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Abstract : The chlorosulfides 1 or 2 react with 8ilyl enol ethers in presence of
anhydrous zinc bromide to give mainly the corresponding syn products 4
or 6 respectively. The high syn selectivity of these reaction is explained
by nucleophilic addition to a Chelated Chiral thioniun ion.

The Lewis acid mediated reaction of carbonyl compounds and
the masked carbonyl compounds (e.g. acetals, thioacetals, dithioacetals
etc.) with silyl enol ethers is an efficient me'r,hod‘I for carbon-carbon
bond formation. The addition of silyl enol ethers to chiral aldehydes
(with an o -heteroatom substituted chiral centre) can be performed with
high diastereofacial selectivity which may be explained due to the chela-

2

tion® of the Lewis acid between the carbonyl oxygen and the heteroatom

on the a-chiral centre. The reactions of chiral thioacetal and dithioace-
tal with allyl metals and silyl enol ethers have been shown to occ:ur3
with high syn selectivity, however, the thioacetals bearing an a-acetoxy
group r‘eacts3i via a intramolecular displacement rearrangement sequence
involving a sulfenyl group. These results indicate the inferior ability
of a sulfenyl group to stabilise an a-carbocation, relative to a methoxyl
group. The high diastereofacial selectivity 1is also observed during
the reaction of chiral dithioacetals with silyl enol ethers or allyl
silane. These nucleophilic additions were shown to proceed via thioniun
ion and the high selectivity during these reactions was at'(:r‘ibu’ced?’b
to the bulkiness of aromatic ring attached to the sulphur atom. In the
context of our Studiesu on phenylthioalkylation of silyl enol ethers
with' chlorosulfides, we have observed that the reaction of 2-acetoxy-
-1-chloro-1-phenylthiobutane 1 and methyl (3-chloro-2-methyl-3-phenylthio)
propionate 2 with various silyl enol ethers is highly diastereoselective.

A detailed account of our findings are given below.

RESULTS AND DISCUSSIONS

The chlorosulfides 1 and 2 were prepared from the correspond-
ing sulfides as shown in Scheme 1. The opening of 1, 2-epoxybutane
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with benzenethiol was catalysed by cobalt(II)chloride to give B -hydroxy-
sulfides 1a. Acetylation of ta followed by treatment of 1b with N-chloro-
succinamide gave the chlorosulfides 1 in quantitative yields. On the

Table 1. ZnBr, Catalysed reaction of 1 with Silyl enol ethers

°S'M°3 Ph SPh
. \ g /‘Yococng ZnBr, /ll\/H/ococng /k/\‘/ococng
CyHg CaHs CoHsg
3 1 4 5
Entry R ? F.‘ﬁi'"%e;i'l"r'l'&?e ) Ratio (4:5)%  Yield ()P
1. CHj (3a) 20min , 25°C 4a:5a(95:5) 91
2. C2Hg(3b) 20min , 20°C 4b:5b (92:8) 87
3. CgHs (3¢) 15min, 25°C 4¢:5¢(97:3) 79
4. Bu' (3d)  25min,25°C 4d:5d(91:9) 75

(a) Ratio determined by 'H-NMR (400 MHz ) of the crude mixture.
(b) Yield of the crude mixture

other hand the benzenethiol addition to methylmethacrylate gave the
B -phenylthicester 2a which on reaction with N-chlorosuccinamide gave
2 in quantitative yields. The chlorosulfides 1 and 2 were obtained
as a mixture of diastereomers which could not be separated by column
chromatography or any other techniques.

The reaction of 1 with various silyl enol ethers 3 in pre-
sence of anhydrous =zinc bromide (catalytic) in CH2C12 at 20°C led to
the formation of a mixture of sulfides 4 and 5 in which the syn product
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4 was obtained predominantly (Table 1). These reactions proceed under
very mild conditions without affecting the acetoxy group. The stereo-

0 OH n 0COCH 0COCH
ohSH4 colley \)\/ coller, 3 Nes 3
N/ PhsS Ac0  PhS PhS
la 1b (I
COzMe
Et3N NCS
PhSH + aos—mmem  PhS = PhS
DMF CO,Me
CO2Me
2a Cl
2

SCHEME 1

chemistry of the diastereomers 4 and 5 were confirmed by the vicinal
coupling constant in 1H-NMR and the coupling constant for the syn isomer
was found to be higher than the anti isomer. In contrast to Lr'eac’t:ions3i
with 2-acetoxy-2-phenylacetaldehyde thioacetals, the reaction with
1 does not involve any loss of the acetoxy group. The coupling with
1 can also be carried out in presence of other Lewis acids (Ticlu,
Snclu) however, the best selectivity is obtained only with zinc bromide

catalysed reactions.

