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We have  r e c e n t l y  [1-5] d e v e l o p e d  a m e t h o d  fo r  the  p r e p a r a t i o n  of  d i f f i cu l t l y  a v a i l a b l e  u n s a t u r a t e d  s u n  
f o n e s ,  b a s e d  on the r e a c t i o n  of  su l f in i c  a c i d s  wi th  1 , 3 - d i e n e s  u n d e r  the  ac t i on  of  p a l l a d i u m  and n i c k e l - c o n -  
t a i n ing  c o m p l e x  c a t a l y s t s .  

To e x a m i n e  the  p o s s i b l e  u se  of d i f f e r en t  a r o m a t i c  and h e t e r o a r o m a t i c  su l f in ic  a c i d s  in th i s  r e a c t i o n ,  in  
the  p r e s e n t  w o r k ,  we s t ud i ed  the  r e a c t i o n  of  bu t ad i ene  with s u b s t i t u t e d  a r y l s u l f i n i c  a c i d s ,  c a t a l y z e d  by  l ow-  
v a l e n c e  Pd c o m p l e x e s .  

We have  a l r e a d y  found [1-51 tha t  l o w - v a l e n c e  Pd c o m p l e x e s ,  ob ta ined  by r educ t i on  of  Pd (acac )  2 by  t r i -  
e t h y l a l a n e  in the  p r e s e n c e  of  P P h  3, a r e  the  m o s t  a c t i v e  c a t a l y s t s  in the  r e a c t i o n  of su l f in i c  a c i d s  wi th  1 , 3 -  
d i e n e s .  With  th i s  c a t a l y t i c  s y s t e m ,  b e n z e n e -  and t o l u e n e s u l f i n i c  a c i d s  r e a c t  with bu tad iene  (60~ 6 h) to 
g ive  the  c o r r e s p o n d i n g  butenyl  and 2 , 7 - o c t a d i e n y l  su l fones  (I)-(VI) in y i e l d s  of  ~ 97%. R e p l a c e m e n t  of  a m e t h y l  
g roup  in t o l u e n e s u l f i n i c  a c i d s  by  F ,  C1, B r ,  and I a t o m s ,  and a l so  by t e r t - b u t y l ,  n i t r i l e ,  and phenoxyl  g r o u p s ,  
p r a c t i c a l l y  does  not  i n f luence  the  d i r e c t i o n ,  the  y i e l d ,  and the  c o m p o s i t i o n  of  the  p r o d u c t s  of t h e i r  t e l o m e r i z a -  
t ion  with  bu t ad i ene .  In a l l  the  e x p e r i m e n t s ,  both  m o n o -  (VII)-(XX) and d i adduc t s  (XXI)-(XXVII) a r e  f o r m e d .  
The r a t i o  of  butenyl  and o c t a d i e n y l  su l fones  changed  i n a p p r e c i a b l y  f r o m  e x p e r i m e n t  to  e x p e r i m e n t ,  and i s  on 
the  a v e r a g e  51:34:15,  r e s p e c t i v e l y  (Tab le  1). 
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" \ - -m Pd-~,~ ( ) - n ~  ~\- I I ,  
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It, = H (I), (IV), (VII), (X), (II), (V), (VIII), 
n~ = CH:,, t-C,H~, F, (XIII), (• (XIX), (XI), (• (XVII), 
Br, CI, I, CN, OPh (XXII), (XXV) (XX), (XXlII), (XXV 

so~_/%/~/'xr 
I 

/J\--R i 

I 
R2 

(III), (VI), (IX), 
(Xli), (xv), (• 
(XXl), (• (XXVlI) 

R I = R  2 = H  (I)--(lII); R I = H ,  R ~=CH~ (IV)--(VI); R I = H ,  R 2=t-C~H~ (VlI)--(IX); 
R~ = H, R ~ = F (X)--(XII); R~ = H, tl~ = C1 (XItI)--(XV); R1 = H, R~ = Br (XVI)-- 
(XVIII); R! = H, R ~ -  I (XIX)--(XXI); R1 = H, R~ = CN (XXI1)--(XX1V); R1 = H, 
tt  2 = OPh (XXV)--(XXVII). 

