following literature procedure.

To a suspension of anhydrous A1C1 (6.66 g, 50 mM) in dry

benzene (20 mL) a mixture of (±)-l-benzyloxy-5-hexen-3-ol (130)

(10.3 g, 50 mM) and acetaldehyde (2.8 mL, 50 mM) in dry benzene

(100 mL) was added dropwise with stirring at 0 C. The reaction

mixture was stirred for 3h at 0 C. Then the reaction was quenched

with 0.1 M phosphate buffer of pH 7.4 (150 mL) and the resultant

suspension was extracted with ether. The organic layer was dried

over anhydrous Na^SO and concentrated on a rota vapor. The crude

liquid obtained was column purified (silica gel, 107. ethyl acetate

in hexane) to afford pure (±)-135.

Yield : 6.8 g (59%)

IR (neat): 1120 cm"

lU NMR : 5 1.16 (d, 3H, J = 6 Hz), 1.20-2.20 (m, 6H), 3.20-4.12

(m, 5H), 4.44 (s, 2H), 7.28 (m, 5H). • - •

13C NMR : 21.58, 36.12, 42.41, 44.23, 55.76, 66.41, 72.59, 72.88,

73.53, 127.65, 128.48, 138.89. . . - •-• .

(±)-all-cis-2-(2'-Hydroxyethyl)-4-chloro-6-methyltetrahydropyran

(136):
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A solution of racemic-135 (5.37 g, 20 mM) in ethyl acetate

(20 mL), was shaken with 107. palladium on charcoal (200 mg) at 35

lbs/sq. inch pressure at room temperature in a Parr hydrogenator

until the required pressure drop had taken place. The catalyst

was filtered off. Removal of solvent afforded pure racemic

alcohol as a colourless liquid.
»

Yield : 3.3 g (937.)

IR (neat): 3350 cm"

XH NMR : 5 1.20 (d, 3H, J = 6 Hz), 1.28-2.24 (m, 6H), 2.52 (s,

1H, DO washable) 3.16-4.16 (m, 5H).

13C NMR : 5 21.29, 37.65 41.88, 43.65, 55.06, 59.88, 72.71,

75.53.

(±)-all-cis-2-(2'-Acetoxyethyl)-4-chloro-6-methyltetrahydropyran

(136a):

This compound was prepared by treating (±)-136 with acetic

anhydride in presence of pyridine and DMAP following the same

procedure as described for compound 130a, as a colourless liquid.

;Yield : 927.

JR (neat): 1730 cm"1 '

?H NMR : S 1.20 (d, 3H, J = 6 Hz), 1.28-2.24 (m, 9H), 3.20-3.60

r- ; (m, 2H), 3.80-4.32 (m, 3H).

13C NMR : 5 20.58, 21.17, 34.59, 41.88, 43.76, 55.18, 60.82,

72.47, 73.06, 170.71.
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(±)-cis-2-(2' -benzyloxyethyl)-6-methyltetrahydropyran (137):

To a solution of racemic-135 (5.37 g, 20 mM) in dry THF (30

mL) were added t-butyl alcohol (5 mL) and freshly cut sodium metal

pieces (5 g). The contents were refluxed for 3h. Then the

reaction mixture was allowed to cool and the supernatant liquid

was decanted. The flask containing sodium pieces were rinsed with

dry ether (2 x 20 mL). The combined organic solution was washed

twice with brine. The organic layer was dried over anhydrous

Na^SO and concentrated. The crude liquid obtained was column

purified (silica gel, 107. ethyl acetate in hexane) to provide pure

dechlorinated tetrahydropyran compound 137, as a colourless

liquid.

Yield : 3.2 g (707.)

IR (neat): 1080 cm"

lH NMR : 6 1.12 (d, 3H, J = 5 Hz), 1.24-1.96 (m, 8H), 3.20-3.68

(m, 4H), 4.48 (s, 2H), 7.28 (m, 5H). :

13C NMR : 6 22.00, 23.59, 31.29, 33.23, 36.59, 66.76, 72.71,

73.59, 74.59, 127.36, 127.47, 128.24, 138.77.

