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Abstract—The asymmetric epoxidation of chalcone and other electron-poor olefins in a triphase system (water-
organic solvent-polyaminoacid) affords optically active oxiranes. The influence of the molecular structure of
catalysts and of their secondary conformation on the enantioselectivity of the reaction has also been examined.

Asymmetric syntheses performed in the presence of
synthetic or natural polypeptides are a subject of grow-
ing interest,” since these can be considered as simplified
models of enzymatic reactions.

On the other hand, the epoxide functional group is one
of the most useful intermediates in organic synthesis.
For this reason the synthesis of chiral oxiranes is still a
challenging target in the area of asymmetric induction.
Having recently discovered a highly enantioselective

method for epoxidizing electron-poor olefins' in a
triphase system (polyaminoacid/aqueous phase/organic
phase) it seems necessary to investigate the structural
requirements of polyaminoacids used as catalysts, in
order to enlarge the scope of this synthetic method.

We have prepared and tested, in the epoxidation of
chalcone 1, the series of poly-L-a-aminocacids 3-13
(Scheme 1). Catalysts 3-7 have been obtained from the
corresponding L-aminoacids according to Scheme 2.
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Catalysts 8 and 9 have been prepared similarly from RESULTS AND DISCUSSION

4-L-benzyl aspartate 15 and S-L-benzyl glutamate 16 res-
pectively. The L-a-aminoacids have been converted into
the corresponding N-carboxyanhydride 14 (NCA) by
reaction with benzylchloroformiate and thionyl chloride.
The subsequent polymerization of 14 has been per-
formed using n-butylamine as initiator.

In compounds 3-9 m represents the mole-ratio of NCA
to initiator, corresponding to the number average degree
of polymerization.' Random copolymers 11 and 12a,b,c
of L-leucine and L-valine with L-alanine have been pre-
pared according to literature,’ using n-butylamine as
initiator.

Compound 13 has been prepared from L-benzyl-
alaninate 17 according to Scheme 3. Reaction of 17 with
N-benzoyl-L-alanine 18 in the presence of dicyclohexyl-
carbodiimide affords the benzyl ester 19 which by
aminolysis with n-butylamine yields the compound 13.
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All the epoxidations have been carried out at room
temperature in a triphase system with carbon tetra-
chloride, water, catalytic amount of polypeptide and a
large excess of oxidant (H,0,/NaOH) (unless otherwise
stated). The results, reported in Table 1, indicate that
epoxidation of chalcone 1 generally occurs with good
chemical conversions and high optical yields. When poly-
L-alanine 3 is employed. the reaction is practically
stereospecific with an enantiomeric excess (e.e.) of 9%6%.

Similar good results are obtained with poly-L-leucine
Sa,b and poly-L-isoleucine 6, whereas poly-1-valine 4a,b
not only reduces the chemical yields, but also greatly
affects the asymmetric synthesis. The same trend is
shown by random copolymers 11 and 12a—¢: increasing
the content of valine incorporated in the copolymer,
chemical and optical yields progressively decrease (Table
2). Both poly-L-phenylalanine 7 and the dipeptide 1-
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Table 1. Epoxidation of chalcone 1 performed in CCL at room temperature in the presence of catalysts 3-9

Yierd®

2C

Catalys® Tine o718 e.e.
(hr: (%) (CHyCL,: (%)
3,8 (L) 28 7% - 199.5¢ 93
3,e ([:)b 37 53 o 193, 90
3,a ’.t}.l.)b 24 s C O
3.0 28 77 - 22U 3%
4,0 168 5.4 - o.C 19
4,5 144 a - 7C.5 33
5. o8 60 - 1810 84
5,b 28 44 - 189.8 BH
] 72 76 - 204.% 9.
7 72 3¢ - .9 1
8 456 7.h - 7.4 K
9 144 12 - 23.4 11.6

a) Calcu.a%ed on the product recovered after

b) Reac®ior perfor=ed in Toluene.

c¢; Calculated by

1" n.e.r.

purification by co.unn chroratography.

Table 2. Epoxidation of chalcone 1 performed in CCL at room temperature in the presence of copolymers 16-13

1637

Catalyst Tice Yield (%" [d]fcm elel (%
(hr) (CN?CI(,?
10° 144 a: 6o P
1 24 €? 204 G
12,0 96 39 a€;,? Ay
12,b 192 14 81.9 1
12,c 168 9 - 2t.8 1
13 24 S - .4 5

a) Calcu.ated on tre product recovered aftler purification by co,urn Chre=at: graphy,

b) Reaction perforsed in Toluene.

alanyl-L-alanine 10 (soluble in the aqueous phase) give
almost racemic epoxichalcone 2. The same occurs when
catalyst 13 is used.