S i m i l a r  r e s u l t s  w e r e  o b t a i n e d  in  the  s tudy  of  the  t e l o m e r i z a t i o n  of  n a p h t h a l e n e s u l f i n i c  a c i d  wi th  b u t a d i e n e ,  
l e a d i n g  to su l fones  (XXVIII)-(XXX) with  an o v e r a l l  y i e l d  of  91%. In c o n t r a s t  to the  above  a c i d s ,  o - m e t h o x y b e n -  
z e n e s u l f i n i c  ac id  e n t e r s  into t e l o m e r i z a t i o n  with bu tad iene  with  the e x c l u s i v e  f o r m a t i o n  of  (XXXII),  (XXXIII). 
H o w e v e r ,  in i t s  r e a c t i v i t y ,  o - c h l o r o p h e n y l s u l f i n i c  a c i d  p r a c t i c a l l y  does  not d i f f e r  f r o m  the  above  a c i d s ,  and 
r e a c t s  wi th  bu tad iene  to g ive  su l fones  (XXXIV)-(XXXVI) in  an o v e r a l l  y i e l d  of  85%. 

In s t i t u t e  of  C h e m i s t r y ,  B a s h k i r  B r a n c h ,  A c a d e m y  of  S c i e n c e s  of  the  USSR, Ufa.  T r a n s l a t e d  f r o m  I z v e s -  
t i y a  A k a d e m i i  Nauk SSSR, S e r i y a  K h i m i c h e s k a y a ,  No. 10, pp .  2337-2346,  O c t o b e r ,  1983. Or ig ina l  a r t i c l e  
s u b m i t t e d  N o v e m b e r  10, 1982. 
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TABLE 1. Inf luence of  Nature  of Substi tuent  in Ary lsu l f in ic  Acids 
on Yield and Composi t ion  of P r o d u c t s  of  The i r  T e l o m e r i z a t i o n  
with Butadiene (ca taIys t :  P d ( a c a c ) 2 - P P h 3 - A 1 E t a  (1:3:4),  60~ 
t o l u e n e - H 2 0  (4:1); butadiene - 200 m m o l e s ,  t~hSO~H- 1 0 0 m m o l e s )  

Sulfinic acid 

O --SO~H 
Mo--O- -S02I - I  

r - O - s o j - I  

CI--~---~/--SO~H 

B r - - O - - S O 2 H  

I - - O - - S 0 i H  

N C - - O - - S O ~ H  

P h O - - ~ - - S O ~ H  

SO~H 

Reaction products, % 

0 verall 
yield, % 

ArSOn--( ~" ArSO~--/k',/ 

/ 
\ 
/ 
\ 

97 

95 

93 

87 

85 

81 

80 

82 

80 

9t 

53 

60 

50 

5t 

52 

53 

55 

54 

46 

40 

39 

27 

45 

20 

26 

28 

30 

27 

36 

37 

\ 
!. 

o 
ao 

8 

t3 

5 

29 

22 

t9 

t5 

t9 

18 

23 

I "~J",// (XXVIII) 

J ~ / % - - S 0 ~ H  ~ \ ~  ~ ( 2 ' ~ / ~ _ s o ~ _ / ~ %  / 

~ L / ~  Pd--Ln I "%-/~"// (XXIX) 

%2" , / /  (XXX) 

~  SO'--/%'/I 

-~ + 
SO~H 
I I R----OMe (XXXI), OCHa (XXXH), 

S ~  - R  //"/2 I C1 (XXXIV), (XXXV) 

%2 

R=oc~3, cl a ( )  -a  
R = OMe (XXXIH), C1 (XXXVI) 

T h e r e f o r e ,  taking as an example  o -me thoxybenzenesu l f in i e  ac id ,  we examined  the inf luence of  t e m p e r a t u r e  
and ra t io  of init ial  r eagen t s  (diene:acid) on the y ie ld  and compos i t ion  of p roduc t s  of  t e l o m e r i z a t i o n  of  this  ac id  
with butadiene .  

