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PREFACE

From its relatively humble origins organic synthesis has developed in to
an activity that pervades all our endeavours: its impact on human health and
welfare is particularly striking. The progress in organic synthesis is directly
attributable to the advances made in the controlled carbon-carbon bond-forming
reactions and the manipulation of functional groups achieved during the past
fifty years. The synthesis of homochiral or chirally enriched compounds,
however, remained a major problem. With the introduction of efficient
catalysts and chiral auxiliaries, progress has been achieved in this area also. In
spite of this, much remains to be done and asymmetric synthesis using novel
chiral auxiliaries continues to be an area of enormous topical interest. The
auxiliaries that have attracted the most attention are those derived from natural
amino acids and monoterpenes. Bile acids and carbohydrates, although
abundant and inexpensive have found very little application as chiral
auxilianes; therefore we have carried out some investigations in this area and
the results are embodied in this thesis entitted ASYMMETRIC SYNTHESIS
USING NOVEL CHIRAL AUXILIARIES AND THE SYNTHESIS OF
NOVEL HOST MOLECULES.

The literature on asymmetric synthesis is enormous and a
comprehensive review of the field is not within the scope of this thesis. The
introductory chapter, therefore has attempted to highlight only some of the
more commonly used methods for the synthesis of optically active compounds.
A brief description of the classical methods of asymmetric syntheses is
followed by a more detailed account of selected chiral catalysts and auxiliaries.
The following chapter describes the use of chiral auxiliaries derived from bile
acids such as cholic acid and deoxycholic acid for the synthesis of optically
active, lactones. The third chapter deals with applications of
anhydrofuranosides derived from D-glucose as chiral auxilianes; special
attention being given to y- and S-lactones. The last chapter is concerned with
the synthesis of novel crown ethers derived from deoxycholic acid. This
chapter also includes the complexation studies of these crown ethers with
unipositive cations. A summary of the work is given at the end of the thesis.



CHAPTER 1

RECENT DEVELOPMENTS IN ASYMMETRIC
SYNTHESIS - AN OVERVIEW

1.1 Introduction

The optical activity of organic compounds in Nature arises from the inherent
chirality of the enzymes that are responsible for their production. The optically
active receptor sites in biological systems have the ability to differentiate
between the enantiomers of a specific molecule. It is noteworthy that the
diffcrence in spatial orientation of a single functional group of a chiral
molccule drastically affects the biological properties of the compound. A
classic illustration is our olfactory response to the enantiomers of carvone.

R-carvone 1a has the odour of spearmint, whercas S-carvone 1b smells like

caraway!-3.
CHg ' CH3
1a R-Carvone tb S-Carvone
NH: y
HOOC\/\H/N COOCH, HOOC : N_ _COOCH,
CHzPh . 6] CH,Ph

2a (Sweet) 2b (Bitter)
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The difference in taste response of the two enantiomers of aspartame 2a and 2b
is another example?; 2a is sweet, while 2b is bitter in taste.

The dramatic differences in pharmacological properties of the
cnantiomers of thalidomide will be the most demonstrative. Foetal death and
malformation in children were the tragic consequences brought about by the
usc of this drug5. The teratogenicity has been found to be a property of only

the S-ctiantiomer®.

O o)
N N,
07 N "0 0O” N 70
H H
3a S-Thalidomide 3b R-Thalidomide
Teratogen Sedative

These are only a few of the hundreds of ¢xamples in which biological systems
respond differently to enantiomers of a chiral molecule. It is thus highly
desirable to synthesize molecules in enantiomerically pure forrn for meaningful
studies of their physical or biological properties.

The synthesis of a chiral molecule usually results in the formation of
racemic mixture, unless the synthesis is carried out in a chiral environment.
This 1s because the free energy of formation of both the enantiomers is
identical. For the synthesis of enantiomerically homogeneous compounds, the
chemist has two options: either to synthesize the compound in racemic form
and then resolve it into optical antipodes or to perform the synthesis in an
enantiosclective or preferably enantiospecific fashion so as to produce

homochiral compounds.



T SR A8 TRSERER HrpsHinn o el of e enaniomers of

sodium ammonium tartrate by Louis Pasteéur in 1848 the technique of resolution
to separate enantiomers has been used for nearly hundred and fifty years.
Obviously this method is rarely practical and therefore it cannot be considered
as a general technique of resolution. However, the formation of diastereomeric
quaternary ammonium salts and the selective crystallization of the desired
enantiomer is still used as a method of resolution for acids.

Some methods of resolution involve the formation of a covalent bond
betwecen the racemic substrate and a chirally pure molecule. The resulting pair
of diastereomers can be separated by chromatographic techniques and the
desired enantiomer is regenerated from the appropnate diastereomer by
chemical manipulations. This again requires that the substrate should possess
the appropriate functional groups that are capable of reacting with the resolving
agent. Resolution has also been achieved by chromatographic techniques that
make use of chiral derivatizing agents (CDA)?. The CDA chosen should be
cnantiomerically pure and react nonselectively with both subsﬁatc enantiomers
to afford chromatographically separable diastereomers. Helmchen and co-
workers have separated a variety of diastéreomeric amides 4 by this technique8.
Even though it is applicable to a wide range of compounds, the method 1s

expensive and it is useful mainly for analytical purposes.

H
Rs. Q | Ra

- /C\ /C
C N N
Ry7] oo
H
4
Ri Ry Ry Ry

Et Ph Me Ph
Me Ph Me Ph



The methods of resolution described above invariably suffer from the
disadvantage that half of the mixture will be the wrong enantiomer; which in
many cases should be discarded. Additionall;lf, the undesired enantiomer can
be poisonous and therefore hazardous to the environment. In the case of
compounds with more than one chiral centre the number of diastereomers will
also be greater (for n chiral centre, 27 diastereomers) making resolution tedious
and impractical. '

The other option for obtaining chiral compounds is to synthesize
molecules in optically active form, rather than rcsolve the racemic mixture.
One mcthod of achieving this goal is to ‘transform eastly available and
inexpensive homochiral natural products such as sugars, amino acids, alkaloids
and terpenes into configurationally well-defined intermediates for the synthesis
of purc cnantiomers. Illustrative examples are the conversion of silyl protected
lactic acid ester 5 to the allylic alcohol 6 (scheme-1)? and the formation of the
bis-cpoxidc 8 from the manmtol derived alcohol 7 (scheme-2)19,

But the number of steps involved in such strategies are unacceptably
large 1n most cases. Therefore, one has to look for those compounds that are
structurally very close to the target molc::cult:.I Another drawback which makes
the aforementioned technique impractical is that the starting material of only

one absolute configuration will be readily available and hence only one

enantiomer of the target molecule can be prepared.
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. |
Methods of asymmetric synthesis using chiral catalysts and auxilianes
are consistently more reliable techniqués for obtaining optically active
compounds. While chiral catalysts are us¢d in substoichiometric amounts as
external reagents, chiral auxiliaries are used in stoichiometric amounts as part
of the substrate. |
A comprehensive review of chiral catalysts and auxiliaries is outside the
scope of this chapter. Our discussion in ﬂié following sections will be limited
to some of the most impressive chiral catalysts and chiral auxiliaries. A brief

description of the important chiral catalysts including enzymes is given in

section 1.2 of this chapter. Section 1.3 enumerates the applications of some of



the major chiral auxiliaries. A description of the use of crown ethers in chiral

recognition is briefly dealt with in section 1.4.
1.2 Chiral catalysts in asymmetric synthesis

[ntermolccular transfer of asymmetry can be achieved using optically
active catalysts. An early example of the use o;f homochiral catalyst is the
proline catalyzed Robinson annulation for the enantioselective synthesis!! of

the Hajos-Wiechert ketone 9.
0O

AL

9
Almost at the same time, another important breakthrough was achieved with the
discovery of an asymmetric hydrogenation catalyst. The rhodium complex
formed with chiral phosphine ligands, eg. 10, efficiently catalyzes the

hydiogcnation of o, B-unsaturated acids}2 (scheme-3).

H COH [Ry®] H CO.H
R X X
SO ¥
Vd
P~pp

.p-Ph
\

oL
#

10 (+) BINAP; Ligand for Rhodium

Scheme-3



Among the number of catalysts developed for the asymmetric reduction
of carbonyl group, chirally modified lithium aluminium hydrides deserve
special mention. Of these, the binaphthyl derivative BINAL-H 11 (BINAL is
the complex formed from equimolar amounts of lithium aluminium hydride,

2-2'-dihydroxy-1,1'-binaphthyl] and ethanol) is the most promising one.

11 S-BINAL-H: R = CH;, Et

BINAL-H is available in both enantiomeric forms!3 and due to the
Cp-symmetry of the 1,1'-binaphthyl moiety, the number of possible isomers in
the reaction medium is reduced. Enantiomeric excesses ranging from 95-100%
have becn obtained for the reduction of a range of ketones. The most
favourable transition state!4 suggested for the reaction is as shown below and

this accounts for the enantioselective formation of the S-carbinol.

Transition state supporting the
S-carbinol formation



A second gencration of homochiral catalysts was developed from 1,3,2-

oxazaborolidines!3.16 (eg. 13). ‘

. Ph ph _Ph pp
E ,  BHy THF ': g
Neg’ AN g7

CHy '153H3\CH3
12 13

These have been used in the enantioselective redlhction of prochiral ketones. In
contrast to NaBHg4, the chirally modified feagent delivers hydride ion
preferentially from a single face of the carbonyl!‘ group. Thus the modification
of borane with homochiral compounds conta:ining a 1,3,2-oxazaborolidine

motety will lead to chiral products!6 as shown in!scheme-4.

th
HN._.O, BH;-THR
H_OH jchiral reductant )OK E . H, OH or HO_ H
R$ Ry RS Ry | R R RS Ry

.‘ R-alcohol  S-alcohol

Schemc-4;
|
A characteristic feature of the reduction j that it usually occurs in a

predictable manner depending on the absolute configuration of the catalyst

used. A wide variety of prochiral ketones can dc reduced by borane-THF and
in the presence of 5-10 mol% of the catalyst, t.he!sccondary alcohols are formed

in 83-98% e¢e and in high chemical yields.



Asymmetric catalysts have been used in organometallic reactions aiso.
Secbach!? has used the tartrate derived TADDOL (e, o, o, a‘-Tch‘aaryl-i,2-
dimethyl-1,3-dioxalan-4,5-dimethanol) 14 as a cataiyst to make the Grignard

reaction diastereoselective,

Ph  pp

ch><0 OH
pn Ph

14

O

_ HO
/Lk i, 14,3 cq. nPngBr_ ;k/\
Ph Me o

-100°C Ph
ii, NH4Cl

84%, 98% ee

Scheme-5

In presence of 14 Grignard reagents add to aryl, vinyl and alkynyl ketones with
high stercoselectivity ( eg. scheme-5).

The asymmetric catalysts used in the epoxidation reaction!8 are
particularly valuable and a more recent development in this area is the
introduction of Mn(Ill)salen catalysts by Jacobsen!e.!'8d  Various dialkyl
tartrates and titanium tetra alkoxides have been developed by Sharpless!8a to
cffecct the formation of epoxides enantioselectively from primary allylic
alcohols. The process has been applied to a wide range of multistep synthesis!®

and the epoxidation of £-2-hexene-1-ol (scheme-6) is illustrative.
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0.54 cq. (-PcO)Ti

0.64 eq. (+)-DET

r\l‘\/OH 2.0 cq. TBHP 0.l oH
=

-70 - 0°C, CH,Chy :

(75% yicld)
15 16 96.8% ce

Scheme-6

An important feature of the reaction is that the qonfiguration of the major
epoxide enantiomer is dependent on the absolute configuration of the tartrate
ester. A schematic representation of the transition state suggested for the

prediction of absolute configuration of epoxides is given in scheme-7.

Ry

(S, S)-(-)-DET . Ry

(unnatural)

[O)

Ry R,
Ry OH

/ﬂ\ OH
R,
[

(0] (R, R)-(+)-DET
(natural)

DET = Diethy! tartrate

Scheme-7

The above examples are illustrative of the importance of catalysts in
asymmetric induction. The efficiency of a catalyst increases with its ability to
coordinate with the substrate and the presence of metals in the catalyst

enhances this possibility. In spite of the excellent results obtained in many
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cases, practical difficulties associated with the use of chiral catalysts preclude
their application in many transformations. Besides, useful catalysts are not yet
available for a variety of reactions,

Before concluding this section, it ig appropriate to mention briefly the
role of cnzymes in asymmetric synthesis. Enzymes are widely used as catalysts
in asyminetric synthesis and in resolution}?. They not only provide excellent
stercoselectivity in rcactions, but are chemoselective and have the ability to
induce chemical transformations which are not amenable to other methods.
Among the enzymatic reactions, the lipasc and protease catalyzed esterification
and transesterification have found extensive use in the preparative resolution of
acids and alcohols. The porcine pancreati¢ lipase (PPL) catalyzed asymmetric
resolution of lactones via hydrolysis is tllustrative of the use of enzymes in

asymmetric synthesis?0 (scheme-8), the R-lactone 18 was obtained in

>98% ec.

| Ra
R, CO,Me R - H CO,Me
Y\r PPL ]ﬂo + RI,W

OH R, H O
17 18

R; =CH,, Ry =H
Ry = Ph, Ry =H

Scheme-8

Pig liver csterase (PLE) catalyzed hydrdlysis of the diester 19 followed by

reduction and lactonization afforded the optically pure lactone 21 in 99%

yicld2! (scheme-9).
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CO,CH; ¢
19 20 21

CO,CH; nH- S

Scheme-9

The high specificity of enzymes, however, precludes their use as general
catalysts to achieve a particular transformation. Most of the enzyme catalyzed
rcactions require expensive cofactors like NAD(P)H or ATP. Also, the activity
of enzymes will be diminished by exposure to air, adsorption, organic solvents
and so on, and hence they find only limited applicaton in large scale reactions.
A conststently reliable strategy for achieving asymmetric synthesis
involves the incorporation of a chiral auxiliary and this technique is discussed

in some detail in the following section.
1.3 Chiral auxiliaries in asymmetric synthesis

During the past two decades, there has been great interest in developing
new chiral auxibiaries to accomplish synthetic transformations with a high
degree of asymmetric induction22, Usually chiral auxiliary is a compound
taken from Nature's chiral pool (eg. terpenes?3, amino acids24 and o-hydroxy
acids?). The auxiliary makes the transition state diastercoselective and is
ultimately removed after the required transformation. An ideal chiral auxiliary
should be casily available in optically pure form and should have functional
_groups fo tether prochiral groups, Another major requircment is that the
auxiliary should be easily removable without racemization of the newly created
asymmetric centres and should be recoverable. During the last few years a

number of chiral auxiliaries have been introduced with varying degrees of
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success. Some of the examples of the more efficient auxiliaries will be
descnibed in this section. Perhaps the most important among the known
auxiliaries is the Evans auxiliary derived from a-amino acids26. A combination
of chelation and rcstricted rotation inherent in a cyclic system with a bulky
directing substituent accounts for the success of these auxiliartes. In the [4+2)
cycloaddition reactions, enantiomeric excess of upto 95% was obtained in

presence of the auxiliary (scheme-10)24b,

0 by © 0 o O
i J\ )\/ ? A ¥ A
/\ N 0 — N O + N 0]
U S NS A R‘_,L_I
R" R
22 23 24
ey, R = CHyCiHs; 23:24 = 9:68
Et Et
Al’
o)
/\)L JLO
R
25
Scheme-10

The intervention of a Lewis acid-dienophile complex 25 was put forward to
cxplain the results. In the chelated intermediate 25, the dienophile is locked
through complexation of the two carbonyl groups with the Lewis acid so that
the free rotation of the dienophile moiety is prevented. I[n such a chelated
intermediate the substituent at position 4 offers steric repulsion in addition to
the n-stacking interaction with the dienophile, if R is aryl, making the approach

of the diene from the B-tace favourable.
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Evans chiral enolates are reported to undergo aldo! condensaton with

acctophenone?’ with excellent diastereoselectivities.  For example, both

diastereofacial selectivity and syn selectivity have been obtained with the boryl

enolate 26.

The sulfoxide auxilianies, although not investigated extensively, are also
worth mentioning. In the conjugate addition of nucleophiles to enone
sulfoxides, in the absence of a catalyst, si-face addition i1s favoured whereas in

the presence of a catalyst, re-face addition is preferred?8 (scheme-11).

re-addition favoured

0~ Q 07 Q
I)h& "12+ S e a
'.S\‘0 Zn+-0= )

. Ph
: 99 | si<addition favoured 28

i, RoMg 1, RMgl

i, Al(Hg), H,0 i, Al(Hg), H,0
29 30

Scheme-11
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This is becausc the non-chelated conformation 27 1s at a minimum energy when
the >C=0 and sulfinyl oxygen dipoles are oriented in opposite directions
rendenng the lower face of the enone function as the stericalfy less hindered
face for the depicted tsomer, while in the chelated substrate 28 the upper face is
less encumbered.

The camphor derived auxiliaries have attracted much attention due to
their easy availability and crystalline nature. Moreover, theis inherent chirality
and sterically enriched carbocyclic skeleton render them suitable as chiral
auxiliaries. A few examples showing the efficiency of camphor derived chiral
auxthanes are included here. In the conjugate addition to crotonate esters
tcthered to the camphor derived auxiliary, adducts were obtained in excellent

diastereoselectivity2? and the reaction is illustrated in scheme-12.

