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5-Imino-1,2,4-thiadiazolidin-3-ones 1 react with compounds
containing electron-rich double bonds such as enamines and
ester enolates to afford the 2-iminothiazolidines 3, 4, and 10
in cycloaddition—elimination reactions. The less reactive 5-
imino-1,2,4-dithiazolidin-3-ones 2 only give the 2-iminothi-
azolidines 3 or 4 with enamines; with ester enolates the 5-

alkylidene-1,2,4-dithiazolidines 12 are formed. The reaction
products with enamines undergo hydrolysis and elimination
to form the corresponding hydroxy compounds 5, 6 or the
unsaturated compounds 7, 8, depending on the size of the
fused ring.

Introduction

5-Imino-1,2,4-thiadiazolidin-3-one 1 and 5-imino-1,2,4-
dithiazolidin-3-one 2 undergo cycloaddition—elimination
reactions with unsaturated systems of the type El=Nu,
yielding heterocycles A according to Scheme 1.[HPIB3IE]

Scheme 1. General reaction of 5-imino-1,2,4-thiadiazolidin-3-one
and 5-imino-1,2,4-dithiazolidin-3-one derivatives with

dipolarophiles
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In almost all cases, EI=Nu is an electrophile. Isocyan-
ates1BI4jsothiocyanates!' 114 activated nitriles!?, ke-
tenes!'1?l as well as CS,™ have been used. In a single
experiment we showed that benzimidazole 1d reacts with
nucleophilic enaminesl. In this paper, we present the first
systematic study of the reactions of thiadiazolidines 1 and
dithiazolidines 2 with electron-rich enamines and ester enol-
ates.

Results and Discussion

The reactivity of 1 and 2 towards electrophilic di-
polarophiles decreases with decreasing electrophilic power
of the dipolarophiles!ZIBIMBI Only 1a reacts slowly with
CS,Pl non-polar olefins and the less nucleophilic enol
ethers do not react with 1 or 2. However, more nucleophilic
dipolarophiles such as enamines and ester enolates react
readily with 1 and 2.
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Treatment of 1 or 2 with N-substituted 1-aminocyclohex-
enes or l-aminocyclopentenes furnishes, in a formally iden-
tical cycloaddition—elimination reaction, the adducts 3 and
4, respectively. Obviously, the reactivity of the heterocycles
1 or 2 is determined by the electrophilic properties of the S
atom. Thiadiazolidines 1 are more reactive than dithiazolid-
ines 2. Electron-withdrawing substituents attached to 1 or
2 improve the reactivity. Thus, diaryl-substituted thiadiazol-
idines (1a, 1d) react most rapidly, while compounds 1b, ¢
with R! = R? = alkyl react more slowly. Dialkyl-substi-
tuted dithiazolidines 2 do not react with enamines under
the conditions used.

As cyclic N,N-acetals, the primary products 3 and 4 are
not very stable and are not isolable in all cases. They un-
dergo hydrolysis, giving the hemiaminals 5 and 6. The 6-
ring-anellated hemiaminals 6 are able to eliminate water,
yielding the unsaturated compounds 8. The reaction path-
way depends on the size of the carbocycle. The cyclopen-
tane derivatives 3 can be isolated by column chromatogra-
phy. They are easily transformed into the quite stable hemi-
aminals 5 by treatment with dilute acids. Surprisingly, 5
does not undergo elimination of water, even in the presence
of hot, concentrated hydrochloric acid. However, the syn-
thesis of the corresponding unsaturated products 7 is pos-
sible, as illustrated by the reaction of 1a with 1-morpholino-
cyclopentene in the presence of dry CuCl, (see Experimen-
tal Section).

Primary adducts 4, containing a cyclohexane ring, are
less stable. For example, 4a is only isolable as a crystalline
compound when traces of acids are strictly excluded. Purifi-
cation by column chromatography on silica failed — a mix-
ture of the hydroxy compound 6a and the elimination prod-
uct 8a was formed. 6a could be isolated chromatograph-
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Scheme 2. Reaction of 5-imino-1,2,4-thiadiazolidin-3-ones and 5-
imino-1,2,4-dithiazolidin-3-ones with enamines
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ically. However, further attempts at purification by recrys-
tallisation led to elimination of water, yielding 8a.
Furthermore, the first detectable product from aminocy-
clohexenes and the benzimidazole derivative 1d was the
hemiaminal 6b. Tetracyclic 6b is stable towards dilute acid
and will be transformed to 8f with concentrated hydro-
chloric acid only. Its greater stability compared with bicyclic
6a is due to the greater ring tension of elimination product
8f compared with that of 8a.