Table 2 shows that  with i n c r e a s e  in the concen t r a t ion  of  butadiene  in the r eac t ion  m i x t u r e ,  the f rac t ion  
of octadienyl  sulfone (XXXIII) i n c r e a s e s .  At a diene:  ac id  = 1:1  r a t i o ,  monoadduc ts  a re  p r e f e r en t i a l l y  f o rme d .  
I n c r e a s e  in the t e l o m e r i z a t i o n  t e m p e r a t u r e  f r o m  20 to 100~ leads  not only to an i n c r e a s e  in the overa l l  y ie ld  
of sulfones (XXXI)-(XXXIII),  but a l so  to a change in the i s o m e r i c  compos i t ion  of the monoadducts  (XXXI), 
(XXXII). At a h igher  t e m p e r a t u r e ,  the f r ac t ion  of  b ranched  sulfone (XXXI) i n c r e a s e s .  

It can  be a s s u m e d  that  at e leva ted  t e m p e r a t u r e  under  the t e l o m e r i z a t i o n  condi t ions  t h e r e  is i s o m e r i z a -  
l ion of the ~r-allyl complex  (XXXVII) into ~-a l ly l  complexes  (XXXIN)-(XL), which a re  r e spons ib l e  fo r  the f o r m a -  
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T A B L E  2. I n f l u e n c e  o f  R a t i o  o f  I n i t i a l  M o n o m e r s  and R e a c t i o n  C o n -  

d i t i o n s  on Y i e l d  and  C o m p o s i t i o n  o f  P r o d u c t s  o f  T e l o m e r i z a t i o n  o f  

o - M e t h o x y p h e n y l s u l f i n i c  A c i d  w i t h  B u t a d i e n e  ( c a t a l y s t  P d ( a c a e ) 2 -  

0 . 2  m m o l e  P P h  3 - 0 . 6  m m o l e ,  A t E t  3 - 0 . 8  m m o l e ,  4 h ,  t o l u e n e -  

w a t e r ,  4 : 1  

Sulfinic acid-- Overall yield of ~ i o n  of telom____eerizatio_n products, % 

T., ~ butadiene(molar)ratio unsaturatedfones, %sul- [ (XXXI) (XXXII )  (XXXIII} 

20 l : 3 44 2t 59 20 
60 t : 3 96 36 t7 47 

t00 t : 3 98 61 13 26 
60 t : t 90 56,5 40,5 3 
60 t : 4 98 - 32 68 
60 t : 2 98 4 56 40 

T A B L E  3. I n f l u e n c e  o f  N a t u r e  and  R a t i o  of  C a t a l y s t  C o m p o n e n t s  on 

Y i e l d  and  C o m p o s i t i o n  o f  P r o d u c t s  o f  T e l o m e r i z a t i o n  o f  B u t a d i e n e  

w i t h  T o l u e n e s u l f l n i c  A c i d  ( P d : R S O 2 H : b u t a d i e n e ,  1: 1 0 0 : 2 0 0  ( m o l a r ) ,  

60~ 4 h) 

Ratio of catalyst components (molar) 

Overall 
yield, % 

Reaction products, % 

I \ 

r~ 

Pd (acac) z - PPhs - A1Et~ (1 : t0 : 3) 
Pd(acac)rL*.AIEt, (t : t : 2) 
Pd (acac) 2 - Et2NH - AIEt~ (1 : 3 : 4) 
Pd(acac)2 - CsHsN - A1Et~ (i : 3 : 4) 
Pd(acac)z- p-NOzCsH~ -A1Et3 (1 : t :2) 
Pd(acac) z - A1Et~ (i : 4) 
PdC12 - CsttsN - A1Et3 (l : 3 : 4) 

99 
99 
92 
92 
90 
53 
91 

99 
98 
6i 
60 
70 
63 
55 

l 
2 

39 
40 
30 
37 
45 

* L = 1 8 - d i b e n z o - 6 - c r o w n  e t h e r .  

t i on  o f  t h e  m o l e c u l e s  

l i s t e d  in T a b l e  1. 
o f  b u t e n y l  s u l f o n e s .  S i m i l a r  r e s u l t s  w e r e  o b t a i n e d  f o r  o t h e r  s u l f l n i c  a c i d s  tha t  we  s t u d i e d ,  

L~ 
Ln 

+ > ~ d~SO2R 

(xxxvli) (xxxvliI) 

~rpa_so~ R ~Pd--so,R 
La (XL) 

(xxx ix )  I 

RSO~-- C RSO~--/%,/" 

