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According to [i, 2], the cross-coupling of Grignard reagents with allyl sulfones in the presence of Cu 
or Ni salts constitutes a promising route to unsaturated hydrocarbons. 

This report deals with the possible participation in this reaction of various organomagl]esium compounds 

and allyl sulfones, and new catalysts capable of effeeting this reaction have been sought. Taking the cross- 

coupling of phenylmagnesium bromide with phenyl allyl sulfone as an example, we have established the opti- 
mum reaction conditions, and we have studied the effects of the type of transition metal, ligand, and solvent 
on the yields and selectivity of formation of allylbenzene. 

It has been found that of the compounds of the transition metals tested as catalysts (Cu, Ti, Zr, Cr, Mn, 

Fe, Co, Ni, and Pd), the most efficient were CuCl2, Li2CuCl4, Cu(acac)2 , and modified PPh 3 (Table I). 

The nature of the electron-donor ligand in the catalyst has a marked effect on the yields of allylbenzene. 

For example, the yields of allylbenzene in the series PPh 3, a, a'-bipyridyl, Bu3P, (EtO)3 I~, (C6HIIO)3 P, and 
(iPhO)31 ~ decrease from 96 to 15% (Table 2). In all probability, arylphosphines favor the activation and stabili- 
zation of the intermediate complexes responsible for the formation of the allylbenzene molecule. 

Table 3 shows that when the reaction is carried out in ethereal solvents, the yields of allylbenzene reach 

80-96%, the highest yield of allylbenzene from PhMgBr and phenyl allyl sulfone being obtained in THF with 

CuCl 2 in the presence of Ph3P (60~ 4 h). 

For this reason, subsequent experiments on the reactions of organomagnesium compounds with allyl 

sulfones were carried out under these optimum conditions. Thus, a variety of alkyl and allylmagnesium ha- 

lides reacted with phenyl allyl sulfone to give unsaturated hydrocarbons in yields which varied considerably 

depending on the structure of the Grignard reagent. In particular, replacement of the n-butyl group in n-C4H 9- 
MgBr by isobutyl and tert-butyl reduced the yields of reaction products. In contrast to these organomagne- 
slum compounds, nonylmagnesium bromide and benzylmagnesium bromide reacted very selectively with phenyl 
allyl sulfone to give l-dodeeene and l-phenyl-3-butene in yields of 94 and 90%. 

It was found that the nature of the halogen atom in the Grignard reagent had a marked effect on the yields 
of coupling products. For example, when bromine was replaced by chlorine or iodine in allylmagnesium bro- 
mide, the yield of hexadiene in the reaction with phenyl allyl sulfone fell from 87 to 46% (Table 4). 

We then examined the possibility of reacting PhMggr, PhCH2MgBr , and EtMgBr with higher allyl sul- 
fortes (phenyl 2,7-octadienyl sulfone and phenyl 3,7-dimethyl-2,6-octadienyl sulfone). 

Phso~ - i X / \ / \ ~  L q _ ~ / ~ , / ~  I 82--9~% (I), (III), (IV) 

R~m ~hso,-/~/\/~/ R-/~fi /~/~ R----Et, Ph, PhCH2 . . 

~% . . 

(II) 
R = Et (r), (Ii); Ph (in), PhCH2. 

It was  found that  E tMgBr  r e a c t e d  r e a d i l y  with these  sulfones to give the unsa tu ra t ed  h y d r o c a r b o n s  (I) and (II), 
w h e r e a s  P h M g B r  and C~H~CH2MgBr r e a c t e d  only with phenyl  2 ,7 -oe tad ieny l  sulfone to give (HI) and (IV). In 

