
TABLE 1. Isotopic Composition of the Methane Obtained in the 
Reactions (t-BuO)2VMe2+D20 , (t-BuO)2V(CD3)2+D20 

Reaction D20/(I) 

(I) +D20 0,05 
0,18 
0,45 
i,72 
2,76 

Cl~/(I} CII3D/{I) Reaction D2OI (II) CDsH/(If) CD4/{II) 

(I1) +D20 0,143 
0,06 
0,28 
0,9 
1,08 

0,008 
0,002 
0,03 
0,63 
0,43 

0,05 0,i6 
0,25 0,08 
i,7 0,9i 
3,2 0,8 

0,007 
0,002 
0,6 
0,7 

The solubility of water  in heptane was found to be 3.7" 10 -6 mo le /ml .  The amount of met hane evolved in the r e -  
action was measured  chromatographical ly  using a c i rcu la tory  vacuum apparatus connectedto an LKhM-8MD chro-  
matograph (Porapak T column). To determine the isotopic composit ion of the methane,  it was drawn off f rom 
the react ion vessel  cooled in liquid nitrogen into an ampul,  and analyzed in an MI-1305 spec t rometer .  

C O N C L U S I O N S  

1. Reac t ion  of (t-BuO)2VMe 2 with water occurs  by both homolytic and hydrolyt ic  f ission of the V - C  bond. 

2. At low concentra t ions ,  water  functions as a catalyst  for the decomposition of (t-BuO) 2VMe 2. 
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The allylic alkylation of stable carbanions of type (I) catalyzed by palladium complexes is well known [1,2] .  
Pd(PPhs)~ 

Et02C--C-H--Y - I - / / ~ X  > Et02C 
\ / ' ~ / + X -  

CH 
/ 

Y 
Y = COEt, S02Ph, SO~Me, COMe; X = OAc, OPh, +NEta 

(1) 

The application of organotin compounds in react ions (I), which open new vistas for the synthesis  of various al-  
lylated products ,  was brought about for the f i rs t  t ime in the example of al lyl-  and cnolstannanes in [3, 4] and extended 
to various aryl ,  vinyl, and allyl derivat ives of tin including stannylated ketones and es te r s  in [5]. 
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TABLE 1. Reactions of Organometallic Compounds PhM with CH2= 

CHCH2X Catalyzed by Pd(PPh3) 4 (5 mole %) (THF, 20~ CRM = 

CCH2=CHCH2X = 0.21 mole/liter) 

Number in:- 
cording 

time 

i 
2 

3 
4 
5 
6 

7 
8 
9 

10 

i t  
12 
13 
14 
15 

PhM X 

PhMgBr Br * 
OPh 
+ 
NE% 

PhZnC1 Br 
OAc 
O Ph 

~Et~ 
PhCdBr Br 

0Ac 
0Ph 

NEt3 
PhA1C12 ~ Br 

OAe 
OPh 

Ph2,A1C1 J" Br 

Time,h 
Ph/'x.ff t Ph, 

15min 
1,5 

t,5 
3,5 
5 
8 

4 
t2 
16 
20 

20 
20 
20 
20 
20 

96 
39 

1t 
160 
100 
98 

69 
7t 
50 
34 

12 
Traces 

0 
0 

37 

0 
60 

84 
0 
0-. 
0 

25 
24 
46 
60 

85 
T r a c e s  

* In the absence of catalyst 23% allylbenzene was formed after 3 h. 

Reactions were carried out in ether. 

RS.nMe8 -[- ~ ' -x /OAc 
Pd(PPi]a),, 5 m.ole% 

HMPA, 2o ~ ~- R / ~ , ~  -c MeaSn0Ac (2) 

More reactive organometallic compounds were introduced in cross combination with CH2=CHCH2X. 
These were mainly alkenyl derivatives of aluminum and zirconium [6, 7]. 

R I H H R 3 Ri HH R~ 
\ / \ / ,d!~,m,,~, \ / \ / 

C--C ~ C=C ~' C=C C=C 
/ \ / \ THF \ / \ 

R 2 M XCH~ R 4 R 2 /  CH2 R ~ 
M = AIMe2, ZrCpzCl; X = OAc, Br 

(3) 

It w a s  s u g g e s t e d  in  [1] t ha t  t he  i n t e r m e d i a t e  in c a t a l y t i c  p r o c e s s e s  (1)-(3) w a s  t h e  c a t i o n i c  ~ - a l l y l p a l l a -  

d i u m  c o m p l e x  [v3-C3H~Fd(PPh3)2] +X-  w h i c h  f o r m s  the  a l l y l d e m e t a l l a t i o n  p r o d u c t  on  i n t e r a c t i o n  w i t h  t h e  o r g a n o -  
m e t a l l i c  c o m p o u n d  R M .  

