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Selectivities in organic reactions via 
7.r-al I yl pal lad iu m co m plexes 

J i ro  Tsuji* 

Tokyo Ins t i tu te  of Technology, Meguro, Tokyo 152, Japan 

Abstract  - Palladium-catalyzed reac t ions  of a1  l y l  i c  compounds a re  
' important syn the t i c  methods. In order t o  enhance t h e i r  usefulness,  
s tud ie s  on regio- a n d  s t e r e o s e l e c t i v i t i e s  in the  reac t ions  o f  a l l y l i c  
carbonates and 2-vinyloxiranes w i t h  various nucleophiles were carried out.  
I t  was f o u n d  t h a t  the in t roduct ion  of t r i m e t h y l s i l y l  g r o u p  t o  a l l y l  
systems showed a profound ef fec t  on the regioselectivity. 

INTRODUCTION 

Pal ladium-catalyzed reactions of  various a1 lyl i c  compounds have been studied extensively and 
they are regarded as important synthetic methods. Their usefulness will be greatly expanded 
i f  the reactions have high selectivity.  For example, a l t h o u g h  the attack of nucleophiles on 
r -a l ly lpa l lad ium system i s  k n o w n  t o  take place a t  the  l e s s  subs t i t u t ed  s ide ,  no regio- 
s e l e c t i v i t y  i s  observed w i t h  a l l y l  systems bearing subs t i t uen t s  a t  the  b o t h  sides.  Also 
d i f f e r e n t  s e l e c t i v i t y  i s  observed w i t h a - a l l y 1  systems of d i f f e r e n t  metals. Thus i t  i s  
important t o  control the regiochemistry of the reaction. We found that the introduction of 
t r i m e t h y l s i l y l  group has a p r o f o u n d  e f f e c t  on the regiochemistry o f  the subs t i t u t ion  
reactions w i t h  various nucleophiles. 

REACTIONS OF ALLYLIC CARBONATES AND 2-VINYLOXIRANES 
BEARING TRIMETHYLSILYL GROUP WITH VARIOUS NUCLEOPHILES 
UNDER NEUTRAL CONDITIONS 

The pal ladium-catalyzed subs t i t u t ion  reac t ion  of a1 l y l i c  compounds via r-allylpalladium 
complexes with various nuclephiles i s  a wel l -es tab l i shed  syn the t i c  method, a n d  used 
ex tens ive ly  i n  organic synthes is  ( r e f .  1). Nucleophilic substitution of monosubstituted 
a l ly l i c  compounds takes place regioselectively a t  unsubstituted side of a l ly l i c  system. On 
the other hand, reaction of a,y-disubstituted a l ly l i c  compounds gives a mixture of regio- 
isomers of a -  or  y - subs t i t u t ed  products. The r a t i o s  depend on s t e r i c  s i z e  of the  
substituents, and i t  i s  d i f f i cu l t  t o  achieve high regioselectivity. We found highly regio- 
selective substitution reaction of a l ly l i c  compounds substituted with trimethylsilyl (TMS) 
group a t  the y-side t o  give vinylsilane derivatives. 

Facile synthesis of a-substituted Y-silylated a l ly l i c  alcohols i s  now possible particularly 
in o p t i c a l l y  ac t ive  forms ( r e f .  2). We inves t iga ted  the e f f e c t  of the  s i l y l  g r o u p  on the  
palladium-catalyzed substi tution reac t ions  a f t e r  converting them t o  a1 l y l i c  carbonates. 
Palladium-catalyzed reac t ion  of a l l y l  ace t a t e  subs t i t u t ed  by TMS a t a o r y c a r b o n  with 
carbonucleophiles i s  k n o w n  t o  give v iny l s i l ane  de r iva t ives  r eg iose l ec t ive ly  as expected 
(Scheme l ) ( r e f .  3 ,4 ) .  B u t  no s tud ie s  on r e g i o s e l e c t i v i t y  has been ca r r i ed  out with a l l y l  
e s t e r s  subs t i t u t ed  a t  both cc andycarbons.  

