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In recent years  the reactions of sulfenes [RCH =SO2], which are  most frequently generated by the 
alkaline cleavage of sulfochlorides [1, 2], are  attracting the attention of investigators. Sulfenes are  cap- 
able of entering into the cycloaddition reaction with the formation of thietane dioxide derivatives [3, 4]. 
The reactions for the cycloaddition of sulfenes to a ,B-unsaturated sulfides with electron-donor s ubstituents 
(alkyl- or arylthio groups) have not been studied up to now. 

We studied the cyeloaddition of sulfenes to a ,~-unsaturated sulfides. It proved that neither the alkyl 
vinyl nor the cycloalkyl vinyl sulfides, which have a C =C bond that is substantially less nueleophilic than, 
for example, the enamines, which easily reac t  with sulfenes [5, 6], react  with either sulfene or phenyl- 
sulfene. The reactions are accompanied by pronotmced tarring; only the starting vinyl sulfide can be iso- 
lated from the reaction mixture. 

However, the use of the more reactive methylsulfonylsulfene, which is activated by the strongly 
electron-acceptor  sulfonyl group, makes it possible to synthesize the dioxythietanes (I)-(V). 
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R = CHa (I), C~.Hs (II), C~H~ (III),  t-C4H9 (IV), C~Hn (V), C~H9 (VI) 

The reactions go easily a t - 4 0  ~ in a nitrogen s t ream, in absolute acetonitrile solution. The methyl- 
sulfonylsulfene was generated from methylsulfoehloride and tr iethylamine,  which were, respectively,  
taken on the basis of 2 and 3 moles /mole  of the vinyl sulfide [7]. The yield of the dioxythietanes increased 
somewhat with increase in the electron-donor nature of the substituent attached to the double bond of the 
vinyl sulfide. Thus, when going from methyl vinyl to tert-butyl vinyl sulfide the yield of the eycloadduct 
changed from 30 to 80% (Table 1). The reaction does not go with phenyl vinyl sulfide or vinyl thiolacetate, 
and also with ethylthioacetylene, the nucleophilicity of whose multiple bonds is low when compared with 
the alkyl vinyl and cycloalkyl vinyl sulfides. It is interesting to mention that not in a single case did we 
detect acyclic adducts, isomeric with the dioxythietanes (I)-(V), s imilar  to those that were found by other 
authors for the vinyl ethers [8]. 

The purity of the synthesized dioxythietanes (I)-(V) was checked by the TLC method. The s tructure 
of the compounds was confirmed by the IR and NMR spectra,  and for (III) also by its oxidation to the di- 
sulfone (VI). The character  of the NMR spectra and the multiplet nature of the signals exclude for adducts 
(I)-(V) the isomeric l inear s t ructure  of type (RSCH =CHSO2CH2SO2CHs) , for which the olefinic protons 
would give a spectrum of the AX system, located downfield. 
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TABLE 1 " 

Compound ~- 
Mp,~ 

o 
NO. , name 

(I) 3-Methylthio-4-methylsul- ,2 137,5--138" 
fony1-L 1-dioxythiefane 

(II) 3-Ethylthio-4-methylsul- ,1 t09--110 * 
fonyl" 1, l"dioxythietane 

(III) 3-8utylthio-4-methylsul- '5 73,5--74,5* 
fort yl- 1,1- diox ythietane - 

( I V )  3-tert-Butylthio-4-methyl- ~) 158--t58~5 
-~ulfonyl- 1,1-dioxythietanc 

(V) 3-Cyclohexylthio-4-methyl 8 1t6--117" 
Sulfonyl-1,1-dioxythietane 

~XI) 2-Methylthio-3-diethylam- 0 78--79" 
ino-,4-phenyl- 1, 1-dioxy- 
thietane 

(XII) 2-Ethylthio'3-diethylamtn~ 70 82--83 * 
4- phenyl- 1,1-dioxythietane 

(XIII) 2-Ethylthio-3-diethylamino- 45 4t--4t,5 1 
1, t ~dioxythletane 

(XIV) 2-Ethylthio-3-diethylamino- 1 '$ 
4-propyl-1, l-dtoxythie- [ 
tane 

(~v~ phenyl" 1' 1"di~ [ 1 
2-Ethylthio-3-~pcridino-4-[40[ 92--93"* 

2-Ethylthio-3-morpholino- [ 45 / t29--t30 * 
(XVI) tane4"phenyl'l'l-di~ I [ 

�9 From methanol. 
tFrom petroleum ether. 
$Idendfied as the picrate. 
�9 *Acetone: ether, 1:1. 