F'u-face addition favoured

i, R2Cu.P(n-Bu),/ R,

BF,OEt, s
0\/1 Bu i, hydrolysis HO

320

82% B addition
93% re-addition

Scheme-12

Camphorsultam has proven to be a very good chiral auxiliary. An
example of its usc is the hydrogenation of a,p-unsaturated amide 33 which

proceeded in greater than 90% diastereoselectivity30. Analysis of the product
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suggested that the catalyst was coordinated with the syn oriented sulfonyl
group, carbonyl group, and the olefinic bond, thus facilitating the delivery of
the hydrogen atom from the re-face. Very recently Rigby has obtained >98%
de in a transition metal medtated higher order cycloaddition of cycloheptatriene

using camphorsultam (bornane-10,2-sultam) as the chiral auxiliary3! (scheme-

13),
N Ry
05 O
33

re-face addition of
hydrogen favoured

ElOQC___
H H
@ e 82:/
Ve (1}
(OC)Cr Xe >08% de

Xc
XcH = Camphorsultam

Scheme-13

Other terpene derived chiral auxiliaries also have given impressive
results in asymmetric reactions. For example the [4+2] cycloaddition of
butadienc with (-) dimenthyl fumaratc in presence of TiClg as the catalyst,
followed by removal of the auxihiary afforded 35 in 78% ce. The ee value was
raised to 90% in presence of diisobutyl aluminium chloride catalyst32

(scheme-14).
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CO,H

( . R"‘OzCl hydrolysis O’
X “COH

CO,R*
34 38

Scheme-14

The result has been rationalized by invoking the transition state model 36,
where the diene approaches the s-trans conformer of the dienophile from the
side away from the isopropyl group. 8-phenyl mcnfhol 37 was found to be

superior to mentho! itself33.

si-face addition
favoured

In the [4+2] cycloaddition of acrolein, mandelic acid derived diene
afforded adducts with 94% diastereoselectivity34, and the outcome is explained

on the basis of a transition state model involving 38. In a conformation where
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the methoxy and carbonyl groups are eclipsed, the approach of the dienophile

occurs from the face opposite to the bulky phenyl group.

e

H
o=
H3CO ¢ i
38

Many of the above illustrations reveal that metal ion chelation also
plays a crucial role in asymmeuwic reactions using chiral auxiliaries. The
chelation establishes a fixed stereochemical relationship between stereogenic
centres and reaction sites. Often the diastereoselectivity is reversed in the
absence of a catalyst. In most of the examples cited, the products were
obtained in excellent ec values, suggesting that chiral auxiliaries can give
results comparable to enzymatic reactions. The chiral auxilianes are readily
available and the experimental conditions are simple. Thus the auxiliary
mediated asymmetric synthesis 15 a valuable and practical method for the
synthesis of enantiomerically pure compounds.

Although considerable progress has been made during the last few years
much remains to be done and asymmetric synthesis continues to be a very
active area of research. In this context, it was of interest to synthesize chiral
auxiliaries and host molecules from readily availabe natural products such as
bile acids and carbohydrates and the results of our investigations are embodied

in this thests.
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A part of this thesis is concerned with the design and synthesis of crown
ethers derived from steroids. Therefore, before concluding this chapter it is
appropriate to give a brief description of the use of crown ethers in the

recognition of chiral molecules.
1.4 Crown ethers in chiral recognition process.

Most of the biochemical reactions of Nature are catalyzed by enzymes
and synthetic chiral receptors are considered as "enzyme-mimics”. During the
past two decades considerable progress has been made towards the design,
synthesis and evaluation of these and other artificial receptors3>. The efficient
binding of alkylammonium ions including amino acids has been achieved by
different types of crown ethers. The 22-crown-6-derivative 39, synthesized by
Cram30, is the first compound of this type that exhibits chiral recognition.

OO 0/—,\0/\\0 ‘O RY(‘)/\ O/\‘o R
oI Y CC PR
R = CH,OCPhj

39 40

Compound 39 showed selectivity towards the R-enantiomer of racemic
phenylethylammonium hexafluorophosphate.  Another chiral crown ether
which was used for this purpose is the carbohydrate derived3? 18-crown-6 ether
40. The earliest reports on synthetic receptors from carbohydrates were
concerned with those derived from D-ribose38. Derivatives of D-mannitol,

L-threitol and L-iditol have been used for the synthesis of various substituted3”
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as well as fused ring crown ethers3?.  The first example of a crown ether
synthesized by this strategy37 is 41. Resolution of several amino acid salts was
also carried out by chromatographic means, where the receptor used as
adsorbant was immobilized by attachment to resins40. In these methods, the
separation of enantiomers is aided by hydrogen bonding and dipole-dipole

attractions as well as charge transfer interactions.

A more detailed description of crown ethers and chiral receptors

incorporating carbohydrates and steroids is given in chapter 4 of this thesis.
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CHAPTER 2

ASYMMETRIC SYNTHESIS USING BILE ACIDS AS
CHIRAL AUXILIARIES

2.1 Introduction

The use of chiral auxiliaries in asymmetric synthesis is an area of active
rescarch in organic chemistry! (see chapter 1, section 1.3). The most promising
auxiliarics are thosc derived from natural amino acids? and terpenes3. Even
though stcroids are relatively abundant and are potentially capable of providing
asymmetric cnvironment for organic transformations, they have received only
very little attention as chiral auxiliaries®. Thercfore, it was interesting to
undertake some investigations in this area. In particular, we have been
intcrested in the application of the bile acids, deoxycholic acid 1a and cholic

acid 1b as chiral auxiliaries.

H(:S

laR=H
Ib R =0H

These bile acids are inexpensive, readily available in optically pure forin
and are cndowed with suitably oriented functional groups in a rigid

back-skelcton amenable to the attachment of prochiral moieties. It is
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rcasonable to assumc that the rigid polycyclic steroid ring system can provide
“chiral shiclding" for the prochiral moicty so that thc approach of the rcagents
would take place only from one face of the functional group. Another
advantage is that the hydroxyl groups of 1a and 1b exhibit differential chemical
reactivity3, The C-3 hydroxyl group of cholic acid is more reactive towards
acylation than the C-7 hydroxyl, which in turn is more reactive than the one at
position 12. The highcf reactivity of the C-3 hydroxyl 1s attributed to its
cquatorial oricntation with respect to ring A. In spite of all these advantages
there have been only few reports on the use of bile acids as chiral auxiliaries.
These include the asymmetric synthesis of a Troger's base analogue® and
I, I'-binaphthol? using deoxycholic acid as the chiral template and the use of
chiral auxiliaries derived from cholic acid in asymmetric Diels-Alder reactions$
and a-ketoester reductions?.

We have now undertaken a detailed study exploring the use of 1a and 1b
as auxiliaries for the synthesis of y- and &-lactones in optically active form.
Lactone functionality is present in a large variety of important natural products
including pheromones of different insects!®, plant growth regulators!! and
other biologically active compounds. Lactone dertvatives arc among conmon
flavour components!2 used in perfumery and food industry. They also serve as
intermediates 1n the synthesis of a number of natural products. Most of them
arc chiral and their physiological activity depends on the absolute
configuration!3; often the optical purity of the substance determines the
biological activity!4. In view of the importance of this class of compounds,
many optically active lactones have been synthesized in recent years. Their
synthesis in chiral form often relies on complex multi-step transformations
mvolving chiral natural products!5, or enzymatic!6.!” methods. In several

cascs it has been possible to induce chirality by the use of a chemical reagent!8.
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Recently the lipase catalyzed asymmetric resolution of lactones via hydrolysis
was reported!92, While all these methods are useful for the synthesis of chiral
lactones, they generally suffer from serious drawbacks. Symthesis from a
natural optically active compound is often very inefficient. Enzymatic
reduction involves an expensive cofactor (NADH) which has to be regenerated
during the reaction and the procedure is very costly and diﬁict'lm to scale-up.
Microbial reduction is restricted to specific compounds which happen to be
utilized as growth substrates and therefore the substrate specificity and
stereochemical outcome are unpredictable. Use of chiral rea;,icntsm require
critical control of the reaction conditions and have given products of relatively
low optical punty. The resolution via enzymatic hydrolysis leads to
compounds with modest ¢e¢ values. Often such resolutions {procced with
difficulty due to the inhtbition of the enzymes by the resulting hydroxy acid.
This chapter describes a facile synthesis of a y-butyrolactone and
8-valerolactone in optically active form using deoxycholic acid and cholic acid

as auxiliaries and the results are given in section 2.2.1.

2.2 Results and Discussion

2.2.1 Synthesis of optically active lactones using deoxycholic acid and
cholic acid as auxiliaries

|
The rcadily available bile acrds, deoxycholic acid 1a and c!holic acid 1b
were csterificd with methanol to afford 2a and 2b respectively. Compound 2a
on reaction with benzoylpropionyl chloride 3a and bcnzoylbutyiyl,l chlonde 3b
afforded the ketoesters 4a and 4b. Similarly methyl cholate 2b was converted
to the ketoesters 4c and 4d. Reduction of these ketoesters under different
conditions provided the hydroxy esters 5a-5d in good chemical yields. The

hydroxy esters Sa-5d were saponified using 1M L1OH to remove ‘the auxihary
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and acidification of the reaction mixture afforded the optically gctive lactones

G6a and 6b ih 78-82% yields. The auxihiaries were: also recovered from the

reaction mixture almost quantitatively (scheme-1).

OH 2a R =H CHCA, reflux

3an=1]
3bn=2

Phy] f])" i, IM LiOH
- 0 ‘__—_

H" 0 ii, IM HCI

6an=1|
6bn=2

* Sce Table | for conditions

Scheme-1

4+bR=H,n=
4cR=O0OH, n

4dR=0H,n |

chduction"

o

ﬁ—\co,cﬂg




29

The structures of all the compounds described were established by
spectral and analytical data. The IR spectrum of compound 4a exhibited
hydroxyl absorption at 3450 cm-l and carbonyl absorptions at 1735 and
1718 cm-}. In the 'H NMR spectrum the aromatic protons resonated as
multiplets centred at & 7.9 (2H) and § 7.5 (3H). The singlet at § 3.6 integrating-
for the OCH3 protons and the multiplet at & 2.9 integrating for the six COCH
protons are in agreement with the assigned structure, In the !3C NMR
spectrum signals appeared at 8 180.5 and 176.0 for the >C=0 carbon atoms and
the aromatic carbons resonated at 5 134.1, 129.0 and 128.2. For the hydroxy
ester Sa, the IR spectrum showed hydroxyl absorption at 3460 cm-! and
carbony) absorption at 1740 cm-1. The 'H NMR spectrum displayed a singlet
at 8§ 7.3 (5H) corresponding to the aromatic protons. !3C NMR spectrum
showed a signal at 8 171.5 for the carbonyl carbon and signals at § 127.0 and
126.2 revealed the presence of aromatic carbon atoms. The mass spectrum (EI)
revealed the M* peak at m/z 568 further confirming the assigned structure.

The spectroscopic and analytical data obtained f$r the lactones
synthesized were consistent with the literature data!®. The yields obtained
under different conditions used for the reduction of ketoesters and the ee values
obtained for the lactones are given in Table 1.

It is noteworthy that higher e¢ values are obtained when the reduction
was carricd out with NaBH4 in presence of ZnCl, irrespective of the
tempcerature. The observed results may be attributed to a transient chelation of
Zn2* with the C-12 hydroxyl gro;xp of the auxiliary and the carbonyl as shown

m figure 1.
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Table 1
Entry Keto  Reduction conditions Lactone e (%)*  Yicld**
cster (R) (%)

] 42 NaBli,, -5°C 6x 10 82
2 4b " 6b 6 79
3 4a ZnCl,, NaBHy, -5°C 6a 42 80
4 ab “ 6b 32 78
S 4a ZnCl,, NaBHy, -78°C  6a 47 80
6 4b " 6b 13 77
7 Ac NaBH,, -5°C 6a 5 80
8 4d ; 6b 8 78
0 4c  ZnCly NaBH4, -5°C 6a 40 81
10 4d n 6b 31 18
11 " 4¢ ZnCl,, NaBH,, -78°C  6a 42 80
12 4d . 6b 30 78

* ¢e values were obtained by comparing optical rotations with
those reported in the literature. ** Isolated yield.

CO;CH;3

Fig. 1

In such a chelated intermediate which involves the a-hydroxyl group in

the sterotd ring system, hydrnde 1on delivery takes place from the a-face of the
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carbonyl group leading to the product having R-configuration. The negligible
optical rotation obtained when the reduction was carried out with sodium
borohydride is consistent with the argument in favour of a transient chelation.
Carbonyl reduction of the ketoesters was also done in the presence of the more
“oxophilic" Ce?* ions. The ee¢ values were comparable with those of the
lactones obtained in the NaBH4 reduction.

The kctocsters 7a and 7b  werc synthesized by condensing
benzoylformyl  chlonnde with  methy! deoxycholate and methyl cholate
respectively in presence of pyridine.  Their reduction using  NaBHg in
presence of ZnCly afforded the hydroxy csters 8a and 8b. Saponification
followed by acidification afforded the product, mandelic acid 9 in the racemic
form (scheme-2). The lack of chiral induction in this case may be due to the
absence of transient chelation suggesting that the keto group is too far for
coordination. In this situation the carbonyl reduction can take place from both
faces leading to the formation of the racemic product.

The kctoesters 7a and 7b were characterized spectroscopically. The IR
spectrum of compound 7a showed absorbance at 3460 cm-! for the hydroxyl
group. Absorbances at 1735 and 1718 cin-! revealed the presence of carbonyl
groups. The 'H NMR spectrum showed multiplets for the aromatic hydrogens
at 8 7.85 (2H) and at 8 7.50 (3H). The 13C NMR signals at § 178.0, 175.2 and
172.1 supported the existence of carbonyl groups and the aromatic carbons
resonated at & 135_‘5‘ 129.2 and 128.5. The disappearence of the peaks
corresponding to the benzoyl protons in the lH NMR spectrum is diagnostic for
the reduced product 8a. All other spectroscopic data were in agreement with

the suggested structure.
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TaR=H 8a R =H

7bR = OH 8b R = OH
i, IM LiOH
wLMAHG
H
PWﬂ}COOH
9 (D)

Scheme-2
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2.3 Experimental

Genceral

Melting points were recorded on a Buchi-530 melting point apparatus and are
uncorrected. Optical rotations were measured using a JASCO DIP 370 digital
polarime ter at ambient temperature (24-27°C). Infrared (IR) spectra were
recorded on a Perkin-Elmer model 882 spectrophotometer. Proton NMR were
rccorded on JEOL EX-90 MHz, Bruker 200, GE 300 (QL PLUS) or Varian 200
MHz NMR spectrometers. NMR spectra were obtained using chloroform-d as
the solvent unless otherwise mentioned. Chemical shifts are in parts per
milion (8) using tetramethylsilane (TMS) as internal standard. Abbreviations
used in proton NMR data are s : singlet, brs: broad singlet, d: doublet, t: triplet,
dd: doublct of doublet, m: multiplet. Elemental analyses were performed on a
Perkin-Elmer 2400 CHN analyser. Mass spectral analyses were obtained from
Finnigan MAT Model 8430.

Analytical thin layer chromatography was performed on glass plates
coated with silica gel (E. Merck) containing 13% calcium sulfate as binder.
Visualization of the spots was achieved by exposure to 1odine vapour or by
methanolic sulfuric acid spray. Silica gel (100-200 mesh, ACME s.d. fine or
SRL) was used for column chromatography. Moisture sensitive reactions were
carried out by synnge-septum technmique and conducted under nitrogen
atmosphere. Solvents were dried and distilled according to literature procedure
prior 1o usc. Pctroleum cther refers to the fraction boiling between 60-80°C.
Solvents were removed using a Buchi-EL rotary evaporator. Benzoylpropiony!l
chloride and benzoylbutyryl chloride were prepared by recacting the
corresponding acids with thionyl chioride in CHCl3. Benzoylformyl chlornide
was obtained by the rcaction of benzoylformic acid with oxalyl chloride at

room temperature.
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Methyl deoxycholate 2a

Deoxycholic acid (0.785 g, 2 mmol) in methanol (15 ml.) was stirred at room
temperature in presence of conc. HoSO4 (2 drops) for 4h. The reaction mixtdre
was neutralized with NaHCO3 and the solvent was removed in vacuo. The

product was extracted into CH,Cl, ( 30 mL) and then washed with brine. The

organic layer was dned over anhydrous sodium sulfate and the solvent was
removed by distillation. The product was purified on silica gel column using
30% EtOAc in hexane as the eluent to afford 2a as a colourless solid (0.79 g,

97%). Crystallization from ethyl acetate-hexane mixture afforded colourless

crystals of 2a; mp. 178-179°C.

IR (KBr) 1 3460, 2955, 1733, 1176 cm-!
(H NMR (60 MHz, CDCl3) : 8 3.6 (m, 2H, OCH), 3.4 (5, 3H, OCHj),

2.2 (brs, 2H, OH), 1.8-1.0 (i, steroidal
CH, and CH), 0:85 (s, 3H, CH3)

Methyl cholate 2b

Cholic acid (0.82 g, 2 mmol) in dry methanol (15 mL) was stirred in presence
of 2 drops of conc. HSO4 for 4h., The reaction mixture was worked up as
described for compound 2a, and the product purified by silica gel column
chromatography using 35% EtOAc in hexane as the eluent. Compound 2b was
obtained as a colourless solid (0.8 g, 94%) which was crystallized from a

mixturc of ethyl acetate and hexane to afford colourless crystals; m p.182-
183°C.
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IR (KBr) : 3510, 2960, 1728, 1182 cm-!
IH NMR (90 MHz, CDCl3) : 8 3.7 (m, 3H, OCH), 3.5 (s, 3H, OCHy),

2.0 (brs, 3H, OH), 1.8-0.9 (m, steroidal CH
and CH»), 0.85 (s, ‘CH3)

Benzoylpropionate of merthyl deoxycholate 4a
Methy) deoxycholate 2a (3.0 g, 7.38 mmol) in CHCl3 (30 inL) was treated with

pyridine (0.9 mL, 11.07 mmol). To this solution benzoylpropiony! chloride
(1.69 g, 8.86 mmol) in dry CHCI3 (15 mL) was added slowly and the mixture

was stirred for 3h at reflux temperature. The reaction mixture was diluted with
CHCI13 (30 mL), washed successively with saturated ICuSO4 solution, saturated

NaHCOj solution, water and then with saturated brige. The organic layer was

dried over anhydrous sodium sulfate and the solverit removed under reduced
pressure. The crude product was purified by silica gel column chromatography
using ethyl acetate:hexane (15:85) as the eluent. The product 4a was obtained
as a colourless solid (3.02 g, 93%) and crystallized: from ethyl acetate-hexane
mixture; m p. 179-180°C.
|
IR (CH,Cl> film) : 3450, 2958, 1735, 1718, 1435 cm-1
TH NMR (200 MHz, CDCl3) : 8 7.90 (m, 2H, Ar-H), 7.5 (m, 3H, Ar-H),
3.8 (m, 2H, OCH), 3.6 (s, 3H, OCH3y), 2.9
(m, 6H, COCHy), 1.8-1.2 (m, stcroidal CHy
and CH), 0.86 (5, 3H, CH3)
13C NMR (50.2 MHz, CDCl3) :8 180.5, 176.0,:174.2, 134.1, 129.0, 128.2,

116.5, 75.2, 7310, 52.0, 49.1, 47.0, 42.2,
36.0,32.2,29.0, 28.1, 24.1, 18.2, 14.0.
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Anal. caled. for C35H5006 - C,74.16;, H, 8.90

Found - C, 74.13; H, 8.87

Hydroxy ester Sa |
ZnCly (0.41 g, 3 mmol) was added to a solution of the ketoester 42 (1.13 g,

2 mmol) in THF (20 mL) and the mixture was cooled o -5°C with stirring.
After 15 min. NaBH,4 (0.227 g, 6 mmol) was added and stirred for 10 muin.

