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The addition of benzoic acid in the oxidation of a range of sulfides
and thiazolidinethiones using KMnO, under phase-transfer condi-
tions provides a convenient and high yielding procedure for for-
mation of the corresponding sulfones, thiazolidinones and thiazo-
lidinone S,S-dioxides.

Among the many oxidants commonly used for oxidation
of sulfides to sulfoxides and sulfones, potassium perman-
ganate is well established both in homogeneous media,
particularly acetic acid, and under phase-transfer cata-
lysis (PTC) conditions.! Despite this, the precise mecha-
nism involved in these reactions is still the subject of
some controversy.? In the course of a detailed study of
the behaviour of chiral 2-thiazolines 1 towards a variety
of oxidising agents,* we made the surprising observation
that, while reaction of 1 with KMnO, under PTC con-
ditions gave the corresponding thiazoles 2, addition of
1 equivalent of benzoic acid resulted in a complete change
in favour of S-oxidation to give the thiazoline S,S-diox-
ides 3 in 85—93 % yield. This is indicative that the nature
of the oxidising species has changed. The obvious ex-
planation, that peroxybenzoic acid is being formed in
situ, seems unlikely since treatment of 1 with PhCO,H
in CHCIl; gave some 2 in addition to 3 and its hydrolysis
products. While the precise nature of the oxidising species
remains unknown, we report here that this method allows
convenient oxidation of a variety of sulfides 4 to the
corresponding sulfones 5 in high yield (Scheme 1).
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The oxidation was carried out by vigorously stirring a
solution of sulfide and benzoic acid (1 equiv) in dichloro-
methane with an aqueous solution of KMnO, (2 equiv)
and benzyltriethylammonium chloride (0.1 equiv) at
room temperature. After addition of metabisulfite to dis-
solve the MnO,, the mixture is simply filtered and the
organic layer separated and evaporated to afford the
analytically pure sulfone. As shown in the Table this
procedure is suitable for a variety of simple sulfides 4
for dibenzyl sulfoxide, and for the thiazolidines 6. In
these cases one mole of KMnO, is sufficient to oxidise
0.75 mole of sulfide to sulfone so the 2 equivalents used
is 50% excess. The amount of benzoic acid was found

to be optimal at 1 mole per mole of sulfide: use of 2 moles
gave no advantage while use of < 1 mole resulted in
incomplete reaction. The benzoic acid ends up as potas-
sium benzoate in the aqueous layer and indeed its action
in.neutralising the KOH which would otherwise be
formed in the oxidation may partly explain the high vields
obtained for products such as 3 which are susceptible to
hydrolysis.

As we have recently noted in a brief report,* this reagent
system also gave excellent results in converting the exo-
cyclic C=S of thiazolidine-2-thiones 8 into C=0 and in
this case, although sulfur was precipitated, three equiva-
lents of KMnO, were required for optimum yields. The
resulting thiazolidin-2-ones 9 could then be further oxi-
dised to their S,S-dioxides as before or, alternatively,
treatment of 8 with 5 equivalents of KMnO, gave the
sulfones 10 directly. The bicyclic thiazolidinone 11 and
the dithiolanethione 13 also gave good results (Scheme 2).
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Scheme 2

As expected other carboxylic acids can be used to give
similar results. Replacement of benzoic acid by 1 equiv-
alent of acetic acid in the oxidation of 1a gave just as
good a result, but the method described here is clearly
superior to use of KMnO, in aqueous acetic acid which
with 8a gave only 10 % oxidation to a mixture of 9a and
10a. For all three compounds 1, oxidation with peracetic
acid in acetic acid gave < 5% of 3 while with 9 yields
of 10 were only = 30%. As already noted, omission of
the benzoic acid under PTC conditions gave the thiazoles
2 from 1, while with 8 oxidation only proceeded as far
as the thiazolidinones 9 in poor yield and these could
not be oxidised further even with a large excess of
KMnO,. For the simple sulfides 4 omission of the benzoic
acid led to much reduced yields of the sulfones 5. A
further attraction of the present procedure is the con-
venient workup in which all the byproducts and excess
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Table. Oxidation of Organosulfur Compounds