Empirical 
formula 

�9 Found/calculated.% 

C H N S 

IR 
spectrum, 
/)SO 2 , 

Ci~ "1 

r 26,t2 4,33 4t,7( 1i50 
2~,08 4 -~  ~ t320 

29,80 4,95 38,9s 
t315 

conl~o,s8 ~ ~ ~ t140 

35,46]5,931 35,4~ 
t335 

CsHle04S8 3~-~'q' 27[ 5--~2 35,3t 1t30 

I 
35,59[ 5,88 34,9C 

t340 
CsHlsO4Sa ~ [  5-~ 35,3C tt53 

! 
40,3715,82] -- 32,04 
40, t320 CloHlsOaSa 25[ 6,02 32,23 1 t60 

56,3016,95[1,79 2t,23 [ 1t55 C~,H~O~8~ ~%Ci-~[776~ l-~ql2i,a2 t320 

57, t2[ 7,53[4,63 20,54 
t325 C15H=N O~S~ 57--~[ 7--,~14-~ 20,46 tt50, 

CgHI~NO~S~ 45,50[7,89[6,03 26,9t li50 

CleH~aNO~S~ 58,89/7,05/4,25 t9,62 t155 
7,t2 t320 

ClaH21N OaS~ 6,32 t t 20 
6,45 t320 

S t a r t i ng  with the a s s u m p t i o n  tha t  the  i n se r t i on  of two a lky l th io  g roups  will  i n c r e a s e  the  n u c l e o -  
ph i l i c i t y  of  the double  bond in an u n s a t u r a t e d  su l f ide ,  we s tudied  the c y c l o a d d i t i o n r e a c t i o n s  o f s u l f e n e s  fo r  
c i s - 1 , 2 - d i e t h y l t h i o e t h e n e  and ke t ene  1 , 1 - d i e t h y l m e r c a p t a l .  H o w e v e r ,  t h e s e  compounds  fa i led  to e n t e r  into 
the  cyc l i z a t i on  r e a c t i o n  no t  on ly  wi th  e i t he r  su l fene  o r  pheny l su l f ene ,  but a l s o  wi th  the  s u b s t a n t i a l l y  m o r e  
a c t i v e  methy lsu l l feny lsu l fene .  A p p a r e n t l y ,  the i n se r t i on  of two a lky l th io  g roups  into the  mo lecu l e  even d e -  
c r e a s e s  s o m e w h a t  the nuc l eoph i l i c i t y  of the mul t ip le  bond of the su l f ide ,  s ince  the p o s s i b i l i t y  of ano the r  
d i s t r i bu t i on  of the  e l e c t r o n s  a p p e a r s  h e r e ,  in which  the d - o r b i t a l s  of  su l fu r  t ake  p a r t ,  with a d e c r e a s e  in 
the  ~ - e l e c t r o n  d e n s i t y  of  the C - C  bond.  S i m i l a r  da ta  w e r e  ob ta ined  r e c e n t l y  when the t e t r a t h i o e t h y l e n e s  
w e r e  ca l cu l a t ed  by  the  MO method  [9]. 