The syn stereochemistry in Y4a was proved by its conversion
to the homoallylic alcohol Uf by previously described procedure. The
syn diastereomer 4a was reduced with sodium borohydride to the corres-
ponding alcohol which on treatment wi'th jodotrimethylsilane gave the
(z)-olefin U4f as the sole product. The (z)-stereochemistry of the double
bond in U4f clearly supports the syn r‘elationship9 between the acetoxy
and phenylthio groups in 4a (Scheme 2).

OH SPh
NaBH, oac  MeySil N
La ——— "
MeOH 7%
87%
2 4
SCHEME 2_

The reaction of the chlorosulfide 2 with silyl enol ethers



8756 J. IQBAL and A. SHUKLA

3 in presence of anhydrous zinc bromide (catalytic) at 0°C yielded
a mixture of keto esters 6 and 7 in which the syn isomer 6 was obtained
as the major product (Table 2). However, the syn selectivity in this
case was not as high as it is with chlorosulfide 1. The chlorosulfide
2 1is quite prone to B-elimination, however the coupling reactions
may be carried out frqm the freshly prepared 2 without any elimination.

The syn stereochemistry in 6a was confirmed by reducing
(NaBHu-MeOH) it to the corresponding lactone 10. The lactone 10 was
transformed (NaIOu—MeOH) into the sulfoxide 10a which on thermal elimi-

nation11 gave B, y -unsaturated lactone 10b as the only product (Scheme3).

Table 2. ZnBr, Catalysed reaction of 2 with Silyl enol ethers

OS|Me3 Ph <p
RN +C|/lY copMe 2772 )l\/kl/cozm - COyMe
3 2 L] 7
Entry R (R '::lrr‘::w;"en::::'::t'::e) Ratio (6:7)8  Yield (%4)°

1. CH; (3a) 1h ,15°C 6a: 7a (80:20) 86

2. C,Hs(3b) 45min,20°C 6b:7b(77:23) 81

3. CgHs(3¢) 35min,20°C 6c:7c (78:22) 78

4. Bu® (3d) 45min ,25°C 6d:7d (81:19) 83

(a) Ratio determined by 'H-NMR and HPLC of the crude mixture
(b) Yield of the crude mixture
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The formation of 10b clearly supports the anti relationship between
o -H and B -SPh in 10. In a similar manner the anti-stereochemistry
in 7a was shown by the elimination of the sulfoxide 1ta from the corres-
ponding lactone 11 to give the a ,B -unsaturated lactone 11b. The forma-
tion of 11b unambiguously proves the 3yn relationship between o -H
and B -SPh in 11.

0
NaBH, 0 Nalo,,
MeOH “MeoH 9
[
72%  Phs'p 95 . Ph.s cc1,.
10 10a 10b
NaBH, 0 Nalol.
MeOH “MeOH § e,
Phgm: s ct
g5 > s0% ‘
L Ua 1b
SCHEME 3

The high diastereofacial selectivity in reaction with chloro-
sulfide 1 may be explained by considering an SN1 type of mechanism.
It is known from the previous studies that chlorosulfides can be activa-
ted with a Lewis acid to give a sulfur stabilisedua’b cation (Scheme 4)
invclving a thionium ion A and the latter have been shown to react 1like
an aldehyde with allyl metals and silyl enol ethers. In an elegant
study3b Heathcock and Batlett et.al. have shown that the chiral thionium
ions undergo a high diastereoselective addition of allyl silane or
silyl enol ethers to give predominantly the corresponding syn product.
In view of their results, the reaction of silyl enol ethers with 1
can be explained by an SN1 mechanism where the acetoxy group is provid-
ing an anchimeric assistance during the activation of the carbon chlo-
rine bond with Lewis acid (Scheme U4). The role of acetoxy group as
a neighbouring group participant in chlorosulfide 1 can be assessed
by its unusually high rate of reaction (15 Min) compared to the reaction

of the corresponding chlorosulfide 8 without an acetoxy group. Thus
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SPh SPh SPh