Structural assignments for new compuonds were made
by interpretation of the '3C-NMR spectra mainly. Phenyl
substituents show the typical pattern (bound to an imino
group: 0 =~ 151/122/129/123; bound at N-3: § =~ 140/128/
128/127 for ipso-lo-Im-Ip-C atoms)©I718] important to dis-
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tinguish between structures 3b/3c¢ and 8b/8c for instance.
Structural assignments for compounds 8d and 8e were
made on the basis of the signals of the 3-methyl groups.
The measured values of around § = 30 are typical for bond-
ing to sp>-N atoms; bonding to an exocyclic imino group
would be expected to lead to a value of around & = 380,

The reversibility of analogous reactions of 1 (or A) with
electrophilic unsaturated compounds such as isocyanates or
isothiocyanates is knownPI4PIN0 However, treatment of
cyclopentane derivatives 3 with aminocyclohexenes or of
cyclohexane derivatives 4 with aminocyclopentenes resulted
in no reaction, indicating the irreversibility of addition—eli-
mination reactions with enamines.

According to the mechanism of addition—elimination re-
actions, the imino-N atom and the endocyclic N atom
change positions, as indicated by the interchange of R! and
R? (see Scheme 1). However, the examples described above
where the starting compounds 1 or 2 have identical R! and
R? groups do not allow a proof of the mechanism. Using
5-(p-chlorophenyl)imino-4-phenyl-1,2,4-dithiazolidin-3-one
(2b) in the reaction with piperidinocyclopentene we ob-
tained a mixture of 3b and 3¢, which proved inseparable by
chromatographic means (see Scheme 3). 3C-NMR experi-
ments in different solvents and at different temperatures
indicated a dynamic equilibrium with the non expected iso-
mer 3¢ being the main component. In a similar process, 2b
was treated with pyrrolidinocyclohexene. As expected (see
above), the olefinic products 8b and 8c were formed and
could be fully separated by chromatography. Again, the non
expected isomer 8¢, with the substituents in formally un-
changed positions, was found to be the main product. This
behaviour can be understood by postulating an intermedi-
ate such as B (Scheme 3), which allows both N atoms of 3
(or 4, respectively) the opportunity of ring closure by nucle-
ophilic attack, leading to accumulation of the more stable
isomer as the main component. Such a dynamic equilib-
rium may also be assumed for the hemiaminals 5 and 6.
However, no such equilibrium can occur for the unsatu-
rated 8.

Moreover, reaction of the alkyl-substituted thiadiazolid-
inones 1b and 1c¢ with enamines gave 8d and 8e, respectively.
Again, the positions of the substituents remained un-
changed, certainly as a result of steric effects. The smaller
group (Me) is situated at the endocyclic N atom!®!. Basi-
cally, C atoms 4 and 5 of the thiazolidine rings in 3 and 4
(or 5 and 6, respectively) represent new stereocentres, giving
the possibility of the formation of two diasterecomers. How-
ever, 3C-NMR spectra reveal the presence of only one iso-
mer. X-ray analysis of 3-phenyl-2-phenylimino-4-pyrrolid-
ino-4,5-tetramethylene-thiazolidine (4a) verifies the ex-
pected cis orientation of the anellated rings.

Clearly, as described in the literature!'!), trans products
are disfavoured energetically and therefore cannot be de-
tected by NMR. With this in mind, the different elimination
behaviour of 3 and 4 can be explained; trans anellation of-
fers the better geometry for elimination. Compounds 3,
with two anellated five-membered rings follow the rule of
trans connection of fused rings more strictly. They can only
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Scheme 3. Isomerisation of products of enamine addition
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Figure 1. X-ray crystal structure of 4al!f]

be hydrolysed to 5. Compounds 4 (or 6), with a six-mem-
bered ring anellated to the thiazolidine can, however, form
(via B, X = NR, or OH) small amounts of the trans iso-
mers in the equilibrium, which undergo elimination more
readily.
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The diastereoselectivity of ring anellation prompted us
to test the chiral induction of enamines with proline ester or
N-methylphenylethylamine substituents as auxiliaries. The
products 3d and 3e, respectively, were formed as the appro-
priate mixtures of two diastereomers. However, we could
not detect any diastereoselectivity by analysis of the !3C-
NMR spectra. The starting materials 1b and 1¢, with amino
acid ester functions, afforded the corresponding unsatu-
rated compounds 8d and 8e as the first isolable products
with loss of the two new stereocentres, due to reduced reac-
tivity of the aliphatic substituted starting materials.