It is important to mention that chemical and optical
yields are closely related in all cases. In the reactions
examined, the predominant optical antipode of epoxi-
chalcone 2 is levorotatory and according to Wynberg® it
must have absolute configuration (2R, 3S). As expected,
if poly-D-alanine is employed as catalyst, instead of
poly-L-alanine 3a, the degree of asymmetric induction is
similar, but the sign of optical rotation is reversed.
Poly-D,L-alanine does not afford appreciable amounts of
epoxichalcone 2 even after long reaction time (chemical
yields less than 10%).

The catalysts being insoluble in the reaction medium,
are casily recovered from the epoxidation and recycled
(Table 3): a decrease in chemical and optical yields is
observed with poly-L-alanine 3a whereas less substantial
changes in the e.c. of 2 are seen with poly-L-alanine 3b,
with poly-L-leucine 5b and with the copolymer of L-
leucine with L-alanine 11.

These results are explained by the fact that the poly-
aminoacids are partially degraded by hydrolysis in the
basic reaction media. Catalysts with higher molecular
weight’ (3b in front of 3a) or more sterically hindered (Sb
in front of 3b) afford better results when they are recy-
cled, being more resistant to the hydrolysis.

The high degree of asymmetric induction allows a
tentative interpretation of its occurrence. We think that
the H-bonding between the CO function of chalcone 1
and the peptide group of catalysts 3-9, 11, 12a—c is
responsible for the asymmetric synthesis of the epoxide
2. Similar interactions between carboxylic acids and the
peptide group of poly-l.-alanine have been proved by
Stephens et al*

An indirect support of this hypothesis is given by the
isolation of a racemic epoxichalcone 2, when the reaction
is performed in methanol with poly-L-alanine 3b as cata-
lyst. In this solvent, the interactions between the CO
compound and the poly-a-aminoacid are broken. Since it
is very likely that the actual oxidizing species is the
hydroperoxide anion, this is. in turn, H-bonded to the
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Table 3. Epoxidation of chalkcone 1 performed in CCL at room temperature in the presence of recycled catalysts

. [ 20
Recycled catalysa® Ti= teld '(] .e.
ecy ataly e Yie 578 e.o
inrl X o ke B
2 lé (%}
D .
Y 28 540} - 97..0 a4
3,b (3 I - s 0
5,b 24l 4 - .8BC.€ a4
11 24 - 184 8€
ah the product recovered After purification by cclimr chrosatography.

HoasLr

amido group of the catalyst. In spite of these con-
siderations it is still very difficult to account for the
influence of the secondary structure of the poly-a-
aminoacid on the degree of asymmetric induction.

The conformations of poly-a-aminoacids 3-9, 11, 12a-
¢, in the solid state, have been extensively investigated.
Poly-L-alanine 3a,b, poly-L-leucine Sab, and the
copolymer of L-leucine with L-alanine assume the a-
helical structure,™® while poly-1-valine 4ab, poly-L-
isoleucine 6 and poly-L-phenylalanine 7 are in the 8-
structure.

Poly-4-L-benzylaspartate 8 and poly-S-L-benzyl-
glutamate 9 assume left handed and right handed «a-
helical structures respectively.” In the copolymers of
L-valine with L-alanine the content of the a-helix local
conformation and that of the B-form structure can be
estimated by means of IR spectra, the far IR region being
very sensitive to the conformational changes of poly-
aminoacids backbone.®

Our preliminary results' indicated that the enan-
tioselectivity reaches its maximum with catalysts having
a high content of a-helical conformation. This is the case
with poly-L-alanine 3ab, with poly-L-leucine Sa,b and
with the copolymer of L-leucine with 1-alanine 11. The
values of enantiomeric excess of epoxichalcone 2
obtained with the different copolymers of L-valine with
L-alanine 128~ are also in this line: an increase in 8

content at the expense of the helical structure cor-
responds to a proportional decrease of the optical yield.