Starting R* R2 R3® KMnO, Prod- Yield®
Mate- (equiv) uct (%)
rial®

4a Ph PhCH, - 2 5a 82
4b Et PhCH, - 2 5b 66
4c i-Pr PhCH, - 2 5c 61
4d PhCH, PhCH, - 2 5d 78
44* PhCH, PhCH, - 1 5@ 75
4e 4-CIC,H, PoCH, - 2 Se 63
4f 4-NO,C,H,CH, Ph - 2 5f 71
4g CH,CO,Me Et - 2 5g 79
4h CH,CO,Et Et - 2 5h 60
4i CH,CO,Me Ph - 2 5i 66
4j CH,CO,Et Ph - 2 5§ 52
6a CO,Me H H 2 Ta 50
6b CO,Me H Et 2 7b 90
6¢c CO,Me H i-Pr 2 Tc 95
6d CO,Me H Ph 2 7d 93
be H PhCH, #Bu 2 Te 90
8a H PhCH, - 3 9a 75
8b H i-Pr - 3 9b 65
8¢ Et H - 3 9¢ 76
8a H PhCH, - 5 10a 67
8b H i-Pr - 5 10b 33
9¢ Et H - 2 10¢ 72
8¢ Et H - 5 10¢ 70
11 - - - 2 12 70
13 - - - 3 14 70

? 4d* = Dibenzyl sulfoxide.
® Yield of isolated product.

reagents are removed by simple separation of the aqueous
layer to give the products directly in pure form.

Melting points were determined on a Reichert hot-stage microscope
and are uncorrected. IR spectra were recorded for solids as Nujol
mulls and for liquids as thin films on a Perkin Elmer 1420 spectro-
photometer. NMR spectra were recorded for 'H at 300 MHz and
for 13C at 75 MHz on a Bruker AM300 instrument in CDCI, unless
otherwise indicated, with TMS as internal reference. Chemical shifts
are reported in ppm to high frequency of the reference and coupling
constants J are given in Hz. The abbreviation quat in *3C NMR
data refers to quaternary carbons. Mass spectra were obtained on
an A.E.I. MS902 instrument using electron impact at 70 eV unless
otherwise indicated. Chemical ionisation spectra were obtained on
a VG Autospec using ammonia as the ionising gas. Optical rotations
were measured on an Optical Activity AA 1000 polarimeter and are
given in units of 107! degcm? g™ 1.

The sulfides 4a,> 4b,° 4¢,” 44,° 4¢,° 4£,1° 4g,'! 4h,12 4i'3 and 4j'?
and dibenzyl sulfoxide (4d*), all known compounds, were either
commercially available or were prepared by treating the appropriate
thiol in EtOH with NaOEt followed by the appropriate alkyl halide
and had properties in good agreement with the literature data as
shown.

The thiazolidines 6a—d were prepared following a literature pro-
cedure’* involving treatment of (R)-cysteine in H,O with the ap-
propriate aldehyde in EtOH, followed by esterification with MeOH
in the presence of SOCI, and acetylation with Ac,O.

( R)-3-Acetyl-4-methoxycarbonylthiazolidine (6a):

Colourless oil, bp (oven temp.) 160°C/0.2 Torr (Lit.'® bp 152°C/
0.5 Torr).

(R)-3-Acetyl-2-ethyl-4-methoxycarbonylthiazolidine (6b):
Colourless oil (as a 63:37 mixture of diastereomers), bp 180°C/
0.8 Torr.

HRMS: myz caled for CoHsNO,S 217.0773; found 217.0783.
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IR: v = 1750 (CO), 1650 (CO) cm 1.

major diastereomer:

"HNMR: é = 1.05(t, 3H, J = 7), 1.80 (m, 1 H), 2.00 (m, 1 H), 2.20
(s, 3H), 3.3-3.5 (m, 2H), 3.75 (s, 3H), 4.8-5.0 (m, 2 H).
3CNMR: § = 11.4 (CH,), 22.0 (CH;), 30.7 (CH,), 31.6 (CH,),
52.5 (OCH,), 62.1 (CH), 67.3 (CH), 168.1 (CO), 171.1 (CO).
minor diastereomer:

'HNMR:6 = 0.9 (t, 3H, J = 7), 1.55 (m, 1H), 2.10 (s, 3H), 2.15
(m, 1 H), 3.3-3.5 (m, 2H), 3.85 (s, 3H), 4.8 (m, 1 H), 5.3 (dd, 1H,
J=11, 4).

3CNMR: § = 11.2 (CH,), 23.0 (CH,), 29.2 (CH,), 33.2 (CH,),
52.9 (CH,), 63.1 (CH), 66.1 (CH), 168.6 (CO), 170.9 (CO).

MS: m/z (%) = 217 (M ™, 55), 188 (60), 158 (40), 146 (95), 131 (75),
116 (75), 98 (45), 86 (80), 68 (50), 59 (85), 43 (100).
{R)-3-Acetyl-2-isopropyl-4-methoxycarbonylthiazolidine (6¢):
Colourless oil (as a 64:36 mixture of diastereomers), bp 193°C/
0.4 Torr.