Furthermore, we tested other electron-rich unsaturated
systems in the reaction with 1 or 2. Enol ethers were found
to be insufficiently nucleophilic, but ester enolates reacted,
showing different reaction pathways for the starting com-
pounds 1 and 2. The more reactive thiadiazolidines 1 follow
the general route (Scheme 1), yielding thiazolidinones 10
(Scheme 4). For a quantitative transformation, two equiva-
lents of enolate are necessary, because the isocyanate prod-
uct also reacts with the enolate. As expected, the hemiacetal
intermediate 9 could not be isolated.

Scheme 4. Reaction of 5-imino-1,2,4-thiadiazolidin-3-ones with
ester enolates
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Noteworthily, the thiazolidinones 10 can be prepared by
treatment of 1 with either a nucleophilic or an electrophilic
unsaturated species. They are also accessible from 1 and ke-
tenes[12,

Dithiazolidines 2 are generally less reactive in cycloaddi-
tion—elimination processes and follow a different reaction
pathway with ester enolates, yielding alkylidene dithiazolid-
ines 12 (Scheme 5). The products are formed by nucleo-
philic attack of the enolate on the iminocarbonyl group of
2. We assume the well-known ring closure to B-lactams 11
to be the next step!!3l. The spiro compound 11 is unstable
and eliminates phenyl isocyanate, which is scavenged with
a second equivalent of enolate.

The formation of 12 from 2 is only possible if disubsti-
tuted enolates are used (R* and R* # H). Hydrogen at the
B position of the enolate causes decomposition. This behav-
iour can be explained considering the necessary stabili-
sation of the B-lactam ring in 11 by large substituents'4],
which is absent if R? or R* = H.
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Scheme 5. Reaction of 5-imino-1,2,4-dithiazolidin-3-ones with
ester enolates
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In conclusion, we have shown that 5-imino-1,2,4-thiadia-
zolidin-3-one (1) and 5-imino-1,2,4-dithiazolidin-3-one (2)
undergo cycloaddition reactions with both electrophilic and
nucleophilic unsaturated compounds (dipolarophiles). This
is, on the one hand, typical behaviour of 1,3-dipoles!'’, and
supports the interpretation that —N=C—S—, the reacting
moiety of 1 and 2, can be viewed as a masked 1,3-dipole!?.
In all the investigated cycloadditions of 1 and 2, electron-
rich as well as electron-poor dipolarophiles approach with
the more negative part of the double bond oriented towards
the electrophilic S atom of 1 or 2. This, on the other hand,
makes it difficult to ascertain whether the ring closure is a
concerted or a two-step process.

Experimental Section

General: Unless otherwise noted, materials were obtained from
commercial suppliers and were used without further purification.
For column chromatography silica gel Merck KG 60 was used.
THF was distilled from sodium prior to use; diisopropylamine and
dichloromethane were distilled from calcium hydride. All reactions
involving organometallic reagents were conducted under argon.
Melting points are uncorrected. — 'H- and '3C-NMR spectra were
recorded with a Bruker WP 200 SY spectrometer. Chemical shifts
are expressed in ppm downfield from internal tetramethylsilane. —
Mass spectra were determined with a Fisons Instruments VG Auto
Spec. All compounds gave the appropriate M peak. — Elemental
analyses were determined with a Carlo Erba 1406 analyzer. — X-
ray analysis was performed with a Turbo CAD4 diffractometer
(Enraf-Nonius); the structure was solved and refined using the pro-
gram SHELX-970'%. Further details of the crystal structure deter-
mination are available!7],

The syntheses of 1atl, 1dP), 2al81191 2b111 and 6b1! are des-
cribed in the literature.