Inst i tute  of C h e m i s t r y ,  Bashk i r  B ra nc h ,  Academy  of  Sc iences  of the USSR, Ufa.  T r a n s l a t e d  f r o m  I z v e s -  
t iya  Akademii  Nauk SSSR, Ser iya  Kh imicheskaya ,  No. 10, pp.  2333-2336,  Oc tobe r ,  1983. Original  a r t i c l e  
submi t ted  D e c e m b e r  20, 1982. 
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TABLE 1. Effect of Catalyst Type on Yields 
and Product Composition in the Reaction of 

PhMgBr with Phenyl Allyl Sulfone (M:Ph~P: 

PhSO 2 _ / %  PhMgBr = I :i :20:25; 60~ 4 h, 
THF) 

- -  Yield of [1 Yield of 
Catalyst allylben-ll CataIyst allylben- 

tzene, % 1! zene,% 

CuCI2 
Li2CuCI4 

( / \ / \  / CO'~)='C u "  

Cu (aeae) 
CuBr 
CuCl 
CuI 
FeCla 
ge (acac) 
Mn (neat) z 

96 
94 
92 

92 
55 
88 
32 
59 
55 

t0 

Ni (acac) 2 
NiCI2 
Ti (OBu) 
Cp2TiCI2 
TiCI~ 
Zr(OBu)~ 
(Cp) 2ZrCl2 
Zr (aeac) 
Cr (acac) 2 
PdCI2 
Pd (acac) 2 

32 
ti  
12 
14 
2 
3 

15 
2t 
2 

18 
4 

TABLE 3. Effect of Solvent 

on Yields of Allylbenzene (Cu- 

Cl2 :phap :PhSO2_/% :PhMgBr = 
1:1:20:25; 60~ 4 h) 

Yield of 
Solvent ai1 ylb~nzene , 

THF 
1,4-Dioxane 
Diethyl ether 
Diglyme 
Diprbpyl ether 
Benzene 
cHzch 
Heptane 
Sulfolan 

TABLE 2. Effect  of Ligand on 
the Yields  and P r oduc t  Compos i -  

t ion in the Reac t ion  of PhMgBr  

with Phenyl  Allyl  Sulfone (CuC12: 

L:PhSO2-/% :PhMgBr = 1:1:20: 
25; 60~ 4h, THF) 

Ligand Yield of allylbmzzene, % 

Ph,P 
a, x'-Bi- 
pyridil 
BuaP 
(EtO) aP 
(C,Ht,O) aP 
(PhO) aP 

96 
46 

30 
22 
~9 
15 

TABLE 4. Effect of S t ruc tu re  of 

Gr ig~ard  Reagent  on the P roduc t  

Yields  in  C r o s s - C o u p l i n g  with P h e -  

nyl Allyl  Sulfone (CuC12:Ph3P:PhSO 2 
_ /%:IRMgX = 1:1:20:25; 60~ THF) 

~'iel'~i of products'~T- 
Grignard reagent reaction with phenyl 

allyl sulfone, g - 

96 n-BuMgBr 
92 i-BuMgBr 
80 t-BuMgBr 
79 C~H,gMgBr 
68 C~H~CH2MgBr 
62 ~ \  MgBr 
46 f i n  MgC1 
44 / / \  MgI 
35 

~-Bu_/% (98) 
i-Bu / '% (80) 
! - B u / %  (52) 
ZgHj~__/% (94) 
S~H~CH~__/% (90) 
/ \ , / \ / /  (87) 
/ / \ / \ / /  (70) 
/ \ / \ j  (46) 

o r d e r  to c o m p a r e  the r eac t iv i~ ies  of o r g a n o m a g n e s i u m  ha l ides  with those of m a g n e s i u m  d ia lky l s  in these  r e a c -  
t ions ,  ~he r e a c t i o n s  of EtzMg, n-Bu2Mg, n-hexy121g,  and Ph2Mg with phenyl  a l ly l  su l fone,  phenyl  2 ,7 -oc tad ieny l  
suIfone,  and phenyl  3 , 7 - d i m e t h y l - 2 , 6 - o c t a d i e n y l  sulfone w e r e  s tudied  (50~ 4 h, THF) in the p r e s e n c e  of the 
ca ta ly t i c  s y s t e m  Cu(acac )2 -PPh  3 (1:1). 

