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S UMMARY

This thesis describes the asymmetric phase-transfer
catalysed (PTC) Darzens condensation of aldehydes and ketones
with the chiral reagents l-menthyl chloromethanesulphonate,
(S)-(-)-N-chloromethylsulphonyl-2-methoxymethylpyrrolidine,
(S)-(-)-tert-butyl N-(chloromethylsulphonyl)prolinate and
(+)-0O-methyl-N-(chloromethylsulphonyl)ephedrine using triethyl-
benzylammonium chloride (TEBA) as the phase-transfer catalyst.
The chiral reagent l-menthyl chloromethanesulphonate was obtained
by the sulphonation of l-menthol with chloromethanesulphonyl
chloride. The chloromethanesulphonamides were similarly obtained
from suitable derivatives of (S)—(-)-prol%pe and (+)-ephedrine,
respectively.

The diastereomeric ¢,B-epoxysulphonate esters from l-menthyl
chloromethanesulphonate and the o,f-epoxysulphonamides from
the chloromethanesulphonamides were obtained in good chemical
yields, showing a diastereomeric excess (d.e.) ranging from
10-18% for the epoxysulphonate esters and from 10-50% for
the proline epoxysulphonamides. The d.e. values for the ephedrine
epoxysulphonamides were rather low (4-8%, with one positive
exception of 20%). The improved degree of asymmetric induction
using proline derived chloromethanesulphonamides as chiral
reagents was based on the better defined and conformationally
less flexible stereostructures of the transition states leading
to proton abstraction by base to form intermediate diastereomeric
O-sulphonyl carbanions. Reaction of these anions with the
carbonyl compounds gave the desired epoxysulphonamides. The
lower d.e. valuesfor epoxysulphonylephedrines support the
dependence of the chiral induction on the conformational
flexibility of the stereostructure of a chiral reagent. The
dependence of the extent of asymmetric induction on the steric
bulk of the starting carbonyl compound was demonstrated in all
the cases. The rationale for the better d.e. values when
(S)~(-)-N-chloromethylsulphonyl-2-methoxymethylpyrrolidine was

used as the chiral reagent instead of tert-butyl N-(chloro-












Figure 1.2: Dependence of optical yield on AAG;6
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state geometry of these reactions. Despite several attgmpted

theoretical predictions (e.g. the Ruch—Ugi5 and Salems.models)

most of the breakthroughs in asymmetric synthesis are merely

a result of empirical synthetic procedures. Most of the

established stereochemical requirements for asymmetric reactions

have therefore been derived from the various successful syntheses.

For example, many asymmetric reactions are now being satisfactorily

explained in terms of steric factors. Thus, introduction of bulky

substituents at the centre inducing chirality or the use of

substrates with substituents of increasing bulkiness has

generally been associated with an enhanced degree of asymmetric

synthesis. The mode and direction of chiral induction in some

cases has been explained on the basis of Cram's’*® and Prelog'sg’lo

rules. However, recent studies have shown that caution has to be

excercised on interpreting a good asymmetric synthesis on the

basis of bulky substituents.!!~13
It also has been advanced that intermolecular chelation of

the chiral reagent and substrate makes the transition state to

be more ordered and consequently this reduces the degree of

freedom of the intermediate species. As a result high degrees

of chiral induction are obtained. Further, when the developing

chiral centre is in close proximity of the inducing centre high

degrees of asymmetric synthesis may be expected,

Apart from steric factors and stereostructures of reactants

and intermediates, asymmetric reactions have been found to depend






context. Typical examples of asymmetric reactions relevant to
the syntheses reported in this thesis will be presented in
Chapter 2.

1.3. OBJECTIVES

0,B-Epoxysulphones (D have been known for quite some time
now. These compounds can be conveniently prepared through
Phase-Transfer Catalysed (PTC) Darzens condensation as shown

in Scheme 1.2.'%71% when aldehydes are used as carbonyl

scheme 1.2

R1 l‘/gg (5]
1

SO,R

R=Ar or tert-alkyl; R1=H,alkyl or Ar.

P TC conditions: 50% NaOH, PT catalyst,solvent
and vigorous stirring

substrates this synthesis is stereoselective, giving predominantly
0,B-epoxysulphones of the (E)-configuration. Zwanenburg
et al.?° 2%, have contributed considerably to the development
of epoxysulphone chemistry.
Phase-transfer catalysis, which is a new technique in
organic synthesis, has attracted much attention in a variety

25-29 gince asymmetric synthesis has occupied

of syntheses.
a considerable proportion in modern organic synthesis, any
attempt to incorporate this methodology in any type of reaction
should be worthwhile. Therefore, the prime objective of the
present investigation is to study asymmetric induction during
PTC synthesis of o,B-epoxysulphones and also to extend the
scope of epoxysulphone chemistry.