[n3-C3H~Pd(PPhAq*X - + RM -~ R / N / +  Pd(PPh3)., § MX (4) 

M o r e o v e r ,  t h e  d a t a  a v a i l a b l e  in  t h e  l i t e r a t u r e  do not  p e r m i t  an  a n s w e r  to  t he  p r o b l e m  how the  n a t u r e  o f  the  

m e t a l  in  R M  i n f l u e n c e s  t h e  p r o c e s s  o f  r e a c t i o n  (5) s i n c e  in  t he  s t u d i e d  r e a c t i o n s  o f  v a r i o u s  m e t a l  d e r i v a t i v e s  

t h e  n a t u r e  o f  t he  o r g a n i c  r a d i c a l  R ,  t he  l e a v i n g  g r o u p  X ,  t h e  p a l l a d i u m  c a t a l y s t ,  and  a l s o  t h e  c o n d i t i o n s  o f  

c a r r y i n g  out  t h e  r e a c t i o n  ( s o l v e n t ,  t e m p e r a t u r e )  d i f f e r  a p p r e c i a b l y  f r o m  one  to a n o t h e r .  

,pd. (5) RM + J \ / X  ~ a / ~ . ~  + MX 

In t h e  p r e s e n t  w o r k  we  h a v e  s t u d i e d  t h e  i n f l u e n c e  o f  t he  n a t u r e  o f  M ,  R ,  and X on  the  r a t e  o f  r e a c t i o n  (5) 
and on  t h e  y i e l d  o f  a l l y l d e m e t a l l a t i o n  p r o d u c t .  

W i t h  t h e  a i m  o f  v a r y i n g  t h e  n a t u r e  o f  t h e  m e t a l  t he  r e a c t i o n  w a s  c a r r i e d  out  w i t h  P h M g B r ,  P h Z n C 1 ,  

P h C d B r ,  and  PbA1C12, and CH 2 = C H C H 2 X  (X = B r ,  O A c ,  O P h ,  +NEt3) in  t e t r a h y d r o f u r a n  (THF)  at ~ 20~ 
in  t h e  p r e s e n c e  of  5 m o l e %  Pd(PPh3)  4 ( T a b l e  1). 

PhM + @'N/X  Pd(PPh~),, 5 m o l e . 2 O p h / ~  -[- Pho + MX 
THF, ~o ~ (6) 

M = MRBr, ZnCI, CdBr, A1CI~; X = Br, OAc, OPh, § 

As follows from the data of Table 1 the reactivity of organometallic compounds decreases in the following 
series in reactions with ally bromide : PhMgBr* > PhZnCl > l~hCdBr >>PhAICl2. Thus, PhMgBr and PhZnCl 

* It should be noted that in the absence of palladium catalyst 23% allylbenzene was formed after 3 h in the reac- 
tion of PhMgBr with CH2=CHCH2Br (THF, 20~ 
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T A B L E  2. V a r i a t i o n  of  the  Na tu re  of the  P a l l a d i u m  C a t a l y s t  in R e -  
a c t i ons  of  O r g a n o m e t a l l i c  Compounds  PhM wi th  A l ly l  B r o m i d e  ( T H F ,  

20~ 5 m o l e  % c a t a l y s t ,  CRM=CCH2=CHCH2Br  = 0.21 m o l e / l i t e r  

Number ac- 
cording to PhM Catalyst Time,h Ph/ \S ,  % Ph2, % 

time 

i 
2 
3 
4 
5 
6 
7 

* R e a c t i o n s  w e r e  c a r r i e d  

PhMgBr 

PhZnC1 

PhA1C]z * 

Pd (PPh3) ,~ 
PdClz (PPh3) 2 
013-C~HsPdC1) 2 
Pd (PPh~) 
(~3-C~H~PdC1) 2 
Pd (PPh~) 
01~-C~H~PdC1) 

t5 min 
t5 min 
t5 min 
3,5 
3 

20 
8 

96 
63 
20 

i00 
55 

Traces 
94 

out  in e t h e r .  

0 
35 
74 
0 

40 
Traces 
Traces 

r e a c t  wi th  CH 2 = C H C H 2 B r  f o r m i n g  a l l y l b e n z e n e  in qua n t i t a t i ve  y i e l d  a f t e r  15 min  and 3 . 5  h r e s p e c t i v e l y  but  
in  the  r e a c t i o n  wi th  P h C d B r  24% d ipheny l  was  o b t a i n e d  t o g e t h e r  wi th  a l l y l b e n z e n e  (71%). Ph2A1C1 p r o v e d  to 
be s i g n i f i c a n t l y  m o r e  r e a c t i v e  than  PhA1C12. The l a t t e r  g e n e r a l l y  d id  not  r e a c t  wi th  a l l y l  b r o m i d e  a f t e r  20h  

and in  the  r e a c t i o n  of  Ph2A1C1 wi th  CH 2 = C H C H 2 B r  the y i e l d  of a l l y l b e n z e n e  was  37% a f t e r  20 h. 