X, o [ I — K J20
R Cl ®

Ay Tl N
\)\;//SPh \/\/0 \/l\fPh

cu-..__'ZnBr2 SPh H
1 B By
SCHEME 4

the reaction of 8 with silyl enol ethers is much slower (8h) compared
to the-reaction of 1 and it leads to the formation of a mixture of
sulfides 9a and 9b (Scheme 5) in a ratio of 60:40 (76%). The stereo-
chemical out come of the reaction with 1 can be explained by a nucleo-
philic attack of silyl enol ether on the chiral thionium ion via

the eclipsed10

conformation B, (Scheme 6). The electrostatic attraction
between the oxygen of acetoxy group and the positive charge on sulfur
will favour this reaction to proceed via conformation B;. On the other
hand such a high selectivity can not be expected to occur if the reac-
tion is proceeding via the cyclic cation B. Moreover the thionium ion
B

cyclic intermediate as shown in Scheme 6. Therefore, the reason for

19 will be preferred over B due to the involvement of a six-membered

high syn selectivity with 1 is mainly due to the presence of the acetoxy
group at the o -carbon of the thionium B1. The low syn selectivity

0SiMe, 0 SPh 0 SPh
ZnBr
\)\/ -+ s +
SPh (60 :40)
8 3a 9a 9b

SCHEME 5
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obtained from chlorosulfide 8 also supports the involvement of the
acetoxy group in the reaction with 1.

In a similar manner the selectivity with chlorosulfide 2

can be explained by an SN1 reaction involving the nucleophilic attack

/ Bt
£
0 +Sph ~o
PhS R

t::::Nu —_— 0

I

HsC2

HgCy H
H
H

B
SCHEME 6

of silyl enol ether on the eclipsed conformation of chiral thionium
ion B2 (Scheme 7). Once again, the electrostatic attraction between
the carbonyl of ester and the positive charge on sulfur atom will be
responsible for the high syn selectivity during these reactions. The
role of methoxycarbonyl group in controlling the high selectivity during
these reactions is quite clearly evident by comparing the results of
the reactions from 2 and 8. Thus due to the absence of any chelating
ligand in 8 the syn selectivity is low (Scheme 5) as compared to the
selectivity observed in similar reaction with 2 (table 2). A similar
charge attraction based model11 was proposed between a carbonyl oxygen

and sulfonium group during the hydride reduction of a-oxosulfonium
salts.

+
Ph\Smmuo
COZMG
PhS
OMe

Ny ——a

Me H Me H

- SCHEME 7
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In conclusion, the zinc bromide catalysed reactions of silyl
enol ethers with chlorosulfide 1 or 2 proceed in a highly diastereo-
facial manner to give the syn diastereomers 4 or 6 as the major product.
The high diastereoselectivity can be explained by nucleophilic attack
on the chelated chiral thionium ion B1 or B2.

EXPERIMENTAL

Methods and Materials

The infra red spectra were recorded on a Perkin Elmer 1320
spectrometer. The proton NMR spectra were recorded on Bruker WP-80,
Jeol PMX-60, EM-390 and Bruker-400 spectrometer. Elemental analysis
was conducted using coleman automatic C, H and N analyser. Analytical
thin layer chromatography was performed on silica gel (Acme) coated
glass plates. Column chromatography was performed using 100-200 mesh
Acme silica gel. The ratio of diastereomers were checked by Shimadzu
LC-6A HPLC systems.

Commercial grade solvents were distilled prior to use. Petro-
leum ether used were the fraction of 40°-60°C and 60°-80°C. Dichloro-
methane and carbontetrachloride were dried over P205. Zinc bromide
was obtained from Aldrich Chemical Company and it was made anhydrous
by boiling for five minutes over flame followed by cooling and powder-
ing. N-chlorosuccinamide was purchased from Merck, Germany and used
without purification. Silyl enol ethers were made by literature pro-
cedureslz. Compound 1a was prepared by our procedure5 as described
earlier.

2-Acetoxy-1-phenylthiobutane 1b

A catalytic amount of anhydrous cobalt(II)chloride (20 mg)
was dissolved in dry acetonitrile (100 ml) and 1-phenylthiobutane-2-o0l
(9.1 gm, 50 mmol) and acetic anhydride (9.3 ml, 100 mmol) were added
successively to this solution. The mixture was refluxed at 80°C for
2-3 hours. Acetonitrile was removed under vacuum and the residue taken
into ether (2x200 ml). The ether layer was washed successively with
saturated solution of sodium bicarbonate (2x50 ml) and water (2x50 ml).
Drying (Mgsou) and evaporation of ether gave a residue which on column
chromatography (SiOZ, ether-pet. ether) yielded ester 1b in 92% yield.
1H-NMR (CClu)s 7.5-7.1 (m, 5H), 5.0 (m, 1H), 3.15 (dd, J=6 and 3.5 Hz,
1H), 2.05 (s, 3H), 1.89 (m, 2H), 0.97 (t, J = 7 Hz, 3H). IR (thin film):
1735, 1650 cm™ ',