Scheme 1 
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As shown i n  Scheme 2 ,  we f o u n d  t h a t  i t  i s  p o s s i b l e  t o  s y n t h e s i z e  v i n y l s i l a n e s  v i a  r e g i o -  
s e l e c t i v e  s u b s t i t u t i o n  o f  t r i m e t h y l s i l y l a l l y l  m e t h y l  c a r b o n a t e s  ( l a , b )  w i t h  n u c l e o p h i l e s  
( r e f .  5). 

Scheme 2 

- la; R= Am (pentyl) 
lb; R=Ph - 

R e s u l t s  o f  t h e  p a l l a d i u m - c a t a l y z e d  r e a c t i o n s  o f  t r i m e t h y l s i l y l a l l y l  carbonates w i t h  some 
s o f t  c a r b o n u c l e o p h i l e s  a r e  summar i zed  i n  T a b l e  1. The a l l y l i c  c a r b o n a t e  l a  ( R = p e n t y l )  
s m o o t h l y  r e a c t e d  w i t h  a c e t o a c e t a t e  and m a l o n a t e  i n  t h e  p r e s e n c e  o f  5 m o l %  o f  p a l l a d i u m  
c a t a l y s t  t o  a f f o r d  t h e  v i n y l s i l a n e s  2 and 4 i n  8 1  % and 65 % y i e l d s  r e s p e c t i v e l y  ( r u n s  1 & 
3). I n  t h i s  r e a c t i o n ,  PBu3 and dppe were  s u i t a b l e  p h o s p h i n e  l i g a n d s .  When PPh3 was 
employed, @ - e l i m i n a t i o n  o f  7 - a l l y 1  i n t e r m e d i a t e  took  p lace  t o  g i v e  a cons ide rab le  amount o f  
t h e  d i e n e  3 ( r u n  2) .  A l s o  c y c l i c  P - k e t o  e s t e r s  ( r u n s  4,5), c y a n o a c e t a t e  ( r u n  61, and 
n i t r o a c e t a t e  ( r u n  7 )  r e a c t e d  w i t h  l a  s i m i l a r l y  t o  g i v e  t h e  c o r r e s p o n d i n g  v i n y l s i l a n e s  i n  
s a t i s f a c t o r y  y i e l d s .  

The c a r b o n a t e  l b  (R=Ph) r e a c t e d  w i t h  a c e t o a c e t a t e  t o  a f f o r d  t h e  v i n y l s i l a n e  5 i n  a good 
y i e l d .  Bu t  w i t h  malonate, a s i m i l a r  s u b s t i t u t i o n  d i d  n o t  t ake  p lace  under n e u t r a l  cond i -  
t i o n s  and t h e  p r o d u c t  was t h e  d e s i l y l a t e d  compound 6 ( r u n  9 )  ( r e f .  6). B u t  when s o d i o -  
malonate i s  used, t he  v i n y l s i l a n e  7 was ob ta ined  ( r u n  10). 

These r e g i o s e l e c t i v i t i e s  cannot  be exp la ined  by s imp le  comparison o f  s t e r i c  bu l k iness  o f  t h e  
subs t i t uen ts .  Because when t h e  carbonate l b ,  which has a b u l k y  phenyl group was employed, 
n u c l e o p h i l e s  a t t a c k e d  t h e  c a r b o n  c l o s e  t o  t h e  p h e n y l  g r o u p  e x c l u s i v e l y .  C o n s i d e r i n g  t h e  
comp le te l y  c o n t r o l l e d  r e g i o s e l e c t i v i t y ,  e l e c t r o n i c  f a c t o r s  seem t o  p l a y  an i m p o r t a n t  r o l e  i n  
t h e  7 r - a l l y l p a l l a d i u m  complex .  Thus i n  t h e  n u c l e o p h i l i c  s u b s t i t u t i o n  o f  l Y 3 - d i s u b s t i t u t e d  
7 - a l l y l p a l l a d i u m  in te rmed ia te ,  i n t r o d u c t i o n  o f  t r i m e t h y l s i l y l  group apparen t l y  r e s u l t e d  i n  
t h e  exce l  l e n t  r e g i o s e l e c t i v i t y .  

