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The p rev ious ly  unknown 2- thiabieyelo  [2 .3 .0] hep t -3 -ene  and exo- and endo-6-methyl -9_  
th iabicyclo[3 .2 .0]hept-3-enes  were  synthesized in one step f rom acetylene and sodium 
sulfide in aqueous dimethyl  disulfoxide. 

It was recent ly  observed  [1, 2] that 2 .5~d lmethy l -4 -methy lene- l .3 -oc ta th io lane  (I) is fo rmed  along with 
the m a j o r  product  - diviw1 sulfide [1] - in the reac t ion  of acetylene with sodium sulfide in aqueous dimethyl  
sulfoxide (DMSO): 

bf 3 
KOH CH2x . C h':~ /R: ~ H. 

' - - 

cH 3 
[ If-IV 

It R ' = R " = H ;  Ill  R =H, R:=CH~; IV R~=CH3, R : = t t  

Under specia l  conditions [3] oxathiolane I is obtained in 15-28~ yield. 

Continuing these  studies we isolated th ree  new individual compounds (II-l~) in an overa l l  yield of - 3% 
f rom the reac t ion  products  by p r e p a r a t i v e  g a s - l i q u i d  chromatography  (GLC). 

According to the PMR. IR. and m a s s  s p e c t r o m e t r i c  data and the resu l t s  of e l emen ta ry  analysis ,  the 
lowest-boi l ing of the th ree  compounds is 2- th iabicyclo[3.2 ,0]hept-3-ene (II) and the other  two a re  its 6-methyl  
substi tuted de r iva t ives  [exo (IID and endo ffV) forms] .  

The IR spec t r a  of II-IV contain intense VC= C bands at 1570-].590 cm -1. The low frequency and the high 
intensi ty of these  bands a re  not c h a r a c t e r i s t i c  for  cycloalkenes [4] but a re  cus tomary  for  the H~C =CHS group-  
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Fig. 1. PMR spec t ra  of 2-thiabicyclo[3.2.0]- 
hept -3-enes  ([I-IV). 

ing [4, 5]. The two weak bands of Csp2-H bonds at 3040 and 3060 cm -1 make it possible to assume that the 
hydrogen atoms are  attached to different carbon atoms, and the absence of the absorption at 3090 cm -1 that 
is charac te r i s t i c  for  terminal  ethylene sulfides [4-6] indicates the absence of this fragment,  in addition, the 
posit ion of the bands of the Csp2-H deformation vibrations (890-910 and 960-970 cm -1) and stretching vibra-  
tions of the C - S  bond (narrow very  intense bands at 690-700 cm -l) is not charac te r i s t i c  for the CH2=CHS 
grouping [4-6]. Thus the IR spec t ra  provide a basis  for the assumption that all three  of the investigated com-  
pounds contain a CH=CHS fragment.  In addition, the band of a methyl group (1375 cm-1), which is absent in 
the spectrum of II, is completely unambiguously identified in the IR spectra  of III and IV. 

The molecu la r - ion  peak in the mass  spec t ra  of the investigated compounds is the second most  intense 
peak. The most  intense peak (m/e 84) cor responds  to the thiophene s t ructure  (here and subsequently, t h e m / e  
values are  presented for the corresponding ions). The subsequent fragmentat ion of the substance on electron 
impact proceeds  via the usual pathways [7]. In the case of III and IV one observes  an intense peak at 97, which 
is not observed in the mass  spec t rum of II. The formation of this intermediate ion, which is evidently a stable 
thiapyryl ium ion, can be explained by a rear rangement  s imi la r  to the rea r rangement  of alkylbenzenes [8]. 

The PMR spect ra  of II-IV have much in common (Fig. 1). The olefinic protons are  represented by two 
multiplets (6 5.60 and 6.20 ppm) corresponding to the CH=CH fragment (J=6 Hz) in all cases .  The position 
of the signals is typical for ~,~-ethylene sulfides [9-12], and the magnitude of the J constant is charac te r i s t ic  
for  protons attached to a double bond included in a f ive-membered  ring [13]. Compound II does not contain a 
methyl group, at the same t ime that III and IV are  none other than methylated derivatives of II (SCH 3 1.20 and 
0.98 ppm, respectively).  