The results obtained from short length oligoaminoacids
such as 13, which cannot adopt a-helical conformation
should favour this hypothesis as well as the poor results
obtained using poly-D.L-alanine which is in conformation
B** in contrast with optically active L and D polymers.
Poly-L-valine 4a,b, the most stable conformation of
which, in these degrees of polymerization, is the 8-
pleated sheet," is an inefficient catalyst, both from the
chemical and from the chiral point of view.

This explanation, based on the a-helix content of the
poly-a-aminoacids, does not account for the experimen-
tal results with poly-L-isoleucine 6 which behaves like
poly-L-leucine 5ab and poly-L-alanine 3a,b, and gives
high e.c. even if it has a B-structure. Moreover the
optical purity of the epoxichalcone is low with poly-4-L-
benzylaspartate 8 and poly-S-L-benzylglutamate 9, which
have definitely an a-structure. It may well be that the
actual amount of asymmetric induction in the epoxida-
tion is influenced by the local ordering of the polypeptide
matrix, as already found by Solladié'” in the asymmetric
synthesis performed in the presence of cholesteric liquid
crystals.

On the other hand, the correlation observed in this
epoxidation between chemical and optical yield, suggests
that the triphasic system plays an important role. In fact,
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Table 4. Epoxidation of substrates 20, 22 performed in toluene at room temperature

Substra‘e Cata.yst Tine Yxeld' (‘]io% ..0
(nr) (%) {acetone: (%)

16 3,8 24 10C [ -
4,8 24 SC [0} -

5,b 24 65 [ -

6 k.7 [ - 1.19 J2.8

18 3. 2¢ v -1 7
5,b 24 5 0 -

9 24 67 - 0.7 &°

al Calculated on the prod.ct reiovered after purif.cat.on by colarn chroratography.

t o Frartinceric excenn han teen deter=ined by :H n.eL.eLousing Eui.‘:!(’?, an shift reagent.

the system is an emulsion of the organic phase in the
aqueous phase, part of the polyaminoacid being placed
as solid phase in the interface. The rest of solid catalyst
is microdispersed into this system.'' The physicochemi-
cal properties of such a system determines the velocity
of the reaction, and depends on the polyaminoacid
employed.

The predominant c¢nantiomer of epoxichalcone 2
is independent on the secondary structure of the poly-
peptide used as catalyst, in the sense that the same
levorotatory product is obtained both with poly-4-L-
benzylaspartate 8 and poly-S-L-benzylglutamate 9 which
assume left handed and right handed a-helix structures
respectively. The structure of the substrate also plays an
important role in determining the amount of asymmetric
induction. Apart from chalcone and other related elec-
tron-poor olefins,' poly-a-aminoacids 3a, 4a, Sb, 6 and 9
are much less effective catalysts in the epoxidation of
systems such as 2-methyl-1,4-naphthoquinone 20 and
1-phenyl-2-nitropropene 22 (Scheme 4).

The results, reported in Table 4, show that the epox-
ides obtained are either racemic or exhibit a very low
enantiomeric excess. However, in these substrates, no
relation between chemical and optical yield is observed.
beinzsthe reaction favoured in the presence of polypep-
tides.

A similar trend has been observed previously in some
base-catalysed reactions such as Darzens condensation,
the hydrogenation of halohydrins and the Michael ad-
dition of ethyl nitroacetate to the chalcone.' All these
reactions afford almost racemic products.

The specific behaviour in the epoxidation of chalcone
and other electron-poor olefins, namely the high enan-
tiomeric excess obtained with H,0,/NaOH in a tnphase
system, seems to indicate that not only poly-L-alanine,
but also the other poly-L-aminoacids described in this
paper, act like synthetic enzymes, and may be valuable
tools to perform organic reactions. Indeed this method is
complementary to the Sharpless asymmetric epoxidation
of allylic alcohols,'’ both systems affording almost
optically pure oxiranes.

EXPERIMENTAL
M.ps are uncorrected. The optical rotations were determined
with a Perkin-Elmer P-14]1 and P-241 polarimeters. IR spectra
were recorded on a Perkin-Elmer 157 and 377 spectropho-
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tometer. '"H NMR spectra were recorded on a Varian 90 instru-
ment, using TMS as internal standard and chemical shifts are
expressed as values. Enantiomeric excess was determined by 'H
NMR with the use of europium Eu(hfc): using a Vanian 390
instrument.

Starting materials. Compounds 1, and 20, were commercial
products, 22 was prepared according to the lit.", 65° (lit."", m.p.
64-65°). All products showed IR and 'H NMR spectra in
agreement with the proposed structure.