Furthermore, t h e  t rea tmen t  o f  t he  v i n y l s i l a n e  7 w i t h  p - to luenesu lphon ic  a c i d  i n  r e f l u x i n g  
CH3CN gave t h e  d e s i l y l a t e d  p r o d u c t  8 i n  8 8  % y i e l d  ( r e f .  71,  w h i c h  i s  e q u i v a l e n t  t o  t h e  
p roduc t  ob ta ined  f rom t h e  monosubst i tu ted  a l l y l i c  compound 9 w i t h  malonate. Th is  means 
t h a t  n u c l e o p h i l i c  s u b s t i t u t i o n  a t  more s u b s t i t u t e d  s i d e  o f  % a l l y l p a l l a d i u m  i n t e r m e d i a t e  can 
be achieved i n d i r e c t l y  by these reac t i ons .  

Scheme 3 

7 

E = C02Me 

8 88 "lo 

It i s  w e l l - k n o w n  t h a t  v e r y  h i g h  r e g i o s e l e c t i v i t y  i s  o b s e r v e d  i n  t h e  r e a c t i o n  o f  2- 
v i n y l o x i r a n e s  v i a  7 - a l l y l p a l l a d i u m  comp lexes  w i t h  s o f t  c a r b o n u c l e o p h i l e s  u n d e r  n e u t r a l  
c o n d i t i o n s  t o  g i v e  1,4-adducts. I n  o t h e r  words, t he  nuc leoph i l es  a t t a c k  t h e  carbon wh ich  i s  
f a r  f rom t h e  hydroxy group ( r e f .  8,9). 

NU 
1~2-adduct  
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TABLE 1, P a l l a d i u m - C a t a l y z e d  S u b s t i t u t i o n  of T r i m e t h y l s i l y l a l l y l  C a r b o n a t e s  
w i t h  N u c l e o p h i l e s  a) 

Run R N u c l e o p h i l e  L i g a n d  Temp (OC)  Time ( h )  P r o d u c t  & Y i e l d  b, 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Am 

(la) 

la 

la 

la 

la 

la 

la 

Ph 

( l b l  

lb 

lb 

0 
C02Me 

0 
C02Me 

C02M'e 
(CO2Me 

C02Me I5 
C02Me b 

CN 

(CO2Me 

N O 2  

<C02Me 

C02Me 
4 0 2 M e  

C02Me 
Na+ -dCOZMe 

P B u j  

dPPe  

PPh 3 

PBu3 

PBu3 

PBu3 

PBu3 

PBu3 

PBu 3 

PBu3 

PBu 3 

6 5  

6 5  

6 5  

65 

65 

65 

65  

20-25 

20-25 

20-25 

0.5 

1 

0 . 5  

0,5 

0.5 

0.5 

0.5 

2 

5 

2 

2 + TMS- 

(3)  
( 2 . 5  : 1) 

TMS v+ 3 
Me02C AC02Me 

65% (5.7 : 
( 4 )  

TMS 

VvAm TMS 

6'" 
TMs-fAm 

NC A C02Me 

TMs-fAm A 02N C02Me 

TMS. 

( 5 )  
0 

P h v  C02Me 
C02Me 

( 6 )  

( 7 )  

1) 

76% 

7 3 %  

7 6% 

7 2 %  

83% 

56% 

80% 

a Reactions were carried out using allylic carbonate (1 mmol), nucleophile 
(1 mmol), Pd2(dbaI3CHCl3 (0.05 mmol) and phosphine ligand (0.20 mmol) in 
dry THF (5 mmol) under Ar atmosphere. 
Isolated yields. 
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F o r  example,  E ( 1 - h e p t e n y l  I o x i r a n e  (10)  r e a c t e d  w i t h  m e t h y l  a c e t o a c e t a t e  t o  g i v e  t h e  
f o l l o w i n g  1,4-adduct 11 as a major  product. 

