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GENERAL CONSIDERATIONS 

It i s  w e l l  known t h a t  o -a ry l  and o - v i n y l p a l l a d i u m  complexes can r e a c t  w i t h  
carbon-carbon double bonds t o  produce v i n y l i c  s u b s t i t u t i o n  produc ts  ( 3 )  through a 
syn -add i t i odsyn -&e l im ina t i on  path,  ( 5 ) :  

R = a r y l  , a lkeny l  

H 
( 4 )  

Th is  r e a c t i o n ,  t h e  Heck's r e a c t i o n ,  has been t h e  s u b j e c t  o f  severa l  mechan is t i c  and 
s y n t h e t i c  s tud ies  and has a wide f i e l d  o f  a p p l i c a t i o n  i n  o rgan ic  syn thes is .1  

o -A lky lpa l l ad ium complexes ( l ) ,  however, under s u i t a b l e  r e a c t i o n  cond i t i ons ,  a re  ab le  
t o  undergo a carbon-pal  lad ium bond f i s s i o n  s u b s t i t u t i n g  t h e  carbon-hydrogen bond f o r  t h e  
carbon-pa l lad ium bond (pathway - b ) .  The n e t  r e s u l t  i s  t h e  fo rma t ion  o f  t h e  a d d i t i o n  produc t  
( 4 ) .  

Oepending on t h e  na tu re  o f  t h e  added carbon u n i t ,  h y d r o a r y l a t i o n  (R = a r y l )  and 

A r e l a t e d  a d d i t i o n  r e a c t i o n  can occur by r e a c t i n g  o - a r y l  and o -v iny lpa l l ad ium 
h y d r o v i n y l a t i o n  (R = a l k e n y l )  r e a c t i o n s  can be performed. 

i n te rmed ia tes  w i t h  a c e t i l e n i c  systems. 

R = a r y l  , a lkeny l  

The aim o f  t h e  p resen t  rev iew i s  t o  r e p o r t  an account on these pa l lad iu ro-ca ta lyzed 
a d d i t i o n  r e a c t i o n s  w i t h  o l e f i n i c  and a c e t i l e n i c  systems. 

a) Olefins 
Usua l l y  mono- and d i s u b s t i t u t e d  o l e f i n i c  systems do n o t  undergo h y d r o a r y l a t i o n  and 

h y d r o v i n y l a t i o n  r e a c t i o n s .  The syn -8 -e l im ina t i on  o f  HPdX i s  by f a r  t h e  p r e f e r r e d  
decomposi t ion pathway o f  i n te rmed ia tes  ( 1  1. 

O l e f i n s  c o n t a i n i n g  p a r t i c u l a r  s t r u c t u r a l  f ea tu res ,  however, can produce a d d i t i o n  
produc ts  ( 4 ) .  For  example c y c l i c ,  s t r a i n e d  o l e f i n s ,  l i k e  norbornenes, a re  almost i d e a l  
subs t ra tes  f o r  such a r e a c t i o n .  I n  f a c t ,  o -a l ky lpa l l ad ium in te rmed ia tes  (51, de r i ved  f rom 
t h e  a d d i t i o n  o f  RPdX species t o  t h e  carbon-carbon doub le  bond, a re  unable t o  undergo 
r o t a t i o n  t o  reach t h e  conformat ion  r e q u i r e d  f o r  t h e  syn -&e l im ina t i on  o f  HPdX and can w a i t  
f o r  r e a c t i n g  w i t h  t h e  hydrogen donor. Some b i c y c l i c  o l e f i n i c  systems have been r e p o r t e d  t o  
r e a c t  w i t h  a r y l  and v i n y l  h a l i d e s  i n  t h e  presence o f  P ~ ( O A C ) ~ ( P P ~ ~ ) ~ ,  f o r m i c  a c i d  as t h e  
hydrogen donor, and n-Bu3N as t h e  base2 o r  P ~ ( O A C ) ~ ,  n-Bu4NC1, and HCOOK (HCOONa, HCOOLi and 
HCOOCs were a1 so t e s t e d )  3 t o  g i v e  t h e  cor respond ing  hyd roa ry l  a ted  and hyd rov i  n y l  a ted  
d e r i v a t i v e s  (7) u s u a l l y  i n  good y i e l d .  
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t 

R X  

RPdX 

Mt = n-Bu3kH, Nat, Kt, Cst; R = a r y l ,  a l keny l  

According t o  t h e  above scheme, t h e  fo rmate  anion r e a c t s  w i t h  t h e  i n te rmed ia te  ( 5 )  
producing t h e  norborny l  pa l l ad ium fo rmate  ( 6 )  f rom which ( 7 )  i s  generated through 
deca rboxy la t i on  and Pd(0) d e i n s e r t i o n .  With v i n y l  h a l i d e s  competing cyc lopropanat ion  t o  ( 8 )  
can be observed.2~4 

A d d i t i o n  produc ts  can a1 so be ob ta ined when a-a1 k y l  pa l  1 ad i  um in te rmed ia tes  ( 1 do n o t  
c o n t a i n  B-hydrogens .5 

The h y d r o a r y l a t i o n  o f  s ty rene has been performed th rough an e l e c t r o r e d u c t i v e  
reac t i on .6  

EtqNOTs, Pb-cathode 
DMF, r.t. 