Excess NaBH4 was quenched with dil. HCI and the product was extracted into

ethyl acetate (4x20 mL) after diluting the reaction mixture with water. The
organic layer was dned over anhydrous sodium,; sulfate and the solvent
removed under reduced pressure. Puriftcation ot"i the product by column
- chromatography on silica gel using 25% ethyl acetate in hexane as the eluent
afforded 5a as a colourless solid (1.07 g, 93 %) and this was crystallized from

ethyl acetate-hexane mixture; m p. 181-182°C. !

IR (CHCl; film) : 3460, 2960, 1740, 1430 cm-|

'H NMR (200 MHz, CDCl») : 8 7.3 (s, 5H, Ar-H), 3.95 (m, 3H, OCH),
3.65 (s, 3H, OCHj3), 2.5 (m, 4H, COCH),
1.9 (brs, 2H, OH)| 1.85-1.0 (m, steroidal
CH and CH>), 0.85 (s, 3H, CH3)

1C NMR (22.4 MHz, CDCl3)  :8171.5, 170.0, 127.0, 126.2, 76.9, 53.2,
46.2, 36.0, 34.7, 30.7, 30.6, 28.4, 26.0,
23.6, 22.2, 20.0, 14,

EIMS (m/z) : 568 (M*, 20), 549 (60), 371 (100)
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Benzoylbutyrate of methyl deoxycholate 4b
A solution of methyl deoxycholate (2.03 g, 5 mmol) in dry CHCl3 (30 mL) was

treated with pyridine (0.70 mL, 7.5 mmol). To this solution benzoylbutyryl
chloride (1.25 g, 6.5 mmol) dissolved in CHCI3 (15 mL) was added dropwise
and the mixture was stirred at reflux temperature for 3h. Work up by the same
procedure described for compound 4a followed by purification of the product
on a silica column using 15% ethyl acetate in hexane as the cluent afforded 4b
(2.09 g, 71%) as a colourless solid. Crystallization from ethyl acetate-hexane

afforded the product as colourless crystals; m p. 183-184°C.

IR (KBr) : 3450, 2958, 1735, 1718 cm-!

'H NMR (200 MHz, CDCl3) 8 7.9-78 (m, 2H, Ar-H), 7.51 (m, 3H,
Ar-H), 3.80 (m, 2H, OCH), 3.60 (s, 3H,
OCH3j), 2.6 (m, 6H), 1.85-1.2 (m, steroidal
CHj and CH), 0.89 (s, 3H)

13C NMR (22.4 MHz, CDCl;) @ 8 182.1, 175.0, 135.0, 129.0, 128.1, 75.0,
52.0, 49.0, 48.5, 46.2, 39.5, 38.0, 37.0,
36.0, 34.5,30.0, 29.1, 27.0, 26.0, 24.0,
23.0, 22.0, 19.0, '14.5.

Anal. calcd. for C3gH520¢ : C, 74.45; H, 9.02
Found . :C,74.64; H,9.21
Hydroxy ester 5b

ZnCly (0.409 g, 3 mmol) was added to a solution of the ketoester 4b (1.16 g,

2 mmol) in THF (20 mL) and the mixture was cooled to -5°C with stirring.
After 15 min. NaBH, (0.227 g, 6 mmol) was added and this was stirred for 10

min. The reaction mixture was processed according to the procedure described
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for compound Sa. Purification by column chromatography on silica gel using

25% EtOAc in hexane afforded the product Sb (1:15 g, 98%) as a colourless

powder.
IR (KBr) : 3460, 2955, 1740, 1429 cm-1
IH NMR (200 MHz, CDCl3) - 87.25 (s, SH, Ar-H), 3.95 (m, 3H, OCH),

3.65 (s, 3H, OCH3), 2.3 (m, 4H), 2.0
(brs, 2H, OH), 1.86-1.21 (m, steroida! CHp
and CH), 0.87 (s, 3H, CH3).

1I3C NMR (22.4 MHz, CDCl3) 8 170.0, 133.5, 127.1, 126.2, 77.0, 53.0,
46.0, 36.2, 34.6, 30.7, 28.5, 26.1, 23.2,
22.6, 20.0, 19;1, 14.5.

EIMS (m/z) 1 582 (M*, 4), 562 (35), 388 (100).

Benzoylpropionate of methyl cholate 4c

Methyl cholate (3.0 g, 7.1 mmol) in dry CHCl3 (30 mL) was treated with
pyridine (0.9 mL, 11.07 mmol). Benzoylpropiony! chloride (1.69 g, 8.86
mmol) was added and the mixture stirred at reflux temperature for 3h. The
reaction mixture was worked up as descnbed for compound 4a.
Chromatographic purification of the product on silica gel using ethyl
acetate:hexane (20:80) as the cluent afforded 4c as a colourless solid (2.85 g,
69%). On crystallization from cthyl acetate-hexane mixture colourless crystals

of 4¢ was obtained; m p. 187-188°C.

IR (KBr) 1 3490, 2958, 1730, 1720, 1425, 1172 cm-!
'H NMR (90 MHz, CDCl3) -8 7.8 (m, 2H, Ar-H), 7.5 (m, 3H, Ar-H),

3.85 (m, 3H, OCH), 3.6 (s, 3H), 2.75
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(m, 4H, COCH), 2.0-1.5 (m, steroidal CHy .
and CH), 0.85 (s, 3H,/CH3)
13C NMR (22.4 MHz, CDCl3)  : & 180.0, 175.5, 172.0, 1352, 129.0, 128.5,
75.0, 52.0, 48.0, 45.4:.l 39.5, 38.0, 34.5,
30.0, 20.0, 26.2, 24.3] 23.2, 20.1, 19.0,

|

14.0.
Anal calcd. for C35H5007 :C, 72.12; H, 8.65 |
Found :C, 72.18; H, 8.59

Hydroxy ester 5c¢
ZnCly (0.409 g, 3 mmol) was added to a solution of thc;'ketoester 4c (1.164 g,

2 mmol) in THF (20 L) and the mixture was cooled lj -5°C with stimng for

15 min. followed By the addition of NaBHy4 (0.227 g, § mwmol). The reaction

mixture was stirred at -5°C for 10 min. and work up dy the usual procedure
followed by silica gel column chromatography using;30% ethyl acetate in

hexane as the eluent afforded Sc as a colourless powder (1.05 g, 90%)
|

IR (KBr) : 3480, 2960, 1725, 15.60 cm-1
IH NMR (90 MHz, CDCl3) :87.5 (m, SH), 3.75 dm 4H, OCH), 3.65
| (s, 3H, OCH3), 2.6 qm 2H), 2.0-1.0
(m, steroidal CH and CH»), 0.85
(s, 3H, CH») |
I3C NMR (22.4 MHz, CDCl3)  : 8 179.0, 175.0, 174.5, 135.2, 128.3, 75.1,
51.5, 48.2, 46.0, 20.0, 14.5, 14.0.

|
EIMS (m/z) . 584 (M*, 15), 567 (60), 255 (100)
|
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Benzoylbutyrate of methyl cholate 4d
To a solution of mcthyl cholate (3.0 g, 7.1 mmol) in dry CHCly (30 mL),

pyrtidine (0.9 mL, 11.07 mmol) was added. Benzoylbutyry! chloride (1.74 g,
8.52 mmol) dissolved in dry CHCl3 (20 mL) was added to the above soiution
and stired for 3h. The reaction mixture was pracessed as detailed for
compound 4b. Product was purified by silica gel column chromatography
using 20% EtOAc in hexane as the eluent. Compound 4d was obtained as a
cofourless solid (2.83 p, 67%) and was crystallized friom ethyl acetate-hexane

mixture {o afford colourless crystals of 4d; m p. 188-189°C.

IR (KBr) : 3450, 1732, 1720, 1455 cm-1.

IH NMR (90 MHz, CDCl3) £ 8 7.75 (m, 2H, Ar-H), 7.25 (m, 3H, Ar-H),
3.75 (m, 2H, OCH), 3.65 (s, 3H, OCH3y),
2.7 (m, 6H), 1.8-1.25 (m, steroidal CH and
CH,), 0.85 (s, 3H, CH3)

I3C NMR (22.4 MHz, CDCl3)  : § 186.0, 178.2, 172.2, 135.5, 128.2, 75.6,
52.4,49.1, 46.2, |425, 39.5, 38.0, 37.0,
36.2, 34.5, 30.5, 28.5, 27.0, 24.5, 22.0,
20.0, 19.0,14.0.

EIMS (m/z) 1 597 (M*, 5), 579 (60), 388 (100)

Hydroxy ester 5d
ZnCly (0.409 g, 3 mmol) was added to a solution of compound 4d (1.192 g,

2 mmol) m THF (20 mL) and the mixture was cooled to -5°C with stirring.
After 15 min. NaBHy4 (0.227 g, 6 mmol) was added and the mixture stirred for

10 min. The reaction mixture was worked up as described for compound Sa

and purified by cluting with 30% ethyl acetate in hexane from a silica gel
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column. The product Sd was obtained (1.15 g, 96%) asia colourless solid

which on crystaltization from ethyl acetate-hexane mixturd afforded colourless

crystals; m p. 189-190°C.

IR (KBr) - 3460, 1745, 1455, 1179 cm-

'H NMR (90 MHz, CDCl3) : 8 7.5 (m, 5H, Ar-H), 3.90 (m, 3H, OCH),
3.6 (s, 3H, OCHj3), 2.2 (m, 4H), 1.7-1.0
(m, steroidal CH and CH»), 0.86
(s, 3H, CH3) |

EAMS (m/z) - 598 (M*, 3), 581 (80), 388 (100)

y-phenyl-y-butyrolactone (6a)

Hydroxy ester 5a (1.136 g, 2 mmol) was dissolved in THF (30 mL), IM LiOH
(10 mL) was added and the solution stirred for 5h at room temperature. The
reaction mixture was acidified with 1M HC) and the products were extracted

into ethyl acetate. The organic layer was washed with water and dried over

anhydrous NayS0,4. Solvent was removed under reduced. pressure and the

product purified by silica gel column chromatography! using 10% EtOAc in

hexane as Mne eluent. Compownd 6a was obtained as a calourless viscous liquid
(0.26 g, 81%); [e)?0p +16°, (¢ = 1%, CHCI3), lit.190 [a]23p, +32.5°, (¢ = 4.3%,
Cr\Ch) . .

5-phenyl-5-valerolactone (65)
Hydroxy cster 5b (1.16 g, 2 mmol) was dissolved in THF (25 mL). To ths
solution 1M LiOH (10 mL) was added and stitred for 4h at room temperature.

The reaction mixture was acidified with 1M HC\ and the product extracted with
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ethyl acetate (4x20 mL). The combined extracts were dned over anhydrous

NapSO4 and the solvent was removed in vacuo. Purification by silica gel
column chromatography using 10% EtOAc in hexane as the eluent afforded 6b
as a colourless viscous liquid (0.28 g, 80%); [a]?6p +16°, (¢ = 1%, CHCly),
lit. 19d [@]265 +52°, (¢ = 1%, CHCl3)

Benzoylformate of methyl deoxycholate 7a
Methyl deoxycholate (2.03 g, S mmol) in dry CHCl3 (30 mL) was treated with

pyridine (0.7 mL, 7.5 mmol). To this solution benzoylformyl chioride (1.01 g,
6 mmol) dissolved in CHCI3 (15 mL) was added and the mixture was stirred at
room temperature for Sh. The reaction mixture was worked up by the usual
proccdurec and the product punfied by silica gel column chromatography.
Clution with 15% EtOAc in hexanc afforded 7a as a colouriess solid (2.04 g,
6%).

IR (CH»Cl5 film) : 3460, 2956, 1735, 1718 cm-!

'H NMR (90 MHz, CDCl3) : 8 7.85 (m, 2H), 7.5 (m, 3H), 3.7 (m, 2H,
OCH), 3.65 (s, 3H), 1.8-1.0 (m, steroidal
CH and CHj), 0.8 (s, 3H, CH3)

13C NMR (22.4 MHz, CDCl3) :8178.0, 175.2, 172.1, 135.5, 129.2, 128.5,
75.5,29.0, 28.2, 27.3, 24.0, 14.0.

EIMS (m/z) : 538 (M*, 20), 520 (60), 388 (100)

Hydroxy ester 8a
ZnCl, (0.409 g, 3 inmol) was added to a solution of the ketoester 7a (1.07 g,

2 mmol) in THF (20 mL) and the mixture was cooled to -5°C with stirming.
After 15 min NaBH4 (0.227 g, 6 mmol) was added to the above reaction
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mixture and stirred for 10 min. Work up by the usual procedure followed by
silica gel column chromatography using 20% EtOAc in hexane as the eluent

afforded the product 8a as a colourless powder (0.96 g, 89%).

IR (KBr) : 3480, 2960, 1726, 1439 cm-!

'H NMR (90 MHz, CDCl3) : 8 7.4 (m, 5H, Ar-H), 3.7 (m, 3H, OCH),
3.6 (s, 3H, OCHa), 2.1 (brs, 2H, OH),
1.75-1.0 (m, stcroi-dal CH and CHy), 0.86
(s, 3H, CHy).

Mandelic acid 9

Hydroxy cster 8a (1.08 g, 2 mmo!) in THF (20 mL) was stirred with M LiOH
(8 mL) for 3h. The reaction mixture was acidified with dil. HCl and the
solution saturated with NaCl. The product was extracted into EtOAc

(5x15 mL) and punfied by silica gel column chromatography. Elution with
30% EtOAC in hexane afforded 9 as a colourless solid (0.182'g, 60%): [a]p26
-2°, (¢ = 1%, MeOH); 1it20. [at]526 -153° (c = 2.5, Hp0).

IR (KBr) . 3480, 3050, 1752 cm-!
'HNMR (90 MHz, DMSO dg) : & 9.2 (s, 1H,, COOH), 7.6 (s, 5H), 4.1

(s, 1H), 2.2 (brs, 1H, OH)
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CHAPTER 3

ASYMMETRIC SYNTHESIS USING NOVEL CHIRAL
AUXILIARIES DERIVED FROM D-GLUCOSE

3.1 Introduction

Our investigations using deoxycholic acid and cholic acid as chiral
auxiliaries have been discussed in the previous chapter. The chiral induction
obtained with these auxilianies has been modest and therefore we decided to
explore the use of carbohydrates as auxiliaries.

Carbohydrates are inexpensive and readily available natural products,
endowed with many chiral centres and functional groups. In spite of their
availability in optically pure form, they were not used as chiral auxilianes for a
long time. Carbohydrates were considered too complex and it was believed
that the chiral information they contain could not be exploited in an organized
manner. Later 1t was recognized that the carbohydrate components of
glycoconjugates play a decisive role in biological recognition!. For example,
selective interaction of carbohydrates with rclccptors regulate the uptake of
serumn proteins into cells?; they are also involved in immunological processes3.
These interesting findings made researchers aware that carbohydrates contain
considerable amount of regio- and stereochemical information, which can be
utilized for the synthesis of chiral products. Since then, carbohydrates have
found some use as chiral auxiliaries in stereoselective reactions4. The early
experiments of LandorS are representative of the many reactions in which

carbohydrate derivatives provide stereodifferentiation. Lithtum alkoxy
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alumintum hydrides 1a-1c prepared from LAH and D-glucose derivatives were

cmployed for the stcreoselective reduction of propiophenone to [-phenyl

propanol.
u
) T @
HQAP U
0" o
~ 0 QOH
lc @\/
e
(R):(8)=21:79
InR = C”}
IbR = CQHS
¢ R = CH,Ph

Individual examples of the use of carboﬁydratcs as chiral auxiliaries
involve aldol condensations$, Diels-Alder reactioris’.8, [2+2] cycloaddition?-1!,
cyclopropanation!? and Michael addition reactionis!3.14, The most impressive
among thesc is the cyclopropanation!2 by the addition of carbenoids to alkenes

using a glucose derivative as the chiral auxihary (scheme-1).

OBz OBz

BzO O——= -Ph ———— B4 O
OH

Ph
CH,1, . OH \/V/

Scheme-1 i
Exccllent diasiereoselectivities (ca. 100:1) were ‘observed and the products
were obtained in high yields.
The literature survey presented above clearly indicates that, although
potentially useful, carbohydrates have found only marginal application as chiral

auxiliaries. Therefore, it was of interest to undertake some investigations in
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this area. We focussed our attention on anhydrosugars readily available from
monosaccharides!3. The anhydrofuranosides 1Ih and 2b appeared particularly
attractive and our investigations using 2a aﬁd 2b as chiral auxiliaries are
described in this chapter. | |

2aR= CH3
2b R = CH,Ph

The salient features of these auxiliarigs include the presence of a
concave and convex face to provide selecﬁvityi, for attack by the reagent. 2a
and 2b have five chiral centres, including the two bearing hydroxyl groups that
are distinguishable in their reactivitiy. The twoicis fused five membered rings
of 2a as well as 2b form a wedge shaped geome:uy. Since the C-5 hydroxyl is
projecting towards the wedge (B) and is hydrogeEn bonded with the ring oxygen
atom, it is less reactive than the o-oriented C:+'2 hydroxyl group. Prochiral
groups can be tethered to the C-2 hydroxyl, préferentially, because it is more
reactive than the C-5 hydroxyl group.