PTC reactions are usually versatile and easy to carry out.
This is the main reason why currently much effort is given to
introduce asymmetric synthesis in this technique. It is intended

in this study to establish, if possible, factors that effect

the asymmetric induction in the PTC Darzens synthesis of












CHAPTETZ R 2
SURVEY OF PERTINENT LITERATURE

2.1. PREFACE

In this chapter the literature relevant to the chemistry
in the subsequent chapters of this thesis is surveyed., The
chapter begins with a concise treatment of the stereochemical
course of the Darzens condensation. This is followed by a
detailed survey of the chemistry of o,B-epoxysulphones. This
constitutes the major part of this chapter because it forms the
backbone of the investigation reported in this thesis. For the
same reason asymmetric phase transfer catalysis is also discussed
in a considerable detail. A brief mention of some asymmetric
aldol-type reactions is also presented. Finally, a survey is
made of some asymmetric reactions involving (S)-proline and

l-menthol derivatives as chiral reagents.

2.2. THE DARZENS CONDENSATION

The condensation of oc-halomethyl compounds with aldehydes
and ketones under basic conditions to form substituted a,B-

epoxides is known as the Darzens condensation (Scheme 2.1),

scheme 2.1

0 R 0

- base
R

carbanion stabitizing group
halide (preferably Cl or Br)

> N
LI}

In these reactions it is required that the halo-compound has

a carbanion stabilizing group Z at the o-position. That is why
c-halocarbonyl compounds have been frequently used in this
condensation.

The Darzens condensation is one of the most convenient



methods for the preparation of u,B—epoxides.1 Under appropriate
reaction conditions the condensation proceeds with complete
stereoselectivity.

In this section the stereochemical course of the Darzens
condensation and some asymmetric Darzens reactions will be
discussed. More extensive discussions on the synthetic merits
of the Darzens condensation are described in a number of books
and review articles.l'u The Darzens condensation involving

sulphones will be discussed in section 2.3.

2.2.1. Stereochemistry

For sometime now the stereochemical course of the Darzens
condensation has been a subject of much discussion. Mechanistically
this condensation proceeds through the formation of a carbanion
1l which then attacks the carbonyl component to give erythro-
and threo-haloalkoxy intermediates 2a and 2b, respectively

(Scheme 2.2).! Cyclization of these aldol-type products then

scheme 2.2

i o
ZCHX + B —= ZCHX + BH
1

O_
’ , R, O\ 42
H H H
R .
ﬁjjjj; X (Z) - epoxide
>
ZCHX + RCH=0 2a
1
\ -
z Hy O\ 42
R H - 4 \
X R
2b (E)-epoxide

Z= COR, COOR; B®=base; X=halogen



affords 0 ,B-epoxides having either an (EF)- or a (Z)-configuration.
The ratio of the diastereomeric epoxides depends on the structure
of the reactants and the reaction conditions (solvent, base and

temperature).l’5

A complicating factor in understanding the
stereochemical course 1is that either the formation of halo-
alkoxide 2 or its 1,3-elimination to epoxide is rate determining,
In cases where the haloalkoxide formation is rate limiting mainly
steric effects, together with some electrostatic factors, are
governing the stereochemical outcome. When the epoxide formation
is the slow step, an equilibrium exists between the erythro- and
threo-haloalkoxides. Because of the smaller steric congestion
in the transition state the rate of 1,3-elimination of the threo-
isomer 2b usually is faster, thus leading to the (E)-epoxide as
the predominant product. Quite a number of reported Darzens
condensations fit into the pattern depicted above, For example
the predominant formation of an (F)- over a (Z)-epoxide in the
condensation of benzaldehyde with ferit-butyl-2-bromothiolacetate
in a less polar solvent like THF has been associated with steric
factors assuming the final cyclization step being rate determiningﬁ
Tung et aZ.G, suggest that the formation of the intermediate
haloalkoxy compounds should be the slow step in cases leading
to the non-stereoselective production of isomeric 0,B-epoxy
carboxylic esters. This contrasts earlier suggestions that the
stereochemistry in this Darzens condensation is the result of
an epimerization of one isomer into the other. It has been
observed that a change from a non-polar solvent (e.g, benzene)
or a protic solvent (e.g. ethanol) to a dipolar aprotic solvent
(e.g. HMPA) increases the rate of the cyclization step and
tends to make the initial condensation reaction rate determining._e"10
Deviating mechanistic explanations for the steric course
of the Darzens condensation have been advanced. For example
Zimmerman and Ahramjianll, in rationalizing the exclusive
formation of the (seemingly?) thermodynamically less stable
(E)-diphenylglycidic ester, proposed that this steric course
is controlled by the tendency towards maximum overlap of the

carbonyl m orbital of the ester and the developing p orbital


















scheme 2.9

i Li, THE, -70° G 1 RRyCce0 G
RSO,CHCI 2=BULTE -0, poQ, (- j ——23°" = RSO,C—CR,R
2 23 2.H,0 27 123
8 2 R1OH
- 9a:R =Ph
0 9__9? R= Me
SN RysL NRy + 8+ RRyC=0
R4 SO,R
5

Such a competing cleavage to the starting components has
also been observed in the similar synthesis of 0,fB-epoxy-
sulphonamides [Chapter 4 of this thesis].