10 COCH3 
11 

I n  order  t o  i n v e s t i g a t e  the e f f e c t  o f  TMS group on the  r e g i o s e l e c t i v i t y  o f  t h i s  react ion,  we 
c a r r i e d  o u t  t he  r e a c t i o n  o f  2(2-trimethylsilylvinyl)oxirane (12) w i t h  methyl  acetoacetate a t  
room t e m p e r a t u r e .  A s i n g l e  p r o d u c t  was o b t a i n e d  i n  76% y i e l d ,  w h i c h  was f o u n d  t o  be t h e  
1,2-adduct 13. Thus the  presence o f  TMS group again changed the  r e g i o s e l e c t i v i t y .  

P d ~ ( d b a ) ~ . C H C l ~  

TMSd t CI-L$OCHzCO2Me T M S T o H  
12 

13 

S e v e r a l  y e a r s  ago, we have r e p o r t e d  t h a t  v a r i o u s  t e r m i n a l  a l l y l i c  a c e t a t e s  14 can be 
conver ted t o  1-alkenes 16 w i t h  h i g h  r e g i o s e l e c t i v i t y  by the  pa l l ad ium ca ta l yzed  r e a c t i o n  
w i t h  ammonium f o r m a t e  ( r e f .  10). The key  s t e p  o f  t h i s  r e a c t i o n  i s  r e d u c t i o n  o f  a - a l l y l -  
p a l l a d i u m  i n t e r m e d i a t e s  15 w i t h  t h e  h y d r i d e  g e n e r a t e d  f r o m  ammonium f o r m a t e  by 
d e c a r b o x y l  a t i o n  (Scheme 3, path A). 

Scheme 4 RM Nu 

Nu- path D 

path C 

HCO2HS NR3 
> 

-HX.NR3 

T 
HGO' 'L, 

15b 

R- 
p? 

L/n H 
15c 

path A 
___.* RM 

16 
-Pd (OIL 

path B - R- 
17 

React ion o f  a l l y l i c  compounds w i t h  hyd r ide  as a nuc leoph i l e  t o  form alkenes i s  known. So 
f a r ,  v a r i o u s  h y d r i d e  sou rces  such as L i A l H 4  ( r e f .  111, Bu SnH ( r e f .  1.21, NaBH4 ( r e f .  131, 
NaBH3CN ( r e f .  13),  L iBHEt3  ( r e f .  141, s i l i c o n  h y d r i d e s  ( r e ?  151, a l k y l  z i n c  r e a g e n t s  ( r e f .  
16), f o r m i c  a c i d  ( r e f .  17),  N-propyl-1,4-dihydronicotinamide ( r e f .  181, and SmI2 ( r e f .  19)  
have been repo r ted  t o  r e a c t  w i t h  the  a - a l l y l p a l l a d i u m  in te rmed ia tes  15 t o  g i ve  alkenes 16 
and 17. 

When monosubst i tu ted a l l y l i c  compounds 14 are  subjected t o  the  r e a c t i o n  w i th  nuc leophi les,  
u s u a l l y  carbonucleophi les a t t a c k  the  l e s s  s u b s t i t u t e d  s i d e  o f  t h e  i n t e r m e d i a t e ,  a - a 1  l y l -  
pa l l ad ium complex 15 (path D). S i m i l a r l y ,  i f  hyd r ide  a t t a c k s  the  l e s s  s u b s t i t u t e d  side, 2- 
alkenes 17 are  formed (path B). 1-Alkenes should be formed by the  a t t a c k  o f  hyd r ide  a t  t he  
more s u b s t i t u t e d  s i d e  o f  t h e  a - a l l y 1  sys tem ( p a t h  A). However, h y d r i d e  g e n e r a t e d  f r o m  
va r ious  sources g i ves  2-alkenes w i t h  50-95% s e l e c t i v i t y  ( re f .  11-19). As we have repo r ted  
prev ious ly ,  o n l y  the  hyd r ide  generated f rom formates gave 1-alkenes as a major  product  i n  
80-95% s e l e c t i v i t y  w i t h  t h e  Pd-PPh3 c a t a l y s t  ( r e f .  10). I n  o t h e r  words,  u n l i k e  c a r b o -  
nucleophi les,  t he  hyd r ide  f rom formate a t t a c k s  the more s u b s t i t u t e d  s ide  o f  t he  a - a l l y l -  
p a l l a d i u m  system. L a t e r  we f o u n d  t h a t  t h e  s e l e c t i v i t y  depends s t r o n g l y  on t h e  k i n d  o f  
phosphine l igands, and 1-alkenes are obta ined e x c l u s i v e l y  by us ing  PnBu , r a t h e r  than PPh3 
( r e f .  20). Furthermore, we found t h a t  HC02H-Et3N i s  an e f f i c i e n t  reduc?ant, e s p e c i a l l y  i n  
a p repara t i ve  sca le  ( r e f .  21,22). It i s  s o l u b l e  i n  THF a t  room temperature. I n  add i t i on ,  
t he  r e a c t i o n  w i t h  HCO H - E t  N rocceds smoothly even a t  room temperature i n  THF w i t h  5 mol% 
o f  the pa l l ad ium ~ a t a f y s t . ~  Ayso s e l e c t i v i t y  f o r  1-alkenes i s  s a t i s f a c t o r y  w i t h  HC02H-Et3N. 