Section 3.2.] of this chapter describes thc"l synthesis of 2a and 2b, while
3.2.2 deals with their use as chiral auxiliaries in qic synthesis of optically active
lactones, and mandelic acid. Their use as chim auxiliaries in asymmetric

Diels-Alder reaction is described in section 3.2.3..
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3.2 Results and Discussion

3.2.1 Synthesis of 1-O-Methyl-3,6-anhydro-o-D-glucofuranoside (2a)
and 1-O-Benzyl-3,6-anhydro-a-D-glucofuranoside (2b)

The anhydrofuranosides 2a and 2b were synthesized from D-glucose in

four steps (scheme-2).

OH OTs
HO o . . AcO Q
H(:% ; TsCl, Pyridine, rt Acm
OHOR i, Acy,0 OACOR
3a R=CHj 4a R =CH;,
3b R = CH,Ph 4b R = CH,Ph -
2N NaOH
THF
HQ gy |
0
o
H OH HO OH
2a R = CHj Sa R = CH,
2bR = CHzPh SbR = CHzPh
Scheme-2

Methyl a-D-glucopyranoside 3a was synthesized from D-glucose by
heating it in methanol with the resin Amberlite [R-120 (H*). Tosylation of 3a
using tosylchloride in presence of pyridine resulted in the formation of 1-O-
methyl-6-O-tosyl-a-D-glucopyranoside. To facilitate the isolation of this
product it was necessary to convert it to the acetate. This was accomplished by
the addition of acetic anhydride to the reaction mixture. 1-O-methyl-6-O-tosyl-

3,4,5-tr1-O-acetyl-a-D-glucopyranoside (4a) was isolated in 67% yield.
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Deacetylation of 4a using 2N NaOH resulted in the-formation-of nfethyl-3,6-
anhydro-o-D-glucopyranoside!7 5a. The anhydropyrano’siﬁfé’ﬁhg system is
highly strained and therefore it smoothly rearranges to the more stable
furanoside 2a under acidic conditions. In an analogous manner, benzyl a-D-
glucopyranoside 3b was also converted to the benzyl anhydrofuranoside 2b via
the 1-O-benzyl-6-O-tosyl-3,4,5-tri-O-acetyl-a-D-glucopyranoside (4b) and the
3,6-anhydro benzyl a-D-glucopyranoside Sb.

The identity of 3a was established by comparing its physical constants
like melting point and optical rotation to those reported in the literaturel6, For
compound 4a the IR spectrum showed absorbances at 1765 and 1740 cm-l,

suggesting the presence of >C=0 groups. The aromatic protons resonated as

doublets at 8 7.9-7.6 (2H) and at § 7.4-7.1 (2H) in the 'H NMR spectrum, The
anomeric proton appeared as a doublet at § 4.8 and the OCH3 protons

resonated as a singlet at 5 3.4. The nine COCHj3 protons were visible at 8 2.0
and the Ar-CHjy protons at § 1.8. The 13C NMR spectrum exhibited signals at

5 169.9 and 169.3 for the >C=0 groups. Signals at & 132.3, 129.7 and 127.8
were attributed to the aromatic carbons, whereas those at & 101.2, 78.4 and
68.5 were assigned for the OCH carbons. The 3,6-anhydrofuranoside 2a
yielded satisfactory spectral and analytical data and its physical constants were
also comparable with the literature values!3.

Simularly, compounds 3b, 4b ~and 2b were characterized
spectroscopically. Compound 4b showed doublets centred at & 7.65 (2H) and
7.45 (2H) and a muldplet at & 7.3-7.2 (5H) corresponding the aromatic protons
in the 'H NMR spectrum, in addition to the peaks for the other characteristic
protons. The anhydrofuranoside 2b displayed absorbances at 3510 and
1430 cm-! supporting the presence of a hydroxyl group and C-O bonds in the
molecule, Its 'H NMR spectrum with a singlet at § 7.25 integrating for five
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protons showed the existence of the aromatic moiety. Peaks at & 4.9 and
8 3.7-3.5 indicated the presence of OCH protons. A broad singlet at § 2.0 (2H)
that disappeared on DO exchange proved the presence of the -OH protons. It
is noteworthy that the procedure descnbed in scheme-2 is considerably shorter

than the literature procedure, which involves eight steps!8.

The following
mechanism!® is suggested for the transformations in scheme-2.
OTs (
HO O NaOH, H,0 —~o—7OR
HO OH -
OR HO OH
Sa or Sb

lCHg OH, g

3.2.2 Synthesis of optically active lactones using 2a and 2b as chiral
auxiliaries

The special structural features of 2a and 2b described in section 3.1

render them ideal candidates for use as chiral auxiliaries in asymmetric

transformations. Our initial plan for the synthesis of lactones in optically

active form envisaged the reduction of prochiral ketones attached to the C-2

hydroxyl group of 2a and 2b followed by the removal of the auxiliary
(scheme-3).
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RO™ . Pyridine, CHCl 3, -y RO™"
H bn
2a R = CH, . } _
2b R = CH,Ph 6a R =CHj3 Ry =CgHs, n=1

6bR = CHj, R} = C¢Hs, n=2
6¢c R = CH,Ph, Ry = C¢Hs, n =1
6d R = CHyPh, R} = C¢Hs, n =2
6¢ R = CH,Ph, R| = CHj, n =1
6f R = CHPh, R} = CH3, n =2

Reduction*

O

J\/Hn\'/
%, 2 0OH
RO
'
' OH

7aR=CHj3 Ry =C¢Hs,n=1

R)

Rl& i IM LiOH
I'.. ‘ll——
H i1t IM HCI

8an=1,R;=Ph

8bn=2R;=Ph
8cn=1R|; =CH,
8dn=2R1=CH3

7b R =CHsj, Ry =CgHs, n=2
7¢ R =CH,Ph, R} = CgHs, n =1
7d. R = CH;Ph, R) = CgHs, n =2

7e R = CH,Ph, R = CH3, n =1
7f R = CHPh, R, = CH,, n =2

*For conditions see Table 1

Scheme-3

The ketoester 6a was obtained by the reaction of anhydrofuranoside 2a
with benzoylpropionyl chlonde in chloroform in presence of pyridine. Benzoyl
group of 6a was reduced under different conditions to obtain the hydroxy ester

7a and the chiral auxiliary was removed by saponification nsing 1M LiOH.
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Acidification of the reaction mixture afforded the optically active lactone 8a
(ee~73%) in 83% vyield. Ketoesters 6b-6f were subjected to the above
mentioned operations to afford the corresponding lactones via the hydroxy
esters 7b-7f. In all these cases the lactones were obtained in optically active
form with ee values ranging from 30-93%. The auxiliaries were recovered
almost quantitatively.

All the compounds presented in scheme-3 were characterized
spectroscopically. The IR spectrum of 6a showed absorbance at 3510 cm-1
indicating the existence of a hydroxyl group. Absorbances at 1740 and
1732 cm-! confirm the presence of the carbonyl groups. The 'H NMR
displayed multiplets centred at & 7.9 which integrated for 2 protons, and at
8 7.5 for 3 protons indicating the presence of benzoyl group in the molecule.

Proton at C-1 appeared as a doublet at 8 4.86. Signals at § 3.85-3.5 were due
to the various OCH protons and the signal at 8 3.4 was assigned for the -OCH3

while the COCH5, protons resonated at 8 2.9 (4H). In the 13C NMR spectrum,

the signals at & 192.0 and 178.5 were atmbuted to the carbbnyls and those at
8 135.1 and 127.0 were assigned for the aromatic carbon atoms. The-OCH
carbon signals were visible at & 88.2, 82.2 and 75.9. Similarly ketoester 6b
also gave spectral data consistent with its stucture. Compound 6¢ displayed
absorbances at 3520, 1740 and 1735 cm-} in>the IR spectrum indicating the
existence of hydroxyl group and carbony! groups in the molecule. 'H NMR
spectrum showed multiplets for the aromatic protons centred at § 7.75 and
& 7.5 which integrated for two and eight protons respectively. Its EIMS
displayed the M* peak at m/z 412 supporting the assigned structure. Similarly
compounds 6d, 6e and 6f were also charactenzed by their spectral data.
Hydroxy ester 7a showed strong absorbance in the IR spectrum at

3450 cm-l supporting the presence of OH group and the absorbance at
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1745 cm-! is attributed to the ester carbonyl. its TH NMR spectrum exhibited a
broad singlet at & 7.3 which integrated for five protong indicating the presence
of the pheny! group. Also the existence of signals at $ 4.8 and 3.5-3.2 proved
the presence of various -OCH protons in the molecyle. Appearence of the
molecular ion at m/z 338 confirmed the assigned structure. In a similar m@er
the structure of the hydroxy esters 7b, 7¢, 7d and 7f were assigned with the
help of their 'H and !3C NMR and mass spectral data. The analytical and
spectral data of the lactones 8a-8d were in agreeli'nent with the lLiterature
values20.

Expenmental conditions for the reduction of the ketoesters and the ee values

obtained for the lactones are shown in Table 1.

Table 1

Entry Ketoester Reduction conditions Lactone ee* (%) Yield (%)**

! 6a  ZnCly, NaBHy, -5°C gar) 72 83

2 6b " sbR) 31 79
3 6a ZnCl,, NaBH,, -78°C gaR) 73 80
4 6b ] 8b(R) 30 76
5 6c  ZnCly NaBH, -5°C  ga(r) 91 82
6 6d ’ 8b®) 56 77
7 6c ZnCly, NaBH,, -78°C  8a(R) 93 81
8 6d - . 8b®) 53 75
9 6e  ZnCly NaBH, -5°C  B8c(S) 82 80

10 6f n 84(5) 48 76
|

* ee values were obtained by comparing optical r(Ltations with
those reported in the literature. **lsolated yield.
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It is clear from the results that the ee values are maximum when 2b was
used as the auxiliary. Surprisingly, temperature does not have any effect on the
extent of chiral induction. y-Lactones 8a and 8c showed higher ee values than
the &-lactones 8b and 8d. To explain the results obtained, a transition state

model such as the following (figure 1) may be suggested.

A chelated intermediate with the metal ion, involving the C-5 hydroxyl
(B), the prochiral keto group and the ring oxygen, can explain the observed
configuration of the product. The role of the -OR group is not clear, but a
rationalization along the following lines mmay be made. To avoid the steric
interaction between the substituents at C-1 and C-2, the ketoester moiety
(at C-2) is pushed away from the C-1 substituent, enabling it to participate in
chelation more efficiently. Between -OCH3y and -OCHoPh the latter is
sterically more demanding and hence better results are obtained with auxiliary
2b. It is clear from fig.1 that the B-face of the carbonyl group is shielded by
the ring system and the B-hydroxyl group and therefore the reducing species
presumably approaches from the o-face more freely. The explanation given
above is in accordance with the formation of 8a and 8b in R-configuration and

8c and 8d in S-configuration. Thus, both a chelative and a stenc effect may be



57

responsible for the observed results. As the chain length of the ketoester
increases, the flexibility of the chelated intermediate also increases and this

may account for the lower ee values of the valerolactones 8b and 8d. The poor

¢e values obtained when NaBH, alone was used for the reduction provides
indirect support for the suggested model. Reduction with NaBHy4 in presence
of Ce3* tons resulted in the formation of lactones with ee values comparable to
those obtained when NaBH4 alone was uscd.{ Similar was the case when

LiBH4 was used as the reducing agent. These results underscore the fact that

Zn2* has better chelating ability than the other ions mentioned, thus indirectly
suggesting that the stereochemical outcome of the reduction is largely
controlled by chelation.

In this context, it was of interest to investigate the extent of chiral
induction in the reduction of prochiral ketones tethered to C-5 hydroxyl. With
this objective the lactones 8a and 8b wclre synthesized as outlined in
scheme-4.

Protection of the C-2 OH of 2b as the benzoate using benzoyl chloride
in presence of pyridine at 0-5°C afforded 9. The latter was then reacted with
benzoylpropionyl chloride using pyridine and catalytic amount of DMAP to
obtain 10a in 65% yield. 102 on reduction with NaBH,4 in presence of ZnClyp
at -5°C led to the hydroxy ester 1la, which on saponification followed by
acidification afforded the lactone 8a (R-configuration) in 75% ee. In an
analogous manner 11b was synthesized from 9 using benzoylbutyryl chlornde.
Reduction of 11b followed by the removal of the auxiliary afforded the lactone
8b (R-configuration) in 38% ce.
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Scheme-4

The IR spectrum of 10a with absorbances at 1735 and 1720 cm-! revealed the
presence of carbonyl groups. Proton NMR spectrum of this compound
exhibited multiplets at § 7.6-7.5 (4H) and at 8§ 7.4-7.2 (11H) for the aromatic
protons., The mass spectrum of 10a displayed M* peak at nv/z 516. The IR
spectrum of 11a showed a strong band at 3480 cm-! characteristic for
hydroxy! group. In the {H NMR spectrum, multiplets at § 7.6 and § 7.5-7.3
which integrated for 2 and 13 protbns respectively confirmed the presence of

the benzoyl group and the other aromatic protons in the molecule.
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R-configuration of the lactone 8a obtained by the above sequence may
be rationalized as follows. The ketoester moiety attached to the C-5 hydroxyl
is inside the wedge formed by the two ring systems. Therefore the B-face of
the carbonyl goup is shielded and hence the reducing'species can only approach
from the a-face. The ee value of 75% obtained for 8a may be due to the
shielding effect of the ring system. It may be recalled that under the same
reduction conditions ketoester 6¢ afforded the lactoné 8a with 91% cee (Table 1)
which was explained by invoking a steric and chelative effect. In the case of
ketoester 10a the chances for chelation is less compared to 6¢ and this may
account for the lower ee value obtained.

After completing the studies on the synthesis of chiral lactones, we
investigated the possibility of using 2b in the synthesis of optically active

mandelic acid and this is outlined in scheme-S.

oth
| 0 0, ¢°
ph” Ny C! L T°
2b O - BnO" !
Pyridine, CHCI 3 , 0-5°C o4
|, OH
ZnCly, NaBH,
THF, -5°C
0 Ph
o, 4 OB
OH i MLioH o] ©
o -
H k\COOH ii, 1M HCI 0
Ph " Ou
()14 13

Scheme-S
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Benzyl anhydrofuranoside 2b was converted to the benzoylformate 12
by reacting it with benzoyliforroyl chloride at 0-5°C using pyridine as the base.
The ketoester 12 on reduction with NaBHy4 in presence of ZnCly at -5°C
afforded the hydroxyester 13 which on saponification with 1M LiOH followed
by acidification resulted in the formation of (-) mandelic acid 14 (60%) in
32% ce. The compounds 12, 13 and 14 were charactenzed spectroscopically.
Ketoester 12 showed absorbances at 3510, 1730 and (725 cm-! in the IR
spectrum for the hydroxyl and the carbonyl groups. Its proton NMR spectrum
exhibited multiplets at 8 7.6 (2H) and at § 7.3-7.1 (8H) for the aromatic
protons. The proton at C-1 appeared as a doublet at 8 4.7 and the multiplet at
5 3.8-3.5 for 6 protons suggested the presence of the OCH protons in the
molecule. The hydroxy ester 13 and mandelic acid 14 also gave satisfactory

spectral data.

3.2.3 Asymmetric Diels-Alder reaction using anhydrofuranoside 2b as
chiral auxiliary

The remarkable regioselectivity, generally predictable endoselectivity
and syn stereospecificity render the Diels-Alder reaction unequalled in terms of
elegance and efficiency in the construction of six membered rings. To achieve
absolute stereochemical control in the intermolecular and intramolecular [4+2]
cycloaddition processes, new strategies including the use of chiral auxilianes
were developed. Many chiral auxiliaries with varying dcgrc-es of success have
been reported for Diels-Alder reactions?!-25. In view of the high ee values
obtained for the lactones synthesized using 2b as chiral auxiliary, it was of
interest to investigate its usefulness in asymmetric Diels-Alder reactions. With
this objective, the Diels-Alder reaction of the cinnamate ester 15 with

cyclopentadiene was investigated under different conditions (scheme-6).
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The synthesis of the cinnamate 15 was accomplished by treating 2b with
cinnamoy! chloride in presence of pyridine. This on [4+2] cycloaddition with
cyclopentadiene afforded the adduct 16. Saponification of 16 followed by
acidification resuited in the formation of 17 and the latter was characterized as

its methyl ester 18.

o >\~\/\Ph
/=/U\Cl 0., 4 o @
#—>

2b Ph -
Pyndine, CHCI 3, rt BnO"
O i
H

;s ©H
Ph Ph Ph
i, 1M LiOH MeOH
e —, , ———
ii, IM HCI H®
OR* 0,H 0-Me
16 17 18

#For conditions see Table 2

Scheme-6

Cinnamate ester 15 showed absorbances at 3515, 1715 and 1675 ¢m-1
for the hydroxyl and the carbonyl groups in the IR specttum. The 'H NMR
spectrum of 15 showed a broad singlet at 8 7.3 (10H) for the aromatic protons
and a doublet at & 4.9 which integrated for the two olefinic protons. In addition
to this, the characteristic signals for the anhydrofuranoside nng system were
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also present in the proton spectrum. 13C NMR of 15 displayed signals at
5 182.0 for the >C=0 group, 8 132.0, 129.2 and 126.5 for the aromatic carbons
and at & 98.0, 86.5, 82.0, 80.2 and 75.9 for the various OCH carbon atoms.
Adduct 16 showed absorbance at 3510 cm-t for the hydroxyl group and at
1730 cm-! for the carbonyl group in the IR spectrum. The broad singlet at
8 7.4 in the 1H NMR spectrum integrated for the 10 aromatic protons while the
doublet at 5 4.3 integrated for the two olefinic protons. The spectral data of 18
was in agreement with those reported in the literature26. Experimental

conditions for the [4+2] cycloaddition and the results obtained are given in

Table 2.

Table 2

Entry | Experimental condition| Yield (%)* ce (%)**
|

1 no catalyst, rt 59 42
2 ZnCly, -5°C 5S 45
3 ZnCl,, -78°C 49 49

* [solated yield., **ee values were obtained by comparing optical
rotations with those reported in the literature.

The adduct 18 was obtained in moderate ee values irrespective of the
experimental conditions and unlike in the case of carbonyl reduction
(section 3.2.2) the influence of Zn2* ion appears to be insignificant.