(±)-cis-2-(2/ -Hydroxyethyl)-6-methyltetrahydropyran (132):

This compound was prepared by hydrogenolysis of compound

136a using Pd-C as catalyst following a similar procedure

described for hydrogenolysis of 135. This was obtained as a

colourless liquid.
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Yield : 94%

IR (neat): 3350 cm"1

!H NMR : 6 1.16 (d, 3H, J = 6 Hz), 1.24-1.96 (m, 8H), 2.80 (s,

1H, D2O washable), 3.28-3.64 (m, 2H), 3.76 (t, 2H, J =

4 Hz).

13C NMR : 8 21.41, 22.70, 30.53, 32.35, 37.53, 60.29, 73.29,

77.12

(±)-cis-2-(2' -Acetoxyethyl)-6-methyltetrahydropyran (132a):

This compound was prepared by treating racemic alcohol 132

iwith acetic anhydride in presence of pyridine and DMAP following

the same procedure as described for compound-132, as a colourless

liquid.

Yield : 90%

IR (neat): 1730 cm"1

XH NMR : 5 1.16 (d, 3H, 6 Hz), 1.28-1.88 (m, 8H), 2.04 (s, 3H),

3.20-3.60 (m, 2H), 4.18 (t, 2H, J = 6 Hz).

13C NMR : 5 20.76, 21.88, 23.47, 31.17, 33.06, 35.35, 61.41,

73.65, 74.35, 171.00

'CLAP-catalyzed hydrolysis of (±)-4-acetoxy-6-benzyloxyhex-l-ene

030a): r > ' '

Hydrolysis of racemic-130a (1.24 g, 5 mM) with CLAP (1 g)

afforded alcohol and unhydrolyzed acetate in 40:60 ratio.
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Reaction time : 23 h

Yield of alcohol : 0.38 g (927.) .

Optical rotation : Nil

Yield of recovered acetate: 0.67 g (907.)

Optical rotation : Nil

1 13
Both alcohol and acetate have IR, H & C NMR data

identical with that of corresponding racemic compounds.

PLAP-catalyzed hydrolysis of racemic-(±)-all-cis-2-(2'-acetoxy-

ethyl)-4-chloro-6-methyltetrahydropyran (136a):

Hydrolysis of racemic-136a (0.44 g, 2 mM) with PLAP

(0.5g) afforded alcohol and unhydrolyzed acetate in 85:15 ratio as

determined by GC analysis. • - • .

Reaction time : 3h • . . ' - .

Yield of alcohol : 0.25 g (857.) . , : „ .-

Optical rotation : Nil :

Yield of recovered acetate: 0.06 g (907.)

Optical rotation : Nil

1 13

Both alcohol and acetate have IR, H & C NMR data

identical with that of corresponding racemic compounds.

• • • - • , - • 4

CLAP-catalyzed hydrolysis of racemic-(±)-all-cis-2-(2'-acetoxy- •

ethyl)-4-chloro-6-methyltetrahydropyran (136a): .. ,. .*v-^p

Hydrolysis of racemic-136a (0.44 g, 2mM) with CLAP (0.5 g)
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afforded (+)-alcohol and urihydrolyzed acetate in 80:20 ratio as

determined by GC analysis.

Reaction time : 3h

Yield of alcohol : 0.25 g (88%)

Optical rotation : Nil , •

Yield of recovered acetate: 0.08 g (907.)

Optical rotation : Nil

Both alcohol and acetate have IR and H NMR data identical

with that of corresponding racemic compounds.

PLAP-catalyzed hydrolysis of racemic-(±)-cis-2-(2*-acetoxyethyl)-

6-methyltetrahydropyran (132a):

Hydrolysis of racemic-132a (0.18 g, 1 mM) with PLAP (0.2 g)

afforded alcohol and unhydrolyzed acetate in 30:70 ratio as

determined by GC analysis.

Reaction time : 4h

Yield of alcohol : 0.038 g (92%)

Optical rotation : Nil

178

{Lit/ [a]D + 24.6 (CHCLj)}

Yield of recovered acetate: 0.12 g (95%)

Optical rotation : Nil

Both alcohol and acetate have IR and H NMR data identical

with that of corresponding racemic compounds.
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