(1'-RS)-5-[(1-Ethoxycarbonyl-2-phenylethyl)imino ]-4-methyl-2-
phenyl-1,2,4-thiadiazolidin-3-one (1b) was prepared in two steps:

1. (1'-RS)-5-[(1-Ethoxycarbonyl-2-phenylethyl)imino ]-4-methyl-
1,2,3,4-thiatriazoline: (1'-RS)-5-[(1-Ethoxycarbonyl-2-phenylethyl)-
amino]-1,2,3,4-thiatriazole?” was methylated with trimethyl-
oxonium tetrafluoroborate according to ref.[>!l. The product was
isolated by column chromatography (heptane/acetone, 5:1) as an
oil, yield (51%). — 3C NMR (CDCl,): § = 171.3, 158.5, 137.7,
129.7, 128.5, 126.9, 73.8, 61.3, 39.8, 34.4, 14.1.
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2. 1b: 1.0 g (3.42 mmol) of (1'-RS)-5-[(1-ethoxycarbonyl-2-phe-
nylethyl)imino]-4-methyl-1,2,3,4-thiatriazoline and 0.5 g (4.20
mmol) of phenyl isocyanate were dissolved in 10 ml of dry dichloro-
methane. After 24 h at room temperature, the solvent was removed
under reduced pressure. 1b was isolated as an oil by column chro-
matography (heptane/acetone, 5:1); yield 1.2 g (91%). — 3C NMR
(CDCly): 8 = 171.0, 152.8, 150.6, 137.6, 137.0, 129.6, 129.7, 128.5,
126.9, 126.3, 123.0, 67.5, 61.3, 40.0, 30.2, 14.1.

(1'-RS)-5-[ (1-Ethoxycarbonylethyl)imino J-4-methyl-2-phenyl-
1,2,4-thiadiazolidin-3-one (1¢): This compound was prepared in two
steps analogously to 1b:

1. (1'-RS)-5-[(1-Ethoxycarbonylethyl)imino J-4-methyl-1,2,3,4-
thiatriazoline:  From  (1'-RS)-5-[(1-ethoxycarbonylethyl)amino]-
1,2,3,4-thiatriazole!*” and trimethyloxonium tetrafluoroborate ac-
cording to ref.[?!. The product was isolated by column chromatog-
raphy (heptane/acetone, 5:1) as an oil; yield (56%). — '3C NMR
(CDCl,): 8 = 171.9, 157.3, 66.6, 60.8, 33.9, 18.2, 13.9.

2. 1c: From (1'-RS)-5-[(1-ethoxycarbonylethyl)imino]-4-methyl-
1,2,3,4-thiatriazoline and phenyl isocyanate according to the syn-
thesis of 1b; isolated by column chromatography (heptane/acetone,
5:1); yield (98%), m.p. 74—75°C (EtOH). — *C NMR (CDCls):
8§ = 172.1, 153.0, 149.9, 137.2, 129.5, 126.4, 123.1, 61.4, 60.8, 30.3,
19.1, 14.2.

General Procedure for Reaction of 1 or 2 with Enamines: A solu-
tion of 1 mmol of thiadiazolidinone 1 or dithiazolidinone 2 and 2
mmol of the appropriate enamine in 15 ml of chloroform was
stirred for 24 h at room temperature. The solvent was then removed
under reduced pressure and the residue was crystallised from etha-
nol or purified by column chromatography.

4-( Morpholin-1-yl)-3-phenyl-2-phenylimino-4,5-trimethylenethia-
zolidine (3a): From 1a and 1-morpholinocyclopentene; yield quan-
titative; m.p. 178—180°C (MeCN/water). — Cy,H,sN30S (379.5):
caled. C 69.62, H 6.64, N 11.07; found C 69.75, H 6.62, N 11.07.
— BBC NMR ([Dg]DMSO): § = 160.0, 151.8, 139.9, 128.6 (2 O),
128.2, 126.5, 123.0, 122.1, 96.4, 67.2, 46.6, 42.3, 37.9, 34.6, 24.0.