R~Mg 
I 

I p hSOl__/~/\/\[// 90--98% PhSO'--/% l 
R1 Rz 

R1 R~ 

R = Et, n-Bu, n-C6tIla, Ph. 
R = Et, R 1 = B 2 = H ( I ) ;  R = Et; R 1 = t/~ = CHz (II); 
t/ = n-Bu; tl ~ = t/~ = H(IX);  R = n-Bu; R 1 = tV = CHz;  
R = Et IV); R = n-Bu (VI); R = n-C6H~a (VII); R = Ph (VIII) 

It is noteworthy that unsymmetrical alkyl aryl magnesium compounds also participate in this reaction 
with the formation of mixtures of hydrocarbons. For instance, RMgPh (R = Et, n-Bu, and n-C6Ht3 ) react with 
phenyl allyl sulfone to give hydrocarbons (V)-(VIII) in high yields. These experiments showed that the alkyl 
radical in organomagnesium compounds is more reactive towards cross-coupling with allyi sulfones than is the 
phenyl residue 

-~ Et--/y~ ~- (Vili i, 32% 
(V), 68% 

RMgPh Ph8~ K ._~ n_Bu_/~  @ (VIII), 37% 
85-93% (VI), 63% 

]~ n-C6HIa--/~ + (VIII), 42% 
(vii), 58% 

R = Et, n-Bu, n-C~H13 

It i s  ev iden t  tha t ,  in c o n t r a s t  to the G r i g n a r d  r e a g e n t s ,  m a g n e s i u m  dia lkyls  a r e  much  m o r e  r e a c t i v e ,  r e -  
ac t ing  m u c h  m o r e  r e a d i l y  with a l tyl  su l fones  i r r e s p e c t i v e  of the s t r u c t u r e s  of the l a t t e r  to give u n s a t u r a t e d  
h y d r o c a r b o n s  in high y i e l d s .  
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EXPERIMENTAL 

The allyl sulfones used in this investigation were of purity _~ 98%, obtained as described in [3, 4]. GLC 
was carried out on a Khrorn-41 chromatograph, flame ionization detector, column 1.2 x 3 turn, 5% elasto- 
rner SE-30 on Chromatone N-AW, carrier gas helium. PMR spectra were recorded on a Tesla BS-487B in~ 
strumentwith CCI 4 solutions, internal standard HMDS. IR spectra were obtained on a UR-20 spectrophoto- 
meter (films), and mass spectra on an MX-13-06, ionizing electron energy 70 eV, ionization chamber temper- 
ature 200~C. 

General Method of Reaction of Allyl Sulfones with Organomagnesium Compounds. To a solution of 0. 262 
g (i mmole) of Cu(acac)2 , 0. 262 g (i mmole) of PPh3, and 20 mmole of the allyl sulfone in 20 ml of THF, 
cooled to -5~ was added under argon with rapid stirring 25 mrnole of the organomagnesium compound, and 
the temperature held at -5~ for 15 rain. The solution was transferred to a thermostated glass reactor, and 
heated for 4 h at 60~ The eatalysate was decomposed with 5% HCI and repeatedly extracted with ether, and 
the extract was washed with water until neutral and dried over MgSO 4. After removal of the solvent, the resi- 
due was distilled in vacuo. 

1,6E-Decadiene (I), bp 62-63~ (20 rnm), n~ 1,4353, IR spectrum (v, cm-1): 915, i000, 3085 (-CH=CH2) 

975, 3030 (trans-CH~-CH). PMR spectrum (5, ppm): 0.78-0.99rn (3H, CH~)t 1.22-1.68m (4H, CH2), 1.80- 
2.18 m (6H, CH2-C---- ), 4.80-5.04 rn (2H~CH=CH2), 5.20-5.82 rn (3H, -CH=), rn/z 138. 