On going o v e r  f r o m  a l ly l  b r o m i d e  to a l l y l  a c e t a t e ,  a l l y l p h e n y l  e t h e r ,  and t r i e t h y l a l l y l a m m o n i u m  c h l o r i d e  
an i n c r e a s e  was  o b s e r v e d  in  the  amount  o f  P h  2 f o r m e d .  T h u s ,  in  the  r e a c t i o n  of  P h C d B r  wi th  CH 2 =CHCH2Br  
24% d iphenyl  was  f o r m e d  and in r e a c t i o n  wi th  CH 2 = C H C H 2 G A c ,  CH 2 =CHCH2OPh  , and (Et3NCH2CH = CH2)CI 
the  y i e l d  of  Ph  2 was  46,  60, and 85% r e s p e c t i v e l y .  A p o s s i b l e  e x p l a n a t i o n  i s  tha t  the  t h r e e  l a t t e r  compounds  
w e r e  l e s s  r e a c t i v e  t han  a l l y l  b r o m i d e  in  the  ox ida t i ve  add i t i on  to Pd(0) which  is  one s t a g e  of the  c a t a l y t i c  c y c l e  
[1]. Th is  l e a d s  to an i n c r e a s e  in the  c o n t r i b u t i o n  o f  the  s i de  r e a c t i o n  l e a d i n g  to  the  f o r m a t i o n  o f  Ph  2 ( r e a c t i o n  
7). 

The r e a s o n  fo r  the  f o r m a t i o n  of  d ipheny l  in  r e a c t i o n  (6) i s  e v i d e n t l y  " d i m e r i z a t i o n "  of  the  o r g a n o m e t a l l i c  
compound  which ,  as  in the  c r o s s  c o m b i n a t i o n  is  c a t a l y z e d  by Pd(PPh3)  4. 

~\/X, Pd(PPha)4 

Pd~pph,), (7) 
> R 2 

Independen t ly  i t  was  e s t a b l i s h e d  by e x p e r i m e n t  tha t  i s  r e a l i t y  P h M g B r  u n d e r w e n t  " d i m e r i z a t i o n "  i n t h e  p r e -  
s e n c e  of  5 m o l e  % Pd(PPh3)  4 in  T H F  at ~ 20~ A f t e r  5 h the  y i e l d  of Ph  2 was  52%. It was  shown by us  p r e -  
v i o u s l y  in  [8] tha t  t h i s  p r o c e s s  a l so  o c c u r r e d  in the c a s e  of the  o r g a n o t i n  compound  RSnMe 3 (R = P h ,  PhC-=C,  

2-C4H3S ) in  h e x a m e t h y l p h o s p h o r a m i d e  (HMPA).  

R e p l a c e m e n t  of  CH2 = CHCH2Br by c i n n a m y l  b r o m i d e  in the  r e a c t i o n  wi th  P h M g B r  c a t a l y z e d  by Pd(PPh3)4 
a l so  l e d  to the  f o r m a t i o n  of  a 22% y i e l d  of Ph  2 in add i t i on  to  the  c r o s s  c o m b i n a t i o n  p r o d u c t  1 , 3 - d i p h e n y l p r o p e n e  
(77%). 

Pd(PPha) j ,  5 mole% 
PhMgBr + P h / ~ / ~ B r  THF. 20 ~ ~ P h / ~ / ' N P h  + Ph2 + MgBt~ (8) 

77% 22% 

In r e a c t i o n s  wi th  a l l y l  a c e t a t e  ( see  Tab le  ! ,  No. 5, 9), a l l y l p h e n y l  e t h e r  (No. 2, 6, 10) and t r i e t h y l -  
a l l y l p a l l a d i u m  c h l o r i d e  (No. 3, 7, 11),  PhZnC1 p r o v e d  to be l e s s  i n c l i n e d  to the  f o r m a t i o n  of  P h  2 in c o m p a r i -  
son  wi th  P h M g B r  and P h C d B r .  Th i s  f ac t  m a k e s  i t  p r e f e r a b l e  to u s e  z inc  d e r i v a t i v e s  in  the  c a s e  of  X = O A c ,  
O P h ,  and +NEt 3. 

Da t a  on the  v a r i a t i o n  of  the  n a t u r e  of  the  p a l l a d i u m  c a t a l y s t  in the  r e a c t i o n s  of  PhlV[gBr, PhZnC1,  and 

PhA1C12 wi th  a l l y l  b r o m i d e  ( T H F ,  20~ a r e  shown in T a b l e  2. On go ing  f r o m  Pd(PPh3)  4 ( see  T a b l e  2,  No. 1) 
to PdC12(PPh3) 2 (No. 2) and to 013-C3H5PdC1)2 (No. 3) in  the  r e a c t i o n  of P h M g B r  wi th  CH 2 = C H C H 2 B r  the y i e l d  
of  a l l y l d e m e t a l l a t i o n  p r o d u c t  was  r e d u c e d  but the  y i e l d  of  Ph  2 g r e w .  R e p l a c e m e n t  of Pd(PPh3)  4 wi th  b i s - ( ~ -  
a l l y t p a l l a d i u m  c h l o r i d e )  in the  r e a c t i o n  of  PhZnC1 wi th  a l l y l  b r o m i d e  a l so  l ed  to the  a p p e a r a n c e  of  s i g n i f i c a n t  
a m o u n t s  of  " d i m e r i z a t i o n "  p r o d u c t s  (55% a l l y l b e n z e n e  ~n.d 40~ Ph2). 