CioH{sNO,;S calc. C 5192 H 741 N 6.05

(231.3) found 52.14 7.44 6.10

HRMS: m/z caled for C, H,,NO,S 231.0929; found 231.0934.
IR: v = 1750 (CO), 1650 (CO) cm ™.

major diastereomer:

"HNMR: 6 = 1.10 (d, 6 H, J = 7), 2.05 (m, 1 H), 2.20 (s, 3H), 3.30
(m, 210), 3.75 (s, 3H), 4.75 (d, 1H, J = 8), 5.00 (t, 1 H, J = 8).
BCNMR: 6 = 19.1 (CH,), 20.2 (CH,), 22.5 (CH,), 31.9 (CH,),
35.2 (CH), 52.4 (CH,), 62.2 (CH), 72.1 (CH), 169.2 (CO), 171.6
(CO).

minor diastereomer:

'HNMR: 6§ = 1.00 (d, 6 H, J = 7), 2.05 (m, 1 H), 2.10 (s, 3H), 3.40
(m, 2H), 3.80 (s, 3H), 4.80 (t, 1 H, J=18), 5.30 (d, 1H, J = 8).
3CNMR: 6 = 19.1 (CH,), 19.9 (CH,), 22.8 (CH,), 33.3 (CH,),
34.2 (CH), 52.8 (CHj;), 63.3 (CH), 70.4 (CH), 169.6 (CO), 171.1
(CO).

MS: mjz (%) = 231 (M™*, 20), 188 (75), 172 (15), 146 (100), 130
(40), 86 (80), 59 (60), 43 (100).
(R)-3-Acetyl-4-methoxycarbonyl-2-phenylthiazolidine (6d):
Colourless crystals (as a 88:12 mixture of diastereomers); mp
120-122°C.

Ci3H{sNO5S cale. C 5885 H 570 N 5.28

(265.3) found 58.53 5.78 5.29

IR: v = 1750 (CO), 1640 (CO) cm ™.

major diastereomer:

'HNMR: & = 1.90 (s, 3H), 3.25 (m, 2H), 3.80 (s, 3H), 4.95 (t,
1H), 6.05 (s, 1 H), 7.35 (m, 3H), 7.65 (m, 2H).

BCNMR: é = 22.7 (CHj;), 32.0 (CH,), 52.6 (CH,,), 64.4 (CH), 66.6
(CH), 126.3 (2 CH), 128.3 (CH), 128.8 (2 CH), 140.6 (quat), 170.0
(CO), 170.5 (CO).

MS: mfz (%) = 265 (M *, 3), 222 (35), 179 (50), 164 (45), 146 (20),
43 (100).

The thiazolidine 6¢ was prepared from (.S)-4-benzyl-2-tert-butyl-2-
thiazoline® by reduction with aluminum amalgam'® followed by
acetylation with Ac,O.

(S)-3-Acetyl-4-benzyl-2-tert-butylthiazolidine (6€):

Colourless solid (as a 96.5:3.5 mixture of diastercomers); mp
75-92°C.

C ¢H,3sNOS cale. C 69.27 H 836 N 5.05

(277.4) found 69.17 8.49 5.02

IR: v = 1735 (CO), 1650 (CO)cm ™ 1.

'HNMR (50°C): 6 = 1.10 (s, 9H), 2.25 (s, 3H), 2.80 (br s, 1 H),
2.90 (m, 2H), 3.40 (br s, 1 H), 4.50 (br s, 1H), 5.2-5.4 (br s, 1 H),
7.25 (m, SH).

3CNMR (50°C): 6 = 23.7 (CH,), 27.9 (3CH,), 36.2 (CH,), 39.0
(quat), 42.3 (CH,), 65.6 (CH), 74.1 (CH), 126.9 (CH), 128.8 (2 CH),
129.0 (2CH), 138.3 (quat), 171.7 (CO).
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MS: mjz (%) = 277 (M*, 1), 233 (70), 220 (80), 178 (70), 142 (100),
117 (65), 92 (30).

The thiazolidin-2-thiones 8a—c were prepared* by reaction of the
appropriate N-benzylamino alcohol with CS, in aq NaOH solution.

(S)-3,4-Dibenzylthiazolidine-2-thione (8 a):

Colourless needles; mp 137-139°C; [«]3> — 25.8 (¢ = 1.6, CH,Cl,).
C,-H,,NS, calc. C 6818 H 573 N 4.68

(299.5) found  68.42 5.57 4.66

IR: v =1490, 1450, 1420, 1350, 1300, 1220, 1170, 1080, 1030,
920cm ™.