- ph*c6H4-But 85 % 

The r e a c t i o n  f a i l s  t o  produce hyd roa ry la ted  produc ts  i n  t h e  presence o f  non-conjugated 
o l e f i n s ,  e.g., e t h y l v i n y l  e the r ,  a l l y l  a lcoho l ,  and a l l y l  bromide. 

b) a,p-Enones and -Enals 

When a,R-enones and -ena ls  a re  concerned, t h e  r e a c t i o n  i s  u s u a l l y  r e f e r r e d  t o  as a 
con jugate  addi t i o n - t y p e  r e a c t i o n  

The fo rma t ion  o f  C - C  bond between t h e  B-carbon atom o f  an ,,&unsaturated carbony l  
system and an u n s t a b i l i z e d  carban ion  i s  g e n e r a l l y  achieved th rough con jugate  a d d i t i o n  o f  
organocopper reagents7 o r  organomagnesium reagents  i n  t h e  presence o f  c a t a l y t i c  amounts o f  
copper.7 I n  a d d i t i o n  t o  these l a r g e l y  app l i ed  methods, even organoaluminium compounds w i t h 8  
and w i thou t9  t h e  presence o f  n i c h e l  as c a t a l y s t ,  o rganoz i rcon ium spec ies  i n  t h e  presence o f  
n i c h e l  , l o  and organoboron compounds1 1 have been repo r ted  t o  undergo con jugate  a d d i t i o n  t o  
a,B-unsaturated carbonyl  compounds. 

A l l  these methods a l l o w  placement o f  a v a r i e t y  o f  hydrocarbons B t o  a carbony l  
f u n c t i o n .  Regarding easy o f  p repara t i on  o f  s t a r t i n g  m a t e r i a l s ,  s t a b i l i t y  o f  reagents,  
e f f i c i e n c y ,  and s e l e c t i v i t y  o f  t h e  r e a c t i o n ,  each procedure has i t s  r e l a t i v e  advantages and 
disadvantages. However, an essen t i  a1 l y  common l i m i t a t i o n  can be recogn ized i n  what concerns 
t h e  na tu re  o f  f u n c t i o n a l  groups t o l e r a t e d  i n  t h e  carbon framework t o  be t r a n s f e r r e d  t o  t h e  
B-carbon atom. 

I n  t h i s  respec t ,  t h e  use o f  organopal ladium complexes as carbon donors, known t o  
t o l e r a t e  a wide v a r i e t y  o f  f u n c t i o n a l i t i e s ,  a l l ows  w iden ing  t h e  scope o f  t h e  con jugate  
a d d i t i o n  i n  o rgan ic  syn thes i s .  C l e a r l y ,  t h e  r e a l i z a t i o n  o f  such a d d i t i o n  r e a c t i o n s  w i t h  
pa l l ad ium complexes has t o  f a c e  d i v e r s e  d i f f i c u l t i e s  depending on whether a c y c l i c  o r  
c y c l i c  systems are  concerned. With a c y c l i c  a,B-unsaturated carbony l  compounds a more 
arduous task  i s  t o  be reached s ince  t h e  cor respond ing  i n te rmed ia te  ( 1 )  should be f o r c e d  t o  
undergo s u b s t i t u t i o n  o f  t h e  C,-H bond f o r  t h e  G - P d  bond f a s t e r  than r o t a t i o n  around t h e  
C a - C ~  bond and syn -&e l im ina t i on  o f  HPdX. Wi th  c y c l i c  systems t h e  r i g i d i t y  o f  t h e  r i n g  
should p revent  t h e  o - a l k y l p a l l a d i u m  adduct f rom ach iev ing  t h e  s y n - r e l a t i o n s h i p  between t h e  
B-hydrogen and t h e  pa l l ad ium atom which i s  normal ly  r e q u i r e d  f o r  t h e  syn-R-e l im ina t ion .  
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Thus, i n  t h e  presence o f  a s u i t a b l e  hydrogen donor, t h e  fo rma t ion  o f  t h e  Ca-H bond should be 
favoured . 