Another version of the Darzens condensation is the use of

phase transfer catalysis (PTC) (Scheme 2.10). This is the most

scheme 2.10

Ry Cl é) 5 0
RSO,CHCL * >=0  —— Rsoz_Cg‘_Cel S LA 2. .
1

SO,R

R=Ar or tert-alkyl; R1=H,alkyl or Ar.

P TC conditions: 50% NaOH, PTcatalyst,sotvent
and vigorous stirring

re;ently introduced procedure for the synthesis of o,B-epoxy-
sulphones and it has proven to be extremely convenient.%,21,2%
The Ramberg-Bidcklund rearrangement by the action of a base
(Scheme 2.11)25 which leads to the formation of an episulphone
10 and subsequent decomposition by the loss of sulphur dioxide
to the olefin allows only the use of d-chlorosulphones of the
type 8 in the Darzens condensation. That is 8 should have no

0-hydrogen atoms in the R substituent.
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important factor in dictating the stereoselectivity in the
Darzens condensation for 0O ,B-epoxysulphones. The oxygen atoms
of the sulphone group are held in an outward position, thus
pointing the aryl group towards the syn-substituent on the
B-carbon atom. This implies that the preferred transition state

should have the structure depicted in Figure _2.313 with the

Fig-2.3

8 ’
Ph,%C; %}\\\\\
C C

X

— O -
/ \S\/ solvent
H 0-}
Ar

sulphonyl function antZi to the bulky substituent on the B~carbon
atom. This explanation indeed leads to the observed preference
of the (EF)-epoxide. However, the discussion on the basis of

Figure 2.2 seems more adequate to me.

2.3.3. Reactions

The main reactions of O,B-epoxysulphones involve the
nucleophilic epoxide ring opening followed by elimination of
the sulphone group to furnish substituted carbonyl compounds.
The reactions proceed with complete regioselectivity because
SN2 reactions 0 to a sulphonyl group are known to be extremely
slow. 3" Therefore, these reactions render the 0,B-epoxysulphone
unit to be a useful carbonyl precursor.

It has been found that sodium thiolates in methanol as
solvent react with epoxysulphones to give d-alkylthio (or aryl-

21,31

thio) carbonyl compounds in good yields. Similarly,

O-azidoaldehydes can be obtained by the reaction of epoxy=-

sulphones with sodium azide in anhydrous DMF as solvent.®?

This reaction is treated in more detail in Chapter 5.
Treatment of epoxysulphones with excess magnesium bromide

leads to o-~bromocarbonyl compounds.ZI’33 In this reaction the









schems 2.15

NH
2 0 —SO,Tokp
QX SOjTol-p %o @
+
i H, oA ety [ CHO

12

Ar 02 g Ar
@N Tspontaneous @[ j/ R=H, 6,7-dimethy! , 7-chloro

or 6—-and 7-methyl

It has been observed that on the influence of a Lewis acid
or heat 0,B-epoxysulphones undergo a rearrangement process
which leads to the migration of the sulphonyl group from the
- to the B-carbon atom, probably in a synchronous manner with
the subsequent formation of a carbonyl function at the a-carbon

atom, as shown in Scheme 2.16.'3,2! In the presence of an

scheme 2.16

0 e
R~/ \-SO,Tol-p 4 or BF3 R'l 5.,

1
R, H By
5
CH=0 R
—%‘:—%Q—.ﬁo—-— 1 SOZTol—p
19 20

eicess of BF3—etherate, sodium hydroxide solution or on further
heating the O-sulphonylaldehydes 19 may undergo a deformylation
process to give the saturated sulphones 20 as final proclucts.ls'ZI'38
The rearrangement is more facile when R; and R, in 5 are strong
carbocation stabilizing groups (Z.e. stabilizing the electron
deficiency at CB).

Exposure of epoxysulphones to ferric chloride in ether

results in the formation of a mixture of o-chlorophenylacet-.



aldehyde and o-formylsulphone in approximately equal amounts.>?®

The O-chloro aldehyde is formed in a fashion similar to one

H /\ ~SO,Ph _FeCl3, Ether_ >—CH=O + >—502Ph
Ph H Ph Ph

depicted in Scheme 2.13, whereas the other aldehyde is a
rearrangement product.