3-(p-Chlorophenyl )-2-phenylimino-4-(piperidin-1-yl)-4,5-trimeth-
ylenethiazolidine (3b) and 2-(p-Chlorophenylimino )-3-phenyl-4-
(piperidin-1-yl)-4,5-trimethylenethiazolidine (3c): From dithiazolid-
inone 2b and pyrrolidinocyclohexene. 3b and 3¢ were isolated by
column chromatography (heptane/ethyl acetate, 10:1) as an insepar-
able mixture; yield 63%, m.p. 146—152°C (MeCN). -—
Cy3Ho6CINSS (412.0): caled. C 67.05, H 6.36, N 10.20; found C
67.17, H 6.54, N 10.23.

3b (minor component): *C NMR (CDCls): § = 160.1, 151.7,
138.6, 131.7, 129.4, 128.7, 128.6, 123.0, 122.1, 96.9, 47.1, 42.0, 38.0,
35.6, 26.4, 24.8, 24.2.

3¢ (major component): *C NMR (CDCl;): § = 160.6, 150.6,
140.0, 128.6, 128.5, 128.4, 127.8, 126.5, 123.7, 97.1,47.1, 42.5, 38.0,
35.6, 26.4, 24.8, 24.2.

(1'-RS)-4-[N-Methyl-N-(1-phenylethyl)amino ]-3-phenyl-
2-phenylimino-4,5-trimethylenethiazolidine (3d): From 1a and (1'-
RS)-[N-methyl-N-(1-phenylethyl)amino]cyclopentene; isolated as
an oil by column chromatography (heptane/acetone, 5:1); yield
88.7%. — Cy7H9N3S (427.6): caled. C 75.84, H 6.84, N 9.83; found
C 75.55, H 6.54, N 9.67. — 13C NMR (CDCls): § = 159.8/160.0,
152.0, 144.0/144.4, 139.8/140.0, 127.0/127.6, 126.6/127.0, 126.7/
126.8, 122.4, 122.7, 55.0/55.9, 97.6/98.1, 127.9/128.6, 128.4, 128.2/
128.7, 129.1/129.6, 46.7/47.4, 37.2/37.2, 35.1/35.3, 28.9/30.1, 23.3/
23.4, 15.1/20.2.
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(2'-S)-4-(2-Methoxycarbonylpyrrolidin-1-yl )-3-phenyl-2-phenyl-
imino-4,5-trimethylenethiazolidine (3e): From 1la and (2'-S)-(2-
methoxycarbonylpyrrolidin-1-yl)aminocyclopentene; isolated as an
oil by column chromatography (heptane/acetone, 10:3); yield 93%.
— Cy4H,7N30,S (421.6): caled. C 68.38, H 6.64, N 9.97; found C
68.38, H 6.67, N 9.71. — 3C NMR (CDCls): § = 176.3/176.3,
159.5/159.8, 151.9/152.0, 139.7/140.0, 128.8/128.9, 128.3/128.3,
128.1/128.5, 126.3/127.0, 122.5/122.6, 122.0/122.1, 94.8/95.3, 59.1/
60.5, 51.8/51.9, 48.9/49.1, 46.0/47.1, 37.0/37.1, 36.5/35.8, 31.1/32.1,
24.1/24.1, 23.2/23.8.

2,3-Dihydro-3-(morpholin-1-yl)-2,3-trimethylenebenzimidazo-
[2,1-b Jthiazole (3f): From 1d and 1-morpholinocyclopentene; yield
61%, m.p. 178—180°C (CHCls/heptane). — C;sH;9N;0S (421.6):
caled. C 63.76, H 6.35, N 13.94; found C 63.46, H 6.45, N 13.72.
— I3C NMR ([Dg]DMSO): § = 157.9, 150.0, 133.0, 122.1, 121.4,
118.6, 110.2, 92.7, 67.0, 55.8, 48.2, 37.3, 34.8, 24.5.

3-Phenyl-2-phenylimino-4-(pyrrolidin-1-yl)-4,5-tetramethylene-
thiazolidine (4a): From la or 2a and I-pyrrolidinocyclohexene;
yield from 1a/2a 91.5/64.5%, m.p. 144—146°C (MeCN). —
C,3H,;N;S (377.6): caled. C 73.17, H 7.21, N 11.13; found C 73.39,
H 7.23, N 11.11. — 3C NMR ([Dg]DMSO): & = 157.5, 152.2,
140.8, 130.7, 128.9, 128.5, 127.6, 122.7, 122.5, 86.0, 45.5, 45.0, 30.2,
25.2,24.9,21.7,19.2.