'HNMR: § = 2.85 (half AB pattern of d, 1H, J = 14, 10), 2.88
(half AB pattern of d, 1H, J = 12, 10), 3.15 (half AB pattern of d,
1H,J = 14,5),3.20 (half AB pattern of d, 1 H, J = 12, 8),4.15-4.30
(m, 1H), 4.20 and 5.85 (AB pattern, 2H, J = 16), 7.10 (m, 2H),
7.2-7.5 (m, 8 H).

13CNMR: § = 32.2 (CH,), 36.3 (CH,), 50.7 (CH,), 67.5 (CH),
127.2 (CH), 128.0 (2CH), 128.2 (CH), 128.9 (2 CH), 129.0 (2 CH),
129.1 (2 CH), 135.4 (quat), 135.9 (quat), 196.7 (CS).

MS: m/z (%) =299 (M*, 42), 277 (20), 238 (10), 208 (100), 148
(92), 117 (31).

(S )-3-Benyzl-4-isopropylthiazolidine-2-thione (8b):

Colourless crystals; mp 77-78°C; [a)3° ~ 143.1 (¢ = 0.5, CHCl,).
Ci3H,;NS, cale. C 6210 H 682 N 5.57

(251.4) found 62.23 6.92 5.59

IR: v = 1460, 1450, 1330, 1240, 1220, 1200, 1180, 1130, 1040, 990,
960 cm

"HNMR: 6§ =0.90(d,3H,J=17),0.95(d,3H, J=7), 230 (d of
septets, 1 H, J = 7, 4), 3.05 (half AB pattern of d, 1H, J =11, 6),
3.20 (half AB pattern of d, 1 H, J = 11,9),4.05(d of t, 1 H, J = 6,
4), 4.20 and 6.00 (AB pattern, 2H, J = 16), 7.40 (s, 5H).
I3CNMR: § = 14.7 (CH,,), 18.6 (CH.), 26.9 (CH,), 28.9 (CH), 50.0
(CH,), 71.0 (CH), 127.8 (3CH), 128.7 (2CH), 135.1 (quat), 197.4
(CS).

MS: m/z (%) = 251 (M*, 100), 208 (15), 187 (24), 148 (82), 144
24), 91 (35).

( R)-3-Benzyl-4-ethylthiazolidine-2-thione (8c¢):

Colourless crystals; mp 61-62°C; [@]3® + 91.3 (¢ = 1.0, CH,Cl,).
C,,H,,NS, calc. C 6071 H 637 N 590

(237.4) found 60.74 6.07 5.90

IR: v = 1475-1425, 1225, 1175, 1025, 760, 700 cm ™ !.

THNMR: 6§ =090 (t, 3H, J=17), 1.65 (m, 2H), 2.95 (half AB
pattern of d, 1 H, J = 10, 5), 3.35 (half AB pattern of d, 1 H, J = 10,

8), 4.00 (m, 1H), 4.25 and 5.75 (AB pattern, 2H, J = 17), 7.30 (m,
SH).

3CNMR: § = 9.2 (CHj;), 24.1 (CH,), 31.7 (CH,), 50.1 (CH,,), 67.7
(CH), 127.7 2CH), 127.9 (CH), 128.8 (2CH), 135.2 (quat), 197.0
(CS).

MS: m/z (%) = 237 (M*, 15), 148 (100), 132 (5), 121 (10), 104 (5),
91 (70), 65 (25).

The same procedure using (S)-prolinol gave (S)-3-thia-1-azabicy-
clo[3.3.0]octane-2-thione which was treated with Mel in acetone
and then NaOMe in MeOH to obtain 11.

(S)-3-Thia-1-azabicyclof3.3.0 Joctan-2-one (11):

Colourless crystals; mp 70-71°C; [«}3° — 35.4 (¢ = 1.0, CH,Cl,).
CeHNOS cale. C 5032 H 6.34 N 9.78

(143.2) found  50.07 6.30 9.59

IR: v = 1700 (CO), 1385, 930, 890 cm ™ 1.

YHNMR: é = 1.60 (m, 1H), 2.0~2.3 (m, 3H), 3.20 (m, 1 H), 3.25
(half AB pattern of d, 1H, J = 12, 10), 3.40 (half AB pattern of d,
1H, J=12,9), 3.55 (m, 1H), 4.25 (m, 1 H).

13CNMR: § = 27.2 (CH,), 30.8 (CH,), 33.2 (CH,), 43.3 (CH,),
63.0 (CH), 169.8 (CO).

MS: m/z (%) = 143 (M7, 30), 114 (5), 85 (5), 80 (5), 74 (20), 70
(30), 55 (100).