' A brief investigation on the reaction of epoxysulphones
with Grignard reagents resulted into a mixture of a number of
products, presumably resulting ffom several side reactions of
the intermediate products with the remaining Grignard reagent.21

In general the overall transformation involving the synthesis
of a,B-epoxysulphdnes through the Darzens condensation and the
subsequent nucleophilic reactions of these compounds as shown
above is a case of "Umpolung"”. It represents the introduction
of an acyl group at the original carbonyl carbon. Furthermore,

the carbon atom B to the sulphone group in the epoxysulphone

behaves as a masked d-acyl carbocation.
2.4. ASYMMETRIC PHASE TRANSFER CATALYSIS

2.4.1. Introduction

In phase transfer catalysis (PTC) a reaction is brought
about in a mixture of concentrated aqueous sodium hydroxide
solution, an organic solvent and small quantities of a phase
transfer catalyst (usually a quaternary ammonium or phosphonium
halide or a crown ether). Phase transfer reactions using solid
sodium or potassium carbonate with or without organic solvents
are also known.'®

PTC is believed to be possible due to the ability of the
organic soluble cations of catalyst to repeatedly bring anions
of reactants into the organic phase in such a way that a

reaction occurs.*17*7 1¢ has been found that with this technique






phase and the anion exchange takes place only across the
rhase boundary. This then means that the mechanism shown in
Figure 2.4(b) is applicable.”“ In Figure 2,4 ion pairs

are shown in square brackets.

PTC has enormous advantages over conventional synthetic
techniques since reactions carried out under such conditions
are simple to conduct and do not require anhydrous aprotic
solvents (which are rather expensive) and dangerous and
expensive bases (€.g. sodium hydride, sodium amide, potassium
tert~butoxide, etc.). Furthermore, these reactions require
shorter reaction times and/or lower temperatures. Since the
introduction of phase transfer techniques in organic synthesis
some 17 years ago a variety of reactions which do not proceed
otherwise have been realized.""

This literature survey is devoted to asymmetric phase
transfer catalysed reactions, The literature on general PTC
has been extensively docugented elsewhere."!~*7 In this
chapter emphasis will be given to those reactions which lead
to epoxides.

Recently mechanisms leading to asymmetric induction in
PTC have been advanced. Thus McIntosh®°’ has proposed theoretical
requirements for a suitable chiral phase transfer catalyst
which will effect asymmetric induction. It is argued that a
significant induction can only be expected when very tight
ion pairs are involved in the reaction. This argument is
based on the expected mobility of the anion X~ of the catalyst
Q+X-, such that the interaction of the substrate and cation
will be maximized.®®

Other factors affecting the extent of asymmetric synthesis
on PTC will be encountered in the subsequent subsections of

this section.

2.4.2. Darzens condensation

1 have conducted an extensive

Wijnberg and his group5
study on chiral alkaloid catalysed asymmetric phase transfer

reactions. They used QUIBEC (21) as the chiral phase transfer






induction in most of the experiments.could not be determined
by Eu(tfc)s induced NMR shifts. Since some of the epoxy~-
sulphones reported by Colonna et al.sz, are known to be

unstable“”26

some of the results described in the above
study are rather questionable. ‘

In the above investigations the degree of chiral induction
was enhanced (up to 6%) by using the catalyst anchored on a
polymer matrix. The dependence of the stereochemical results
upon the position of the hydroxyl group of the catalyst was
in accordance with that previously demonstrated in the sodium
borohydride reduction of carbonyl compounds under phase transfer

53,5% The supported catalyst was less efficient in

conditions.
promoting the asymmetric induction in the synthesis of epoxy-
nitriles.

Chiral o,B~-epoxyphenylketones have been obtained in 1-9%
asymmetric induction through asymmetric phase transfer
catalysed condensation of aromatic aldehydes with phenacyl
halides in the presence of QUIBEC and ephedrinium salts as

chiral phase transfer catalysts.55 Bromide gave a higher

induction than the chloride. In contrast to earlier observations56
the anchored catalyst retarded the reaction rates. Essentially
the above asymmetric synthesis is the same as that reported
by Wijnberg et al.%!
2.4.3. Epoxidations

Many of the PTC reactions reported to-date have been
directed towards the synthesis of optically active epoxides,
presumably because of the significance of such compounds in

-60 1-63

biochemistry57 as well as in synthetic organic chemistry.6
Thus, Nozaki and his grcupeu have studied the asymmetric PTC
epoxide formation from benzaldehyde and dimethylsulphonium
methylide in the presence of (-)-N,N-dimethylephedrinium
bromide as the phase transfer catalyst. An asymmetric induction
of 67% was claimed. The hydroxyl group in the catalyst was
considered to be responsible for the enhanced degree of

asymmetric induction. Aprotic solvents (e.g. THF and acet-






of the change of reaction temperature on the degree of chiral
induction. The same observation was true with the quantities
of the aqueous base and the phase transfer catalyst.