The PMR spect ra  make it possible  to re ject  the al ternative 2-thiabicyclo[3.1.1]hept-3-ene s t ruc ture  W) 

V 

for  the following reasons-  in compounds with s imi la r  s t ruetures  the J constant of the olefinie protons is eon- 
stderably higher than the observed value (8-10 I-Iz) [14]; the protons of the bridge CI-I 2 groups in this bieyclie 
system should be equivalent in pai rs ,  but this is not observed.  

Structure [I is also confirmed by the 13C NMR spectrum, which contains six signals (rather than five, as 
would be the ease for s t ructure  V, sinee the bridge earbon atoms in the la t te r  are  equivalent). 126.14, 124.71, 
51.46, 45.44, 33.21, and 30.02 ppm. The two p r i m a r y  carbon atoms have sp2hybridization, whereas two of the 
t e r t i a ry  and two of the secondary  atoms of the subsequent four carbon atoms have sp ~ hybridization, respec-  
tively. 

The signals of the methyl groups in the spect ra  of III and IV are doublets (J~6.6 Hz) charac te r i s t ic  for 
the CH3CH fragment  in a ring, i.e., methylation is realized in the 6 or  7 position. The choice between these 
possibil i t ies in favor of methylation at the C 6 atom follows from 1H--~IH~ double-resonance experiments :  the 
geminal proton with respect  to the CH 3 group and the fl proton (relative to the S atom) of the double bond couple 
quite s trongly with the proton attached to the C 5 atom situated relative to each of them through three bonds. 
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Recording of the P1VIR spect rum in the p resence  of a paramagnet ic  shift reagent  [ (dipivaloylmethanato)- 
europium] makes it possible  to conclude that IT has an exo s t ructure ,  since the signals of its methyl group 
undergo less of a paramagnet ic  shift and the signals of its methylidyne proton [CH(CH3)] undergo a g rea te r  
paramagnet ic  shift than observed for  IV. 

Let us rlow examine the probable scheme of the formation of bicyctic compounds I I -W.  The success ive  
addition of the doubly charged sulfide anion to two acetylene molecules  in a protogenic medium, which leads 
p r imar i ly  to divinyl sulfide, evidently proceeds  through intermediate carbanion A: 

C H 2 = C H S f i H = C H  A 

In the absence of sufficient protons,  the la t ter  can add a third acetylene molecule to give vinyl 1,3-buta- 
dienyl sulfide, which is subsequently cycl ized to 2-thiabicyclo[3.2.0]hept-3-ene (H): 

c.-c~=~. 
il tLO 

A * HC=--CH - -  CH " "  I1 + OH 

\ S - - C H = C H  2 

B 

Bicyelic compounds III and IV may be formed as a result  of methylation of v inylmercapto- l ,3-butadienyl  
earbanion B by DMSO and subsequent eyclizat ion:  

CIt 8 + ( c m ~ s o  [ \ s - c u = c m  l - , , t  ,v + (CH~S=O)- 

The possibil i ty of methylat ion of earbanions with DMSO under the conditions of react ion (1) was proved ~n [15]. 
One also cannot exclude the possibil i ty that anion B itself  undergoes cyclizat ion and that the resulting bicyelic 
anion is subsequently stabilized ei ther  by a proton or  by a methyl group f rom the medium: 

II 

|11, IV 

The format ion of 2 ,5-d imethyl -4-methylene- l ,3 -oxath io lane  ([) can also be bet ter  understood in the light 
of the data obtained. The i somer iza t ion  of earbanion A should be advantageous, since the vacant orbitals of 
sulfur are  included in this way in the charge distribution. 

C H ~ C H S C = C H  ~ ( C H 2 = C S C H = C H  2 �9 C H 2 = C = S ~ H ~ C H 2 )  

C 

The addition of i somerized carbanion C to acetylene, stabilization of the new carbanion by a proton from the 
medium, and hydration lead to oxathiolane I: 

C"2=C--CH=C"2 rc"~  9-c~-c"31 
H + ~ ff20 - 

C + CH~-CH ~ C H . = C H S C - - C H = C H  - ~ S OH ~ I 

- ~ \ C H  CHo l ~H 
L Clio I II 

- r  2 j 
VI 

The identification of the oxygen analog of sulfide V[ in the products of the react ion of acetylene with selenium, 
which proceeds  under s imi la r  conditions [16], may serve  as additional proof for a scheme of this type. 