2-Acetoxy-1-chloro-1-phenylthiobutane 1

2-Acetoxy-1-phenylthiobutane 1b (2.24 gm, 10 mmol) was
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stirred with N-chlorosuccinamide (1.32 g, 10 mmol) in carbon-tetrachlo-
ride (30 ml) at 25°C for 30-40 minutes. The reaction mixture was fil-
tered and the filterate evaporated to give 1 in 93% yield. 1H—NMR (CClu)G
7.52-7.15 (m, S5H), 5.13 (m, 1H), 4.97 (m, 1H), 2.03 (S, 3H), 1.85 (m,
2H), 6.95 (t, J = 7 Hz, 3H).

Methyl-2-methyl-3-phenylthiopropionate 2a

Methyl methacrylate (1.1 ml, 10 mmol) was added to a mixture
of dimethylformamide (50 ml), triethylamine (1.3 ml, 10 mmol) and thio-
pheﬁol (1 ml, 10 mmol). The mixture was stirred at 25°C for 1 hour
and then poured into ether (200 ml). The ether layer was washed successi-
vely with saturated solution of sodium bicarbonate (2x50 ml) and water
(2x50 ml). Drying (MgSOu) and evaporation of ether gave a liquid which
was purified by flash column chromatography to give 2a (90%). 1H—NMR
(CClu)G 7.2 (m, 5H), 3.67 (S, 3H), 3.5-2.75 (m, 3H), 1.05 (J = 6.8 Hz,
3H).

Methyl-2-methyl-3-chloro-3-phenylthiopropionate 2

2a (2.1 gm, 10 mmol) was stirred with powdered N-chloro-
succinamide (1.32 gm, 10 mmol) in dry carbontetrachloride (30 ml) for
30-40 minutes at 25°C. The reaction mixture was filtered and the filte-
rate evaporated to give 2 (93%) as an o0il. This compound should be
used immediately after its preparation. 1H-NMR (CClu)s 7.9-1.0 (m, 5H),
5.5 (d, J = 6.5 H, 1H), 3.73 (s, 3H), 3.02 (m, 1H), 1.20 (d, J = 7
Hz, 3H).

General procedure for the reaction of silyl enol ether and chlorosulfide
1, 2 and 8 :
- = -

A catalytic amount of powdered anhydrous zinc bromide (20 mg)
was added to a solution of silyl enol ethers 2 (5 mmol) and the chloro-
sulfide (1, 2 or 8) (5 mmol) in dry dichloromethane (30 ml) at 25°C
under nitrogen atmosphere. The reaction mixture was stirred for 2-U4
hours and the progress of reaction was monitored by TLC. The mixture
was poured into dichloromethane (20 ml) and the organic layer washed
successively with saturated solution of sodium bicarbonate and brine.
Drying (MgSOu) and evaporation of dichloromethane gave a residue which
on flash column chromatography yielded the products 4-7 and 9-10.

ba : Yield (81%); IR (thin film): 1731, 1725, 1662 cm~'. 'H-NMR

(CClu)G 7.82-7.05 (m, 5H), dt, J = 8.05), 2.21 Hz, 1H), 3.78
(dt, J = 8.05, 2.2 Hz, 1), 2.55 (d, J = 7 Hz, 2H), 2.0 (s,
3H), 1.91 (s, 3H), 1.80 (m, 2H), 0.92 (t, J = 7 Hz, 3H). Anal.
Caled. for C21H2u038 : C, 70.78; H, 6.74. Found : C, 70.79;
H, 6.93.
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Yield (85%); IR (thin film) : 1733, 1729, 1665 cm™'. 'H-NMR

(cC1,) §7.78-7.0 (m, 5H), 4.85 (dt, J = 8.05, 2.4 Hz, 1H),
3.80 (dt, J = 8, 2.2 Hz, 1H), 2.53 (d, J = 7 Hz, 2H), 1.97
(S, 3H), 1.85 (m, 4H), 0.97 (t, J = 6.8 Hz, 3H), 0.92 (t, J
= 6.8 Hz, 3H), Anal. Caled. for C16H c, 65.30; H, 7.48.
Found : C, 65.95; H, 7.90.