The non-PTC epoxidation of quinones in the presence of
quinine gave zero optical yie1d567, showing that the asymmetric
PTC epoxidation is a true counter—ion rather than a solvent

effect.

2.4.4. Kinetie Resolution

An example of phase transfer catalysed kinetic resolution
was first reported by Wijnberg et al.®® This involved the
cyclization of racemic threo-chlorohydrins in the presence of

QUIBEC (6 mole %) to form 0,fR-epoxides with about 6% of chiral

R
QUIBEC
5 o

induction. Other examples of kinetic resolution have recently

been reported.®®~ 70

2.5. ASYMMETRIC ALDOL REACTIONS

As already has been mentioned in section 2.3 the first
step in the Darzens condensation is essentially an aldol-type
reaction. Therefore, a brief mention of some asymmetric aldol
reactions appears relevant to the present investigation,
However, more detailed reviews on this subject can be found
elsewhere. 177°

The aldol condensation can be subdivided into four types
of reactions as shown in Scheme 2.19.7!

Among the earliest asymmetric aldol-type reactions, the
highest asymmetric induction of 93% was achieved from the

condensation of l1-menthyl acetate with acetophenone wusing






ketones 33 to give aldol products in excellent yields and

79

uniformly reasonable chiral induction (35-68%). The high

R1>=<R2 A
On,
R R 0

22 33

degree of asymmetric synthesis was based on a rigid cyclic
transition state.

Recently Hoffmann and Hero1d®? reported an asymmetric
synthesis of optically active homoallylic alcohols gi via
an aldol-type condensation of chiral boranes 35 with aldehydes.
The chiral alcohols were obtained in a uniform configuration.

Saturated aldehydes gave better results.

HOHR

chiral reagent 3§


















carbonyl carbon from the less sterically hindered side (the
side of hydrogen) yielding (S)-hydroxyaminals, acid hydrolysis
of which gives (S)-hydroxyaldehydes 55.

Bycroft and Lee®!

prepared O-amino acids 22 with over 90%
chiral induction using (S5)-56 as the chiral reagent, The
interesting aspect of this synthesis (Scheme 2.24) is the
isomerization of the new chiral centre in 57 during the
asymmetric catalytic reduction (S—gl to R—gg).gl

(S)-Proline has also been used as a chiral reagent in

the synthesis of the alkaloid gl.gz In this synthesis the

scheme 2.24
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key step is the asymmetric Michael reaction of the (S)-proline

pyrrolidine enamine 60 to the alkaloid.
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can be determined by chromatography, physical separation
of the isomers or by 1H—NMR spectroscopy, with or without
the help of shift reagents (chiral for e.e. or achiral for
d.e.).8-11,17

In the present study, E-u('fod)3 induced 1H-NMR shifts
were used to determine the composition, and hence the extent
of chiral induction during the preparation of the diastereo-
meric epoxysulphonate esters. The shift reagent Eu(fod)3 gave
the best resolutions and shifts as compared to Eu(dpm)3.

NMR shift reagents are widely used in effecting simpli-

fication and enhanced resolution of 1

H-NMR spectra by shifting
and subsequently separating various proton signals which
otherwise appear at the same position. Furthermore, these
reagents may be useful in obtaining valuable information about
the stereochemistry of molecules in solution where the shift
reagents associate with defined basic functionalities of organic
compounds.18 In sterically unhindered molecules the magnitude
of the induced shifts may give a clue to the type of the
functional group responsible for the coordination of the shift
reagent.

One of the concepts which have been advanced to explain
the observed coordination of shift reagents with organic
molecules has been that based on the coordination of hard
lanthanide ions of the reagents with soft and hard acids and
bases.!® Thus stronger interactions, and hence larger induced
NMR shifts can be predicted for hard (e.g. N and 0) over soft
(e.g. P and S) bases.

For sterically unhindered multifunctional molecules
complexation with shift reagents takes place at the strongest
coordinating site, saturation of which allows further coor-

18 1n gsuch molecules the extent of

dination at weaker donors.
delocalization of the coordinating electron pair as well as

the inductive effect of the neighbouring groups will determine
the extent of complexing at the competing sites in the donor
molecule. In some cases it is also possible for multifunctional

molecules to complex at two sites simultaneously.18
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The structure of O-sulphonyl carbanions has received
intensive theoretical and experimental attention, particularly,
because of the special ability of these anions to maintain
their stereochemical configurations?oNow there is convincing
evidence that a-sulphonyl carbanions are planar with a high
barrier to rotatiomn rather than pyramidal with a barrier to

31 An energy surface as a function of the angle 0O

inversion.
and ¢ in the simplified sulphone system 11 (Figure 3.5) has
been provided by MO calculations.>?:%% It was found that of

the five possible orientations 12a-12e (Figure 3.6) the
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relative amounts of the two chiral diastereomeric epoxy-

sulphonate esters.