Syathesis of catalysts

N-Benzvloxycarbonyl-L-alanine [L-Alanine NCbzo) was pre-
pared according to the lit."* The compound (60% yield) had m.p.
82 (tit", m.p. 84°).

L-4 Methyl-1,3-0xazolidine-2.5-dione [s-Alanine NCA] was
prepared according to the lit."” in 75% yield, m.p. 8% (lit.", m.p.
92, 'H NMR (CDCL): § 1.6 (d. 3H). 4.35 (9. IH), 6.6 (s, 1H).

Poly-1.-alanine 3a. A soln of n-butylamine (0.337 g, 4.61 mmol)
in 20 ml anhydrous acetonitrile was added to a soln of L-alanine
NCA (5.3g. 46.1 mmol) in 40 ml of the same solvent. The reac-
tion was stirred for 4 days at room temp. The solvent was then
eliminated in vacuum, the solid residue washed with CH.Cl,.
Et;0 and dried under vacuum for S hr at 40°. Compound 3a (85%
yield) had [a)o™ = - 120.5° (c, 0.996 in CF,COOH); IR (KBr)
3270, 3060, 1655, 1630, 1540 and 1305; 'H NMR (CF:COOH): &
0.50 (d. 3H). 1.1 (m, 34H), 3.0 (m, 2H). 4.2 (br. 1H).

Poly-p-alanine 3a was obtained identically (70% yield) from
p-alanine. [a)p™ = + 131 (c, 0.475 in CFY\COOH): IR (KBr) 3290,
3070, 1665. 1640, 1545 and 1310; 'H NMR (CF,.COOH) identical
poly-L-alanine.

Poly-Di-alanine 3awas synthesized like poly-1.-alanine starting
from pL-alanine (60% yield).

Poly-L-alanine 3b was synthesized, usinsa NCAlinitiator ratio
30: 1. Compound 3 (yields 89%) had [a)p” = - 153.15 (c. 0.245S
in CFy\COCH).

N-Benzyloxycarbonyl-1-valine [1.-valine NCbzo) was prepared
following the procedure described for N-benzyloxycarbonylh1-
alanine. The product obtained in 65% yield had m.p. 56° (ben-
zene-n-hexane) (lit."”, m.p. 59°), 'H NMR (CDCly): 5 1.0 (2d. 6H),
2.26 (m, 1H). 4.33 (m, 1H). 5.2 (s, 2H). 7.40 (s, SH).

L4-Isopropyl-1.3-oxazolidine-2.5-dione [s-valine NCA] was
prepared according to the lit."" The anhydride obtained (65%
yield) had m.p. 62-63° (tt."", m.p. 65%. 'H NMR (CDCly): § 1.0
(2d. 6H), 2.2 (m, 1H). 4.2 (d. 1H). 7.05 (s, 1H).

Poly-L-valine 4ad were synthesized following the procedure
described for 3ab, using the appropriate NCA/initiator ratio.
Compound 4a (yield 82%) had [a)p” = - 122.03 (c. 0.3786 in
CFyCOOH); 'H NMR (CF,\COOH) & 1.0 (br. 63H). 2.2 (m. 14H),
3.3 (m, 2H), 4.4 (m, 10H). Compound 4b: yield 0%, [a)p™ =
- 147.9 (c, 0.02799 in CF\COOH): 'H NMR (CF\COOH): & 1.0
(br, 183H), 2.2 (m, 34H), 3.3 (m, 2H), 4.4 (m, J0H).



1640

N-benzyloxycarbonyl-1-leucine [L-lexcine NCbzo] was pre-
pared following the procedure described for N-benzyloxycar-
bonyl-L-alanine. The product (76.5% yield) is an ol'’; 'H NMR
(CDCly): 8 0.9 (d, 6H), 1.6 (m, 3H), 4.3 (m, 1H), 5.1 (s, 2H). 7.2 (s,
SH), 10.2 (s, 1H).

L-4-Isobuthyl-1,3-0xazo0lidine-2,5-dione (1-leucine NCA)] was
prepared as described.' The anhydride obtained ($8% yield) had
m.p. 71° (lit."* 65-70°); 'H NMR (CDCl\): 8 1.0 (2d, 6H), 1.75 (m,
3H), 4.3 (m, 1H), 7.05 (s, 1H).