The a p p l i c a t i o n  o f  0?3-C3HsPdC1)2 as  c a t a l y s t  in p l a c e  of  Pd(PPh3)  4 p r o v e d  to be e x t r e m e l y  e f f ec t i ve  in  
the  c a s e  of  PhA1C12. In the  r e a c t i o n  of  PhA1C12 wi th  a l l y l  b r o m i d e  c a t a l y z e d  by Pd(PPh3) 4 on ly  t r a c e s  of  a l l y l -  
be nzene  w e r e  f o r m e d  a f t e r  20 h and in the  p r e s e n c e  of  (~3-C3HsPdC1) 2 the  y i e l d  of  PhCH2CH =CH 2 was  q u a n t i -  
t a t i v e  a f t e r  8 h. 
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T A B L E  3. Y i e l d  of  P r o d u c t s  (RCH2CH = C H  2, %)a in  R e a c t i o n s  o f  

O r g a n o m e t a l l i c  C o m p o u n d s  R M  w i t h  A l l y l  B r o m i d e  C a t a l y z e d  by 

Pd(PPh3)  4 o r  ( @ - C 3 H s P d C 1 )  2 (5 m o l e  %) ( T H F ,  20~  C R M  = C C H 2 =  

CHCH2B r = 0.21 mole/liter) 

-N~mber 
R 

R 
p-BrC6H,~ 
p-MeC~H~ 
p-MeOC6H~ 
p-Me2NC6H~ 
PhCHz 

7 9-C~3H9 

8 2-C~H~S 

9 PhCH=CH 

t0 PhC~C 

11 ' CH2CO2Et f 
L 

accord. 
to time 

i 
2 
3 
4 
5 
6 

MgBr, 
Pd(PPh3)4 

96(0), t5 min 
92(,tg, 15 min 
95(0), i5 rain 
64(32), 15 min 
53(45), 40 min 

lO0(tr}j, t52min 
27(0), I h ~ 
89(tr), 30 rain 
19(0), 30rain c 

t00(0), 30 rain 
92(0), 30 rain c 
0(t00); 3O rain 

0 (~0), 20h 
0 (94), 20 h e 

ZnC1, 
Pd(PPh~)4 

lO0(O), 3,5 h 

76(19), 5! 
65(32), 6,5 h 
tr (tr), 20 h 

5t(tr), 20h 

32(0), 20 h 

49(47), 3,5h. 
25(69), 3,5 h a 
0(t0), 20h 

30(0), 3h d 
tr (0), 

ZnCl, 
(~I3-C~H~PdCI) 2 

55(40), 3h 

tr (16), 20 h 

73(22), 8 h 

45(35), 20 h 

0(47), 20 h 

63(0), 3 h 
19(0), 3 h e 

AICI~ b 
(~]3-C31-IsPdCI) ~ 

tr (try), 20h 

12(0), 20h 

36(tr), 20h 

51(45), s h 

a) Yields of R 2 are shown in parentheses (tr indicates trace). 

b) Reactions were carried out in ether. 

c) Yields of products in the absence of catalyst. 

d) CH2=CHCH2OAc was used. 

e) T = 50~ 

f) THF :HMPA = i:i, CRM: CCH 2 --CHCH2Br = 2:1. 

PhA1Cl~ -~ ~ ' N / B r  (n,-C,H~PdCl)~, ~ mole% .... -~ ph/'~J ~ + AICI2Br (9) 
THF, ~-0~ 

The use of the less active Pd(PPh3) 4 proved to be the most convenient for the more reactive organometal- 

tic derivatives of magnesium and zinc since it prevented the "dimerization" of RM. In the case of the less re- 

active organoaluminum compounds the more active "ligand-free" palladium must be used since under these con- 

ditions the cross combination proceeds at a greater rate than "dimerization. " 

The significantly greater catalytic activity of bis-(Tr-allylpalladium chloride) in comparison with the phos- 

phine complexes of palladium has even been observed previously in cross combination reactions of organotin 

compounds with aryl and allyl halides in [9]. 

To clarify the problem as to how the nature of the radical R in the organometallic compound RM influ- 

ences the rate of the allyldemetallation reaction and the product ratio of RCH2CH =CH 2 and R2, we studied the 

reactions of RMgBr, RZnCI, and RAICI 2 with allyl bromide in THF at ~ 20~ which are catalyzed by Pd com- 

plexes. Results are shown in Table 3. 
Pd(PPhs)~ Or (~a-C,H,PdCl)~ , ~, m0[e% 

RM + ~ . . / B r  . 'THF. 20 ~ ~" R / " @ "  -1- H~. ,+- MBr (10) 

R "= Ar, PhCH~, PhCH = CH, PhC ------ C, 2-C4HsS, 9-C13H9, CH~CO~Et; 
M = MgBr,  ZnC1, A1C12. 