SYNTHESIS 789

1,3-Dithiolane-2-thione (13) was prepared by the literature meth-
od.'?

Phase-Transfer Catalysed Permanganate Oxidation of Organosulfur
Compounds 4, 6, 8, 9, 11 and 13; General Procedure:

A solution of the organosulfur substrate (5 mmol), benzoic acid
(0.62 g, 5mmol) and benzyltriethylammonium chloride (0.11 g,
0.5 mmol) in CH,Cl, (50 mL) was stirred vigorously with the re-
quired amount of KMnO, (5, 10, 15 or 25 mmol, see Table) in H,O
(100 mL) for 3 h. Sufficient solid Na,S,0 was added to decolourise
the mixture which was then filtered through Celite, the organic layer
separated and the aqueous layer washed with CH,Cl, (3 x 50 mL).
The combined organic extracts were washed with ag 1M
H,NNH, - 2HCl solution,'® followed by aq Na,CO, solution,
dried (MgSO,) and evaporated to give the product.

Benzyl Phenyl Sulfone (5a): from 4a as colourless crystals; mp
149-150°C (Lit.** mp 148°C).

Benzyl Ethyl Sulfone (Sb): from 4b as colourless crystals; mp 83°C
(Lit.° mp 84°C).

Benzyl Isopropyl Sulfone (5c¢): from 4c¢ as colourless crystals; mp
65-67°C (Lit.” mp 65°C).

Dibenzyl Sulfone (5d): from 4d or 4d* as colourless crystals; mp
150°C (Lit.2° mp 150°C).

Benzyl 4-Chlorophenyl Sulfone (Se): from 4e¢ as colourless crystals;
mp 157-158°C (Lit.2! mp 157-158°C).

4-Nitrobenzyl Phenyl Sulfone (5f): from 4f as yellow crystals; mp
212-214°C (Lit.2? mp 209.5-210.5°C).

Methyl Ethylsulfonylacetate (5g): from 4g as colourless crystals;
mp 40°C (Lit.?* mp 42-44°C).

Ethyl Ethylsulfonylacetate (Sh): from 4h as a colourless liquid; bp
(oven temp.) 160°C/0.7 Torr (Lit.>* bp 110°C/0.3 Torr).

Methy! Phenylsulfonylacetate (51): from 4i as a colourless liquid;
bp (oven temp.) 160°C/0.3 Torr (Lit.2> bp 145°C/0.01 Torr).
Ethyl Phenylsulfonylacetate (5j). from 4e as a colourless liquid; bp
(oven temp.) 155°C/0.3 Torr (Lit.?® bp 134-135°C/0.01 Torr).

(R )-3-Acetyl-4-methoxycarbonylthiazolidine 1,1-Dioxide (7 a): from
64 as a colourless oil which crystallised on standing; bp (oven temp.)
160°C/0.1 Torr, mp 75-76°C (Lit.** bp 170°C/0.5 Torr).

(R)-3-Acetyl-2-ethyl-4-methoxycarbonylthiazolidine  1,1-Dioxide
(7b): From 6b as colourless crystals (66:34 mixture of diastereo-
mers); mp 72-103°C.

C,H,sNOS cale. C 4336 H 6.07 N 5.62

(249.3) found 43.40 5.94 5.56

IR: v = 1745 (CO), 1660 (CO), 1320-1170, 1110, 1005, 940, 875,
820cm L.

major diastereomer:

'HNMR: 6 = 1.20 (t, 3H, J = 7), 1.80 (m, 2 H), 2.20 (s, 3H), 3.40
(half AB pattern of d, 1H, J = 13, 8), 3.6 (half AB pattern of d,
1H,J =13,11),3.75(s,3H),4.55(t, 1 H,J = 7),5.30(t, 1 H, J = §).
I3CNMR: § = 10.1 (CH,), 22.1 (CH,), 25.5 (CH,), 47.7 (CH,),
52.8 (CH,), 53.2 (CH), 74.5 (CH), 169.4 (CO), 170.0 (CO).
minor diastereomer:

'HNMR: 6 =1.10(t, 3H, J = 7), 1.95-2.1 (m, 2H), 2.20 (s, 3H),
3.5-3.7 (m, 2H), 3.85 (s, 3H), 4.9-5.1 (m, 2 H).

I3CNMR: § = 9.9 (CH,), 21.2 (CH,), 23.9 (CH,), 49.4 (CH,,), 53.7
(CH,), 55.2 (CH), 72.0 (CH), 170.3 (CO), 171.1 (CO).