Yield (79%); IR (thin film): 1730, 1700, 1650 cm™~'. 'H-NMR
(CC1,) §7.73-6.80 (m, 10H), 4.87 (dt, 2.1 Hz, 1H), 3.90 (dt,
J = 8 and 2.2 Hz, 1H), 2.94 (d, J = 6.5 Hz, 2H), 1.89 (S, 3H),
1.78 (m, 2H), 0.82 (t, J=6.8 Hz, 3H). Anal.Calcd. for C20H2203S:
C, 70.17; H, 6.43. Found : C, 69.45; H, 5.78.

Yield (75%); IR (thin film): 1731, 1727, 1660 cm™'. 'H-NMR
(cc1,) 6 7.75-7.0 (m, 5H), 4.79 (dt, J = 7.9, 2.5 Hz, 1H), 3.80
(dt, J = 8, 2.5 Hz, 1H), 2.59 (d, J = 6.5 Hz, 2H), 1.91 (S,
34), 1.78 (m, 2H), 1.05 (S, 9H), 0.90 (t, J = 6.8 Hz, 3H).
Anal. Caled. for C18H2603S : C, 67.08; 8.07. Found : C, 66.87;
H, 7.76.

Yield ( 5%); IR (thin film) : 1730, 1729, 1665 cm~'. 'H-NMR
(CC1,) §7.80-7.11 (m, 5H), 4.89 (dt, J = 7.72, 2.15 Hz, 1H),
3.81 (dt, J = 7.57, 2.20 Hz, 1), 2.52 (d, J = 6.8 Hz, 2H),
2.0 (s, 3H), 1.75 (m, 2H), 0.95 (t, J = 6.8 Hz, 3H). Anal.
Caled. for C12H2u03s : C, 64.28; H, 7.14. Found : C, 6U4.85;
H, 7.92.

Yield (7%); IR (thin film) : 1732, 1725, 1660 cm™'. 'H-NMR
(CC1,) 8 7.80-7.0 (m, SH), 4.95 (dt, J = 7.35, 2.33 Hz, 1H),
3.78 (dt, J = 7.43, 2.27 Hz, 1H), 2.55 (d, J = 7 Hz, 2H), 1.95
(S, 3H), 1.80 (m, 4H), 0.91 (t, J = 6.8 Hz, 3H), 0.87 (t, J
= 6.8 Hz, 3H). Anal. Caled. for C16H C, 65.30; H, 7.48.
Found : C, 66.05; H, 8.17.

Yield (8%); IR (thin film): 1733, 1705, 1655 cm™'. 'H-NMR (CC1,)
6 7.8-6.77 (m, 10H), 4.98 (dt, J = 7.55, 2.4 Hz, 1H), 3.96
(dt, J = 7.37, 2.35 Hz, 1H), 2.90 (d, J = 6.7 Hz, 2H), 1.85
(s, 3H), 1.81 (m, 2H), 0.92 (t, J = 6.8 Hz, 3H). Anal. Caled.
for CZOHZZOBS : C, 70.17; H, 6.43. Found : C, 30.?5; H, 7.38.
Yield (5%); IR (thin film): 1728, 1720, 1655 cm . 'H-NMR (ccy)
§7.70-7.08 (m, S5H), 4.85 (m, 1H), 3.87 (m, 1H), 2.52 ((d,
J = 6.5 Hz, 2H), 1.87 (S, 3H), 1.80 (m, 2H), 1.0 (S, 9H), 0.85 -
(t, J = 6.8 Hz, 3H). Anal. Caled. for C18H2603S : C, 67.08;
H, 8.07. Found : C, 68.23; H, 9.15.

Yield (72%); IR (thin film): 1735, 1728, 1660 cm™'. 'H-NMR(CCL,)
§7.15 (m, 5H), 3.80 (dt, J = 5.85, 2.13 Hz, 1H), 3.58 (S,

22038

22035
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3H), 2.70 (m, 3H), 2.0 (S, 3H), 1.12 (d, J = 6.8 Hz, 3H). Anal.
Caled. for C14H18035 : C, 63.15; H, 6.76. Found : C, 67.78;
H, 7.23.

6b : Yield (75%); IR (thin film): 1730, 1725, 1655 cm™'. 1H-NMR(CClu)

§ 7.20 (m, SH), 3.77 (dt, J = 5.76, 2.23 Hz, 1H), 3.60 (S,

34), 2.65 (m, 3H), 1.78 (m, 2H), 1.14 (4, J = 6.8 Hz, 3H),

0.89 (t, J = 7 Hz, 3H). Anal. Caled. for C,.H C, 64.28;

H, 7.14. Found : C, 64.92; H, 7.86.