As follows from the data of Table 3 the introduction of electron donating groups into the aromatic ring in 

a series of aryl organomagnesium compounds led to a reduction in the yield of allyldemetallation products and 

an increase in the yield of the corresponding diaryls. Thus p-tolylmagnesium bromide and p-bromophenylmag- 

nesium bromide like phenylmagnesium bromide reacted with allyl bromide in the presence of Pd(PPh3) 4 form- 

ing the corresponding p-methylallylbenzene and p-bromoallylbenzene in quantitative yield. 

p-BrC6H4MgBr -}- ,~ ' ,x /Br  
Pd(PPha)4 

> p -BrCcH, /~ . J  + MgBr2 (ii) 
I~ rain 

In  t h e  a b s e n c e  of p a l l a d i u m  c a t a l y s t  r e a c t i o n  (11) p r o c e e d s  s i g n i f i c a n t l y  m o r e  s l o w l y  and  l e s s  s e l e c t i v e l y  [10]. 
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In the react ion of p-anisylmagnes ium bromide with CH 2 =CHCH2Br catalyzed by Pd(PPh3) 4 the yield of p -  
allylanisole was 64% and the yield of d i -p-anisyl  was 32%. On going over  to p-dimethylaminophenylmagnesium 
bromide the yield of al lyldemetallat ion product  (p-Me2NC~H4CH2CH = CH2) was reduced to 53% and the yield 
of diaryl  (p-Me2NC6H4) 2 grew to 45%. 

An analogous rule was observed in react ions of zinc aryl  derivatives with allyl bromide.  In the ser ies  
PhZnC1, p-MeOQH4ZnC1, p-MeNC6H4ZnC1 a reduction occur red  in the yield of combination product and the 
yield of diaryls  grew (see Table 3, No. 1, 4, 5). In addition on going over  f rom ArMgBr to ArZnC1 the se l ec -  
tivity of the react ions increased.  

Benzylmagnesium bromide interacted with allyl bromide in the presence  of Pd(PPh3) 4 with the formation 
of 3-phenyl - l -butene  in quantitative yield after  15 rain. 

Pd(PPh,)4 
P h C H 2 / ' x , ~  + MgBr~ (12) PhCH2MgBr + ~ ' , x / B r  15 rnin ~ i00% 

In the absence of catalyst  the same react ion proceeded significantly more  slowly, after  1 h only 72% PhCH 2- 
CH2CH =CH 2 was formed. 

In the react ions of 9-f luorenyl-  and 2-thienylmagnesium bromide with CH 2 =CHCH2Br 9-allylfluorene and 
2-allylthiophen were obtained in yields of 89 and 100% respect ively .  

+ / ~ , / B r - - - - - - 7 - + .  }..~]1--~1 ' ] + MgSr8 (13) 
" "-- somm % / v ~ / k y  

I l 
MgBr CH~CH=CH2 

Thus, react ions of RMgBr with allyl bromide catalyzed by Pd(PPh3) 4 proceeded significantly more  r a -  
.pidly and select ively then in the absence of palladium catalyst  which made it possible to obtain various allyated 
products under mild conditions and in good yield.  

On going over to the corresponding organozinc compounds a sharp reduction was observed in the r e a c -  
tivity of RM. Thus in reactions of (9-C~3Hg)ZnC1 and (2-C4H3S)ZnC1 with allyl bromide the yield of the c o r r e -  
sponding al lyldemetal la t ionproducts  were only 51 arid 32% after 20 h. The use of (~3-C3HsPdC1) 2 in place of 
Pd(PPh3) 4 as catalyst  in react ions of RZnC1 (R = 9-fluorenyl,  2-thienyl) with allyl bromide led to an increase  
in the allyldemetalation ra te ,  however,  in addition to IRCH2CH =CH 2 a significant amount of "dimerization" 
products of RZnC1 were formed,  v i z . ,  bis-(9-f luorenyl)  and bis-(2-thienyl) (see Table 3, No. 7, 8). However,  
RA1C12 (R = PhCH 2, 9-f luorenyl ,  2-thienyl) in react ions catalyzed by (73-C3H5PdCI)2 was less react ive than the 
cor respondingorganozinc  compounds but in difference to the la t ter  "dimerizat ion" products were not observed 
(see Nos. 6-8). The rules  obtained in the analysis of the data of Tables 1 and 2 were therefore  confirmed.  

In the react ion of f i - s tyrylmagnes ium bromide with allyl bromide in the presence  of Pd(PPh3) 4 only the 
corresponding "dimer" 1,4-diphenylbutadiene was formed in quantitative yield.  

~Pd(PPh,), 
PhCH=CHMgBr + . ~ . / B r  somin > (PhCH=CH)z (14) 

(too%) 

On going over  the PhCH =CHZnC1 and PhCH =CHA1C12 the yield of (PhCH=CH) 2 was reduced to 45-47% 
and PhCH = CHCH2CH = CH 2 was formed in 4 9-51% yield. 

(15) 
,,P d,) 

PhCH=CHM + ~ ' ~ / B r  ) PhCH=CHCH~CH=CH2+ (PhCH=CH)~ + MBr ]~I = ZnC1, A1Cls; ,Pd~ = (~I~-CaH~PdC1)2, Pd.(PPha)~:: 
49--51% 45--47% . . . .  : . . . . . . . . . . . . . .  