F u r t h e r ,  to  r e p l a c e  PPh3 by m o r e  a v a i l a b l e  a c t i v a t i n g  a d d i t i v e s ,  and  a l s o  to  c l a r i f y  t he  i n f l u e n c e  o f  t h e  

n a t u r e  of  a e t i v a t o r - l i g a n d s  on t h e  d i r e c t i o n  of  t h e  t e l o m e r i z a t i o n ,  we  s t u d i e d  t h e  i n f l u e n c e  o f  o x y g e n -  and  n i t r o -  

g e n - c o n t a i n i n g  c o m p o u n d s  on t h e  a c t i v i t y  and  s e l e c t i v i t y  o f  a c t i o n  o f  p a l l a d i u m  c a t a l y s t  in  t h e s e  p r o c e s s e s .  T h e  

e x p e r i m e n t s  w e r e  c a r r i e d  out  on t h e  e x a m p l e  o f  t h e  t e l o m e r i z a t i o n  o f  b u t a d i e n e  w i t h  t o l u e n e s u l f i n i c  a c i d .  

As  t h e  r e s u l t ,  we  found  tha t  f a i r l y  a c t i v e  p a l l a d i u m  c a t a l y s t s  c a n  be  o b t a i n e d  w h e n  c o m p o u n d s  s u c h  as  

d i e t h y l a m i n e ,  p y r i d i n e ,  and  n i t r o b e n z e n e  a r e  u s e d  a s  a c t i v a t o r  l i g a n d s  ( T a b l e  3).  T h e s e  l i g a n d s  f a v o r  t he  e x -  

c l u s i v e  f o r m a t i o n  of  m o n o a d d u c t s  (IV),  (V). C a t a l y s t s  m o d i f i e d  by 1 8 - d i b e n z o - 6 - c r o w n  e t h e r  o r  P P h  3 t a k e n  

in  a r a t i o  of  P d :  P P h  3 e q u a l  to  1 : 1 0 ,  h a v e  t h e  h i g h e s t  s e l e c t i v i t y .  
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TABLE 5. Data of Elemental Analysis o f  Sulfones 

Compound 

3 -(p- tert-'Butyl phenylsulfonyl) -3-  
methyl-  1-propene (VII) 

1-(p-tert  - Butylphenylsulfonyl)-2- 
butene (VIII) 

8 -(p-tert-Butylphenylsulfonyl)-1,7- 
octadiene (IX) 

3 -(p- Fiuorophenylsulfonyl) -3-  
methyl-  1-propene (X) 

1-(p-Fluorophenylsulfonyl)-2- 
butene (XI) 

8-(p-Fluorophenylsulfonyl)- 1,7- 
octadiene (XlI) 

8-(p-Chlorophenylsulfonyl) -3- 
methyl-  1- propene (XIII) 

1-(p-Chlorophenylsulfonyl)-2" 
butene (XIV) 

8 -(p-Chlorophenylsulfonyl)" 1,7 - 
octadiene (XV) . 

3-(p-  Bromophenylsulfonyl)-a- 
methy l - l -p ropene  (XVI) 

1-(p- Bromophenylsulfonyl)-2- 
butene (XVII) 

8-(p-  Bromophenylsulfonyl)- 1,7- 
octadiene (XVIII) 

3- (p-Iodophenylsulfonyl)- 3- 
methy l - l -p ropene  (XIX) 

1 - (p-Iodophenylsulfonyl)-2 - 
butene (XX) 

8-(p-Iodophenylsulfonyl)- 1,7- 
octadiene (XXI) 

3-(p-Cy anophenylsulfonyl) -3 - 
methyl-  1-propene (XXII) 

1-(p-Cyanophenylsulf~ 
butene (XXIII) 

8-(p-Cyanophenylsulfonyl)- 1,7- 
octadiene (XXIV) 

3-(p-Phenoxyphenylsulfonyl) '3" 
methy l - l -p ropene  (XXV) 

1-(p-Phenoxyphenylsulfonyl) '2" 
butene (XXVI) 

8-(p-Phenoxyphenylsulfonyl)" 1,7- 
octadiene (XXVII) 

3-($- Naphthylsulfonyl)-3- methyl-  
1-propene (XXVIII) 

1-(~3- Naphthylsulfonyl)-2-butene 
(XX~X) 

8-(~- Naphthylsulfonyl)- 1,7- 
octadiene (XXX) 

3-(o-  Methoxyphenylsulfonyl)-3" 
methy l - l -p ropene  (XXXI) 