Poly-L-leucine Sab were synthesized following the procedure
described for 3ab, using the appropriate NCA/initiator ratio.
Compound Sa (84% yield) had [aJp™ = -98.3 (c, 0.2126 in
CF,COOH); '"H NMR (CFyCOOH): & 1.0 (s. 63H), 1.65 (s, 344),
3.45 (m, 2H), 4.6 (m, 10H). Com?ound Sh: yield 85%:. (alp® =

-99.08 (c, 0.3048 in CF,COOH) 'H NMR (CF,COOH): § 1.0 (s,

183H), 1.70 (s. 94H). 3.45 (m, 2H), 4.6 (m, 30H).

N-Benzyloxycarbonyl-1-isoleucine was prepared following the
procedure described for N-benzyloxycarbonyl-L-alanine. The
product (765) yield is an oil™; 'H NMR (CDCl,): 8 1.0 (m, 6H),
1.4 (m, 2H), 2.0 (m, 1H), 43 (d. 1H), 5.15(s, 2H), 5.3 (d. IH). 7.3
(s, SH).

L-4-2-Buty!)-1.3-oxazilidine-2,5-dione [L-isoleucine NCA). The
white crystalline solid (60% yield) had m.p. 66-68°; (lit."”, 70-72°);
'H NMR (CDCly) § 1.0 (m, 6H), 1.40 (m, 2H), 2.0 (m, 1H), 4.30
(d. 1H). 7.25 (s, br 1H).

Poly-L-isoleucine 6. A soln of n-butylamine (0.0314g,
0.429 mmol) in 20 ml anhyd acetonitrile was added under N: to a
soln of L-isoleucine NCA (2.7g. 17.2mmol) in 40 ml of the same
solvent. The reaction was stirred for 7 days at room temp. Anhyd
diethy! ether was then added and the ppt filtered off, washed with
ether and dried under vacuum for S hr at 40°. Compound 6 (1.3p)
had [a)p®= -127.35 (c. 0.2764 in CF,COOH). 'H NMR
(CF,COOH) 8§ 1.0 (d. br 69H), 1.40 (m, br 26H), 2.0 (m, br, 11H),
3.5 (m, 2H), 4.5 (d. 11H).

Poly-L-phenylalanine 7 and L-alanyl-1-alanine 10 were com-
mercial products.

B-Benzyl-L-aspartate was obtained in S0% yield as des-
cribed. ™ m.p. 218° (lit. 7, 218-220°).

B-Benzyl N-carbobenzoxy-1-aspartate was prepared according
as described. (605 yield). It had m.p. 105-107° (lit.”, 107-108").
'"H NMR (CDCly) & 2.95 (m. 2H): 4.6 (m, 1H); 5.1 (s, 4H): 5.8 (d,
1H); 7.2 (s. 10H); 10.2 (s, 1H).

B-Ben:yl  N-carboxy-L-aspartate anhydride _(8-Benzyl-1.-
aspartate NCA) was prepared according to the 1it. (89% yield).
The compound had m.p. 121 (lit.”>, 121°). '"H NMR (CDCl,) § 2.9
(2d, 2H), 4.5 (m, 1H), 5.15 (s, 2H), 7.3 (s, SH).

Poly 4L-Benzyl aspartate 8. A soln of n-butylamine (0.043 g,
0.6 mmol) in S ml of solvent (THF: 1.2-dichloroethanc |1:4) was
added under stirring at room temp. to a soln of B-benzyl-L-
aspartate NCA (1.5g. 6 mmol) in 25 ml of the same solvent. The
polymerisation occurred in an homogeneus phase within § days.
Then 400 ml of anhyd n-hexane were added, the ppt was filtered
off and dried under vacuum at 40° for S hr. Compound 8 (78.5%
yield) had (a)is = - 23.53° {c, 0.255 in CF\COOH): 'H NMR
(CFyCOOH) & 3.1 (m, br, 24H), $-5.2 (m + s, 30H), 7.3 (s, SOH).

Poly S-L-benzyl glutamate 9 was prepared as described.'

Random copolymer-1.-leucine-L-alanine 11" A soln of n
butylamine (0.185g, 2.54 mmol in 10ml anhyd acetonitrile was
added to a soln of N-carboxy-L-alanine anhydride (1.46g,
12.7mmol) and N-carboxy-L-leucine anhydride (28, 12.7 mmol)
in 90 ml of the same solvent. The reaction was stirred for 7 days
at room temp. Then anhyd diethyl ether was added and the gpt
dried in vacuum at 40 for S hr. Compound 11 (2.1g) had [a]p” =
- 103.41 (¢, 0.5106 in CF\COOH).