Replacement of allyl bromide by ally1 acetate in react ion (15) led to a reduction in the yield of PhCH=CHCH2- 
CH = CH 2 and an increase  in the yield of (PhCH=CH)2 (see Table 3, No. 9). A s imi lar  regular i ty  was ob-  
s erved in the react ion PhCdBr with C H 2 = CHCH2X (X = Br ,  OAc) catalyzed by Pd (PPha) 4 (see T able i ,  No. 8, 9). 

The relat ively low yield of al lyldemetallat ion product in reactions of f i -s tyryl  derivatives of Mg, Zn, 
and A1 with CH2=CHCH2 X (X = Br ,  OAc) catalyzed by palladium complexes made it preferable  to use the c o r -  
responding organotin compound in this case .  It was previously shown by us in [5] that f i -s tyryl t r imethyl t in  
reacted with allyl acetate in the presence  of l~ forming PhCH ~-~CHCH 2 =CH 2 in 90% yield. 

Pd<PPha)t, 5 mole~o, PhCH =CHCHzCH=cH~ + (16) PhCH=CHSnMea + ~ x . . / O A e  ]-IMPA, 2o ~ 

+ MeaSnOAc 
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Phenylethynylmagnesium bromide proved to be significantly less reactive in comparison with the re- 

maining organomagnesium compounds in the reaction with allyl bromide catalyzed by Pd(PPh3) 4. After 20 h 

reaction not even traces of cross combination product were formed and bis(phenylethynyl) was formed in 40% 

yield. An increase of temperature (50~ led to an increase in the yield of (PhC - C)2 to 94%. 

Pd(PPh~)~ 
PhC-~CMgBI' + ~'~/Br -- r (PhC-~C)~ (17) 

5~176 94% 

The r eac t ion  of PhC ~-= CZnC1 with a l ly l  b romide  ca t a lyzed  by both Pd(PPh3) ~ and by 0?3-C3HsPdC1)2 a lso  did 
not lead to the p r e p a r a t i o n  of PhC ~-CCH2CH=CH2 (see Table 3, No. 10). 

In accordance  with the p roposed  m e c h a n i s m  (react ion  4) for  e s t ab l i sh ing  the r e a s o n s  for  the low r e a c -  
t iv i ty  of PhC -= CMgBr a s t o i c h i o m e t r i c  r eac t ion  was c a r r i e d  out of the complex [~73-C 3HsPd(PPh3) 2] + CI - ,  ob -  
ta ined in s i tu f rom (~?3-C3HsPdC1)2 and 2 equiv.  PPh  3 (ca lcula ted  on Pd),  with PhC - CMgBr in THF at ~ 20~ 
It was e s t ab l i shed  that  under  the indica ted  condit ions PhC ~ CCH2CH=CH 2 was not fo rmed  even a f te r  30 h. In 
addit ion an in tense  spot (Rf 0.7) luminous in UV light was de tec ted  on a c h r o m a t o g r a m  of the r eac t ion  mix tu re  
(s i lufol ,  ch loroform)  corresponding '  s eeming ly  to a new pa l lad ium complex  the s f ruc tu re  of which was not i n v e s -  
t iga ted  s p e c i a l l y .  On heating the c h r o m a t o g r a m  (150-160~ the ment ioned spot b lackened as a r e su l t  of the 
s e p a r a t i o n  of m e t a l l i c  pa l l ad ium.  It is  poss ib le  that  the fo rma t ion  of such a complex not undergoing fu r the r  
conve r s ion  is  a l so  a r ea son  for  the low r eac t i v i t y  of PhC =- CMgBr in the ca ta ly t i c  r eac t i on  with CH 2 =CHCH2Br.  

Organozinc compounds obtained b y t h e  in t roduct ion of ~ - b r o m o  de r iva t ives  of e s t e r s  with zinc dust  (Re- 
f o r m a t s k y  reagent)  r e a c t  (according to [11, 12]) with a ry l  and vinyl hal ides  in the p r e s e n c e  of pa l lad ium c o m -  
p lexes  forming  the co r r e spond ing  c r o s s  combinat ion  produc ts  ( ~ - a r y l  and ~-vinyl  subs t i tu ted  e s t e r s )  in high 
y i e ld .  With the a im of extending the given r eac t i on  to a l ly l  hal ides  we studied the r eac t i on  of BrZnCH2CO2Et 
with a l ly l  b romide  in the p r e s e n c e  of Pd(PPh3) 4 and (~3-C3HsPdC1)z. 

On using bis-(~r-allylpalladium chloride) as catalyst and a I:I mixture of THF and HMPA as solvent the 
ethyl ester of allylacetic acid was obtained in 63% yield after 3 h. 

BrZnCH~CO.Et + ~,,,/Br ~p-C,H,PdCI)Z,THF: HMPA-t ~ rn~176176 i ~/CH~CO:Et -[- ZnBr~. (18) 
20 ~ 

Replacement of 0?3-C3HsPdCI)2 by Pd(PPh3) 4 and also increasing the temperature led to a reduction in the yield 
of product (see Table 3, No. II), in pure THF only traces of CH 2 = CHCH2CH2CO2Et were formed after 20 h. 

Reaction (18) was a convenient method of introducing an allyl group into the a-position of esters. 