We prepared va r ious  1-alkenes f rom t e r m i n a l  a l l y 1  i c  carbonates and acetates. Resul ts  are 
shown i n  Table 2. React ions were c a r r i e d  o u t  i n  50-200 mmol scales. I n  a l l  cases, p u r i t y  o f  
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TABLE 2 .  P r e p a r a t i o n  of 1 -Ole f ins  
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Run S u b s t r a t e  T i m e  (h) Product Yie ld  ( % )  

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

83 2 

1 8  
U 0 C O 2 M e  

-0 Ac 1 8  3 83 

U 0 C O 2 M e  

-0Ac 

- ' OAc 

OAc 
I 

4- OC02Me 

0 

-0Ac 

7 

2 

4 

1 . 5  

1.5 

2 

1 8  

18 

1 8  

9 2  

6 9  

7 3  

"Cg HI 7 7  

/ 
6 7  

1 9  

7 6  
1 9  

AAA 53 

b 8 1  

11 w O A c  2 AcOM 6 0  
AcO 
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d i s t i l l e d  p r o d u c t s  was c a l c u l a t e d  t o  be h i g h e r  than  98% by GLC a n a l y s i s .  The c o n t e n t s  o f  
t h e  by-products ,  d ienes  and 2-alkenes, were l e s s  than  1-2%. Ketones and e s t e r s  a r e  n o t  
reduced under these c o n d i t i o n s  ( r u n s  10 and 11). A l l y l i c  ca rbona tes  wh ich  a r e  good 
precursors o f  7 - a l l y l p a l l a d i u m  in termediates gave b e t t e r  r e s u l t s  than a l l y l  i c  acetates. For 
example, ge rany l  and n e r y l  ca rbona tes  were c o n v e r t e d  t o  18 w i t h  0.05-0.1 mol% o f  t h e  
cata lyst .  However, corresponding acetates requi red 0.2 mol% o f  the c a t a l y s t  t o  obta in  the 
same y i e l d  (runs 1-51. 

The l igand, PnBu has t o  be p u r i f i e d  w i t h  care. Contaminated i m p u r i t y  (mainly, t r i b u t y l -  
phosphine ox ide?  seems t o  cause s i d e  r e a c t i o n s .  As f o r  t h e  reagen ts  and s o l v e n t s ,  
anhydrous, oxygen- f ree ones shou ld  be used. Otherwise,  p a l l a d i u m  c a t a l y s t  i s  g r a d u a l l y  
deactivated dur ing the reaction, We have establ ished t h a t  1-alkenes can be obtained w i t h  
h igh s e l e c t i v i t y  by the reac t i on  o f  terminal  a l l y l i c  carbonates and acetates w i t h  HC02H-Et N 
i n  b o i l i n g  THF u s i n g  Pd(0)-PnBu as a c a t a l y s t .  S ince these  a l l y l i c  compounds can 8e 
synthesized e a s i l y  by a number o$ methods, t h i s  reac t i on  o f f e r s  a very usefu l  preparat ive 
method f o r  1-alkenes. 