Yield (71%); IR (thin film): 1727, 1723, 1657 cm™ . 'H-NMR(CCL,)

§ 7.56-6.80 (m, 10H), 3.88 (dt, J = 6.12, 2.25 Hz, 1H), 3.55

(S, 3H), 2.87 (d, J = 6.8 Hz, 2H), 2.56 (m, 1H), 1.15 (d, J

= 6.8 Hz, 3H). Anal. Caled. for C19H2003S : C, 69.51; H, 6.09.

Found : C, 70.38; H, 7.22.

6d : Yield (79%); IR (thin film): 1735, 1728, 1663 cm™'. 'H-NMR(CC1,)
§ 7.15 (m, 5H), 3.81 (dt, J = 5.88, 2.25 Hz, 1H), 3.61 (S,
3H), 2.62 (m, 3H), 1.16 (d, J = 6.80 Hz, 3H), 1.12 (S, 9H).
Anal. Caled. for C 4038 : C, 66.23; H, 7.79. Found : C,
67.05; H, 8.19.

7a : Yield (12%); IR (thin film): 1732, 1721, 1662 cm™ . 1H-NMR(CClu)
§ 7.08 (m, 5H), 3.70 (dt, J = 7.66, 2.50 Hz, 1H), 3.50 (S,
3H), 2.62 (m, 3H), 2.05 (S, 3H), 1.10 (d, J = 6.8 Hz, 3H).
Anal. Caled. for C1MH1803S : C, 63.15; H, 6.76. Found : C,
64.25; H, 7.37.

7o : Yield (10%); IR (thin film): 1733, 1725, 1657 em™'. 'H-NMR(CCL))
§ 7.12 (m, 5H), 3.61 (dt, J = 7.5, 2.5 Hz, 1H), 3.52 (S, 3H),
2.59 (m, 3H), 1.75 (S, 2H), 1.12 (d, J = 6.8 Hz, 3H), 0.85 (t,
J = 7 Hz, 3H). Anal. Caled. for C15H2003S : C, 64.28; H, T.14.
Found : C, 64.86; H, 7.73.

Te : Yield (8%); IR (thin film): 1732, 1727, 1662 cm™ . 'H-NMR(CC1,)
§ 7.6-6.89 (m, 10H), 3.75 (dt, J = 7.20 2.71 Hz, 1H), 3.51
(s, 3H), 2.85-2.46 (m, 3H), 1.13 (d, J = 6.8 Hz, 3H). Anal.
Caled. for C19H2003S : C, 69.51; H, 6.09. Found : C, 70.38; H,7.22.

7d  : Yield (14%); IR (thin film): 1732, 1726, 1659 cm™'. 'H-NMR(CC1))
§ 7.15 (m, S5H), 3.70 (dt, J = 7.2, 2.5 Hz, 1H), 3.52 (S, 3H),
2.58 (m, 3H), t.14 (d, J = 7 Hz, 3H), 1.10 (S. 9H). Anal. Calcd.
for C17H2403S : ¢, 66.23; H, 7.79. Found : C, 67.38; H, 8.69.

1-chloro-2-methyl-1-phenylthiobutane 8 :

15120035

6c

v

1782403

2-methyl-1-phenylthiobutane (1.8 g, 10 mmol) was stirred
with N-Chlorosuccinamide (1.30 g, 10 mmol) in carbontetrachloride (30
ml) at 25°C for 10 hours. The reaction mixture was filtered and the
filterate evaporated to give 8 in 95% yield. 1H-NMR (CClu)S 7.10 (m,
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10H), 2.05 (m, 1H), 1.65 (m, 2H), 1.0 (d, J = 7 Hz, 3H), 0.87 (t, J

= 6.8 Hz, 3H).

9a : Yield (54%); IR (thin film): 1729, 1663 cm~ H-NMR (CClu)
§7.12 (m, 5H), 3.27 (dt, J = 5.5 and 3 Hz, 1H), 2.49 (d, J
=6 Hz, 2H), 2.12 (m, 1H), 2.0 (S, 3H), 1.50 (m, 2H), 0.85 (t,
Jd = 7 Hz, 3H). Anal. Caled. for C14H2001S : C, 71.18; H, 8.u7.
Found : C, 72.15; H, 9.27.