MS: m/z (%) = 185 (Mt —S0,, 10), 143 (75), 84 (95), 55 (40), 43
(100).

(R )-3-Acetyl-2-isopropyl-4-methoxycarbonyl Thiazolidine 1,1-Diox-
ide (7c). from 6c¢ as colourless crystals (59:41 mixture of diaste-
reomers); mp 76—79°C.

C,oH{/NO;S calc. C 4561 H 651 N 5.32

(263.3) found 4543 6.35 5.19

IR: v=1750 (CO), 1660 (CO), 1380, 1310, 1150, 1120, 890,
810cm™ L.
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major diastereomer:

'HNMR: § =1.20 (d, 3H, J=8), 1.30 (d, 3H, J = 8), 2.10 (m,
1H), 2.25 (s, 3H), 3.4-3.7 (m, 2H), 3.80 (s, 3H), 4.35 (d, 1H,
J=9),53( 1H, J=9).

B3CNMR: § = 19.1 (CH,), 19.2 (CH,), 22.4 (CH,), 31.1 (CH), 47.4
(CH,), 52.7 (CH,), 53.1 (CH), 78.7 (CH), 169.2 (CO), 170.8 (CO).
minor diastereomer:

'HNMR: 6 =1.00 (d, 3H, J=8), 1.20 (d, 3H, J = 8), 2.10 (m,
1H), 2.25 (s, 3H), 3.4-3.7 (m, 2H), 3.85 (s, 3H), 4.90 (d, 1H,
J=8), 505 (t, 1H, J = 8).

B3CNMR: 6 = 18.8 (CH3), 19.2 (CH,), 21.2 (CH.,), 30.4 (CH), 48.9
(CH,), 53.6 (CH,), 55.1 (CH), 75.4 (CH), 169.2 (CO), 171.1 (CO).
MS: mjz (%) = 263 (M*, 0.5), 199 (15), 184 (30), 157 (70), 98 (85),
87 (60), 55 (80), 43 (100).

(R )-3-Acetyl-4-methoxycarbonyl-2-phenyithiazolidine 1,1-Dioxide
(7d): from 6d as colourless crystals (85:15 mixture of diastereo-
mers); mp 211-215°C (subl.).

C3HsNOsS cale. C 5251 H 509 N 4.71

(297.3) found 52.39 5.04 4.64

IR: v =1760 (CO), 1660 (CO), 1380, 1350, 1210, 1145, 1005,
700 cm L.

major diastereomer:

'HNMR: 6 = 2.00 (s, 3 H), 3.35 (half AB patternof d, 1 H, J = 11,
9), 3.60 (half AB pattern of d, 1H, J = 11, 8), 3.90 (s, 3H), 4.95
(dd, 1H,J=9,7), 550 (s, 1H), 7.50 (m, 3H), 7.75 (m, 2H).
I3CNMR (DMSO-dg): 6 =222 (CH,), 47.9 (CH,), 52.7 (CH,),
54.1 (CH), 75.3(CH), 128.0 2 CH), 128.7 2 CH), 129.4 (CH), 132.1
(quat), 168.9 (CO), 170.5 (CO).

MS: m/z (%) =297 (M™*, 5), 233 (60), 190 (100), 174 (70), 132
(100), 130 (100), 104 (100), 89 (90), 77 (85), 43 (100).
(S)-3-Acetyl-4-benzyl-2-tert-butylthiazolidine  1,1-Dioxide (Te):
from 6e as colourless crystals; mp 140—-145°C.

C ¢H,3sNO5S cale. C 6210 H 7.50 N 4.53

(309.4) found 61.85 7.65 4.52

IR: v = 1735 (CO), 1665 (CO), 1375, 1315, 1265, 1150, 1110, 750,
700cm™t.

THNMR (50°C): § = 1.30 (9H, s), 2.25 (3H, 5), 2.80 (1 H, m), 3.05
(2H, m), 3.50 (1H, m), 4.65 (1 H, br s), 4.80 (1H, br s), 7.2-7.35
(5H, m).

BCNMR (50°C): 6 = 22.5 (CHj), 27.3 (3CH,), 35.8 (quat), 42.4
(CH,), 52.4 (CH,), 56.5 (CH), 80.8 (CH), 127.5 (CH), 128.8 (2 CH),
129.2 (2 CH), 136.0 (quat), 172.9 (CO).

MS: m/z (%) = 309 (M *, 5), 245 (30), 218 (70), 128 (100), 118 (85),
112 (95), 86 (25), 43 (50).

(S)-3,4-Dibenzylthiazolidin-2-one (9a). from 8a as colourless
prisms; mp 70-71°C; [0]3° + 11.8 (¢ = 0.9, CHCl,).