Then we c a r r i e d  o u t  t h e  r e a c t i o n  o f  HC02H-Et3N w i t h  a l l y l i c  ca rbona te  s u b s t i t u t e d  by 
t r i m e t h y l s i l y l  group i n  o r d e r  t o  f i n d  o u t  t h e  e f f e c t  o f  TMS group ( r e f .  5). When t h e  
carbonate l b  was t rea ted  w i t h  a 1:l mix tu re  o f  formic ac id  (1 eq) and t r i e thy lam ine  i n  the 
presence o f  p a l l a d i u m  c a t a l y s t ,  t h e  a l l y l s i l a n e  2 0  was o b t a i n e d  as a m a j o r  p r o d u c t  (81%) 
GLC, 58% i s o l a t e d  y i e l d ) .  T h i s  means t h a t  t h e  h y d r i d e  d e r i v e d  f r o m  f o r m a t e  s e l e c t i v e l y  
a t t a c k e d  t h e  carbon a t t a c h e d  t o  TMS group, and t h e  TMS group aga in  showed an i n t e r e s t i n g  
e f fec t .  I n  o ther  words, the hydride der ived from formate shows behavior d i f f e r e n t  from t h a t  
o f  carbonucleophi 1 es. 

P a r t i c u l a r l y  formic ac id  i s  the most cheaply ava i l ab le  reductant. 

HC02H ( 1  eq, 1 
Et3N (1  eq, ) TMS Ph 

> 
OC02Me 5 mol% Pd-PBug 20 

lb THFj ref lux,  2 h 

A l s o  t h e  r e a c t i o n  o f  l a  w i t h  f o r m a t e  a f f o r d e d  t h e  a l l y l s i l a n e  2 1  and v i n y l s i l a n e  22 i n  a 
r a t i o  o f  9:l. 

Ph TMS 
> + WPh Et3N TMS msTan + HC02H \/\\/ 

OCO$le 
la 

21 

90% 

22 

10% 

A l l y l s i l a n e  (24) was o b t a i n e d  s e l e c t i v e l y  i n  80% y i e l d  f r o m  t h e  u n s u b s t i t u t e d  a l l y l  
ca rbona te  23. I n  t h i s  r e a c t i o n ,  t h e  TMS group behaves s i m i l a r  t o  a l k y l  group t o  g i v e  t h e  
terminal  o l e f i n .  - TMS O C O p e  E t  N TMS 

+ HC02H 3 * 
23 24 

It i s  known t h a t  2-v iny lox i ranes undergo 1,4-addition reac t i on  w i t h  carbonucleophiles ( re f .  
€49). On the other  hand, the hydr ide from formate a f fo rded  homoa l l y l i c  a lcohols  25 by the 
1 ,Z-addi ti on exclusively. 

OH 
+ HC02H - Rd~ 0 R'  * R 

25 
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We examined b o t h  r e g i o -  and s t e r e o s e l e c t i v i t y  o f  t h e  h y d r o g e n o l y s i s  o f  (E)-4,5-epoxy-4- 
methyl-2-alkenoates (27) and found a f a c i l e  s t e r e o s e l e c t i v e  s y n t h e s i s  o f  (E l -5-hydroxy-4-  
methyl-2-alkenoates (28) by pal ladium-catalyzed reac t i on  of 27 w i t h  HC02H-Et3N under m i l d  
c o n d i t i o n s  ( r e f .  23). 