In conclusion, the anhydrosugars 2a and 2b have been found to be very
efficient auxiliaries for the asymmetric reduction of prochiral ketones tethered
to them. The process has been utilized in a facile synthesis of optically active
y- and 8-lactones. The higher level of chiral induction afforded by 2b along

with its enhanced solubility in organic solvents vis a vis 2a makes it the
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auxiliary of choice. It is remarkable that using 2b, ee value of upto 93% was
obtained. This is comparable with the results obtained in other chemical20® and
enzymatic techniques20a. [t is anticipated that 2b will be a useful chiral

auxiliary in a number of other transformations of synthetic importance.

3.3 Experimental

A general description of the experimental procedure is given in chapter 2
(section 2.3). Amberlite IR-120 H* (Sigma) was activated by washing it with
dil. HCI followed by drying under vacuum. The acid chlonides were freshly

prepared according to the usual procedures. Visualization of tl.c. spots was
donc in most cases by spraying methanol:H2SO4 (9:1). The expenmental

procedure for the reduction using NaBH4 in presence of ZnCly at -5°C is

described in detail, Experimental details for reduction in presence of Ce3* were

identical except for the use of CeCl3 instead of ZnCly; those of the low

temperature (-78°C) reduction of the various ketoesters were also similar.

1-O-Methyl-a-D-glucopyranoside (3a)

A mixture of a+D-glucose (10 g, 55.55 mmol) in methanol (30 mL) and 2.5 g of
amberlite IR-120 (H*) was refluxed with vigorous stirring. After 24h the resin
was removed by filtration and washed with methanol. The filtrate and
washings were combined and concentrated. The glucopyranoside obtained was
purified by chromatography on silica gel column using 15% methanol in
chloroform as the eluent. 3a was obtained as a colourless solid (5.71 g, 53%,).
Crystallization of the product from methanol afforded colourless crystals; m p.

165-166°C, [a]p2é +156° (¢ = 2, water), lit!6. m p. 168-169°C, [a]p25 +157°

(c =2, water).



64

1-O-Methyl-6-O-p-toluenelsulfonyl-3,4, 5-tri-O-acetyl- a-D-
glucopyranoside (4a)

Methyl a-D-glucopyranoside 3a (4.85 g, 25 mmol) was dissolved in dry
pyridine (20 mL). Tosyl chloride (5.729 g, 30 mmol) was added slowly to the
above solution. After stirring for 8h at room temperature, acetic anhydride
(8.49 mL, 90 mmol) was added to it, ‘and the stirring continued for 2h. The

reaction mixture was dissolved in dichloromethane (100 mL) and successively
washed with saturated CuSQO4 solution, saturated NaHCOj solution, water and

then with saturated brine, The organic layer was dried over anhydrous NasSOg4
and the solvent was removed by distillation. Purification of the resulting
product by chromatography on silica gel column using 15% EtOAc in hexane
as the eluent afforded 4a as a colourless solid (6.67 g, 67%). Crystallization

from ethyl acetate-hexane mixture afforded colourless crystals; m p.109-110°C.

IR (CH,Cl, film) : 2950, 2852, 1765, 1740, 1454 cm-]

1H NMR (90 MHz, CDCl3) : §7.9-7.6 (d, J =8 Hz, 2H), 7.4-7.1(d, J =
8 Hz,, 2H), 4.8 (d, 2H, J = 4.1 Hz), 4.4-4.0
(m, 6H), 3.4 (s, 3H, OCH3), 2.0 (s, 9H,
COCH3y), 1.8 (s, 3H, ArCH3)

13C NMR (22.4 MHz, CDCl3)  : 8 169.9, 169.3, 169.1, 145.0, 132.3,
129.7, 127.8, 101.2, 78.4, 68.5, 67.6,
56.7,21.4, 20.4, 20.3.

1-O-Methyl-3,6-anhydro-a-D-glucopyranoside (5a)

A solution of 4a (9.5 g, 20 mmol) in THF (50 mL) was stirred with 2N NaOH
(30 mL) at room temperature for 12h and then at 80°C for 1h. The reaction
mixture was concentrated and the product extracted with hot acetone (60 mL).

The solvent was evaporated under, reduced pressure and the product
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crystallized from ethyl acetate (2.464 g, 70%); m p. 89-90°C, [a]p26 +54°
(c = 1, methanol); lit!7. m p. 92-93°C, [a]p23 +56° (¢ = 1, H;0).

1-O-Methy!-3,6-anhydro-{ aJ-D-glucofuranoside (2a)

The anhydropyranoside 5a (1.76 g, 10 mmol) was dissolved in methanol
(10 mL) containing 1IN HCI (1 mL) and stirred at room temperature for 4h.
Neutralization of the reaction mixture with saturated NaHCO3 followed by
removal of the solvent gave a syrupy mixture. "The product was purified by

crystallizaton from ethanol to afford colourless crystals of 2a (1.23 g, 70%);
m p. 67-68°C, [o]p26 +168° (¢ = 0.9, methanol); lit!8. m p. 70-71°C, [at]p25
+172° (¢ = 1, Hp0)

1-O-Benzyl-a-D-glucopyranoside (3b)

D-glucose (10 g, 55.55 mmol) in benzyl alcohol (30 mL) was heated at 80°C in
presence of 2.5 g of amberlite IR-120 (H) for 24h. The reaction mixture was
processed as described for compound 3a and :pun'ﬁed by‘ silica gel column
chromatography using 25% MeOH in CHCl3 Crystallization of the product
from ethanol afforded 3b as colourless crystals'(8 g, 53%); m p. 169-170°C,
[a]p26 198° (¢ = 1%, water); 1it.16 m p. 172-173°C, [a]p25 205° (¢ = 1%,

water)

1-0-Benzyl-6-O-p-toluenesulfonyl-3,4,5-tri-O-acetyl-a-D-
glucopyranoside (4b)

Benzyl glucopyranoside 3a (8.10 g, 30 mmol) was dissolved in dry pyridine
(30 mL). Tosylchloride (6.86 g, 36 mmol) was added slowly and the mixture
was stired for 8h at room temperature. Acetic anhydnde (10.18 mL, 108
mmol) was added to the above mixture and the stirring continued for 2h. The

reaction mixture was worked up as described for compound 4a and the product
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was purified by chromatography on silica gel column. FElution. with 15%
EtOAc in hexane furnished the product 4b (11.24 & 68 %) as a colourless
solid. Crystallization from EtOAc-hexane mixture afforded 4b as colourless
crystals; m p. 112-113°C.

IR (CH7Cl5 film) 1 1760, 1745, 1632, 1430 cm-1

IH NMR (90 MHz, CDCl3) : 8 7.7-7.6 (d, J= 8 Hz, 2H, Ar-H), 7.5-7.4
(d, J = 8 Hz, 2H, Ar-H), 7.3-7.2 (m, SH, Ar-
H), 4.7 (d, 2H, J = 4.2 Hz), 4.4-4.0
(m, 8H, OCH), 2.1 (s, 9H, COCH3),
1.9 (s, 3H, ArCH3)

13C NMR (22.4 MHz, CDCl3)  : 170.2, 169.5, 132.7, 127.0, 126.4, 126.0,
101.5, 77.5, 71.2, 70.3, 62.0 20.5.

1-O-Benzyl-3,6-anhydro-a-D-glucopyranoside (5b)

A solution of 4b (11.04 g, 20 mmol) in THF (60 mL) was treated with
2N NaOH (20 mL) at room temperature for 12h and then at 80°C for 1h. The
product was isolated as described for compound S5a and purified by

crystallizadon from ethyl acetate (3.78 g, 75%), m p. 95-96°C, {a]p26 +62°

(c = 1, methanol).

1-0-Benzyl-3,6-anhydro-a-D-glucofuranoside (2b)

Anhydropyranoside Sb (2.52 g, 10 mmol) was stirred in methanol (15 mL)
containing IN HCI (1 mL) at room temperature. After Sh the reaction mixture
was worked up as described for compound 2a and the product purified by

crystallization from ethanol. The compound 2b was obtained as colourless
crystals (1.73 g, 68%); m p. 75-76°C, [a]p?6 +135° (c = |, methanol).
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IR (KBr) : 3510, 2995, 1630, 1430, 1175 cm-]
ITHNMR (90 MHz, CDCl53) : § 7.25 (s, 5H, Ar-H), 4.9 (brs, 1H), 3.7-3.5

(m, 8H, OCH), 2.0 (s, 2H, OR)
BC NMR (22.4 MHz, CDCl3)  :127.0, 101.2, 88.2, 75.1, 72.0, 40.5.

I-O—Methyl-3, 6-anhydrofuranosyl-2-(2-benzoyl)-propionate (6a)

Benzoylpropionyl chloride (2,34 g, 12 mmol) in CHCl3 (10 mL) was added to
a solution of the anhydrofuranoside 2a (1.76 g, 10 mmol) in CHCl3 (15 mL)
containing dry pyridine (0.97 mL, 12 mmol) and the mixture was stirred at
room temperature for 3h. The reaction mixture was diluted with CHCl3
(40 mL), washed successively with saturated CuSO4 solution, saturated
NaHCO3 solution, water and finally with brine. The organic layer was dried

over anhydrous NaySO4 and the solvent was removed in vacuo. Punfication of

the product by chromatography on silica gel column using 15% EtOAc in
hexane afforded 6a (2.92 g, 87%) as a colourless solid which was crystallized

from ethyl acetate-hexane mixture; m p. 77-78°C.

IR (KBr) - 3510, 1740, 1732, 1629, 1430 cm-1
'H NMR (270 MHz, CDC)l3) 8 7.9 (m, 2H, Ar-H), 7.5 (m, 3H, Ar-H),

4.86 (4, J = 6.8 Hz, 1H), 3.85-3.50
(m, 6H, OCH), 3.4 (s, 3H, OCH3), 2.9 (m,

4H, COCH), 2.1 (brs, 1H, OH)
13C NMR (22.4 MHz, CDCl3)  : 8 192.0, 178.5, 135.1, 127.0, 88.2, 82.2,

75.9, 76.3,71.9, 43.5, 42.5.
Anal. caled. for Cyj7H2007 : C, 60.69; H, 6.00

Found - C, 60.36; H, 595
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1-O-Methyl-3,6-anhydrofuranosyl-2-(3-benzoyl)-butyrate (6b)

Methyl anhydrofuranoside 2a (1.76 g, 10 mmol) in CHCl3 (15 mL) was treated
with pyridine (0.97 mL, 12 mmol) at room temperature and benzoylbutyryl
chloride (2.5 g, 12 mmol) dissolved in CHCl3 (10 mL) was added to the above
solution. The mixture was stirred at room' temperature for 3h and was
processed as described for compound 6a. Chromatographic purification of the
product on silica gel column using 15% EtOAc in hexane furnished 6b (2.56 g,
73 %) as a colourless solid. Crystallization frgm ethyl acetate-hexane mixture

afforded colourless crystals, m p. 8G-81°C.

IR (KBr) 1 3520, 2995, 1735, 1728, 1435 cm-!

IH NMR (90 MHz, CDCl3) : 8 7.8 (m, 2H), 7.5 (m, 3H), 4.8 (brs, 1H),
3.7-3.5 (m, 6H), 3.4, (s, 3H, OCHj), 2.8
(m, 4H), 2.1 (brs, 1H, OH), 1.9 (m, 2H)

13C NMR (22.4 MHz, CDCl3)  : 8 189.6, 177.2, 136.1, 87.9, 82.3, 75.9,
75.2, 71.8) 4.0, 42.5, 25.5.

Anal Caled. for C1gH2207 :C, 61.69; H, 6.33

Found :C, 61.60; H, 6.29

1-O-Benzyl-3,6-anhydrofuranosyl-2-(2-beénzoyl)-propionate (6¢c)

A solution of 2b (1.26 g, 5 mmol) in CHCly (15 mL) containing pyridine
(0.81 mL, 10 ‘mmol) was treated with behzoylpropionyl chloride (1.17 g,
6 mmol) in CHCl3 (10 mL) at room temperature. After 3.5h the reaction
mixture was processed as described for compound 6a and the product was
purified by chromatography on silica gel column using 10% ethyl acetate in

hexane as the eluent. Compound 6c¢ was obtained as a colourless solid (1.79 g,
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87%) which was crystallized from a mixture of ethyl acetate and hexane to

afford colourless crystals of 6¢; m p. 90-91°C.

IR (CH,Cl; film) : 3520, 2990, 1740, 1735, 1428 cm-!

I'H NMR (270 MHz, CDCl3) :87.75 (m, 2H, Ar-H), 7.5 (m, 8H, Ar-H),
486 (d, J = 6.8 Hz, 1H), 3.65 (brs, 2H),
3.3-3.2 (m, 6H), 2.9 (m, 4H, COCH), 2.1
(brs, 1H, OH)

13C NMR (22.4 MHz, CDCIl3) : 8 191.5, 176.5, 135.1, 127.0, 88.2, 82.2,
75.9, 76.3, 71.9, 43.5, 42.5, 25.6.

EIMS (m/z) : 412 (M*, 20), 305 (45), 251 (60),
144 (100)

1-0O-Benzyl-3,6~anhydrofuranosyl-2-(3-benzoyl)-butyrate (6d)
A mixture of 2b (0.504 g, 2 mmol) and pyridine (0.242 mL, 3 mmol) in
CHCIy (15 mL) was treated with benzoylbutyryl chloride (0.502 g, 2.4 mmol)

in CHCI3 (10 ml) at room temperature for 3.5h. Work-up of the reaction
mixture as described for compound 6a followed by chromatographic
purification of the product on silica gel column using 20% ethyl acetate in
hexane afforded 6d as a colourless solid (0.647 g,'l 76%). Crystallization from
ethyl acetate-hexane mixture afforded colourless crystals, m p. 95-96°C.

IR (CH,Cl;, film) : 3510, 2995, 1735, 1728, 1430 cm-!
'H NMR (90 MHz, CDCl3) : §7.7 (m, 2H, Ar-H), 7.5 (m, 8H, Ar-H),
4.8(d, J=6.75 Hz, 1H), 3.8-3.4 (m, 8H,

OCH), 2.8 (m, 4H, COCH), 2.1 (brs, 1H,
OH), 1.85 (m, 2H, COCHCH,)
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HRMS calcd. for C54H2607 : 426.1678
Found : 426.1654

1-O-Benzyl-3,6-anhydrofuranosyl-2-(2-acetyl)-propionate (6e)

A solution of acetylpropionyl chloride (0.64 g, 4.8 mmol) in CHCl3 (10 mL)
was added to a solution of 2b (1.01 g, 4 mmol) in Ci-{Cl3 (15 mL) containing
pyridine (0.38 mL, 4.8 mmol) and the mixture was stirred at room temperature
for 2.5h. The reaction mixture was worked up as described for 6a and was
purified by chromatography on silica gel column using 20% EtOAc in hexane

as the eluent to afford 6e as a colourless semi solid (1.17 g, 70%).

IR (KBr) : 3515, 1735, 1720, 1428 cm-1.

IH NMR (90 MHz, CDCly) : 8 7.4 (s, SH, Ar-H), 4.85 (d, /= 6.5 Hz,
1H), 3.7-3.3 (m, 8H), 2.9 (m, 7H).

GCMS (m/z) : 350 (M™, 20), 251 (30), 144 (100)

1-O-Benzyl-3,6-anhydrofuranosyl-2- (3-acetyl)-butyrate (6f)
A solution of 2b (1.01 g, 4 mmol) in CHCIl3 (15 mL) containing pyridine

(0.38 mL, 4.8 mmol) was stured with acetylbutyryl chloride (0.71 g, 4.8 mmol)
in CHCIl3 (10 mL) at room temperature for 2.5h' and was worked up as

described for compound 6a. Purification of the product by chromatography on
silica gel column using 20% EtOAC in hexane as the eluent fummished 6f as a
colourless semu solid (1.04 g, 72%)).

IR (KBr) : 3510, 2995, 1728, 1720, 1428 cm-!
IH NMR (90 MHz, CDCl3) : 87.4 (s, 5H, Ar-H), 4.8 (d, /= 6.6 Hz,

1H), 3.6-3.2 (m, 6H), 2.9 (m, 7H), 1.9
(m, 2H)
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GCMS (m/z) :364 (M, 25), 251 (40), 144 (100)

1-O-Methy!-3, 6—anhydrofuranosyl—-z-(#hydmxy,3-plnenyl)-propionate
(7a) ‘
A solution of 64 (3.36 g, 10 mmol) in T HF (20 mL) was stirred with ZnCly

(1.64 g .12 mmol) at -5°C. After 15 min NaBH, (0.76 g, 20 mmol) was added

and the mixture was stirred for 10 min at 45°C. Excess NaBH4 was quenched

with dil. HCl and the reaction mixture was diluted with water (20 mL). The

product was cxeracted into cthyl acetate a!nd the solution washed with water,

saturated NaHCO solution and finally wi¢h saturated brine. The organic layer
was dnied over anhydrous NaySO4 and thc}lsolvent was removed in vacuo. The
product was purified by t:hromatograph)lI on silica gel column using ethyl
acetate : hexane (20:80) as the eluent to a.LTord 7a as colourless solid (3.17 g,
94%) which was crysi!nllizedl from eth)frl acl‘,ctate—hcxa.nc mixture to afford
colourless crystals of 7a; m p. 86-87°C.

IR (KBr) : 3450, 1743, 1432 cm-!