1-(o- Methoxyphenylsulfonyt)-2- 
butene (XXXlI) 

8-(o-Methoxyphenylsulfonyl) ' l ,7"  
octadiene (XXXIII) 

3-(o-Chlorophenylsulfonyl)-3- 
methyl-  1-propene (XXXIV) 

1-(o-Chlorophenylsulfonyl)-2- 
butene (XXXV) 

8-(o-Chlorophenylsulfonyl)- 1,7- 
octadiene (XXXVI) 

3-(2-Futylsulfonyl)-3- methyt-  1- 
propene (XLI) 

1-(2-Furylsulfonyl)-2-butene 
(XLII) 

8-(2-Purylsulfonyl)" 1,7- 
octadiene (XLIH) 

E mpirical 
formula 

Cir 

Ct~H2oS02 

C,8H~6S02 

C~oH~SO2F 

C~oH,,SO2F 

C,~H~TSO2F 

C,oH~S02C1 

C~sH~tSO2C1 

C~H,TSO2C1 

C,oH,~SO2Br 

C~oH,,SO2Br 

C,~H~SO~Br 

C~oH~tS02I 

C~oH~tSOTI 

C,,~H,~SO~I 

C,,H,iNSO~ 

CuH,,NSOz 

C,~H,~NSO~ 

�9 Found/calculated ,% 

c H tN 

66171 7,92 - 
~ 66--6,'~'- 7,94 
66,71 7,921- 

' 66,67 
70,56 8,55 

' 70,59 
56 t7 5,07 1 
56,07 5,t4 ! 

,56,t7 5,07 
56,07 5,14 

.62,79 6,29 - 
62,69 6,34 
52 t6 4,70 - 

52,06 
52,__A6_ 4,70 i - 
52,06 4,77 
.59,15 5,89 - 
59,05 5,98 
43,74 4,10 - 

' 43,64 ] 
43,74 [ 4 t0 

'43,64 i~ ,oo  ' 
5t,t6 5 20 
51,06 "5,t7 

S H a l  

t2,65 - 
t2,70 

. t2,65 - 
t2,70 

.10,40 - 
10,46 

, 1 4 , 9 0  - 

t 4 , 9 5  

~ 9 0  858 
t4,95 ' 8,88 

1 tl,80 , 6,90 
tt,94 7,09 
t3,80 t5,25 

' t 3 - ~ - '  t5,40 
t3,80 t5,25 
t3-N- '  ts-Xd 

1 1t,20 . t2,40 
tl,25 t2,48 
1t,60 29,00 
It,64 29,09 
tt,60 29,09 

' il-~'4-' 29,00 
9,70 24,22 

' ~ '  24,32 
37,30 3,50 - 9,90 39,24 

3,42 ' 9,94 39,44 
37,30 I 3,50 , *- 9,90 39,24 
37,27 [3,42 9,94 
44,73 I 4,60 .. ' -  . 8,45 33,68 
44,68 4,52 8,51 '3--~,78 
59,60 4,90 . 6,45 .t!:38 . 
59,73 4,98 6,33 1t,48 
59,60 4,90 6,45 I138 

'59,73 4,98 6 , ~  1t,48 
,65'20 6,22 520 it,70 
65,45 6,1-'-'~ L 5 , ~ '  tt,64 

[ 

I 

C16HIeSO~ 

C,sHtsSOs 

CzoH22S03 

C,~,Ht4SO2 

CI(Ht~SOz 

CtsH2oS02 

C,,Htr 

CttH,4SOz 

CisH2oSO~ 

C~oH,~S02CI 

CtoHttS02Cl 

C,~HtTSOzC1 

C a H t o S O 3  

CsH,oS03 

C12H~.6S0.3 

. 6 6 , 9 2  5,50 . -- 
66,67 5,56 
66,92 5,50 . - 
66,67 5,56 
70,80 6,37 - 
7038 6,43 
68,2o !,71 . _ 
6 8 , 2 9  5,69 

.68,20 5,7t - 
68,29 5,69 
72,t3 6,60 - 
72,00 6,67 
58,50 6,10 - 
58,41 6.t9 
'58,50 6,10 - 
' ~  6,i9 
! 