31 27a- 30 

3 steps '..k" -c02 ~1&~ C02Et ] - -Pd(O) $+ 
n 

C02Et (RLPh,RG R2'OH 
32 

U 
28a R'=Ph, R2=H,, 78% 29 

b R'=Et , $=H, 85% 
c R1=H, R2=Et,82OI0 

(E)-(4S*,5S*)-4,5-Epoxy-4-methyl-5-phenyl-2-pentenoate (27a) (2 y m o l )  was added t o  a 
so lu t i on  o f  Pd2(qa)3CHC13 (0.05 mmol)-PBu3 (0.05 mmol), Et3N (0.3 cm and HC02H (0.2 cm3) 
i n  dioxane (10 cm 1. The mixture was s t i r r e d  f o r  four  hours a t  room temperature t o  give the 
hydroxy es te r  28a i n  78% y i e l d .  The hydroxy es te r  28a was hydrogenated (H2, Pd/C), fo l lowed 
by subsequent hyd ro l ys i s  and l a c t o n i z a t i o n  t o  g ive the c is- lactone 29a, which proved the syn 
stereochemistry o f  28a. S i m i l a r l y ,  27b was c o n v e r t e d T t h e  syn-alcohol 28b i n  85% yieTar 
On the contrary, reac t i on  o f  27c (as a 5:l m ix tu re  o f  27c and 275l gave the ant i -a lcohol  28c 
(28c:28b=5:1) i n  82% y i e l d .  Thus, the reac t i on  was a l l  s tereospeci f ic  w i t h  i n v e r s i o n  o f  the 
stereochemi s t r y  . 
The reac t i on  can be explained as fol lows. A t  f i r s t ,  Pd(0)-phosphine complexes coordinate 
the o l e f i n  27 and d isp lace the oxide o f  27 w i t h  i nve rs ion  t o  form T -a l l y l pa l l ad ium alkoxide 
complex 30. A d d i t i o n  o f  t h e  f o r m i c  a c i d  t o  t h e  p a l l a d i u m  complex 30 g i v e s  t h e  7 - a l l y l -  
p a l l a d i u m  f o r m a t e  31, wh ich  d e c a r b o x y l a t e s  t o  g i v e  r - a l l y l p a l l a d i u m  h y d r i d e  complex 32. 
I n t e r n a l  a t t a c k  o f  t h e  h y d r i d e  t o  t h e  more s u b s t i t u t e d  carbon o f  t h e  7 - a l l y l p a l l a d i u m  32 
gives the homoallyl  alcohol 28, and Pd(0) i s  reproduced. 

O p t i c a l l y  ac t i ve  a l l y l i c  compounds are now e a s i l y  avai lab le,  and these compounds are usefu l  
for t h e  s y n t h e s i s  o f  h i g h l y  f u n c t i o n a l i z e d  o p t i c a l l y  a c t i v e  compounds, i f  e f f i c i e n t  
c h i r a l i t y  t r a n s f e r  f r o m  C-0 c h i r a l i t y  t o  C - C  by t h e  p a l l a d i u m  c a t a l y z e d  r e a c t i o n s  can be 
achieved. We have r e p o r t e d  t h e  h i g h l y  e f f i c i e n t  c h i r a l i t y  t r a n s f e r  i n  t h e  p a l l a d i u m  
catalyzed c y c l i z a t i o n  v i a  7 - a l l y l p a l l a d i u m  complexes under c e r t a i n  condit ions, and discussed 
mechanism o f  the racemization ( re f .  24). T r i m e t h y l s i l y l  subs t i t u ted  a l l y l i c  a lcohols  i n  an 
o p t i c a l l y  a c t i v e  f o r m  i s  now e a s i l y  a v a i l a b l e  ( r e f .  21, and we c a r r i e d  o u t  t h e  s t u d i e s  on 
c h i r a l i t y  t rans fe r  i n  the pal lad ium catalyzed reac t i on  w i t h  carbonucleophiles. The reac t i on  
o f  o p t i c a l l y  a c t i v e  l b  w i t h  a c e t o a c e t a t e  showed 97% r e t e n t i o n  o f  t h e  c h i r a l i t y  when t h e  
r e a c t i o n  was c a r r i e d  o u t  i n  t h e  presence o f  sodium hyd r ide .  I n  t h e  absence o f  sodium 
hydride, i t  was 64% and racemization took place i n  a considerable extent. The extent  o f  the 
racemization was d i f f e r e n t  depending on the concentrat ion o f  the pal ladium cata lyst .  The 
higher concentrat ion tends t o  g ive lower  e f f i c i e n c y  o f  c h i r a l i t y  t ransfer .  Thus the same 
mechanism discussed i n  our previous paper can be appl ied t o  t h i s  case too. 

~ *TMS7Ph , 7Ph Me02C JPh - 
0 0 0 
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