'H NMR (90 MHz, CDCl3) : § 7.3 (brs, 5H, Ar-H), 4.8 (4, /= 6.9 Hz,
[H), 3.5-3.2 (m, 7TH, OCH), 2.4 (in, 2H),
2.2-2.1j(brg, 2H, OH), 1.9 (m, 2H)

3C NMR (22.4 MHz, CDCl3)  : 8 180.0, 130.2, 88.6, 82.1, 76.0, 745.2,

_ 72.1, 44.5, 26.3.
EIMS (m/z) : 338 (M*, 5), 320 (70), 144 (100)

1-0-Methyl-3, 6-anhydrofuranosyt-z-(ff.hydroxy!4-phenyz)-butymze (7b)
Benzoylbutyrate 6b (1.05 g, 3 mmol) was!dissolved in THF (15 mL) and ZnCl,

(0.49 g, 3.6 mmol) was added to it. Tl?c mixture was cooled to -5°C with
stirring; after 15 min. NaBHg4 (0.23 g, 6 mmol) was added and stirred for 10
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min. The reaction mixture was processed as described for 7a and the product
was urified by chromatography on silica gel &:olumn. Elution with 20%

EtOAc¢ in hexane afforded 7b as a colourless soﬁd (0.982 g, 93%) which was
crystallized from ecthyl acetate hexane mixture i'to afford colourless crystals;

m p. 92-93°C.
I |
IR (KBr) : 3470, 1736, 1629, 1430 cm-!
IH NMR (90 MHz, CDCly) : 8 7.4 (s, SH, Ar-H), 4.7 (d, /= 6.7 Hz,
|

1H), 3.6-3.2 (i, 7H, OCH), 2.7 (1, 2H),
2.1 (brs, 2H, OH), 1.9 (m, 4H)
I3C NMR (22.4 MHz, CDCl3)  : § 179.5, 129.0, 88.5, 82.2, 45.5, 44.0.

GCMS (m/z) : 353 (M™, 5), 836 (60), 144 (100)

1-O-Benzyl-3,6-anhydrofuranosyl-2-(3-hydroxy,3-phenyl)-propionate
(7c) . o

To a solution of 6¢ (1.65 g, 4 mmol) in THF‘(ZO- mL), ZnCl, (0.33 g, 2.4
mmol) was added and the mixture was stirred 4t -5°C for 15 min. This was
treated with NaBH4 (0.34 g, 6 mmol) for 10 }min, Work-up by the usual
procedure followed by chromatographic purificapion on silica gel column using
20% EtOAc in hexane afforded 7c as coloprless solid (1.529 g, 92%).
Crystallization from a mixture of ethyl acetaitc in hexane afforded 7¢ as

colouriess crystals; m' p. 98-99°C.

I
IR (KBr) : 3465, 1735, i1632, 1425 cm-1
IH NMR (90 MHz, CDCl3) : & 7.4 (brs, 10 H, Ar-H), 4.8 (d, J=6.7 Hz,
| |
1H), 3.8-3.6i(m,.9H, OCH), 2.8 (m, 2H,
COCH), 2.0!(brs, 2H, OH), 1.85-1.70

(m, 2H)
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I3C NMR (22.4 MHz, CDCl3)  :8179.5, 135.6, 129.2, 127.0, 126.5, 87.5,

86.0, 82.4, 75.6, 44.6, 44.0, 25.7, 25.0.
GCMS (m/z) : 414 (M*, 5), 396 (40), 307 (60), 144 (100)

1-O-Benzyl-3,6-anhydrofuranosyl-2-(4-hydroxy,4-phenyl)-butyrate (7d)
Ketoester 6d (0.852 g, 2 mmol) in THF (15 mL) was treated with NaBHy4
(0.114 g, 3 mmol) in presence of ZnCly (0.326, 2.4 mmol) as described in the

above experiments. The reaction mixture was processed as described for 7a,
followed by purification by chromatography‘on silica gel column using 25%
ethyl acetate in hexane furnished 7d as a colourless solid (0.787 g, 92%).
Crystallization from ethyl acetate-hexane mixture afforded colourless crystals;
m p. 102-103°C.

IR (KBr) : 3480, 2990, 1635, 1428 cm-1. ‘

IH NMR (90 MHz, CDCl3) : 8 7.45 (brs, 10H, Ar-H), 4.8 (d, /= 6.7 Hz,
1H), 3.75-3.6 (m, 9H, OCH), 2.75 (m, 2H),
1.9 (brs, 2H, OH), 1.8-1.7 (m, 4H)

I3C NMR (22.4 MHz, CDCl3)  :8179.0, 136.5, 130.0, 127.2, 87.2, 86.5,
81.0,75.5, 44.5, 44.0, 25.7, 25.5

GCMS (mvz) : 428 (M*, S), 410 (45), 144 (100)

I-0—Ben7y1—3,'6-anhydrofuranasyl-2-(3-hydroxy,3-meth yl)-propionate
(7¢)
Acetylpropionate 6e (1.05 g, 3 mmol) in THF was stirred with ZnCly (0.49 g,

3.6 mmol) at -5°C for 15 min. NaBH4 (0.23 g, 6 mmol) was added to the
mixture and sturred at -5°C for 15 min, The reaction mixture was worked up by

the usual procedure and the product was purified by chromatography on silica
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gel column. Elution with 25% EtOAc in hexane afforded 7e as a colourless

semi solid (0.97 g, 92%).

IR (KBr) : 3470, 2998, 1728, 1630, 1432 cm-!

'H NMR (90 MHz, CDCl3) : 8 7.35 (s, SB, Ar-H), 4.85 (d, J=6.9 Hz,
1H), 3.7-3.2 (m, '9H, OCH), 2.6 (m, 2H,
COCH), 2.0 (brs, 2H, OH), 1.8-1.6 (m, SH)

13 CNMR (22.4 MHz, CDCl3)  : & 186.0, 135.6,]127.2, 87.5,86.0, 76.3,
26.5, 26.0, 25.2,

GCMS (m/z) : 352 (M, 5), 334 (40), 144 (100)

1-O-Benzyl-3,6-anhydrofuranosyl-2-(4-hydroxy,4-methyl)-butyrate (7f)
Ketoester 6f (1.09 g, 3 mmol) in THF (20 mL) was treated with NaBHy
(0.23 g, 6 mmol) in presence of ZnCl, (0.49 g, 3.6 mmol) as described for

" compound 7e. Work-up by the usual procedure m purification of the product

by chromatography on silica gel column using 25l%. EtOAc in hexane afforded

7f as a colourless semi solid (1.0 g, 83 %).

IR (KBr) : 3450, 2995, 175730, 1428 cm-)

IH NMR (90 MHz, CDCl3) : 8 7.3 (s, SH, Ar-H), 4.7 (d, /= 6.5 Hz,
1H), 3.8-3.4 (r'p, 8H, OCH), 2.7 (m, 2H),
2.0 (brs, 2H, (?H), 1.9 (m, 4H)

I3CNMR (22.4 MHZ, CDCl3) :8176.5, 134.9, 127.0, 126.5, 90.2, 87.0,
75.3, 43.0, 25|.I5, 25.0.

EIMS (m/z) 366 (M*, 10), 349 (65), 253 (20), 144
(100).



75

»Phenyl-y-butyrolactone (8a)

Typical experimental procedure: Hydroxyester 74 (1.014 g, 3 mmol) in THF
(30 mL) was stirred with 1M LiOH at room tcmperature for 4h. The reacuon
mixture was acidified using 1M HC], diluted with water (30 mL). Product was
extracted into ethyl acetate and washed with water, saturated NatiCO4 solution

and saturated brine. The organic layer was dried over anhydrous NazSOy;

removal of the solvent under reduced pressure followed by chromatographic

purification of the product on silica gel col using 10% ethyl acetate in
umj:quid (0.403 g, 83%); [a]p26

+23° (¢ = 1.0, CHCla); lit. +32.5 ° (c = 4.3, CHCl3)20b.

|

|

hexane as the eluent afforded 8a as a viscous

5-Phenyl-&-valerolactone (8b)
Typical experimental procedure: A solution od 7b '(1.06 g, 3 mmol) in THF
(25 mL) was reacted with LiOH at room tcmpeq'ature After 4,5h the reaction

mixture was processed as described for comp?und 8a. Purification of the

acetate:hexane (10:90) afforded 8b (0.42 g, 79
+16° (¢ = 1.0, CHClg); 1it.20d +52° (c = 1.0, CHCl3).

product by chromatography on silica gel col using a mixture of ethyl
o) as a viscous liquid; [a]p26

»Methyl-ybytyrolactone (8c)

Hydroxyester 7e (0.70 g, 2 mmol) in THF (25 'F)L)I was saponified using 1M
LiOH (10 mL) and the reaction mixture was worked up as described for
compound 8a. The product was purified by }chromatography on silica gel
column using 10% EtOAc in hexane; as the eludnt to furnish 8¢ (0.16 g, 80%)
as a colourless viscous liquid; [a]p26 -30° (c =i 1.0, CHCl5); lit.20b,f [a])26
-36.8° (c = 1.44, CH,Cl»). |
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&Methyl-5-valerolactone (8d)

Hydroxyester 7f (1.10 g, 3 mmol) in THF (25 mL) was treated with 1M LiOH
(10 mL) for 4h. The reaction mixture was worked up as detailed for compound
8a and the product was purified by chromatography on silica gel column.
Elution with 10% EtOAc in hexane afforded the product 8d (0.26 g, 75%);
[a]p26 -23° (¢ = 1.0, CHCl3); 1it.2068  [a]p26 -48° (¢ = 1.0, CHClp)
1-O-Benzyl-3,6-anhydrofuranosyl-2-benzoate (9)

Anhydrous pyridine (0.58 mL, 7.2 mmol) was added to a solution of benzyl
anhydrofuranoside 2b (1.512, 6 mmo!) in CHCl3 (20 mL). Benzoyl chlonde
(1.012 g, 7.2 mmol) was added to it and the mixture stirred for 2h. Work-up by
the usual procedure followed by chromatographic purification on silica gel
column using 20% EtOAc in hexane as the eluent furnished 9 as a colourless
solid (1.623 g, 76%). Crystallization from ethyl acetate in hexane afforded
colourless crystals; m p. 82-83°C.

IR (KBr) : 3480, 2998, 1725, 1432 cm-]

'H NMR (90 MHz, CDCl3) : 7.7 (m, 2H, Ar-H), 7.5 (m, 8H, Ar-H),
4.86 (d, J= 6.8 Hz, 1H), 3.7-3.4 (m, 6H,
OCH), 2.1 (brs, 1H, OH)

GCMS (m/z) : 336 (M*, 20), 251 (60), 144 (100)

1-O-Benzyl-3,6-anhydrofuranosyl-2-0O-benzoyl-5—(2-benzoyl)-
propionate (10a)

Compound 9 (0.712 g, 2 mmol) in CHCl3 (20 mL) was treated with
benzoylpropionyl chloride (0.468 g, 2.4 mmol) in CHCl3 (15 mL) in presence
of pyndine (0.20 mL, 2.4 mmol) and a catalytic amount of DMAP (0.071 g)
and the mixture refluxed for 4h. The reaction mixture was worked up by the

usual procedure and the product purified by chromatography on silica gel
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column. Elution with 15% ethyl acetate in hexane afforded 10a as a colourless
solid (0.639 g, 63%): this was crystallized from ethyl acetate-hexane mixture to
afford colourless crystals; m p. 114-115°C.

IR (CH2Cl; film) o 29;95, 1735, 1720, 1630, 1460 cm-1

IH NMR (50 MHz, CDCl3) : 8 7.6-7.5 (m, 4H), 7.4-7.2 (m, 11H), 4.8
(d, J= 6.8 Hz, 1H), 3.8-3.4 (m, 8H),
2.9-2.8 (m, 4H, COCH)

GCMS (m/z) : 516 (M*, 20), 408 (25), 251 (60), 144
(100)

|
1-0-Benzyl-3,6-anhydrfuranosyl-2-O-benzoyl—5-(3-benzoyl)-butyrate
(10b) |

A solution of 9 (0.712 g, 2 mmol) in CHCl3 (20 mL) was treated with
benzoylbutyryl chloride (0.502 g, 2.4 mmol) in CHCl3 (15 mL) in presence of
pyndine (0.20 mL, 2.4 mmol) and catalytic amount of DMAP (0.071 g) as
descrnibed for 10a. The reaction miiltture was processed after 4h as usual and
the product purified by chromatography on silica gel column. Elution with a
mixture of 20% EtOAc in hexane afforded 10b as a colourless solid (0.259 g,
80%) which on crystallization from ethyl acetate-hexane mixture afforded
colourless crystals; m p. 120-121°C.

IR (CH,Cl;, film) 2990, 1632, 1730, 1720, 1429 cm-!

IH NMR (90 MHz, CDCl3) . §7.7 (m, 4H, Ar-H), 7.4-7.3 (m, 11H), 4.8
(d, J= 6.8 Hz, 1H), 3.7-3.2 (m, 8H),
2.8-2.6 (m, 4H, COCH), 1.85 (m, 2H)

GCMS (m/z) £ §30 (M*, 20), 411 (5), * " “100)
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1-O-Benzyl-3,6-anhydrofuranosyl-2-O-benzoyl—5-(3-hydroxy,3-phenyl)-
propionate (11a)

Ketoester 10a (1.30 g, 2 mmol) in THF (20 mL) was reduced with NaBH4
(0.15 g, 4 mmol) in presence of ZnCly (0.326 g, 2.4 mmol) according to the

general procedure.  The usual work-up followed by chromatographic
purification on silica gel column using 25% EtOAc in hexane as the eluent
afforded 11a (0.929 g, 90 %). This was crystallized from a mixture of ethyl

acetate in hexane to afford colourless crystals, m p. 115-116°C.

IR (KBr) : 3480, 2992, 1730, 1720, 1438 cm-!

'H NMR (90 MHz, CDCl3) : 8 7.6 (m, 2H, Ar-H), 7.5-7.3 (m, 13H
Ar-H), 4.8 (d, J = 6.6 Hz,1H), 3.8-3.2 (m,
9H), 2.6 (m, 2H, COCH), 1.9 (s, 1H, OH),
1.85 (m, 2H)

- GCMS (m/2) : 518 (M*, S), 500 (30), 355 (45), 144 (100)

1-O-Benzyl-3,6-anhydrofuranosyl-2-0O-benzoyl-5-(4-hydroxy,4-phenyl)-
butyrate (11b)

Compound 10b (1.06 g, 2 mmol) in THF (20 mL) was treated with NaBH4
(0.15 g, 4 mmol) in presence of ZnCl, (0.326 g, 2.4 mmol) as described for 7a.
The reaction mixture was worked up by the usual procedure and the product
was purified By chromatography on silica gel column. Elution with 25%
EtOAc in hexane fumnished 11b as a colourless solid (0.978 g, 92 %). This
.was crystallized from ethyl acetate-hexane mixture to afford colourless

crystals; m p. 123-124°C.
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IR (KBr) - 3480, 1730, 1725, 1430 cm-!

IH NMR (90 MHz, CDCl3) 18 7.5 (m, 2H), 7.4-7.5 (m, 13H), 4.7 (4, J =
6.65 Hz), 3.85-3.55 (m, 6H), 2.6 (m 2H),
2.0 (brs, 1H, OH), 1.8 (m, 4H)

GCMS (m/z) 1 532 (M*, 5), 514 (20), 144 (100)

1-O-Benzyl-3,6-anhydrofuranosyl-2-(1-benzoyl)-formate (12)

Compound 2b (0.756 g, 3 mmol) in CHCIl3 (20 mL) containing pyridine
(0.46 mL, 6 mmol) was treated with benzoyiformyl chloride (0.605 g, 3.6
mmol) in CHCl3 (10 mL) at 0°C for 2h. The reaction mixture was worked up
by the usual procedure and the product purified by chromatography on silica
gel column using 15% EtOAC in hexane as the eluent to afford 12 as a
colourless solid (0.806 g, 70%). This was crystallized from a mixture of ethyl

acetate and hexane to afford colourless crystals; m p. 78-79°C.

IR (KBr) £ 3510, 1730, 1725, 1435 cm-!

IH NMR (90 MHz, CDCl3) : 8 7.6 (m, 2H, Ar-H), 7.3-7.1 (m, 8H, Ar-
H), 4.7 (d, J = 6.8 Hz, 1H), 3.8-3.5
(m, 6H), 2.0 (brs, 1H, OH)

GCMS (m/z) : 384 (M, 10), 251 (60), 144 (100)

1-O-Benzyl-3,6-anhydrofuranosyl-2-(1-hydroxy, I-phenyl)formate (13)

Ketoester 12 (1.152 g, 3 mmol) in THF (20 mL) containing ZnCl, (0.489 g, 3.6
mmol) was treated with NaBHg4 (0.22 g, 6 mmol) at -5°C for 10 min. Work-up
by the usual procedure followed by chromatographic purification on silica gel
using 25% EtOAC in hexane afforded 13 (0.104 g, 90 %) as a colourless semi

solid.
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IR (KBr) . 3505, 1728, 1718, 1430, 1172 cm-1

IH NMR (90 MHz, CDCly)  : & 7.6 (brs, 10H, ArH), 4#7 @, J = 6.8 H),
3.8-3.5 (m, 7H), 1.9 (brs, 2H, OH)

GCMS (m/z) 386 (M*, 5), 368 (30), 251 (60), 144 (100)

Mandelic acid 14 |

Compound 13 (1.158 g, 3 mmol) in THF (25 mL) was readted with 1M LiOH
at room temperature for 4h. The reaction mixture was aciq!iﬁed with 1M HCI
and the solution was saturated with NaCl. The product was |lextracted into ethyl
acetate.” The extract was processed as usual and purified by|| chromatography on
silica g¢l column using 30% EtOAc in hexane as the cluent| 14 ‘was obtained as
a colourless solid (0.274 g, 60°%) and 'crystallized from methanol; m p. 130-
131°C;- [a),26 -49° (¢ = 1, methanol); 1it27. m p.132-133°C [a]p26 -153°

(c=2.35,Hy0). J

IR (KBr) : 3480, 3050, 1752 cm-]|
IH NMR (90 MHz, DMSO dg)  : § 9.2 (s, 1H, COOH), J{.é (s, SH), 4.1

(s, 1H), 2.2 (brs, 1H, dﬂ) .

1-O-Benzyl-3,6-anhydrofuranosyl-2-cinnamate (15) LL .
Anhydrofuranoside 2b (0.756 g, 3 mmol) in CHCl3 (20 mL) was treated with
cinnamoylchloride (0.599 g, 3.6 mmol) dissolved in|CHCl3 (10 mL) in

presence of pyridine (0.48 mL, 6 mmol) at room tempenJ[mre for 3h. Work-up
of the reaction mixture by the usual procedure followe%l by chromatographic

|
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purification of the product on silica gel column using 15% EtOAc in hexane

furnished 15 (0.836 g, 73 %) as a colourless semi solid.