E X P E R I M E N T A L  

Organomagnes ium compounds (as 1 .5  M so lu t ions) ,  pa l l ad ium c om pl e xe s ,  and the n e c e s s a r y  s t anda rd  
compounds were  syn thes ized  by known p r o c e d u r e s .  Organozinc ,  cadmium,  and aluminum compounds were  
obtained in si tu by r eac t i on  of the co r r e spond ing  o rganomagnes ium compounds with anhydrous ZnC12, CdBr2, 
and A1C13 in THF.  

Chromatograph ic  ana lys i s  was c a r r i e d  out on a "Tsvet -110"  ch roma tog raph  with a f lame ionizat ion d e t e c -  
to r  in a flow of helium (60 ml/min); column 2 m x 3 r am,  3% SE-30 on Chromaton N supe r .  TLC was c a r r i e d  
out on "Silufol UV-254" p la tes  with v i sua l iza t ion  in UV light o r  iodine vapor'.  UV s p e c t r a  were  d e s c r i b e d  on a 
Hitachi-124 s p e c t r o p h o t o m e t e r  in quar tz  cuve t tes .  

R e a c t i o n o f P h M w  ith CH 2 = CHCH2X in the P r e s e n c e  of Pa l l ad ium Complexes .  THF (2 rot),  1.5 M so lu -  
t ion (0.36 ml :0 .55  mmole)  of PhMgBr in e t h e r ,  and a l ly l  b romide  (0. 061 g :0 .5  mmole)  were  placed,  in a 

s t r e a m  of a rgon ,  in a f lask  fi t ted with a magnet ic  s t i r r e r  and Pd(PPh3) 4 (0. 029 g,0. 025 mmole)  was added with 
s t i r r i n g  to the solut ion.  The y ie ld  of a l ly lbenzene  was de t e rmined  a f te r  15 rain by GLC using an in te rna l  s t a n -  

dard  (n-decane) .  Yield of PhCH2CH=CH 2 was 96%. The same r eac t ion  in the absence of ca t a lys t  led to the 
p r e p a r a t i o n  of a l ly lbenzene  in 23% y ie ld  a f te r  3 h. 

The r eac t ions  of PhMgBr ,  PhZnCl ,  PhCdBr ,  PhA1Cl2, and Ph2A1C1 with CH 2 =CHCH2X (X = Br~ OAc, 
OPh, +NEt3) in the p r e s e n c e  of Pd(PPh3)4, PdC12(PPh3)2, and 0)3-C3HsPdC1)2 were  c a r r i e d  out in a s i m i l a r  
manne r .  The y ie ld  of Ph 2 was de t e rmined  by TLC and UV s p e c t r o s c o p y .  Data a re  shown in Tables  I and 2. 

"Dimer iza t ion"  of PhMgBr in the P r e s e n c e  of Pd(PPh3) 4. In a s t r e a m  of A r ,  THF (2 ml) and a 1 .5  M 
solut ion (0.36 ml .0 .55  mmole)  of PI~MgBr in e ther  were  p laced  in a f lask  which had been blown through with 
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Ar ,  and Pd(PPh3)4 (0. 029 g:0. 025 mmole)  was added with s t i r r ing  to the obtained solution.  The yield of Ph 2 
was de te rmined  af ter  5 h by TLC and UV spec t roscopy  and amounted to 52%. 

React ions of RMgBr ,  RZnC1, and RAIC12 with Allyl Bromide  in the P r e s e n c e  of Pal ladium Complexes .  
1) In a s t r e a m  of Ar ,  THF (20 ml) ,  1.5 M solution (3.6 m h 5 . 5  mmole)  ofp-~ieC6H4MgBr ine the r ,  and a l l y l b r o -  
mide (0.61 g:5 mmole)  were  placed in a f lask  which had been blown through with Ar ,  and Pd(PPh3) 4 (0.29 g: 
0.25 mmole)  was added with s t i r r i ng  to the obtained solution.  After  15 rain the reac t ion  mix tu re  was diluted 
with hexane and passed  through a shor t  column of s i l ica  gel to r emove  pal ladium complexes .  By fract ional  d i s -  
t i l lat ion p-MeCsH4CH2CH=CH2 [13] was isola ted having bp 70~ (12 ram).  