l-Menthyl 2-methyl-1,2-epoxypropanesulphonate (8a)

Acetone (0.884 g, 15.24 mmol, excess) and 7 (2,16 g,
8.04 mmol) gave 8a as a viscous o0il, 1.891 g (80.5%); 1H—NMR,
§ 4.77-4.33 (m, menthyl carbinol proton), 3,87 (s, epoxy-
methine proton), 1.67 (s) and 1.43 (s) (epoxymethyl protons)
and 2.40-0.60 ppm (m, menthyl group); IR (neat film), v(—SOz-O—L
1425 and 1200 cm-1 (s8) and MS: m/e 302 (M+); diastereomeric
composition: 55.0% and 45.0% corresponding with a diastereo-

meric excess of 10.09%.

l-Menthyl E-(2-phenyl-1,2-epoxyethanesulphonate) (8b)

Benzaldehyde (1.53 g, 14.43 mmol) and 7 (3.88 g, 14.43
H-NMR, § 7.30 (m, phenyl group),

mmol) gave an oil (3.0 g, 61.5%); IR (neat film), V(-~SO
1420 and 1200 s (8); %
4.80-4.40 (m, menthyl carbinol proton), 4.33 and 4.17 (m,
epoxymethine protons) and 2.50-0.60 ppm (m, menthyl group).

On standing at about 50 one of the two diastereomers
crystallized. It was purified by recrystallization from
n-hexane furnishing white wool-like crystals, m.p. 95—980;

IR (KBr), Vv(-S02-0-) 1425 and 1205 cm"1 (s); 1H-NMR, 6§ 7.37

(m, phenyl group), 4.80-4.47 (m, menthyl carbinol proton),

4.29 (d) and 4.18 (d) (J = 1.5 Hz, epoxymethine protons) and
2.50-0.60 ppm (m, menthyl group). Found;C: 63.8% and H: 7.8%
(calculated for CygH,504S; C: 63.87% and H: 7.76%). The other
fraction (oily) still contained some of the crystalline isomer
(NMR) . Eu(fod)3 NMR experiments as above showed two pairs of
epoxymethine proton signals, the intensity of which was
different in each of the pairs. However, as no clear resolution
could be achieved no definitive conclusion on the diastereo-
meric composition could be derived from these experiments,

From the partially resolved signals for the epoxymethine

protons a d.e. of about 10% was estimated.






























Fig. 4.2
c
-
CLCH,S0,
+0-55 %
T™MS
T
MR A
1 1 L i 1 L
6 s 5 4 3 2 1 o ppm
Fig. 4.3
OCH3CH3 o
N ™
Ph ;,,5\\0 cL
CHq













Table 4.1 Asymmetric Darzens condensation with 2—methoxymethyt-N—(chloro-

methylsulphonyllpyrrolidine 6 according to scheme 4.5

comPOUnd R R1 Yleld(%) d.el %)
150 ICH,)CH H 77.5(58" 79%) RGN
(2)

15b CHy CH, 67 30 (30°°")
s © H 60 a0

"3 (s)
15d CHy . 73 50

CHy
L H 56 17
15g ~lCHy> 87 355
15h ~( CHy)p- - . L7
15i zﬁézz;) 47 22
15 - = 62.5 14
18§ { CHyl, CHICHy) CHyCHy
15K o © 8s® t

d.e. = diastereomeric excess

(D obtained when KOBu-t was used as base, as reported by Vogt

and Tavares

(z)obtained from the cyclization of the isolated chlorohydrin

sulphones

estimated from the partially Eu(fod)
(» derived from the rearranged products (Scheme 4.6)

resolved 1H—NMR spectrum

(s)estimated from the 1H-NMR spectrum of the crude product






using the shift reagent should similarly be explained,

scheme 4.7

O~N _ Edlfodly H, CHO
A 2 XSOZ ;
CH3
CHY
. 18
Ar = 2,4,6—-(CH-3)3C6H2 , 2-naphthyl

A misleading observation can be made when the d.e. values
are calculated directly from the epoxymethine proton . NMR
signal of epoxysulphonamides derived from the condensation of
6 with ketones, since the epoxymethine proton (Ha) cannot be
separated completely from the underlying absorption. In many
cases the signal appears to be always on top of a shoulder
of the next-door signal. Support for this view was obtained
from the d.e. values of the epoxysulphonamides reported in
Table 4.2. Here the d.e. values calculated from the signal due
to Ha and that of the methine proton 00 to the nitrogen atom
on the pyrrolidine ring matched whereas in the compounds in
Table 4.1 this was not the case. In the former compounds the
disturbing underlying absorption for Ha is not present.