9b : Yield (12%); IR (thin film): 1732, 1657 cm 1H-NMR (CClu)
§7.20 (m, SH), 3.18 (dt, J = 7.6 and 3.2 Hz, 1H), 2.50 (d,
J = 6.5 Hz, 2H), 2.19 (m, 1tH), 2.0 (S, 3H), 1.56 (m, 2H), 0.91
(t, J = 7 Hz, 3H).

General procedure for the reduction with sodium borohydride :

1 1

1

Ice-cooled methanolic solution of sodium borohydride (2.5
mmol) was added to the solution of 6a or 6b (8 mmol) in methanol (30 ml)
at 0°C. The resulting mixture was stirred at 0°C for 1.5 h and the
progress of reaction was monitored by TLC during this period. After
the completion of reaction methanol was removed under vacuum and the
residue taken into ether. The ether layer was wahsed with saturated
solution of sodium bicarbonate and water. Drying (MgSOu) and evaporation
of ether gave a residue which on column chromatography yielded lactone
10 or 11.
10 : vield (728); IR (thin film): 1730, 1657 cm™'. 'H-NMR (cCCL))
§7.15 (m, 5H), 4.05 (m, 1H), 3.21 (m, 1H), 2.36 (m, 1H), 1.55
(m, 2H), 1.02 (d, J = 6.8 Hz, 3H), 0.95 (d, J = 7 Hz, 3H).
Anal. Caled. for C H16025 : C, 52.88; H, 6.77. Found : C,
53.34; H, 7.23.
Yield (72%); IR (thin film): 1732, 1665 cm™'. 'H-NMR (cciy)
§7.19 (m, 5H), 4.12 (m, 1H), 3.19 (m, 1H), 2.41 (m, 1H), 1.59
(m, 2H), 1.07 (d, J = 6.8 Hz, 3H), 0.91 (d, J = 7 Hz, 3H).
General procedure for the oxidative removal of sulphur from 10 and
11 =

13

11

Sodium metaperiocdate (10 mmol) was added to a stirred solu-
tion of 10 or 11 (8 mmol) in methanol (20 ml) followed by the addition
of distilled water (2 ml). The reaction mixture was stirred in dark
for 16 hrs at 25°C and then diluted with dichloromethane (30 ml) and
poured into water (40 ml). The aqueous layer was extracted with dichlo-
romethane (2x15 ml) and combined organic extract were dried (MgSOu)
and evaporated in vacuum to give sulfoxide 10a or 11a. The sulfoxides
were dissolved in carbon tetrachloride and heated to reflux (75°-80°C)
for 8-12 hours. After complete disappearance of starting material the
solution was concentrated and subjected to column chromatography to
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give pure unsaturated lactone 10b or 11b.

10b : Yield (78%); IR (CH2012): 1720, 1659 cm™ 1H-NMR (CClu)G 5.58
(m, 2H), 4.97 (m, 1MH), 2.95 (m, 1H), 1.09 (d, J = 6.8 Hz, 3H),
0.98 (d, J = 7 Hz, 3H).

11b : Yield (87%); IR (CHZCIZ): 1705, 1668 cn™ . 1H-NMR (CClu)a 6.52
(m, 1H), 4.15 (m, 1H), 2.2 {(m, 2H), 1.82 (S, 3H), 1.18 (d,
J = 7 Hz, 3H).

1

REFERENCES AND NOTES

1. (a) Hosomi, A.; Endo, M.; Sakurai, H. Chem. Lett., 1976, 9u41.
(b) Tsunoda, T.; Suzuki, M.; Noyori, R. Chem. Lett., 1980, 21,
71. (e) Sakurai, H.; Sasaki, K., Hosonie, A. Tetrahedron Lett.,

1981, 22, 745. (d) Noyori, R.; Murata. S.; Suzuki, M.; Tetrahedron,
1981, 37, 3899. (e) Danishefsky, S.J.; Kerwin, J.F., J. Org. Chem.
1982, 37, 3803. (f) Mukaiyama, T.; Nagoaka, H.; Murakami, M.;
Murakami, M.; Oshima, M. Chem. Lett., 1985, 977. (g) Danishef-
sky, S.J.; DeNinno, S.; Lartey, P; J. Am. Chem. Soc., 1987, 109,
2082. (h) Danishefsky, S.J.; Armistead, D.M.; Wincott, F.E.; Sel-
vick, H.G.; Humgate, R.J. Am. Chem. Soc., 1987, 109, 8117. (i)
Murate, S.; Suzuki, M.; Noyori, R. J. Am. Chem. Soc., 1988, iy,
4259. (j) Mori, I.; Ishihara, K.; Flippin, L.A.; Nozaki, K.; Yama-
moto, H.; Bartlett, P.A.; Heathcock, C.H.; J. Org. Chem., 1990,
55, 6107.