4-Hydroxy-3-phenyl-2-phenylimino-4,5-trimethylenethiazolidine
(5a): 1.0 g (2.64 mmol) of 3a was dissolved in 20 ml of warm etha-
nol. Then, 0.2 ml of concentrated hydrochloric acid was added and
the solution was left to stand for 24 h at room temperature. The
solvent was removed under reduced pressure and the residue was
redissolved in 40 ml of 0.1 M HCI. Addition of an excess of KHCO;
gave the solid products; yield 800 mg (98%), m.p. 127—128°C
(CHCls/heptane). — CgHsN,OS (310.4): caled. C 69.65, H 5.84,
N 9.03; found C 69.39, H 5.75, N 9.12. — 3C NMR ([D4]DMSO):
§ = 158.2, 151.3, 138.6, 129.0, 128.7, 128.4, 127.1, 123.3, 122.1,
103.2, 53.2, 36.4, 35.8, 23.2.

2,3-Dihydro-3-hydroxy-2,3-trimethylenebenzimidazo [2,1-b Jthia-
zole (5b): From 3f according to the hydrolysis of 3a to Sa; yield
quantitative, m.p. 178—180°C (MeCN). — C;,H;,N,0S (232.3):
caled. C 62.04, H 5.21, N 12.06; found C 62.12, H 5.30, N 12.21.
— I3C NMR ([Dg]DMSO): § = 157.2, 148.9, 131.4, 122.1, 121.6,
117.4, 109.6, 99.2, 62.6, 38.1, 36.3, 24.2.

4-Hydroxy-3-phenyl-2-phenylimino-4,5-tetramethylenethiazolidine
(6a): From 2a and 1-pyrrolidinocyclohexene after chromatographic
work-up (heptane/acetone, 10:3) as oil; yield 22%. — '3C NMR
(CD5CN): 6 = 140.2, 122.4, 130.3*, 123.6 (iminophenyl, ipso, o, m,
p), 130.1*%, 129.6*, 129.8*, 128.2 (4-phenyl, ipso, o, m, p), 152.7 (C-
2), 92.6 (C-4), 53.4 (C-5), 35.7, 34.4, 25.0, 22.6 (tetramethylene) (*
may be interchanged).

3-Phenyl-2-phenylimino-4,5-trimethylenethiazoline-4*  (7a): To
500 mg (1.45 mmol) of 1a in 5 ml of MeCN, 195 mg of dry CuCl,
and 597 mg (4.35 mmol) of pyrrolidinocyclopentene were added.
After 7 days at room temperature, the solvent was removed under
reduced pressure and the product was isolated by column chroma-
tography (heptane/diethyl ether, 5:2); yield 252 mg (59.6%), m.p.
133—135°C (EtOH). — C;gH N,S (292.4): calcd. C 73.94, H 5.52,
N 9.58; found C 73.90, H 5.52, N 9.58. — 13C NMR ([Ds]DMSO):
& = 163.3, 151.3, 140.1, 138.0, 129.3, 129.1, 127.2, 126.6, 123.0,
121.6, 110.2, 28.4, 28.1, 24.7.

3-Phenyl-2-phenylimino-4, 5-tetramethylenethiazoline-4* (8a): Ob-
tained from 4a and diluted hydrochloric acid analogously to Sa;
yield 92%, m.p. 122—123°C (EtOH). — C;gH¢N,S (306.4): calcd.
C 74.47, H 5.92, N 9.14; found C 74.78, H 5.99, N 9.09. — 13C
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NMR ([Dg]DMSO): & = 159.9, 152.7, 137.7, 131.9, 129.5, 129.3,
129.0, 128.2, 123.0, 122.0, 107.0, 24.3, 23.7, 23.0, 22.3.

3-(p-Chlorophenyl)-2-phenylimino-4,5-tetramethylene-1,3-thiazo-
line-A* (8b) and 2-(p-Chlorophenylimino )-3-phenyl-4,5-tetramethyl-
enethiazoline-4* (8¢): From 500 mg (1.56 mmol) of 2b and 471 mg
(3.11 mmol) of 1-pyrrolidinocyclohexene. The two isomers were
separated by column chromatography (heptane/ethyl acetate, 10:1).