Reasons have already been advanced in Chapter 3 why in
this study only aldehydes and symmetrical ketones were used as
carbonyl substrates. However, an attempt was made to use un-
symmetrical ketones as carbonyl substrates so as to assess the
stability of such chiral epoxysulphonamides. This type of
epoxysulphonamides is very useful in the synthesis of optically
active O-alkylated aldehydes, as will be described in Chapter 5,
When acetophenone was used as the carbonyl compound and g as
the chiral reagent, two diastereomeric pairs of chiral
0,B-epoxysulphonamides were obtained, as shown in Scheme 4.8,
From the lH-NMR spectrum of the crude material the two dia-
stereomeric pairs were observed to be present in different
proportions. The major diastereomeric pair was less stable,
since, on letting the mixture stand at room temperature for a

few hours, this pair underwent a rearrangement analogous to that






























when the starting carbonyl substrate was benzaldehyde, where
no epoxide was detected by l4y_-NMR. On the other hand, the
PTC epoxide formation from the diastereomeric chlorohydrin
mixtures (four diastereomers) derived from 6 and isobutyr-
aldehyde led to very high yield of 15a (Table 4.1) and the
extent of chiral induction (14%) was fairly comparable with

that obtained from the direct PTC condensation (18%),
4.3. EXPERIMENTAL

4.3.1. General remarks

Eu(fod)3 1H-—NMR experiments were carried out as already

reported in Chapter 3 and unless otherwise state the separa-~
tions of the NMR signals due to the methine proton 0 to the
nitrogen atom on the pyrrolidine ring was used in assessing
the diastereomeric composition (the extent of asymmetric
synthesis) of the diastereomeric mixtures. For epoxysulphon-
amides derived from teri-butyl N-(chloromethylsulphonyl)prolinate
and from 14 the well resolved epoxymethine proton signals
[after addition of Eu(fod)s] were also used for the above
assessment.

Chlorohydrins were purified by distillation under reduced
pressure using a BUCHI GK50 low pressure small scale distillation
apparatus. Unless otherwise stated all other experimental remarks

reported in Chapter 3 also apply to this chapter.

4.3.2. Preparation of the chiral reagent 6

(2) (8)-(+)-2-Hydroxymethylpyrrolidine (5)

To a stirred suspension of LiAlH4 (36 g, 946 mmol) in
superdry THF (1000 ml) small portions of powdered S-proline
(1) (60 g, 522 mmol) were slowly added at 0°. a vigorous
reaction occurred after each addition. After this addition was
complete (ca. 30 min) the reaction mixture was heated under
reflux for 1 hr and cooled. Then, with vigorous mechanical

stirring, cold water (125 ml, 7.0 mmol) was slowly and
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( CHC1); MS: m/e 410 (M+); Calcd. for 020H2401N04S: C, 58.,59%;
H, 5.91% and N, 3.42%; found: C, 58.71%; H, 5.98% and N, 3.48%;

diastereomeric excess 26.5%.
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governing factors rather difficult.

Fig. 5.1

Treatment of 0,B-epoxysulphones with tetraethylammonium
chloride in dichloromethane gave O-chloroaldehydes in good
yield*. In this case the réagent only can act as a nucleophile,
no coordination with any of the substituents takes place. The
reaction of substrate 7 and 8 with the quaternary ammonium
chloride has not been studied. It is expected, however, that

in both cases formation of od-chloroaldehydes will occur.

5.2.3. Attempted reductive desulphonylation

The wide use of the sulphone group in synthesis is based
on its ultimate removal, normally by reduction, to give the
desired final products. This reductive transformation is most
commonly accomplished by the use of either sodium amalgam in
ethanol, aluminium amalgam in aqueous THF, lithium in ethyl-
amine, zinc in acetic acid, potassium graphite or tri-n-butyl-
tin hydride.g’10 The choice of reagents depends on the presence
of other functionalities in the substrate molecule. Treatment
of aryl alkyl sulphones with excess 6% sodium amalgam in
methanol in the presence of 4 equivalents of disodium hydrogen
phosphate has recently been found to be the most efficient
procedure for the reductive removal of the sulphonyl group,11

In the present study the reductive desulphonylation of

epoxysulphones was aimed to ultimately obtaining epoxides

*This reaction was carried out in order to check the results
obtained in the reaction of epoxysulphones with tetraethyl-
ammonium azide containing traces of tetraethylammonium chloride.
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of the type 12 (Scheme 5.4). With chiral epoxysulphonamides
as sulphonyl substrates the reductive removal of the sulphon-
amide group would then lead to an asymmetric synthesis of
substituted oxiranes. Despite its great demand imn organic
synthesis the asymmetric synthesis of oxiranes, particularly
through carbon-carbon bond formation is still difficult to
achieve.2-15
Unfortunately, in the present investigation all the attempted
reactions either led to isolation of the starting epoxysulphones
or to unreproducable mixtures of products (see experimental
section). Modification of the conditions never improved the
results. Since similar reactions are successful with most
sulphonyl containing compoundsg’lo, the formation of the complex
mixtures observed in the present study should, to a great deal,

be due to the presence of the epoxide function.