The  in se r t i on  of a s t r o n g  e l e c t r o n  donor  l ike  the  a l k y l a m i n o  g roup  into the  u n s a t u r a t e d  sul f ide  m o l e -  
cu le  g r e a t l y  f ac i l i t a t e s  the  cyc loadd i t ion  r e a c t i o n .  The 1 , 2 - t r a n s - a l k y l a m i n o t h i o e t h e n e s  (VID-(X) a l s o  
r e a c t  e a s i l y  wi th  inac t iva ted  su l f enes  to g ive  the  d ioxy th ie t anes  (X)-(XVI).  Compounds  (VH)-(X) w e r e  s y n -  
t h e s i z e d  by  hea t ing  the a p p r o p r i a t e  a lkyl  e thynyl  su l f ides  with e x c e s s  a m i n e .  B a s e d  on the NMR da ta ,  a d -  
duc ts  (VII)-(X) have  the t r a n s - c o n f i g u r a t i o n .  This  is m o s t  p r o b a b l y  exp la ined  by  the i s o m e r i z a t i o n  of the  
in i t ia l ly  f o r m e d  c i s - i s o m e r s ,  the  f o r m a t i o n  of  which could be  expec t ed  in h a r m o n y  with the ru le  of  t r a n s -  
nuc l eoph i l i c  addi t ion ,  when they  a r e  hea t ed  fo r  a long t i m e  in the p r e s e n c e  of  the  a m i n e .  

R1SCH c = CH A N R ~  

(VI])--(X) 

R~N 
R'CH2SOzCl ~ / ~Hc 

-* C--C 
N(C~H.h H / /  [ \SR1 

C--SO~ 
/ \  

R ~ H B 

( x D - ( x v u  
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R 1 ----- CHa, R = C~Hs (VII);  R ~ = C6H5 (XI) 
Rz=C~H~,  R = C ~ H ~ ( V I I I ) ;  R ~ = C s H s ( X  II)  
R 1 ~-- C~Hs, B = C~Hs; R ~ = H (XII I )  
R t = C2Hs, R = C~Hs; R ~ = C8H7 (XIV) 

R I = C~H~, R2 = (CH~)5 (IX); R ~ = Cell5 (XV) 

(CH~)~ 
/ \ 

R1-----C~Hs, R 2 = O  (X); R~.=-C6H5 (XV]) \ "/ 
(CH~)~. 

The sulfenes were  gene ra t ed  f r o m  the co r respond ing  su l fochlor ides  and t r i e thy lamine ,  taken in an 
equ imolar  ra t io .  The yield of the cycloadducts  is de te rmined  by the c h a r a c t e r  of  the polar iza t ion  of the 
mult iple  bonds of the unsa tura ted  sulfide and sulfene.  Thus,  with sulf ides (VII)-(X) having app rox ima te ly  
the s a m e  nucleophi l ic i ty ,  alkyl subst i tuents  in the sul foehlor ide  molecule ,  for  example ,  in the case  of 
butylsul foehlor ide ,  lower  the e lec t rophf l ic i ty  of the sulfene,  which leads to a reduct ion in the yield of the 
dioxythietanes to 1-2%. In this case  we were  able to isolate  the cycloadduct  (XIV) only as the p fc ra te .  
Phenyl subst i tut ion in the sulfene fac i l i ta tes  reac t ion .  The yield of the cycloadducts  i nc reases  up to 70% 
(see Table  1). The  po l a r i t y  of the employed solvents  (e ther ,  benzene,  ace toni t r i le ) ,  and a lso  var ia t ion  in 
the reac t ion  t e m p e r a t u r e  f rom 0 to - 3 0  ~ a r e  e s sen t i a l ly  without effect  on the yield of the dloxythie tanes .  

The pur i ty  of compounds (XI)-(XVI) was checked by the TLC method. The s t r u c t u r e  of adducts (X1)- 
(XVI) was conf i rmed  by the IR and NMR s pec t r a .  Bes ides  the c h a r a c t e r i s t i c  s ignals  of the subs t i tuents ,  
t h ree  groups  of mult iplet  s ignals  a r e  obse rved  in the NMR spec t r a  of these  compounds,  which a r e  caused 
by the protons  of the r ing,  the ass  ignment of which was made taking into account  the data on the double 
resonance .  The value of the s p i n - s p i n  coupling constant  for  compounds (XD-(XVI) (JAC = 9 Hz) indicates 
that  the t r ans -conf igura t ion  of the sulfide does not change in the cycloaddit ion p r o c e s s .  A s i m i l a r  value of 
the s p i n - s p i n  coupling constant  for the t r a n s - p r o t o n s  in dioxythietane molecules  was found by other  au -  
thors  [i0]. 