All of these schemes predict  an increase  in the yields of I-IV as the concentrat ion of water  in the sys-  
tem decreases  (as the protogenic cha rac t e r  of the medium decreases) ,  and this is actually observed.  

The descr ibed one-step method for  the synthesis of the new 2-thiabicyclo[3.2.0]hept-3-ene bridged hetero- 
cyclic system, despite the low yield, may become a prepara t ive  method owing to its exceptional simplici ty and 
the accessibi l i ty  of the start ing substances and also because it is present ly  difficult to propose an3' other ap- 
proaches  to the construct ion of a sys tem of this type. After the industrial incorporat ion of the new method for 
the prepara t ion  of divinyl sulfide [1] based on react ion (1), thiabicycloheptenes II-W, being side products of 
this reaction, will not only become access ible  compounds but even compounds that are needed. 

E X PE  R I M E  NTA L 

The 1H and 13C NMR spect ra  were recorded without a solvent with a high-resolut ion XL- 100/12 spec- 
t r o m e t e r  with te t ramethyls i lane  as the internal standard. The mass  spectra  were recorded with a MKh-1303 
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s p e c t r o m e t e r  at an ion iz ing-e lec t ron  energy  of 50 eV, an acce le ra t ing  voltage of 2 kV, and t k 100 ~ P r e p a r a t i v e  
GLC was accompl ished  with a Khrom-3  appara tus  with 15.~ polyphenyl e ther  on Chromaton  N-AW-HMDS as 
the s ta t ionary  phase;  the t e m p e r a t u r e  of the 4 m x 10 m m  column was 135 ~ the v a p o r i z e r  t e m p e r a t u r e  was 
180 ~ , and the c a r r i e r  gas  was hel ium. 

2-Thiabicyclo[3 .2 .0]hept -3-enes  ([I-W). A 30- l i t e r  r e a c t o r  equipped with a s t i r r e r  was charged with 
16 l i t e r s  of DMSO, 3.8 kg of anhydrous sodium sulfide, 2.2 kg of H20, and 2.7 kg of KOH. The f lask washea ted  
to 90-95 ~ and acetylene was pas sed  through the mix tu re  continuously with s t i r r ing  (100 rpm)  at 2 a tm.  The 
feed ra te  was de te rmined  by absorp t ion  and was found to be 70-80 l i t e r s / h  without reduct ion to the s tandard 
conditions. 

After  acetylene absorpt ion  had ceased,  the mix tu re  was removed  f rom the f lask and subjected to f r a c -  
t ionation to give divinyl sulfide, with bp 82-87 ~ (720 ram); 2 ,5 -d ime thy l -4 -me thy lene - l , 3 -oxa th io l ane  with bp 
50-60 ~ (30 ram); and 230 g of a f rac t ion  with bp 60-70 ~ (30 mm) co utaining approximate ly  equal amounts of I 
and thiabicycloheptene II-IV (in ~ 3% yield).  

P r e p a r a t i v e  GLC of this f rac t ion  yielded the individual th iabicycloheptenes  I I -W.  2-Thiabicyclo[3.2.0]-  
hep t -3 -eue  (II) had n~ 1.5432, dl~ 1.0736, and bp 62-63 ~ (30 mm).  Found: C 64.8; H 7.2; S 28,2~. C6H8S. Cal-  
culated: C 64.3; H 7.1; S 28.6%. Mass  spec t rum:  112, 84, 71, 58, 47, and 33. exo-6 -Methy l -2 - th i ab icyc lo -  
[3 .2.0]hept-3-ene (III) had n~ 1.5286, d42~ 1.0485, and bp 65-66 ~ (30 ram). Found: C 66.4; H 8.02; S 25.1,~. 
C7Hi0 S. Calculated:  C 66.6; H 7.9; S 25.4/~. Mass  spec t rum:  126, 111, 98, 97, 84. 71, 58, 47, and 33. endo- 
6-Methyl -2- th iab icyc lo[3 .2 .0]hept -3-ene  (IV) had n~ 1.5287, d 2~ 1.0425, and bp 66-67 ~ (30 mm) .  Found: C 66.6; 
H 8.0; S 25.2,~. C7H10S. Calculated:  C 66.6; H 7.9; S 25.4%. Mass  spec t rum:  126, 111, 98, 97, 84, 71, 58, 47, 
and 33. 
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