scheme 5.4

0 0
8
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H o ) TR R
R 1
1
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EXPECTED PRODUCT

Thallous ethoxide is also known to react with sulphonyl

compounds with concomitant . elimination of the sulphonyl

group.16 However, in this study treatment of epoxysulphone 13
—_—

scheme 5.5
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(Zv) Using thallous ethoxide

A mixture of (F)-2-phenyl-1,2-epoxyethyl p-tolyl sulphone
(1.0 g, 3.65 mmol) and thallous ethoxide (0.75 g, 3.65 mmol)
in absolute ethanol/DME (1:1) (50 ml) was stirred at room
temperature for 5 hrs. The reaction mixture was then taken up
in ether and was washed with water. The ethereal solution was
dried and the solvent was evaporated to leave a dark brown

solid which contained exclusively the starting epoxysulphone.

5.3.6. Reaction of epoxysulphones with tetrabutylammonium azide

and lithium azide !

A mixture of sodium azide (0.475 g, 7.30 mmol) and tetra-

butylammonium chloride (2.10 g, 7.57 mmol) in dichloromethane
(100 ml) was stirred at 0° for 1 hr and the formed sodium

chloride was filtered off. To the filtrate was slowly added at

0°

(2.0 g, 7.30 mmol) in dichloromethane (10 ml), The reaction

a solution of (F)-2-phenyl-1,2-epoxyethyl p-tolyl sulphone

mixture was stirred at room temperature for 4 hrs. Work-up gave

a complex mixture of products. IR: v(—N3) 2105 cm*l. The intens-
ity of this signal began to diminish quickly a few minutes

after work-up and after 10 min the IR spectrum showed no v(—NB)

absorption anymore.

Repeating the reaction with lithium azide in acetonitrile/
dichloromethane as solvent and at 30o for 30 min led to similar
results.

Carrying out the reaction with sodium azide in aqueous

acetone under reflux for 1.5 hr also led to similar results as

above.

5.3.7. Reaction of benzyl carbamate with epoxysulphones

Benzyl carbamate was prepared by the action of aqueous
ammonia on carbobenzoxy chloride.

A mixture of benzyl carbamate (0.83 g, 5.50 mmol) and
(F)-2-phenyl-1,2-epoxyethyl p-tolyl sulphone (1.5 g, 5.47 mmol)

was stirred in DMF at 90o for 6 hrs and then diluted with water.
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sodium azide (1.90 g, 4 equiv.) and work-~up as above gave

a brown solid material, which was found from TLC (silica gel

or alumina, 50% ethyl acetate in #n-hexane), 1H-NMR and IR spectra to
be a complex mixture of products. IR (KBr): v(aN3) 2105 cm-1

(s). Carrying out the reaction at room temperature for 10 hrs

led to a similar complex mixture as above. Repeating the

reaction in refluxing acetonitrile for 4 hrs also led to a

similar result. The reaction in acetonitrile at room temperature

for 10 hrs gave a complex mixture and some unreacted epoxy-

sulphone.

(i2) Reaction with (E)-1,2repoxy-3-methylbutanesulpho(2-methoxy-
methyl)pyrrolidide ‘
Reaction of the epoxysulphonamide (3,58 g, 13.60 mmol)

and sodium azide (3.54 g, 4 equiv.) at 30° for 10 hrs gave a

crude product which after work-up and chromatography (silica

gel, 40% dichloromethane in 7n-hexane) gave a product, 1.2 g;

IR (neat film): 3600-3200 (br), 2740 (w, -CH=0), 2240 (w),

2200 (w), 2160 (s), 2110 (s, -N3), 1720 (s, -CH=0), 1660 (w,

CH=C ?), 1600 (s) and 1330 (s) and 1145 cm_1 (s, —SozN—).

Attempted further purification of this substance by chromatography

led to the formation of a complex mixture of products.

(227) Reaction with 2-methyl-1,2-epoxypropyl p-tolyl sulphone

under PTC conditions

A mixture of the epoxysulphone (3.0 g, 13.27 mmol), sodium
azide (3.45 g, 4 equiv.) and tetrabutylammonium bromide (0,1 g,
0.36 mmol) in 50% sodium hydroxide (20 ml) containing HMPA
(2 ml) was vigorously stirred at 30-40° for 6 hrs, then poured
in cold water (300 ml) and extracted with ether. The ethereal
solution was washed several times with water, dried and the
solvent evaporated to leave a brown material. The IR spectrum
indicated the presence of the starting epoxysulphone. This
crude product was purified by chromatography (silica gel,
dichloromethane/n-hexane 1:1) to give the pure azidoaldehyde
(0.879 g, 58.5%); IR (neat film); V(-CH=0) 2700 (w) and 1730 (s)
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