C7H;,NOS calec. C 72.05 H 6.05 N 4.94

(283.4) found 72.19 6.29 4.78

IR: v = 1650 (CO), 1490, 1450, 1440, 1400, 1350, 1200, 1080, 1030,
970, 930 cm ™~ 1.

"HNMR: § = 2.80 (half AB pattern of d, 1 H, J = 12, 8), 2.95 (half
AB pattern of d, 1 H, J = 12, 4), 3.05-3.20 (m, 2H), 3.80 (m, 1 H),
4.00 and 5.10 (AB pattern, 2H, J = 16), 7.10 (m, 2H), 7.2-7.4 (m,
8H).

I3CNMR: é = 30.4 (CH,), 37.3 (CH,), 46.7 (CH,), 59.5 (CH),
127.1 (CH), 127.9 (CH), 128.0 (2 CH), 128.6 (2CH), 128.7 (2CH),
129.2 (2 CH), 136.3 (quat), 136.4 (quat), 171.8 (CO).

MS (CIL): m/z (%) = 284 (M+H"™, 100), 192 (46), 108 (7), 91 (65),
65 (1.

(S )-3-Benzyl-4-isopropylthiazolidin-2-one (9b): from 8b as a pale
yellow solid; mp 33-35°C; bp 185°C/0.7 Torr; [«]2° + 34.0 (c =
1.02, CH,Cl,).

CysH,,NOS cale. C 6634 H 729 N 595
(235.4) found 66.50  7.67  6.06

HRMS: m/z caled for C,;H,,NOS 235.1030; found 235.1026.

SYNTHESIS

IR: v = 1664 (CO), 1455, 1435, 1260, 1215, 705 cm ™!

'HNMR: 6 =085 (d, 3H, J=9), 0.90 (d, 3H, J=19), 2.20 (m,
1H), 3.00 (half AB pattern of d, 1H, J =13, 7), 3.10 (half AB
pattern of d, 1H, J=13,9), 3.55 (m, 1 H), 3.90 and 5.10 (AB
pattern, 2H, J = 17), 7.25 (m, 5H).

13CNMR: § = 14.5(CH,), 18.2 (CH,), 24.9 (CH,), 28.1 (CH), 46.6
(CH,), 62.0 (CH), 127.7 (CH), 128.0 (2CH), 128.7 (2CH), 135.9
(quat), 172.9 (CO).

MS: m/z (%) = 235 (M*, 15), 192 (45), 176 (5), 133 (10), 105 (5),
91 (100).

(R )-3-Benzyi-4-ethylthiazolidin-2-one (9¢): from 8¢ as pale green
oil, bp 215°C/0.7 Torr; [¢]3° —26.1 (c = 1.07, CH,CL,).
C,,H;sNOS «calc. C 6512 H 6.84 N 6.33

(221.3) found 65.61 6.98 6.60

HRMS: m/z caled for C,,H,;NOS 221.0874; found 221.0859.

IR: v = 1670 (CO), 1460, 1410, 1230, and 710cm L.

'HNMR: § = 0.87 (t,3H,J=7),1.5-1.75 (m, 2H), 2.90 (half AB
pattern of d, 1 H, J = 11, 6), 3.25 (half AB pattern of d, 1 H, J = 11,
8), 3.55 (m, 1 H), 4.00 and 4.90 (AB pattern, 2H, J = 15), 7.30 (m,
5H).

13CNMR: § = 8.6 (CH,), 24.4 (CH,), 29.9 (CH,,), 46.3 (CH,,), 59.1
(CH), 127.5 (CH), 127.7 (2CH), 128.6 (2CH), 136.3 (quat), 171.9
(CO).

MS: mjz (%) = 221 (M *, 90), 192 (85), 165 (20), 122 (25), 104 (70),
91 (100).

(S)-3,4-Dibenzylthiazolidin-2-one 1,1-Dioxide (10a). from 8a as
colourless needles; mp 143-144°C; []3° — 22.6 (¢ = 0.7, CHCI,).
C;H{;NO;S calc. C 6474 H 544 N 4.44

(315.4) found 64.66 5.34 437

IR: v = 1730 (CO), 1490, 1450, 1420, 1330, 1220, 1140, 770cm ™ *.
'HNMR: = 2.85 (half AB pattern of d, 1H, J = 16, 10), 3.05
(half AB pattern of d, 1 H, J = 12, 8), 3.20 (half AB pattern of d,
1H, J=12, 4), 3.30 (half AB pattern of d, 1H, J = 16, 6), 3.90
(m, 1H), 4.20 and 5.15 (AB pattern, 2H, J = 16), 7.10 (m, 2H),
7.3-7.5 (m, 8 H).