EXPERIMENTAL METHOD 

The IR s p e c t r a  were  taken on a DR-10 s p e c t r o m e t e r  e i ther  as KBr pel le ts  or  as a thin l a y e r ,  while 
the NMR s p e c t r a  were  taken on a Var ian  HA-100 s p e c t r o m e t e r  using HMDS as the internal  s tandard .  The 
GLC was run on an LCM-7A ins t rument  equipped with a f l ame- ion iza t ion  de tec to r ,  using a 2 m • 4 ram 
column packed with 1.5% Silicone SE-30 deposi ted on Chromatone  AN (0.2-0.25 mm),  at  150-175 ~ The 
mel t ing points were  de te rmined  on a Kofler  block. The employed solvents  had been dr ied  and dis t i l led  iu 
advance.  

C y c l o a d d i t i o n  R e a c t i o n s  o f  V i n y l  S u l f i d e s  

3 -Bu ty l t h io -4 -m e t hy l s u l fony l - l , l - d i oxy th i e t ane  (III). To a s t i r r e d  solution of 7.6 g of t r i e thy lamine  
and 2.8 g of vinyl butyl sulfide in 100 ml of absolute ace toni t r i le  was added, in a n i t rogen s t r e a m ,  at  - 4 0  ~ 
in d rops ,  a solution of 5.72 g of methylsu l focblor ide  in 30 ml of absolute  ace toni t r i le  in 2 h. The reac t ion  
mix ture  was kept at  - 4 0  ~ for  1 h, and then at  20 ~ for  0.5 h. The p rec ip i t a t e  was f i l t e red ,  the f i l t r a t e  was 
evapora ted ,  and the obtained oil was diluted with a l i t t le  acetone.  A total  of 6.45 g (93%) of t r i e thy lamine  
hydroch lor ide  was obtained. The acetone  was evapora ted ,  and the obtained oil was t r e a t ed  with methanol .  
Rec rys t a l l i za t ion  f r o m  methanol gave 5.2 g (75%) of adduct {IID. 

NMR s p e c t r u m  (in CDC13) , 6, ppm: 3.11 (3H, CH3SO2); 5.31 q (HB); 3.97 oc (HA); 4.09 oc (HC); 4.68 
q (HD), 3JAB = 5.8; 4JBC = 2.2; 3JAD = 11.6; 3JAc = 5.8; 2JCD = 15.7 Hz. Disulfone (VD, with mp 142-143 ~ 
(methanol) ,  v, as obtained by the oxidation of (IID with 70% CH3CO3H in absolute e ther  at 0 ~ Found. C 
31.74; H 5.46; S 31.64%. C8Hi606S 3. Calculated-  C 31.57; H 5.27; S 31.61%. In f r a r ed  s p e c t r u m  (v, cm-1): 
1146, 1340, 1360 (SO 2 group).  

Cycloadduets  (D, (II), and (IV) were  synthes ized  in a s i m i l a r  manner .  The constants  and the e l e -  
menta l  and spec t r a l  analys is  data a r e  given in Table  1. The values  of the chemica l  shif ts  and s p i n - s p i n  
coupling constant  in the NMR s p e c t r a  a re  analogous to those  indicated above for  adduct {HI). 

C y c l o a d d i t i o n  R e a c t i o n s  o f  S u l f e n e s  t o  

t r a n s - 1 , 2 - A m i n o t h i o e t h e n e s  

The t r ans - amino th ioe thenes  (VID-(X) were  obtained by the addition of amines  to e i ther  me thy l -  or  
e thyl th ioacetylene,  which were  synthes ized  as desc r ibed  in [11]. The constants  of compounds (VIII) and 
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(IX) coincided with the l i tera ture  data [12, 13]. Benzylsulfochloride, mp 91.5-92 ~ (from CHC13) , while the 
butylsulfochloride was distilled. 