IR (KBr) : 3515, 2995,°1715, 1675, 1629, 1428 cm-1

TH NMR (90 MHz, CDCl3) : 8§ 7.3 (m, 10H), 4.9 (d, J = 6.85 Hz, 1H),
4.7 (d, J=12.4 Hz, 2H, CH=CH ), 3.9-3.5
(m, 8H)

13C NMR (22.4 MHz, CDCl3y) : & 182.0, 141.5, 132.0, 129.2, 126.5, 98.0,
86.5, 82.0, 80.2, 75.9, 75.2.

GCMS (m/z) : 382 (M, 60), 251 (60), 144 (100)

Diels-Alder adduct 16

A solution of the cinnamate 15 (1.146 g, 3 mmol) in toluene (10 mL)
containing ZnClp (0.816 g, 6 mmol) was stirred with cyclopentadiene
(0.79 mL,- 12 mmol) at -5°C for Sh. Toluene was evaporated in vacuo and the
product was dissolved in dichloromethane (50 mL), washed successively with
water and saturated brine. The organic layer was dried over anhydrous
NayS0O4 and the solvent removed by distillation, Purification of the product by
chromatography on silica gel column using 12% EtOAc in hexane afforded the
adduct 16 as a colourless solid (1.01 g, 75%). Crystallization from ethyl
acetate-hexane mixture afforded colourless crysfals; m p.108-110°C.

IR (KBr) : 3510, 1730, 1638, 1430 cm-!

IH NMR (90 MHz, CDCl3) . 5 7.4 (brs, 10H, Ar-H), 4.8 (d, J = 6.8 Hz,
1H), 4.3 (d, J = 12.9 Hz, 2H, CH=CH), 3 .8-
3.5 (m, 8H, OCH), 2.8 (m, 1H, COCH),
1.7-1.6 (m, 5H)

GCMS (m/z) : 448 (M*, 20), 251 (60), 144 (100)
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Methyl 3-phenyl-bicyclo[2.2. 1]-hept-5-ene-2-carboxylate (18)

The adduct 16 (0.816 g, 6 mmol) in THF (25 mL) was stirred with 1M LiOH
(10 mL) at room temperature for 4h. The reaction mixture was acidified using
dil. HCl and extracted with ethyl acetate. The extract was processed as usual
and the product purified by chromatography on silica gel column using 20%
EtOAc in hexane. 17 was obtained as a colourless powder (0.449 g, 70%).

IR (KBr) £ 2992, 17385, 1690, 1436 cm-1

IH NMR (90 MHz, CDCl3) : 8 9.1 (s, 1H, COOH), 7.70 (s, SH), 5.8 (dd,
l1H,J=5.6,2.8 Hz), 5.7 (dd, 1H, J=5.6,
2.7 Hz), 2.80 (m, 1H), 2.1 (m, 5H)

Adduct 17 was converted into the methyl ester 18 by stirring it with
methanol in presence of conc. H3SO4 and the reaction mixture was neutralized
by stirring it with saturated NaHCQO3. The solvent was removed in vacwo and
the residue was dissolved in CH,Cly and dried over anhydrous NaySO4. The

solvent was removed by distllaton and the product purified by

chromatography on silica gel column using 5% ethyl acetate in hexane as the
eluent to afford 18 as a colourless viscous liquid (0.392 g, 82%); [a]p26 +61°

(¢ = 1%, CHCl3), lit?6. [a]p25 +136° (c = 1%, CHCl3).

IR (KBr) 1 2995, 1730, 1718, 163+ 2, 1430 cm-!

TH NMR (90 MHz, CDCl3) : 8 7.5 (s, 5H, Ar-H), 5.75 (dd, J=5.5,
3 Hz), 5.7 (dd, /=5.5, 3 Hz), 3.6 (s, 3H,
OCH3), 2.7 (m, 1H), 2.0 (m, 5H)
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CHAPTER 4

SYNTHESIS AND APPLICATIONS OF NOVEL CROWN
ETHERS DERIVED FROM DEOXYCHOLIC ACID

4.1 Introduction

The serendipitous discovery of crown ethers by Pedersen heralded a new era
in the chemistry of host-guest molecular interactions. The first crown ether
synthesized by Pedersen! was the benzo-[18]-crown-6/(1). Since then a large
number of molecular receptors of varying sizes and shapes have been
synthesized?, and their properties have been examined thoroughly. Much of
the interest invoked by crown ethers is due to their resemblance to naturally

ocourring 1onophores..
0
0.
(o
1
A major area of interest in crown ether chemistry Has been concerned with
the synthesis of molecules which can recognize and bind chiral molecules,
artificial enzymes which can catalyze organic reactions and systems which can
store and process information at the molecular level3. In recent years, crown
ethers derived from chiral molecules have been e¢valuated for therr
enantioselective recognition properties’, Chiral crown ethers have been

synthesized from a variety of natural products bearing hydroxy! groups?. 5. The
first compound to show chiral recognition was 2 synthesized by CramS.
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2
Compound 2 was able to complex with  R-phenylethylammonium
hexafluorophosphate selectively from a racemic mixture.

The most extensively studied naturally occum'ng receptors that possess rigid
cawvities are cyclodextrins obtained by the enzymatic hydrolysis of starch. The
hydrophobic interior cavity of cyclodextrins are of 4-7A° units in diameter.
They readily form inclusion complexes with a variety of organic guest
molecules including aliphatic and aromatic hydrocarbons, alcohols, phenols,
esters, ethers and carboxylic acids which are ﬁpld inside by hydrophobic
interaction. ‘

Complexation properties of macrocyclic ligands with metal ions have been
studied extensively. For example, compound 1 forms stable complexes with
cations like Na*, K*, Rb*, Cs¥, Ca2*, Ba?*, Cd2*, NH,* and substituted
ammonium ions. It was confirmed from tﬁc X-ray crystal structure of
18-crown-6 (3) that such compounds do not contain cavities in the
uncomplexed state and the methylene bridges are turned towards the centre of
the molecule to fill the tntramolecular voids. On complexation, reorganization
occurs to form a cavity for accomodating the guest species which will be held
by non-bonded interactions at the centre at a specific interatomic distance, as

shown in structure 4.
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One major problem associated with the synthesis of artificial receptors is that
most of the organic molecules are too flexible to form receptors of defined
geometry. Ideal template molecules should have well-defined geometries in
which conformational freedom is kept under control. This can be achieved
either by the design of flexible frameworks in which the necessary rigidity is
achieved by careful adjustment of non-covalent interactions (eg. in proteins) or
by choosing rigid molecular units as building blocks.

Cyclophanes? are a class of ngid macrocyclic compounds in which the
backbone of the molecule is entirely made of carbon and hydrogen atoms. The
necessary hydrophilicity is incorporated in the molecule by attaching iomic
groups. Cyclophanes constituted of sugar units and aromatic units are called
glycophanes and a few compounds of this type were synthesized by WilcoxS.
As expected, these compounds display the properties of cyclodextrins as well
as cyclophanes. Penades and co-workers® described the synthesis of the
glycophane 5 from a-o'-trehalose, which is conformationally more restricted

than monosacchandes.
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These glycophanes showed donor-acceptor interaction with electron deficient
aromatic guest molecules in methanol-water mixture and exhibited chiral
discrimination towards racemic amino acids.

Very recently, a series of novel crown ethers incorporating D-glucose umts
has been synthesized in our laboratory!0-12, These showed binding affimites
towards cations and some of them were used ag catalysts in asymmetric
Michael reaction. For example, crown ethers 6 and 7 synthesized from
D-glucose-showed appreciable cation binding affinity and 7 catalyzed Michael

reaction to produce optically active adductsl2,

OR OR
o o
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As a follow-up of this work, it was of interest to synthesize crown ethers
incorporating other natural products, especially  steroids. Steroids are the
largest rigid systems that are readily available 1p homochiral form and are
endowed with functional groups for substitution. Steroids are valuable in
promoting liquid crystallinity and also useful in the study of hydrophobic
aggregates such as lipid membranes. Cholesteryl crown ether 8 has been
reported to show liquid crystalline properties and has been useful in

enantioselectively encapsulating chiral anions!3. .

Among the many steroids available commercially, bile acids are inexpensive
and have fairly evenly disposed functional groups which could be differentiated
in terms of their reactivity. Another valuable feature is the inherent asymmetry
in these molecules. Very few studies, howe:I:, have been undertaken to
utilize the uniquely flisposed hydroxyl groups of bile acids for the synthesis of
molecular receptors. Even though in recent years they have been used as chiral
auxiliaries in asymmetric synthesis!4, only a few molecular receptors have been
synthesized so far from bile acids. These are illusz‘trated by the cholaphanes 9a

and 9b synthesized from cholic acidl3,
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9a R, R, =H
9b R; =H, Ry =Bn

Our investigations in this area have been focussed on the use of deoxycholic
acid 10 as template to incorporate various crown ether moieties and to study
their cation binding affinities!®é, The presence of the rigid steroid skeleton and
parallelly oriented hydroxyl groups which can be differentiated in their
reactivities!” are the attributes of this molecule that make it a desirable

precursor for the synthesis of various crown ethers.

- O,H

10

In particular, we have been interested in synthesizing crown ethers such as

13-16 and investigating their complexation properties.
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13, n=1 15 ‘ 16
14, n=2

Section 4.2.1 of this chapter deals with the synthesis of the crown ethers

13-16 starting from deoxycholic acid 10. The complexation studies involving

them with the cations Li*, Na*, K+, Cs* and NH4* as well as their energy
|

minimization calculations are described in section 4.2.2. The catalytic use of
the crown ether 13 in an asymmetric Michael] reaction is described in section

423,

4.2 Results and Discussion

4.2.1 Synthesis of crown ethers from deoxycholic acid

Since deoxycholic acid 10 is relatively inexpensive and is endowed with
many attractive features as mentioned in section 4.1, it was chosen as the

starting material for the construction of various crown ethers. Esterification of

10 with methanol in presence of conc. HySOg4 resulted in the formation of

methyl deoxycholate 11 which was reduced to the triol!8 12 using LiAlH4

(scheme-1).
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12
* CO,CH, i 24CH,OH
OH OH
LiAlH 4, l
. THF 13 .
OH 1 oH 12
Scheme-1

Tool 12 was formed in 92% yield, and it was chzliracterized spectroscopically.
The IR spectrum of 12 showed a strong absorbanck at 3450 cm-! indicating the
presence of the hydroxyl groups. A broad smglet in the lH NMR at § 2.1(3H)
which disappeared on D70 exchange supporte& the presence of the three

hydroxyl groups in the molecule. The eharactcn%txc steroid protons resonated
at § 1.85-0.90.

Using the tnol 12, crown ethers 13 and 14 wcrq': synthesized as illustrated in

scheme-2.

12 NaH, THF, reflux
Ve \WonVWan'
TsO oOn"no OTs
17an=1
b n=2 13, n=1,42%
14, n=2, 40%
Scheme-2

The triol 12 was condensed with triethyleneglycol ditosylate 17a in presence of
| -
NaH in dry THF to afford the crown ether 13 in 42% yield. Condensation of
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12 with tetraethyleneglycol ditosylate 17b under similar experimental
conditions resulted in the formation of crown ether 14 in 40% yield.

Compound 13 showed absorbance at 3455 cm-! in the IR specﬁ'um indicating
the presence of hydroxyl group. Absorbance at 1426 cm-l was suggestive of
the presence of the ethylene dioxy units. In the 1H NMR spectrum, the
multiplet at § 3.75-3.20 integrated for 16 protons revealing the existence of the
OCH protons. The multiplet at § 1.85-1.0 is due to the various protons in the
steroid nucleus. Signals at § 87.6, 82.0, 81.6, 80.0 and 75.5 in the 13C NMR
indicated the existence of ethylene dioxy carbon atoms in the molecule. The
FABMS of crown ether 13 showed the molecular ion (M*) peak at m/z 492.36.
In the IR spectrum of 14, the hydroxyl and C-O absorbances were present at
3450 and 1426 cm-! respectively. The !H and 13C NMR spectra also were in
agreement with its assigned structure.

To synthesize crown ethers 15 and 16, the ditosylates 17d and 17f were
required and these were prepared from the corresponding diols by the
conventional procedure!? (scheme-3). Catechol and hydroquinone were
converted to the diols 17c¢ and 17e respectively By reacting them with
chloroethanol. These diols on treatment with tosylchloride and pyridine
afforded the ditosylates 17d and 17f whose spectral data were in agreement

with the literature values}?.
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The crown cthers 15 and 16 were synthesized by cohdcnsing the triol 12 with
17d and 17f respectively in presence of NaH (scheme-4).

12 17d R
NaH, THF, reflux | ‘)
38% O d | O
15
’ |6H o)
12 17€ . ’
NaH, THF, reflux Lo
37% é

Scheme4
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The presence of the hydroxyl group in crown ether 15 was discerned from the
IR absorption at 3460 cm-1. Absorbances at 2990 and 1598 cm-! suggested the
presence of the aromatic moiety whereas the absorbance at i427 cm-l ig
attmibuted to the ethylene dioxy units. The four aromatic protons resonated as a
multiplet at & 6.95-6.85 in the 1H NMR spectrum. A broad multiplet at 5 4.1-
3.2 (12H) showed the presence of OCH protons. Signals at & 136.0 and 129.1
in the 13C NMR proved the presence of aromatic carbon atoms. The ethylene
dioxy carbons resonated at & 88.5, 86.5, 81.0, 80.0 and 75.6 ppm. The EIMS
of compound 15 exhibited M* peak at m/z 540, further confirming the assigned
structure of the molecule. Crown ether 16 also showed satisfactory spectral

data.
4.2.2 Complexation studies with unipositive cations

With the reasonable assumption that the crown ethers 13-16 are potentally
capable of coordinating alkali and/or alkaline earth metal ions, we have carried
out some complexation studies. Crown ethers 13 and 1S were chosen as

representative examples for complexation studies with the cations, Li*, Na*,
K*, Cs* and NH4*. The binding affinities of the macrocycles with these

cations were determined using the Cram's picrate method2. The CDClj
solution of the host was shaken with the picrate solutions of the various cations
in distilled water to allow the crown ether to complex with the cations. Molar

ratio of the picrate to host was determined by measuring the UV absorbance, at

380 nm of a measured volume of the CDCl3 layer. From this the association

constant K, was deterrmined using equation (1)
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R
Ky =
2
(1-R) Kq | (GDio-R (Hidenen, Vepa,
Vo
eqn (1)
R, Molar ratio of picrate to host
Kd, Distribution constant of the picrate salt
between water and chloroform

[Gi]HIO ,  Initial picrate concentration

[Hilopey,  Initial host concentration

VCDCI3, Volume of CDCl3

VH,0, Volume of water

The picrate salts were prepared according to the reported procedure?! by
neutralizing picric acid with the corresponding metal hydroxides. 0.075 M

solution of the hosts in CDCly was used to extract the picrate solution
(0.015 M) of Li*, Na*, K*, Cs* and NHy4* tons in distilled water. The UV
absorbance of the organic phase was measured at 380 nm.

The distribution constant (K4q) of the picrates between water and chloroform
was determined by extracting known concentrations of picrate salts into

chloroform layer. From the absorbance values, the concentration of the picrate

salt extracted i¢ [G*X-]cpCl; was calculated and K4 was determined using
eqation (2).
[G"Xeoes ]

Kdq = n
[Gj mo [ X]mo eqn (2)




The log K, values obtained for Li*, Na* K* Cs* and NHy 7 firom the above
experimerts are given in Table!l.

Table 1

Cation Li- Na- K+ Cst NH4+

Host13 | 404 375 5.0l 4.02 5.27

Host 15 | 3.96 373 497 3.92 5.06.

Both the hosts 13 and 15 show moderate to good binding affinities for all the
cations used. The order of affinity observed was NH4*>K*>Nat>Cs¥>Li1*.

The high affinity for NH4* jon may'bc explained by the fact that it can interact
with the oxygen atoms of the 'crown ether' portion and the C-12 hydroxyl
group of the host (figure 1). The lower values obtained for Li* and Na* may
reflect the fact that the cavities of the crown ethers may be too large to hold

them tightly.

Fig. 1

The energy minimized structures of crown ethers 13-16 were determined
using PC MODEL software. It was observed that the distance between the
diagonal oxygen atoms is in the range of 4-9A° units. The incorporation of the
steroid skeleton made a slight distortion to the macrocyclic ring from the
normal crown ether structure, with the nonoptimal orientation of the ether
oxygen atoms. Figures (a-d) show the energy minimized structures of crown

ethers 13-16 respectively.
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4.2.3 Asymmetric Michael reaction using crown ether 13 as

a catalyst

Bergson reported the first example of a chiral catalyst which was used in the
Michae! reaction22. Potassium alkoxides were reported to complex with chiral
hosts and catalyze Michael reactions?3 and 1t was suggested that the following

' |

catalytic chain reaction mechanism operates in these refctions (scheme-S).

Initiation: HostK"‘U-R ——» Host. K'R + HB
>
.. - — ' -+
Addition: Host. K R\j](f =\%‘;C =Q —R* _é_(l; =(|: —O'K . Host

Chain transfer: R*—C—C =C—{8'K+. Host + H-R
T -

Scheme-5 |

The preliminary complexation studies with the catidns vsing crown ether 13

as the host revealed that the binding affinity was hppl‘eciable for K* ions
(log Ky = 5.01). Therefore it was of interest to carfy out Michael reactions

using 13  as the catalyst. The addition of methyl Ephc'nylacemtc to methyl
acrylate in presence of the host using potassium I-butoxide as the base was

investigated (scheme-6).



catatyst

A CoMe -
1-BuOK, Toluene

©/\C02Me
+

Scheme-6

|
I

18

COch
CO;MC

101

The addition occurred and the product was formed in 2?-30% chemical yield.

The ee values range from 25-28%. The experimental cbndjtions and the ratio

of thé substrates to the host are shown in Table 2.