.64,00 7,25 -. - 
64,29 7,t4 

,52,t6 4,70 , - 
52,06 4,77 
52,t6 4,70 . - 

52,06 4,77 
.59,t5 5,90 . -- 
59,05 5,98 

,55,70 5,42 - 
55,61 5138 

,55,7O 5,42 - 

55,6, 5 , -5/ -1  
60,t5 6,60 - 

l i ,0i  - 
1t,1t 
l i ,0t  - 
i l , t l  
13,90 - 
t4,04 
13,tt - 
i3,0i 

,13,tt - 
13,01 

. i 0 , 6 0  . - 

i 0 , 6 7  

t4.06 
t4.i6 
14,06 - 

j 14,16 

1t,50 - 
i 
tt,43 
13,80 i5,t0 

' , 3 - - ~ ' , 5 - ~  
t3 80 15,10 
t3,88 t5,40 
t l  t9 . 12,28 

i - - i - -  
1t,25 t2,48 
17,t0 = 

"t7,20 
17,10 

t3,20 - 

2 1 1 2  



T A B L E  5 (Continued) 

Compound 

3-(2-Thienylsul fonyl)- 3- methyl- 
1-propene (XLIV) 

. 1 -(2-Thienylsulfonyl)-2-butene 
(XLV) 

8-(2-Thienylsulfonyl)- 1,7- 
octadiene (XLVI) 

Empirical 
formula 

I 

I CstI,0S202 

Cs]I~cS202 

1 Ci~,HisS202 

Found/calculated, % 

C H N 

47,60 4,88 - 
47,52 4,95 
47,60 4,88 - 
4%52 4,95 
56,34 6,t5 - 

3t,81 
31,68 
3t,8t 
3t,68 
25,tt 

Hal 

T a b l e  3 shows tha t  o x y g e n -  and n i t r o g e n - c o n t a i n i n g  a c t i v a t o r - l i g a n d s  a r e  not  i n f e r i o r  in t h e i r  e f f e c t i v e -  
n e s s  to  conven t iona l  p h o s p h i n e s  and p h o s p h i t e s .  The high s e l e c t i v i t y  wi th  r e s p e c t  to  the  monoa dduc t  when 18-  
d i b e n z o - 6 - c r o w n  e t h e r  o r  an e x c e s s  of  P P h  3 a r e  i n c l u d e d  in the  c o m p o s i t i o n  of the  p a l l a d i u m c a t a l y s t  i s  c l e a r l y  
due to the  f o r m a t i o n  of  a c t i v e  c a t a l y t i c  Pd  c o m p l e x e s ,  which  u n d e r  t e l o m e r i z a t i o n  cond i t ions  can  c o o r d i n a t e  
wi th  not  m o r e  than  one m o l e c u l e  of  the  d i e n e .  

To bring heteroaromatic sulfinic acids into the telomerization reaction, we studied the reaction of 2- 

thiophene- and 2-furansulfinic acids with butadiene in the presence of Pd(acac) 2- PPh3- A/Et 3 (I : 3: 4) catalytic 

system~ As the result we obtained a mixture of butenyl (XLI), (XLII), (XLIV), (XLV), and octadienyl sulfones 

(XLIII),  (XLVI) in high y i e l d s .  

•J--SO,H 
+ 

,4x,2 
X=O, S 

Pd--L n ). 
c 

(XLI), (XL1V) (XLII), (XLV) 

I I_so _ . ' % / ~ / ~ J  
~X ) (X~]II), (XLVI) 

X = 0 (XLI), (XLII), (XLIII), S (XLIV), (XLV), (XLVI) 

EXPERIMENTAL 

The arylsulfinic acids were prepared according to [6]. The mixtures of sulfones were analyzed on a 

"Chrom-4" chromatograph, using flame-ionization detector, a i. 2-m column with SE-3O, carrier gas He. 

The PMR spectra were obtained on the "Tesla-487B" apparatus in CDCI3, with HMDS as internal standard. 