Random copolymers L-alanine-L-valine 120<'* were prepared
following the procedure described for 11 using anhyd dioxane as
solvent. The following molar concentrations were used: for
compounds 12e—c the molar ratio L-Ala NCA/L-Val NCA were
1:1, 3:7 and 1:9 respectively. Compound 12a had [a)p" =
- 109.19 (c. 0.272 in CF,COOH), compound 12b had [alp " =
-109.98 (c, 0.2473 in CF,COOH), compound 12¢ had [a]p™ =
- 104.95 (c. 0.2565 in CFyCOOH).

Benzoyi-L-alanyl-L-alanine, benzyl ester 19. 3.62g L-benzyl
alaninate (20.2 mmol) was dissolved in 10 ml CHCl;. The mix-
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ture was cooled on and 5.00g of dicyclohexylcarbodiimide
(24.3 mmol), 10 ml CHC;. and 4.18 g (21.7 mmol) of N-benzoy}-
L-alanine were added. The mixture was stirred at room temp
during 12hr. Then 1.1 ml AcOH was added and the solid filtered
off. The remaining soln was washed with NH, SN (20ml), H:O
(2x20m]), dned and evaporated, yielding an o1l which was
solidified crushing with EtOAc. The solid was crystallized from
EtOAc-hexane (84%); m.p. 137-8 [alfe = -20° (c, 115,
C1,CH)): 'H NMR (4DMSO0) 1.4 (d, 6H), 4.55 (m. 2H), 5.2 (s,
2H), 7.3-8.2 (m, 10H), 8.5 (br, 2H). (Found: C. 67.66; H, 6.63; N,
8.29. Calc for CxHnN:O4: C, 67.78; H, 6.26; N, 7.90%).

N-Butyl-benzoyl-L-alanyl-L-alaninamide 13 1.6g (5.01 mmol)
of 19 was dissolved in 10 ml of butylamine, stirring magnetically.
In a few min the formation of a white solid was observed. The
reaction was prolonged at room temp for 12hr. The solid was
filtered off and crystallized from MeOH (65%); m.p. 255-6°:
(@)= - 24.8° (c. 0.476 MeOH); IR (KBr) 3270, 3050, 1630, 1530
and 690; 'H NMR (dDMS0) 0.6-1.6 (m, 13H): 3.1 (br, 2H); 4.4
(m. 2H); 7.3-83 (m, SH): 8.7 (br, 3H). (Found C, 64.26; H, 7.89,
N. 13.07. Calc for C\:H:N1Oy: C, 63.93 H, 7.89, N, 13.15%).

Epoxidation of chalcone in the presence of catalysts 3-12

General procedure.' The catalyst (400 mg) was added to a
soln of 1 (2.4 mmol) in CCL (6.00g). Then, 4.4ml of a soln of
NaOH in H;0, (0.08gml™') was added and the mixture was
stirred at room temp for the appropriate time (Table 1). The
reaction was monitored by TLC and when necessary, 2.2 ml of
the alkaline soln was added after 24 hr. The catalyst was filtered
off and washed with CH,Cl; (50ml). The organic phase was
washed with water (3 x 25 ml), dried over MgSO. and the solvent
evaporated. The residue was purified by column chromatography
on SiO; using petroleum ether-diethyl ether 9:1 as eluent. Reac-
tion times, optical rotations, chemical yields and e.c. are depicted
in Tables 1-3.

Epoxidation of substrates other than chalcone. Substrate 22
(780 mg: 4.8 mmol), toluene (6.00g) and catalyst (400 mg) and
4.4 ml of the soln of NaOH in 30% HyO; were stirred at room
temp for the appropriate time (Table 4). The mixture was worked
up as described and the crude product was eluted on SiO; (10g)
using CH,Cl; as eluant. Optical rotations, chemical yiclds and
e.e. are depicted in Table 4.

Compound 20 (413mg. 2.5mmol). toluenc (6g), catalyst
(200 mg) and 4 ml of a soln of K/CO, in 30% H/0: (0.15gml "
was stirred for 24 hr. The mixture was worked up to give a solid
free from starting material, m.p. 94-96°. Optical rotations, chem-
ical yields and e.c. are depicted in Table 4.
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