Data of NMR spectra for compounds (VID-(X): signals of olefinic protons with 5 4.41-4.67 (=CHNR2)+. 
6.10-6.34 (=CHSR1), Jtrans = 13 Hz. 

trans-l-Methylthio-2-diethylaminoethene (VII). A mixture of 4.7 g of methylthioacetylene and 14.8 
g of diethylamine in an ampul, blown with nitrogen, was heated at 76-80 ~ for 8 h. We obtained 4.1 g (50%) 
of (VII), bp 64-65 ~ (4 ram); n~ 1.5190. Found: C 57.82; H 10.53; N 9.20; S 22.45%. CTHisNS. Calculated: 
C 57.91; H 10.33; N 9.25; S 22.08%. Infrared spectrum (v, cm -i) 1600 (C =C). 

t rans- l -Ethyl thio-2-morpholinoethene (X). A mixture of 3 g of ethylthioacetylene and 6 g of mor-  
pholine was heated at 90-100 ~ for 6 h to give 3.5 g (50%) of (X), bp 65-67 ~ (0.02 ram); n~ 1.5450. Fotmd: 
C 55.19; H 8.61; N 8.17; S 18.56%. CsHi~NOS. Calculated: C 55.34; H 8.71; N 8.06; S 18.46%. Infrared 
spectrum (v, cm -t) 1600 (C =C). 

2-Ethylthio-2-diethylamino-4-phenyl-l , l -dioxythietane (XII). To a s t i r r ed  mixture of 1 g of amino- 
thioethene (VIII) and 0.63 g of triethylamine in 50 ml of ether was slowly added in drops, in a nitrogen 
s t ream,  at - 5  to - 7  ~ a solution of 1.19 g of benzylsulfoehloride in 25 ml of ether. The mixture was kept 
at - 5  to - 7  ~ for 1 h, and then at 20 ~ for 0.5 h. The precipitate was filtered, and washed in succession with 
ether and acetone. From the acetone solution we isolated 0.24 g of triethylamine benzylsulfonate, mp 
113-114 ~ , which failed to depress the mixed melting point with an authentic specimen. From the ether 
solution we isolated 1.4 g (70%) of adduct (XII) (see Table 1). 

When this reaction was run in benzene solution at 5 ~ or in acetonitri le solution a t - 2 0  ~ the yield 
of eyeloadduct (XII) was, respectively,  50 and 40%. Besides the signals, characterist ic for the protons 
of the substituents, the NMR spectrum (in CDC13) has the following chemical shifts: ~ 3.60 q (HA), 5.09 
q (HB) , 5.23 q (Hc), ~JAB = 8.5, 3JAC = 9.1, 4JBC = 1.0 Hz. 

Compounds (XI) and (XIII)-(XVD were synthesized by the above described method, and the constants 
and analysis results  a re  given in Table 1. The chemical shifts of the ring protons in the NMR spectra 
and their  sp in-sp in  coupling constants are analogous to those indicated for adduct (XII). 

Reaction of Butylsulfocbloride with trans-l-ethylthio-2-diethylaminoethene (VIII). The reaction 
was run under the same conditions as in the preparation of (XII). From l g  of sulfide (VIII), l g  
of butylsulfocbloride, and 0.65 g of tr iethylamine we obtained 0.4 g (44%) of triethylamine hydroehloride 
and 1.5 g of an oil that tended to tar  in the air ,  to which was added an ether solution of picric acid. We 
obtained 0.3 g (~1%) of the picrate of adduet (XIV), mp 151.5-152 ~ Found: C 43.24; H 5.83; N 11.29; S 
12.87%. C18H28Nr Calculated: C 43.37; H 5.66; N 11.24; S 12.86%. 

C O N C L U S I O N S  

The reactions of ~ ,~-unsaturated sulfides with sulfenes are  quite dependent on the nucleophilicity 
of the multiple bond of the vinyl sulfide, and on the electrophilicity of the sulfene, and lead to the formation 
of dioxythietanes, containing various functional groups, in 30-70% yields. 
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