The IR spectra were recorded on the UR-20 spectrophotometer (film or mineral oil). The mass spectra were 

run on the MX-13-06 apparatus with an energy of ionizing electrons of 70 eV and an ionization chamber tem- 

perature of 200~ 

General Method of Telomerization of Arylsulfinic Acids with Butadiene. A 0.8-mmole portion of AIEt 3 

was added with stirring in an Ar current to a solution of 0.2 mmole of Pd(acac)2 , 0.6 mlaole of PPh 3 in 2 ml 

of absolute toluene cooled to -I0 to -15~ and the mixture was held for 5-10 rain at -10~ Sulflnic acid, 20 

mmoles, and 60 mmoles of butadiene in a mixture of toluene and Water (4-I) were placed in a 20-ml steel auto- 

clave cooled to -]0~ then the catalyst solution was added, and the mixture was heated for 4 h at 80~ The 

mixture was cooled, and washed successively with 5% NH4OH and H20. The organic layer was separated and 

dried over MgSO 4. After removal of solvent, the residue was distilled in vaeuo or crystallized. 

The physical constants and spectral characteristics of the aryl sulfones obtained are shown in Tables 4 

and 5. 

CONCLUSIONS 

i. The nature and structure of the substituent in arylsulfinie acids slightly influence the direction of 

their telomerization with butadiene, and in almost all experiments this leads to a mixture of butenyl and octa- 
dienyl sulfones. 

2. Low-valence palladium complexes, modified by secondary amines, nitrobenzene, or 18-dibenzo-6- 

crown ether, are effective catalysts of the telomerization of aromatic sulfinic acids with butadiene. 
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S T E R E O C H E M I S T R Y  O F  S U L F E N Y L C H L O R I N A T I O N  

O F  f l - D E U T E R O S T Y R E N E S  

A.  V.  B o r i s o v ,  A.  I .  L u t s e n k o ,  
L .  V.  C h u m a k o v ,  V.  A.  S m i t ,  
a n d  I .  V.  B o d r i k o v  

UDC 541.63:542. 944+542. 945.2:547. 538. 141 

Changes in many fundamental charac te r i s t i c s  of electrophilic addition reactions (ADE-reactions) of 
alkenes are  caused by difference in the degrees of participation of the reagent in the stabilization of the e lec-  
t ron-deficient  center  of the transi t ion state (TS) and (or) the intermediate [1-3]. In t e r m s  of a s t ructural  
scheme,  the degree of participation is usually reflected by the ratio of contr ibut ions to the addition react ion 
of the TS (intermediates) of open (I) and cyclic (II), (III) types 

R 

E E ~ 
(~) "(n) (hi) 

The s tereochemical  cr i ter ion of the passage of the AdE reactions through a TS (intermediates) of cyclic 
(II), (III), and open (I) fo rms ,  is considered to be t r ans - s te reospec i f i c  and nonstereospecifie addition, r e spec -  
tively. Most of the react ions of alkenes with sulfur-containing electr iphiles proceed by the f i rs t  of these paths. 

A disturbance of the s tereospecif ic i ty  of the t rans-addi t ion of the electrophiles to the alkenes is usually 
related to the high e lec t ron-donor  ability of the substituents attached at the reaction center ,  causing that the 
reaction proceeds through the TS (intermediates) of an open type. 

However,  the picture is complicated by the fact that the s tereochemical  regular i t ies  of the addition of 
the electrophiles to the double bonds was studied mainly on models of nonterminal alkenes [1, 4, 5], and there-  
fore the disturbance of the s tereospecif ic i ty  of the t rans-addi t ion can to a great  extent be caused by the repul-  
sive interaction of the vicinal groups in the TS {intermediates) of the cyclic type (II), (III). Therefore ,  s t r i c t -  
ly speaking, f rom the configuration of the products of the addition to alkenes with vicinal substi tuents,  we 
cannot conclude on the contribution of the electronic effects to the s tereodireet ivi ty  of the AdE-react ions  of 
alkenes. 

In the present  work,  we studied the influence of the electronic proper t ies  of substituents in the reagents  
on the s tereodirect ivi ty  of the addition of arylsulfenyl chlorides to fi -deu te ros tyrenes  under conditions exclud- 
ing the mutual in terconvers ion of the s t e reo i somers  (kinetic control).  We also studied the case of convers ion 
of the s t e reo i somers  under the conditions usually used for AdE-processes .  

To solve our problem,  we synthesized s te reo i somer ic  Z- and E-f l -deuteros tyrenes  (IVa-d) and (Va-d) 
(Table 1) and examined their  react ions with sulfenyl chlorides (VIb, c ,  e,  g) in CDCL3and CD3COOD (ratio of 
reagents  1 : 1) 
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