The following RMgBr were  reac ted  with allyl bromide cata lyzed by Pd(PPh3) 4 under  analogous condit ions.  
2) p-BrC6H4MgBr, p-BrC6H4CH2CH = C H  2 (0.91 g:92%) was isolated af ter  15 rain and had bp 92~ (8 ram) [10]. 
3) p-MeOC6H4MgBr, p-MeOC6H4CH2CH=CH 2 (0.47 g:64%) was isola ted af ter  15 rain and had bp 96~ (12 ram) 
[13]. In addition (p-MeOC6H4) 2 (32%) was fo rmed  (TLC,  UV spec t roscopy) .  4) p-Me2NC6Hr After  
30 min,  yield 0.43 g (53%) p-Me2NC6HaCH2CH = CH 2 [14], bp 87~ (3 mm).  In addition (p-Me2NC6H4) 2 (45%) 
was fo rmed (TLC, UV spec t roscopy) .  5) PhCH2MgBr. PhCH2CH2CH=CR 2 (0.66 g:100%) was isolated a f te r  
15 min and had bp 64~ (10 ram) [15]. 6) (2-C4H3S)MgBr. (2-C4H3S)CH2CH----CH2 (0.62 g:100%) was isolated 
a f te r  30 rain and had bp 157-159~ [16]. 7) (9-C13H9)MgBr. 9-Allylfluorene (0.92 g:89%) was isolated a f te r  
30 rain by  TLC on s i l ica  gel (hexene:ether  = 3:1) [17]. 8) P h C H = C H M g B r .  (PhCH) 2 (100%) was fo rmed  af ter  
30 rain (TLC, UV spec t roscopy) .  9) P h C - C M g B r .  (PhC ~ C) 2 (40%) was fo rmed  af ter  20 h (TLC, UV spec-  
t roscopy) .  The same  reac t ion  at 50~ led to the formation" of (PhC -= C)2 in 94% yield a f t e r  20 h. 

The reac t ions  of RZnC1 and RA1C12 with allyl bromide  in the p re sence  of Pd(PPh3) 4 and (~3--CsH5PdC1) 2 
were  c a r r i e d  out by a s i m i l a r  p rocedure .  Yields of RCH2CH=CH 2 were  de te rmined  by GLC using an internal  
s tandard  (n-decane) ,  yields  of R 2 were  de te rmined  by TLC and UV spec t roscopy .  Resul ts  a re  shown in Table 3. 

React ion of BrZnCH2CO2Et with Allyl Bromide  Catalyzed by (~3-C~HsPdC1) 2. In a s t r e a m  of Ar ,  a 1-M 
solution (10 ml:10 mmole)  of BrZnCH2CO2Et in THF (obtained by the reac t ion  of BrCH2CO2Et with zinc dust),  
HMPA (10 ml) ,  and allyl bromide (0.61 g:5 mmole)  were  placed in a f lask which had been swept out with Ar ,  
and (~3-C3HsPdC1) 2 (0. 046 g:0.25 mmole)  was added with s t i r r ing  to the obtained solution. The reac t ion  m i x -  
tu re  was s tored  for  3 h at ~ 20~ CH 2 =CHCH2CH2CO2Et (0.40 g:63%) was i so l a t edby  f rac t ional  dist i l lat ion,  and 
had bp 144-146~ [18]. 

Stoichiometric Reaction of [~3-C3H5Pd(PPh3)2]+ CI- with PhC~- CMgBr. In a current of Ar, THF (3 ml), 
(~7~-C3HsPdCI)2 (0. 045 g:0. 125 mmole), and PPh 3 (0. 131 g:0.5 mmole) were placed in a flask fitted with a mag- 
netic stirrer which had been swept out with Ar. After stirring for 20 min spots of (~?3-C3H5PdCI) 2 and PPh 3 had 
disappeared from a ehromatogram (heptane, visualization with 12). A I. 5 M solution (0.17 mh0.25 mmole) of 

PhC --- CMgBr in ether was added to the reaction mixture. The homogeneous solution was kept at ~ 20~ for 
30 h. Analysis of the reaction mixture showed the absence of PhC --- CCH2CH---CH 2 (GLC) and the presence of a 

new palladium complex of unknown structure (TLC, CHCI 3, Rf 0.7). The spot with Rf 0.7, evidently eorre- 
spondlng to this complex, was intensely colored in UV light and on heating to 150-160~ became dark as a result 
of the separation of metallic palladium. In addition (PhC =- C) 2 was formed in 15% yield (TLC, UV spectroscopy). 

CONCLUSIONS 

I. Reactions of organometallic compounds RM (R = Ph, p-MeC61-14, p-BrC6H 4, p-MeOC6H4, p-Me2NC6H4, 
PhCH2, PhCH =CH, 9-fluorenyl, 2-thienyl, PhC = C ; IV[ = MgBr, ZnCI, CdBr, AICl2) with CH2 ----CHCH2X (X = 
Br, OAc, OPh, +NEt3) catalyzedby Pd(PPh3) t and 0? 3- C3H~PdCI)2 in THF have been studied. The influence hasbeen 
investigated of the nature of metal M, of the organic radical R, and of the leaving group X on the rate of allyl L 

demetallation and on the yield of products RCH2CH =CH 2 and R 2. 

2. The reactions of RMgBr (R = Ph, p-iYieC6H 4, p-BrC6H 4, PhCH2, 9-fluorenyl, 2-thienyl) with CH 2 = 
CHCH2Br catalyzed by Pd(PPh3) 4 proceeded significantly more rapidly and selectively than in the absence of 
palladium catalyst which made it possible to obtain the corresponding products of allyldemetallation under 

mild conditions and in high yield. 

3. The main possibility of allyldemetallation of Reformatsky reagents has been shown for the first time 
in the example of the reaction of BrZnCH2CO2Et with CH 2 ~--CHCH2Br catalyzed by (~3-C3HsPdCI) 2 and leading 
to the preparation of CH2 =CHCH2CO2Et. The reaction is a convenient method for introducing the allyl group 

into the a-position of esters. 
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