Table 2
Entry| Temp Substrate ratid Reaction Yield [a)p ee (%)
°C period (h) (%) |
1 [-15°c 1:0:40015 o, 28 [ ) )
|
2 | -5°C 1:1:40:15 35S, 30 24 27
3 |-15°C  1.1:40:15 3.5 29 | 26 30

a) (~-BuQOK : host : methyl phenylacetate : methyl Jcrylite

In conclusion, the facile synthesis of a class of nove‘ crown ecthers has been

accomplished. The starting matenals are readily avaiiable and all the crown

cthers are obtained in 38-42% yields. Interéstingly the/crown ethers 13 and 15

showed excellent binding affinities for various unipositive cations. Because of

the appreciable binding affinity observed for K+ ion, !}.hc crown cther 13 was

used as a catalyst in an asymmetric Michael reaction. {Although only moderate

asymmetric induction was observed, it appears that fur#her work will be fruitful

in this area.
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4.3 Experimental l

A general description of the experimental techniques is}given in chapter 2
(section 2.3), Tetrahydrofuran (THF) used was frcshly( distilled out from
benzophenone ketyl, and sodium hydnde (Spectrochem) WFS 60% emulsion in
minerall oil. UV measurements were done with a %himadzu UV-2100
spectrophotometer. Picrates of various cations were prepared according to the
usual procedure!8, | |

The experimental procedure for the synthests of methyl| deoxycholate 11 is
described in chapter 2 (section 2.3; compound No. 2a) |

3,12,24-cholan triol 12 . o

Methyl deoxycholate 11 (1.218 g, 3 mmol) in dry THF ':FIS L) was added
dropwise to a suspension of lithium aluminium hydride (0.228 g, 6 mmol) in
THF (10 mL) . The mixtare was stirred for' 30 min. alt room temperature.
ExcessiLAH was quenched with ice-cold dil. HCl'and the kabﬁon mixture was

diluted with water (30 mL). The product was extracted into ethyl acetate
(4X15 mL) and the organic layer was washed with saturated NaHCOj solution,

saturated brine and then dried over anhydrous Naj;SO4. The solvent was
removed in vacuo and the product purified by‘ silica gel column
chromatography. Elution with 60% ethyl acetate in hcxape afforded 12 (1.01
g, 89 %) as a colourless solid and this was crystallized froin ethy! acetate-

hexane mixture; m p. 119-120°C18,
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IR (KBr) : 3450, 3062, 2990, 1170 cm-!.

IH NMR (60 MHz, CDCl3) : 8 4.2-4.0 (m, 4H, OCH), 2.1
(brs, 3H, OH), 1.85-0.90 (m, steroidal CH
and CH»), 0.85 (s, 3H, CHj3)

Crown ether 13

A solution of the triol 12 (0.567 g, 1.5 mmol) in THF (25 mL) was added to a
suspension of NaH (0.216 g, ca 9 mmol) in dry THF (10 mL). The muxture
was refluxed for lh under nitrogen atmosphere. Tricthyleneglycol ditosylate
17a (1.658g, 3.3 mmol) in dry THF (30 mL) was added slowly to the above
mixture and stured for 26h. Excess NaH was destroyed using ice-cold dil.
HCI, the reaction mixture difuted with water (50 mL) and extracted into ethyl

acetate (5X25 mL). The organic layer was washed sugcessively with saturated
NaHCO3 solution, water and finally with saturated brine; dried over anhydrous

Nap804 and the solvent was removed in vacuo. Purification of the product by

chromatography on silica gel column using 40% ethyl acetate in hexane as the

cluent afforded the crown ether 13 (0.311 g, 42 %)'as a colourless viscous

hquid.

IR (KBr) 1 3455, 2998, 1426, 1172 cm-!

IH NMR (300 MHz, CDC!3) : 5 3.75-3.20 (m, 16H, OCH), 1.85-1.0
(m, steroidal CH and CH>), 0.89 (s, 3H,
CH»)

13C NMR (67.8 MHz, CDCl3)  : 5 87.6, 82.0, 81.6,,80.0, 75.5, 73.1, 71.5,
70.2, 67.3, 62.0, 48.7, 47.5, 47.2, 46.5,
45.5, 42.5, 35.5, 35.1, 34.5, 34.2, 33.2,
32,0, 27.5,26.5, 24.3, 17.5, 12.5.
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FABMS (m/z) 1 492.36 (M*, 5), 475.38 (30), 325.24
(100), 255.12 (60) |

Crown ether 14

Triol 12 (0.567 g, 1.5 mmol) in dry THF (25 mL) was refluxed with NaH
(0.216 g, ca 9 mmol) for 1h. Tetraethyleneglycol ditosylate 17b (1.803 g, 3.3
mmol) dissolved in dry THF (30 mL) was added slowly to t;hc above mixture at
reflux temperature and stired for 30h. The reaction Imixturlb was worked up as
described for compound 13 and the product purified by :chromatography on
silica get column. Elution with 40% ethy] acetate in hexape afforded 14 as a

colourless viscous liquid (0.305 g, 38 %).

IR (KBr) 1 3450, 2990, 1426, 1175/cm-!,

'H NMR (300 MHz, CDCl3) : & 3,90-3.20 (m, 20H| OCH), 1.85-1.20
(m, steroidat CH and CI—L), 0.85
(s, 3H, CH3), ‘

3C NMR (22.4 MHz, CDCl3) : & 85.6, 84.2, 82,0, 80.2,173.5, 72.6, 67 4,
62.0, 48.5, 47.2, 46.5, 34.5, 34.5, 33 4,
33.2,32.0,31.1, 27.5,26.5, 24.3, 17.5,
12.5. |
EIMS (m/z) . 1536 (M, 4), 518 (25), 255 (100)
|
1,2-Bis(2-O-p-toluenesulphonylethoxy)benzene (17d)
Catechol (1.1 g, 10 mmol) was added to a solution of KOH (1.3 g, 23.17 mmol)
in absolute ethanol (10 mL), and the resulting dark solution was stirred for 1h
at room temperature. 2-Chloroethanol (1.7 g, 21.1 mmol) was added to the

above solution and refluxed for 30h with stiming. The reaction mixture was
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cooled and the suspension was filtered to remove the insoluble potassium salts.
Ethanol was removed under reduced pressure and the residue was purified by
chromatography on silica gel column using ethyl acetate as the eluent. The
product was obtained (1.55 g, 78%) as a white solid; recrystallization from\a
mixture of dichloromethane and hexane afforded colourless crystals; m p. 110-
111°C. This diol 17¢ (1.0 g, 5.04 mmol) was tosylated by the usual procedure
using tosylchloride and pyridine to afford the ditosylate 17d (1.80 g, 70 %) as a
colourless solid after chromatographic purification on silica gel column using
30% ethyl acetate in hexane as the eluent. The product was crystallized from a
mixture of dichloromethane and hexane to afford colourless crystals; m p. 95-

96°C.

IR (KBr) : 2880, 1600, 1520 crm;!

'H NMR (60 MHz, CDCl3) : 8 7.35 9 (m, 8H, Ar-H), 6.8 (s, 4H, Ar-H),
4.1 (m, 8H, OCH), 2.3 (s, 6H, Ar-CH3)

13C NMR (22.4 MHz, CDCl3)  : & 148.4, 145.2, 132.6, 129.8, 127.5, 122.7,
115.6, 68.0, 67.3, 21.2.

1,4-Bis(2-hydroxyethoxy)benzene (17¢)

Hydroquinone (2 g, 18.16 mmol) was added to a solution of KOH (2 g 356
mmol) in absolute ethanol (20 mL) and stired for 1h. This was followed by
the addition of 2-chloroethanol (3.61 g, 44.83 mmol) and the mixture was
refluxed for 30h with stuming. After cooling to room temperature, the
suspension was filtered to remove the insoluble salts. Solvent was removed
under reduced pressure, and the product was purified by chromatography on
silica gel column using a mixture of ethyl acetate and hexane (9:1) as the

eluent to afford 17e as a white solid (3.32 g, 92%). This product was
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crystallized from a mixture of chloroform and hexane to afford colourless

crystals; m p. 109-110°C.

IH NMR (90 MHz, CDCl3) :86.7 (s, 4H,Ar-H), 4.5-3.3 (m, 10H, OCH)
13C NMR (22.4 MHz, CDCl3)  : & 148.6, 121.7, 114.3, 71.0, 60.6.

1,4-Bis(2-O-p-toluenesulphonylethoxy)benzene (17f)

A solution of the diol 17e (1.5 g, 7.56 mmol) in dry CHCl3 (50 mL) was
treated with pyridine (4.846 mL, 60 mmol) and was cooled to 0°C. Tosyl
chloride (3.6 g, 18.88 mmol) was added in small portionls to the above solution
while maintaining the temperature below 5°C. The resulting solution was
stirred at room temperature for 16h, and then poured into ice-cold water. The

product was extracted into ethyl acetate (4x25 mL), washed successively with
2N HCI, water, saturated NaHCOj3 solution and then with saturated brine. The

organic layer was dried over anhydrous NaySOy4 and the solvent was removed
in vacuo. Punfication of the product by chromatography on silica gel column
using 30% ethy! acetate in hexane as the eluent afforded 17f (3.2 g, 38 %) as a
white solid. Recrystallization from ethyl acetate-hexane mixture afforded

colourless crystals of 17f, m p. 141-142°C.

14 NMR (90 MHz, CDCl3) - § 7.6 (m, 8H, Ar-H), 6.7 (s, 4H, Ar-H),
4.5-4.0 (m, 8H), 2.5 (s, 64, Ar-CH3)

13C NMR (22.4 MHz, CDCly) - 8 152.69, 144.90, 132.94, 129.81, 127.90,
115.73, 68.17, 66.20, 21.58.
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Crown ether 15

A suspension of NaH (0.216 g, ca 9 mmol) in THF (30-\ mL) containing the triol
12 (0.567 g, 1.5 mmol) was treated with the ditosylate 17d (1.66 g, 3.3 mmol)
as described for compound 13. Work-up by the usual procedure followed by
purification of the product by chromatography on silica gel column using ethyl
acetate hexane (25:75) afforded 15 (0.307 g, 38 %) as a colourless viscous

liquid.
IR (KBr) : 3460, 2990, 1598, 1427, 1175 cm-1,
IH NMR (200 MHz, CDCl3) : 8 6.95-6.85 (m, 4H, Ar-H), 4.1-3.2

(m,12H, OCHy), 1.22-0.8 (m, steroidal CH
and CHy), 0.85 (5, 3H)

13C NMR (67.8 MHz, CDCl3)  : & 136.0, 129.1, 88.5, 86.5, 81.0, 80.0, 75.6,
68.3, 61.5, 48.0, '|47.5, 47.1, 46.0, 45.5,
38.5, 35.0, 34.4, 33.5, 33.0, 31.0, 27.5,

26.4, 17.5, 12.0.
EIMS (m/z) £ 540 (M*, 10), 522 (10), 342 (5), 255 (100)
Anal. calcd. for C34H35905 :C, 75.52; H, 9.69
Found . C, 75.48; H, 9.71

!

Crown ether 16 !

NaH (0.216 g, ca 9 mmol) was taken in dry THF (1."5 mL) and a solution of triol
12 (0.567 g, 1.5 mmol) in THF (20 mL) was addc’:d to it and the mixture was
refluxed for lh. The ditosylate 17f (1.658 g, 3.3 'lmmol) in dry THF (25 mL)
was added slowly to the above mixture and refluxed for 28h. Work-up by the

|
usual procedure was followed by chromatographic purification on silica gel
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column using 25% ethyl acetate in hexane as the elu¢nt; 16 was obtained as a
colourless viscous liquid (0.229 g, 37%). |
|
IR (KBr) : 3456, 2992, 1598,/1430, 1177 cm-1..
IH NMR (200 MHz, CDCly)  :87.06.9 (d, J = 7,5 Hz, 2H, Ar-H), 6.8-6.7
(d, J = 7.5 Hz, 2H, Ar-H), 4.0-3.5 (m, 12H,
OCH), 1.22-0.9 (m, steroidal CH and CHj),
0.85 (s, 3H, CH3)
13C NMR (22.4 MHz, CDCl3)  : 8 136.0, 129.5, 126.2, 85.4, 81.5, 81.0,
71.5, 71.0, 68.0, 61.5, 48.0, 47.1, 42.3,
38.5,35.0, 33.5, 32.2, 27.5, 26.4, 24.5,
17.5, 12.0. |
EIMS (m/z) . 540 (M*, 20), 522 (10), 422 (10),
255 (100)

Determination of association constants

0.015 M picrate salt solutions of Li*, Na*, K*, Cs* and NHy* ions were

prepared in distilled water, 0.5 mL each of these soln}tions was transferred into
12 mL centrifuge tubes. 0.5 mL of distilled |watér was taken in another tube as
the blank. 0.2 mL of a solution of the crown efher._. 13 or 15 in CDCl;
(0.075 M) was added fo each of these tubes. The contents of the tubes were

mixed by means of a vortex mixture for 5 min. and ﬁi:c solution was separated

into two clear layers by centrifugation. 0.05 mL of the CDCl3 layer was

transferred to a 5 mL standard flask and made upto the mark with acetonitrile.

The absorbance of each 5 mL solution was measured against the blank solution
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at 380 nm. The onentation of the cell in the spectrophotometer was always
kept constant.

Inorder to determine the extinction coefficient (¢) for each salt in acetonitrile
and the distribution constant K4 of the picrates between water and chloroform,
the picrate salt solutions (10x10-6 M) in distilled water were prepared.
Absorbance of each solution against acetonitrile at 380 nm was measured. To
determine K4, picrate salt solutions (0.015 M) in distilled water (20 mL) were
shaken with 30 mL of ethanol-free chloroform in a separatory funnel and the
layers were allowed to separate. After 18h the | chloroform layer was
transferred into a flask and was evaporated under vacuum. The residue was
quantitatively transferred with acetonitrile: to a 5 mL volumetric flask and
diluted upto the mark. Keeping the path length constant (1 cm), absorbance at

380 nm was measured.

Michael adduct 18

Methyl phenylacetate (0.6 g, 4 mmol) in dry toluene (1.0 mL) was added
slowly to a suspension of potassium {-butoxide (0.0112 g, 0.1 mmol) in toluene
(1.0 mL) under argon atmosphere and stirred for 15 min. at -15°C. To this, a
solution of the host 13 (0.0492 g, 0.1 mmol) in toluen¢ was added and stirred
for another 15 min. followed by the addition of methyl acrylate (0.129 g, 1.5
mmol) in toluene (1.0 mL). The product was extracted in to toluene (3x15 mL)
and the combined organic layer was dried over anhydrous NazSO4. Solvent
was removed under reduced pressure and the product was purified by
chromatography on silica gel colurnn using 6% ethyl acetate in hexane as the

eluent. Adduct 18 was obtained as colurless viscous liquid24 (0.29 g, 29%);
[a]p26 +26°, (¢ = 1%, CHCL3)
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IR (KBr) 12992 1725, 1718, 1620 cm-!

IH NMR (90 MHz, CDCl3) :8 7.5 (s, SH, Ar-H), 3.5 (s, 6H,
COOCHS3), 2.3 (m, 3H, -COCH), 1.9
(m, 2H)

IBCNMR (22.4 MHz, CDCl3)  :8172.0, 171.5, 132.0, 129.5, 45.4, 45.0,
22.5.

Molecular mechanics calculations _
Energy minimized structures of the crown ethers 13-16 were determined

using PC MODEL Version 4 software available from Serena Software, USA,

on a PC-AT-486 machine. Minimizations were carried out with MMX force

field.
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SUMMARY

The thesis entitted ASYMMETRIC SYNTHESIS USING NOVEL
CHIRAL AUXILIARIES AND THE SYNTHESIS OF NOVEL HOST
MOLECULES embodies the results of our investigations in the area of
asymmetric synthesis. »

An introduction to the thesis highlighting the vanious methods that are
commonly employed in the synthesis of optically active compounds is given in
the first chapter. This includes a brief description of the classical methods of
asymmetric synthesis and a selective but more detailed account of the use of
chiral catalysts and auxilianes.

Chapter 2 deals with the synthesis of optically active y-phenyl-y-
butyrolactone (6a) and 5-phenyl-8-valerolactone (6b) in optically active form
using deoxycholic. acid 1a and cholic acid 1b as chiral auxiliaries. The
strategy involves attachment of prochiral moieties containing keto group to the
auxiharies followed by reduction of the keto group under various conditions to
afford the hydroxy esters. The auxiliaries are removed by saponification to

afford the lactones 6a and 6b in optically active form. Modest ee valnes (upto
47%) are obtained when the ketoester derived from 1a is reduced using NaBHy4

in presence of ZnCly. A transition state model 1s proposed to explain the
results, It is observed that temperature does not have any appreciable effect on
the level of chiral induction.

A facile synthesis of the anhydrofuranosides 2a and 2b along with their
use as auxiliaries in the synthesis of optically active lactones constitutes the

subject matter of the third chapter. y-phenyl-y-butyrolactone (8a), 3-phenyl-6-
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butyrolactone (8b), y-methyl-y-butyrolactone (8¢) and 8-methyl-8-valerolactone
(8d) are obtained with good ee values especially when 2b is used as the chiral
auxiliary. An ee value of 93% is obtained for 8a, when the reduction is camed
out using NaBH4 in presence of ZnCl, and this compares favourably with thét
obtained by the enzymatic methods. A ratiopalization of the results in the light
of a transition state model is also included in this chiapter. A synthesis of
(-) mandelic acid, albeit in 32% ee, is also described in this chapter. The
potential use of 2b as a chiral auxiliary in Diels-Alder reaction is illustrated by
the synthesis of 18 by the cycloaddition of cyclopentadiene to the cinnamate 15
derived from 2b.

Chapter 4 contains the results of our investigatidons on the synthesis of
crown ethers incorporating steroid moiety. The novel crown ethers 13-16 have
been sythesized from deoxycholic acid and their energy minimized structures
were obtained using PC MODEL software. The crown ethers 13 and 15 were
used as hosts for the compexation of various unipositive cations and the use of
13 as catalyst in an asymmetric Michael reaction was investigatd.

It is evident from the results presented in this thesis that useful chiral
auxihiaries can be derived from inexpensive and readily available natural
products such as bile acids and D-glucose. The anhydrofuranoside 2b is found
to be a superior auxiliary for the synthesis of chiral laétones; ee values >90%
are obtained with 2b.

It is noteworthy that most other methods available for the synthesis of
y- or 3-phenyl lactones lead to racemization. In this context the present method
which is efficient and simple is particularly attractive. It is anticipated that
auxiliaries such as 2b will be useful in a number of other transformations of

umportance in organic synthesis.
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