8b: Yield 28 mg (5.3%), m.p. 125—126°C (MeCN). —
CoH7CIN,S (340.9): caled. C 66.59, H 5.03, N 8.22; found C
66.60, H 5.13, N 8.35. — 13C NMR (CDCl;): § = 159.6, 152.0,
135.8, 133.9, 131.3, 130.1, 129.6, 129.2, 123.1, 121.7, 107.4, 24.3,
23.6, 23.0, 22.2.

8c: Yield 210 mg (40%), m.p. 113—114°C (MeCN). —
CoH7CIN,S (340.9): caled. C 66.59, H 5.03, N 8.22; found C
66.70, H 5.20, N 8.31. — 3C NMR (CDCl;): § = 160.0, 151.0,
137.2, 131.9, 129.4, 129.2, 128.7, 128.2, 127.6, 123.2, 107.0, 24.3,
23.6, 23.0, 22.2.

(1'-RS)-2-[(1-Ethoxycarbonyl-2-phenylethyl)imino [-3-methyl-
4,5-tetramethylenethiazoline-A* (8d): 1.0 g (2.61 mmol) of 1b and
1.0 g (6.61 mmol) of pyrrolidinocyclohexene were dissolved in 15
ml of chloroform. After 5 d at room temperature, the solvent was
removed under reduced pressure. 8d was isolated as an oil by col-
umn chromatography (heptane/acetone, 10:3); yield 1.09 g (48%).
— C1oH7CIN,S (344.5): caled. C 66.25, H 7.02, N 8.13; found C
66.06, H 6.97, N 7.82. — 13C NMR (CDCl,): § = 172.7, 160.9,
138.4, 131.8, 129.3, 127.8, 125.9, 105.1, 69.0, 60.1, 40.0, 29.8, 23.2,
22.8, 22.6, 21.7, 13.8.

(1'-RS)-2-[ (1-Ethoxycarbonylethyl)imino |-3-methyl-4,5-tetra-
methylene-1,3-thiazoline-4* (8¢): Obtained from 1c¢ and 1-pyrrolidi-
nocyclohexene analogously to 8d; isolated as an oil by column
chromatography (hexane/ethyl acetate, 10:3), yield 40%. —
C13H,5N,0,S (268.4): caled. C 58.18, H 7.51, N 10.44; found C
57.91, H 7.33, N 10.27. — '3C NMR (CDCl5): § = 174.4, 161.5,
131.8, 105.9, 62.4, 60.8, 30.4, 23.6, 23.3, 23.1, 22.2, 19.2, 14.3.

2,3-Tetramethylenebenzimidazo[2,1-b | thiazole (8f): A solution of
200 mg (0.81 mmol) of 6b in 3 ml of concentrated hydrochloric
acid was heated to reflux. After cooling, the solution was diluted
with water and neutralised with sodium bicarbonate. Extraction
with CHCI; and removal of the solvent gave 185 mg of the product
(99.8%); m.p. 146—147°C (ethyl acetate). — C;3HoN,O,S (228.3):
caled. C 68.39, H 5.30, N 12.27; found C 68.44, H 5.27, N 12.29.
— BC NMR ([D¢]DMSO): § = 155.5, 147.7, 129.9, 127.1, 122.6,
120.3, 119.0, 118.7, 110.3, 24.2, 23.1, 22.6, 21.6.

Exchange Experiments: 500 mg (1.32 mmol) of 3-phenyl-2-phe-
nylimino-4,5-tetramethylene-5-pyrrolidinothiazolidine  (4a) was
treated with 2.0 g (13.2 mmol) of morpholinocyclopentene. After
14 d at room temperature, no change could be observed according
to TLC analysis. The same result was obtained with 3a and pyrroli-
dinocyclohexene.

Synthesis of Thiazolidinones 10 and 1,2,4-Dithiazolidinones 12. —
General Procedure: A solution of lithium diisopropylamide was
prepared from 222 mg of diisopropylamine (2.2 mmol) in 7 ml of
THF and 1.375 ml of a 1.6 m solution of »BuLi in hexane (2.2
mmol). The mixture was cooled to —78°C and 2 mmol of the ap-
propriate ester was added over 3 min. After stirring at —78°C for
15 min, a solution of 1 mmol of the heterocycle 1a or 2a in 3 ml
of THF was added over a period of 7 min. Stirring at —78°C was
continued for a further 30 min (1.5 h for 10d and 12d, R> = R® =
Ph), and then the mixture was allowed to warm to room tempera-
ture. Saturated aqueous NH,4CI solution (20 ml) and diethyl ether
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(20 ml) were added. The organic layer was separated, washed with
brine, and dried (Na,SO,). The solvent was removed under reduced
pressure. The products 10 were isolated by crystallisation from a
suitable solvent, the products 12 by chromatographic work-up.