2. (a) Bartlett, P.A.; Johnson, W.S.; Elliot, J.D. J. Am. Chem. Soc.,
1983, 105, 2088. (b) Mori, A.; Fujiwara, J.; Yamamoto, H., Tetra-
hedron Lett. 1983, 24, 4581. (¢) Maruoka, K.; Yamamoto, H.; Angew.
Chem. Int. Ed. Engl., 1985, 24, 668. (d) Imwinketried, R.; Seebach,
D. Angew. Chem. Int. Ed. Engl. 1985, 24, 765. (e) Silverman, R.;
Edington, C.; Elliot, J.D.; Johnson, W.S. J. Org. Chem. 1987,
52, 180. (f) Mukaiyama, T.; Ohshima, M.; Miyoshi, N., Chem. Lett.,
1987, 1121.

3. (a) Ohshima, M.; Murakami, M.; Mukaiyama, T. Chem. Lett., 1985,
1871. (b) Mori, I.; Barlett, P.A.; Heathcock, C.H. J. Am. Chem.
Soc., 1987, 109, 7199. (e¢) Sato, T.; Okura, S.; Otera, J.; Nozaki.
H. Tetrahedron Lett., 1987, 28, 6299. (d) Sato, T.; Okura, S.;
Otera, J.; Nozaki, H. Tetrahedron Lett., 1987, 28, 6299. (e) Sato,
T.; Inone, M.; Kobara, S.; Otera, J.; Nozaki, H. Tetrahedron Lett.,
1989, 30, 91. (f) Groebel, B. -T.; Seebach, D. Synthesis 1977,
357. (g) Page P.C.B.; van Niel, M.B.; Prodger, J.C. Synthesis
1989, 7643. (h) Otera, J. Synthesis, 1988, 95. (i) Sato, T.; Otera,
J.; Nozaki, H.J. Org. Chem. 1990, 55, 6116.



12.

For phenylthioalkylation of silyl enol ethers see : (a) Paterson,
I.; Fleming, I. Tetrahedron Lett., 1979, 993 and 2179.

(b) Lee, T.V.; Okonbigo, J. Tetrahedron Lett., 1983, 24, 323.
(¢c) Fleming, I.; Igbal, J. Tetrahedron Lett., 1983, 24, 327.
(d) Paterson, I.; Khan, M.A., Tetrahedron Lett., 1982, 5083. (e)
Fleming, I.; Lee, T.V., Tetrahedron Lett. 1981, 22, 705. (f) Flem-
ing, I.; Iqbal, J. Tetrahedron Letts. 1983, 24, 2913. (g) Igbal,

J.; Mohan, R. Tetrahedron Lett., 1989, 30, 239.

-For cobalt mediated ring opening of oxiranes with benzenethiol

see : Igbal, J.; Pandey, A.; Shukla, A.; Srivastava, R.R.;Tripathi,
S. Tetrahedron, 1990, 46, 6423.

Ahmad, S.; Igbal, J. J. Chem. Soc. Chem. Comm. 1987, 114,

Shimagaki, M.; Maeda, T.; Matsuzaki, Y.; Hori, I.; Nakata, T.;
Oishi, T. Tetrahedron Lett., 1984, 25, 4775.

Clive, D.L.J.; Kale, V.N., J. Org. Chem., 1981, 46, 231.

The syn hydroxy selenides have been shown8 to undergo elimination
without any loss of stereochemistry togive the corresponding (2z)-
~0lefin.

The reaction is not proceeding via the Felkin-Anh model Buin which
the a -heteroatom (acetoxy) substituted functional group is located
anti to incoming nucleophile.

R
Nu \\0
(CH3)H5C2 H {C H3)H5C2 H
Phts H I
PhS H
0COCH3(CO0CH3) 0COCHj3 (COOCH3)

Shimagaki, M.; Matsuzaki, Y.; Hori, I.; Nakata, T.; Oishi, T.
Tetrahedron Lett. 1984, 25, 4779.

(a) House, H.O0.; Czuba, L.J.; Gall, M.; Olmstead, H.D. J. Org.
Chem., 1969, 34, 2324. (b) Ahmad, S.; Khan, M.A.; Igbal, J., Synthe-
tic Comm., 1988, 14, 1679.