2,6-Dirnethyl-2,6-decadiene (II), bp 52-53~ (3 rnm), n~ 1.4515. IR spectrum (v, cm-i): 830 (~C=CH-). 

PMR spectrum (5, ppm)- 0.67-0.98 m (3H, CH3), 1.08-1.43 m (2H, CH2), 1.58 s (6H, CH3-C~), 1.63 s (3H, 

CH3-C=), 1.80-2.17 rn (6H, CH2-C--), 4.50-5.20 m (2H, CH----C~), m/z 166. 

l-Phenyl-2E, 7-octadiene (HI), bp 99-i00~ (3 ram), n~ 1.5173. IR spectrum (v, cm-l): 1600, 1490, 740, 
700 (arorn.), 915, 1010, 3085 (CH-~CH2), 975, 3030 (trans--CH--CI~. PMRspeetrum(~,ppm):l.25-1.63m(2H, 

CH2) , 1.85-2.20 m (4H, CH2-C=), 3.15 d (2H, =C-CH2-C----), 4.70-4.88 m (2H, CH2----C~) , 4.93-5.83 m 

--C~), 7.08 s (5H, arom.), m/z 186. (3H,-CH-- I" 

'l-Phenyl-3E,8-nonadiene (IV!, bp 95-96~ (2 mrn), n~ 1.5168 '. IR spectrum (v, cm-1): 1603, 1500, 740, 
705 (atom.), 920, I000, 3085 (CH=CH2), 975, 3035 (trans-CH=CH-). PMR spectrum (5, ppm). 1.31-1.67 m 
(2H, CH2) , 1.75-2.33 m (6H, CH2-C=), 2.50-2.78 m (2H, =C-CH2) , 4.50-5.08 Ill (3H, CH=CH2) , 5.20-5.80 
m (2H, CH----CH), 7.08 s (5H, arom.), m/z 200. 

i, 6E-Dodecadiene (IX), bp 61-62~ (5 rnm), n~ 1.4438. IR spectrum (v, crn-1): 920, i000, 3085 (CH 
CH2) , 975, 3030 (trans-CH=CH-). PMR spectrum (6, pprn). 0.75-0.97 In (3H, CH3), 1.28-1.67 m (10H, CH2) , 
1.75-2.25rn (6H, CH2-C----), 4.75-5.08m (3H, CH---CH2) , 5.20-5.52 m (2H, CH=CH-), m/z 166. 

.2,6-Dimethyl-2,6-dodecadiene (X), bp 75-76~ (8 ram), n~ 1.4562. IR spectrum (v, cm-1): 835 (~C= 

CH). PMR spectrum (5, pprn): 0.80-0.98 In (3H, CH3-), 1.12-1.38rn (6H, CH2), 1.55 s (6H, CH3-C=), 1.65 

s (3H, CH3-C----), 1.75-2.42 rn (6H, CH2-C----), 4.98-5.20 rn (IH, CH=cx/), m/z 194. 

Olefins (V)-(VIII), obtained by reacting phenyl allyl sulfone with the appropriate organomagnesium com- 
pounds, were identified by comparison with known samples. 

CONCLUSIONS 

1. The reactions of Grignard reagents of various types with allyl sulfones in the presence of salts of 
transition metals have been studied, leading to the formation of unsaturated hydrocarbons. It has been found 
that Cu and Fe complexes, modified by PPh3, are the most active catalysts for this reaction. 

2. It has been shown for the first time to be possible to effect the cross-coupling of allyl sulfones with 
symmetrical and nonsymmetrical magnesium dialkyls in the presence of copper complexes. 
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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). 

S0.2H S02-- ~ S02--/~/ 

" \ - -m Pd-~,~ ( ) - n ~  ~\- I I ,  

[ 1 I 
Rz  R~ R ~ 

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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