I3CNMR: § = 38.1 (CH,), 47.4 (CH,), 47.9 (CH,), 51.7 (CH),
127.8 (CH), 128.5 (2 CH), 129.0 (CH), 129.2 (2 CH), 129.3 (2 CH),
129.4 (2CH), 133.2 (quat), 134.7 (quat), 159.5 (CO).

MS: m/z (%) =316 M+H™*, 1), 251 M* —80,, 7), 192 (8), 176
(19), 160 (28), 134 (12), 118 (38), 91 (100).

(S )-3-Benzyl-4-isopropyithiazolidin-2-one 1,1-Dioxide (10b): from
8b as pale yellow needles; mp 114-115°C; [o}2® — 39.6 (c = 1.02,
CH,Cl,).

C,;3H,;,NO;S calc. C 5840 H 641 N 5.24

(267.4) found 58.38 6.40 5.20

IR: v = 1720 (CO), 1325, 1135, 760, 740, 700 cm ™ *.

'HNMR: 6 =0.85 (d, 3H, J=7), 0.89 (d, 3H, J = 7), 2.40 (m,
1H), 3.1 (half AB pattern of d, 1H), J = 14, 6), 3.25 (half AB
pattern of d, 1 H, J = 14, 8), 3.75 (m, 1 H), 4.2 and 5.1 (AB pattern,
2H, J=15), 7.2-7.3 (m, 5 H).

13CNMR: 6 = 13.9 (CH,), 18.2 (CH,), 27.4 (CH), 42.7 (CH,), 47.1
(CH,), 54.5 (CH), 128.2 (2CH), 128.7 (CH), 129.2 (2CH), 1334
(quat), 160.7 (CO).

MS: m/z (%) = 203 (M* —S0,, 15), 160 (10), 133 (90), 105 (30),
91 (100).

(R)-3-Benzyl-4-ethylthiazolidin-2-one 1,1-Dioxide (10¢): from 8¢ or
9c¢ as colourless crystals; mp 102-103°C; [«]2° +47.0 (¢ = 0.1,
CH,Cl,).

C,,H,;sNO,S cale. C 5690 H 597 N 5.53

(253.3) found 5675 598  5.50

IR: v = 1710 (CO), 1320, 1140, 940, 850, 755, 700 cm ™ 1.
'HNMR: 6 = 0.90 (t, 3H, J = 8), 1.85 (m, 1 H), 1.95 (m, 1 H), 3.15
(half AB pattern of d, 1 H, J = 14, 4), 3.35 (half AB pattern of d,
1H, J =14, 8), 3.70 (m, 1H), 4.20 and 5.10 (AB pattern, 2 H,
J=15), 7.25 (m, 1 H), 7.40 (m, 4H).
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I3CNMR: § = 8.7 (CH,), 24.6 (CH,), 47.2 (2CH,), 51.3 (CH),
128.2 (2CH), 128.8 (CH), 129.3 (2 CH), 133.4 (quat), 159.8 (CO).
MS: m/fz (%) = 189 (M ™ =80, 2), 161 (2), 133 (50), 105 (30), 91
(100).

(S)-3-Thia-1-azabicyclo[3.3.0loctan-2-one 3,3-Dioxide (12): from 11
as colourless crystals; mp 175-176°C; [@]3° + 30.7 (c = 0.104,
Me,SO).

CsHNO,S cale. C 41.13 H 518 N 7.99

(175.2) found 4110 521 795

IR: v = 1740 (CO), 1320, 1160, 1130 cm ™ 1.

'HNMR (CD,Cl,): 6 = 1.55 (qd, 1H, J =12, 8), 2.02 (m, 1 H),
2.20 (m, 1 H), 2.39 (m, 1 H), 3.10 (dd, 1H, J = 13, 9), 3.55 (m, 2H),
3.80 (dd, 1 H, J = 13, 6), 3.95 (m, 1 H).

B3CNMR (CD,CL,): § = 23.4 (CH,), 32.3 (CH,), 43.8 (CH,), 52.6
(CH), 53.7 (CH,), 157.7 (CO).

MS: mfz (%) = 111 (M* —S0,, 25), 82 (10), 68 (80), 67 (100), 55
(70), 53 (55).

1,3-Dithiolan-2-one (14):

From 13 as a pale yellow oil which crystallised on standing; bp
(oven temp.) 95°C/1 Torr; mp 32-33°C (Lit.2” bp 90-92°C/4 Torr;
mp 35°C).

We thank BP Research International for an EMRA studentship (to
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