5,5-Dimethyl-3-phenyl-2-phenyliminothiazolidin-4-one (10a): Yield
75%; m.p. 132—134°C (EtOH). — C;7H;,N,OS (296.4): calcd. C
68.89, H 5.44, N 9.45; found C 68.94, H 5.66, N 9.39. — 13C NMR
(CDCly): & = 177.7, 153.1, 148.4, 135.0, 129.2, 129.0, 128.7, 127.9,
124.4, 120.9, 52.0, 28.6.

3,5-Diphenyl-2-phenyliminothiazolidin-4-one (10b): Yield 66%;
m.p. 132—134°C (aq. EtOH). — C,;HxsN,OS (344.4): caled. C
73.23, H 4.68, N 8.13; found C 73.20, H 4.76, N 8.21. — 13C NMR
(CDCly): & = 172.7, 153.8, 148.3, 135.9, 135.2, 129.5, 129.4, 129.3,
129.1, 129.0, 128.4, 128.3, 124.9, 121.2, 51.7.

5-Methyl-3,5-diphenyl-2-phenyliminothiazolidin-4-one (10c): Yield
71%; m.p. 144—145°C (EtOH). — C,,HgN,OS (358.5): calcd. C
73.72, H 5.06, N 7.81; found C 73.82, H 5.07, N 7.72. — 13C NMR
(CDCly): & = 176.2, 153.1, 148.5, 140.9, 135.3, 129.5, 129.3, 129.1,
129.1, 128.5, 128.3, 126.5, 124.8, 121.2, 58.4, 28.1.

3,5,5-Triphenyl-2-phenyliminothiazolidin-4-one (10d): Yield 82%;
m.p. 165—166°C (EtOH). — C,;H»,N,OS (420.5): calcd. C 77.12,
H 4.79, N 6.66; found C 77.48, H 4.79, N 6.51. — 3C NMR
(CDCly): & = 173.8, 152.2, 148.1, 140.6, 135.0, 129.3, 129.1, 128.9,
128.6, 128.3, 128.2, 128.1, 124.7, 121.1, 67.0.

S-Isopropylidene-4-phenyl-1,2,4-dithiazolidin-3-one (12a): Isolated
by column chromatography (heptane/diethyl ether, 5:1); yield 27%,
m.p. 112—114°C (aq. EtOH). — C;;H;;NOS, (237.3): caled. C
55.67, H 4.67, N 5.90; found C 55.88, H 4.98, N 5.77. — 13C NMR
([Dg]DMSO): 8 = 199.5,179.4, 135.2,129.6, 129.5, 128.3, 55.3, 27.3.

4-Phenyl-5-( 1-phenylethylidene )-1,2,4-dithiazolidin-3-one  (12¢):
Isolated by column chromatography (heptane/diethyl ether, 5:1),
yield 25%, m.p. 116—117°C (aq. EtOH). — C;sH{3NOS; (299.4):
caled. C 64.18, H 4.38, N 4.68; found C 64.26, H 4.52, N 4.68. —
13C NMR ([Dg]DMSO): & = 199.0, 179.0, 138.7, 135.3, 129.7,
129.5, 129.1, 128.7, 128.4, 126.3, 61.7, 26.5.

5-Diphenylmethylene-4-phenyl-1,2,4-dithiazolidin-3-one (12d):
Isolated by column chromatography (heptane/BuOMe, 94:6); yield
27%, m.p. 137—139°C (EtOH). — C,;H5sNOS, (361.5): calcd. C
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69.78, H 4.18, N 3.87; found C 69.67, H 4.08, N 3.57. — 13C NMR
([Dg]DMSO): 5 = 198.3, 175.8, 139.2, 136.6, 129.9, 129.7, 129.1,
128.9, 128.7, 128.5, 70.7.

* Dedicated to Professor Dieter Martin on the occasion of his

65th birthday.
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