For example, because o f  t h e  r i n g  r i g i d i t y ,  o - a l k y l p a l l a d i u m  adducts de r i ved  f rom t h e  
r e a c t i o n  o f  a -a ry lpa l l ad ium complexes w i t h  cyc loa lkenes  produce a l l y l i c  d e r i v a t i v e s  i n s t e a d  
o f  v i n y l i c  s u b s t i t u t i o n  produc ts  .l 

ArPdX + 0 - gA> - cJAr 
/Pd,X 

S i g n i f i c a n t  r e s u l t s  have been ob ta ined by u s i n g  benzene, a ry lmercury  compounds, 
a r y l t i n  compounds, and a r y l  h a l i d e s  as precursors  o f  o -a ry lpa l l ad ium in te rmed ia tes  under a 
v a r i e t y  o f  r e a c t i o n  c o n d i t i o n s .  

Reaction with benzene 
The f i r s t  example o f  a pa l lad ium-cata lyzed con jugate  a d d i t i o n  dea ls  w i t h  t h e  r e a c t i o n  

o f  chalcones c o n t a i n i n g  bu lky  e lec t ron -w i thd raw ing  groups on t h e  a-carbon w i t h  benzene i n  
t h e  Dresence o f  AcOH and Pd(OAc),.13 

R = COPh, NOZ,COOEt,  COOH 15-52 % y i e l d  

Al though i n t e r e s t i n g ,  t h i s  a d d i t i o n  r e a c t i o n  appears t o  be o f  l i m i t e d  s y n t h e t i c  va lue  
because o f  t h e  s t r i c t  requirements i n  t h e  s t r u c t u r e  o f  t h e  subs t ra te .  Furthermore, arenes 
produce 0 -a ry lpa l l ad ium in te rmed ia tes  through an e l e c t r o p h i l i c  s u b s t i t u t i o n  r e a ~ t i o n ! ~  A 
l a c k  o f  s e l e c t i v i t y  i n  t h e  fo rma t ion  o f  t h e  carbon-pa l lad ium bond when s u b s t i t u t e d  benzenes 
are  concerned i s  t o  be expected, thus  g i v i n g  r i s e  t o  a v a r i e t y  o f  a -a ry lpa l l ad ium 
in te rmed ia tes  and consequent ly t o  a m i x t u r e  o f  con jugate  a d d i t i o n - t y p e  produc ts .  

Reaction with arylmercury and aryltin compounds 
The scope and usefu lness  o f  t h e  p a l l  adium-catalyzed con jugate  a d d i t i o n - t y p e  r e a c t i o n  

was s i g n i f i c a n t l y  broadened by t h e  d i scove ry  t h a t  a ry lmercury  compounds cou ld  be used as 
a r y l  donors t o  t h e  B - ~ a r b o n . l ~ * ~ ~  The r e a c t i o n  i s  c a r r i e d  ou t  i n  t h e  presence o f  c a t a l y t i c  
amounts o f  PdC12 and n-BqNC1 i n  an a c i d i c  two-phase system a t  room temperature.  

Exper imental  evidences a re  c o n s i s t e n t  w i t h  t h e  f o l l o w i n g  r e a c t i o n  mechanism. 
n + 

- Pd- -Pd- 
I 
X 

I 
X 

Since ary lmercury  compounds are  r e a d i l y  a v a i l a b l e ,  s t a b l e  compounds, ab le  t o  
accomodate e s s e n t i a l l y  a l l  o f  t h e  impor tan t  o rgan ic  f u n c t i o n a l  groups and no p a r t i c u l a r  
s t e r i c  and/or e l e c t r o n i c  c o n s t r a i n t s  i n  t h e  a,B-unsaturated carbony l  compounds are  requ i red ,  
t h i s  r e a c t i o n  p rov ides  a ve ry  e f f i c i e n t  r o u t e  f o r  i n t r o d u c i n g  func t i ona lyzed  a r y l  u n i t  B t o  
a ,O-enones and ena ls .  Only h indered a,B-unsaturated carbony l  compounds f a i l  t o  g i v e  
con jugate  a d d i t i o n - t y p e  produc ts .  

Te t rapheny l t i n ,  t h e  o n l y  t i n  com ound examined, a f f o r d e d  r e s u l t s  very  c l o s e  t o  those 

An i n t e r e s t i n g  consequence o f  t h e  i n t r o d u c t i o n  o f  f u n c t i o n a l y z e d  a r y l  u n i t s  i s  t h a t  
a d d i t i o n  produc ts  c o n t a i n i n g  an aromat ic r i n g  w i t h  a n u c l e o p h i l i c  s i t e  i n  t h e  o r t o  p o s i t i o n  
have p o t e n t i a l  as conven ien t  reagents  f o r  annu la t i on  reac t i ons .  

Annu la t ion  r e a c t i o n s  have been indeed r e a l i z e d  and 2-chromanols ( 9 )  ,17 2-chromenes 
q u i n o l i n e s  (11-13),18 and indano ls  (14)19 have been prepared i n  good t o  h igh  y i e l d s .  

ob ta ined w i t h  phenylmercury c h l o r i d e .  1; 
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changes: more h indered groups tend t o  favour  t h e  con jugate  a d d i t i o n  pa th  presumably th rough 
r e s t r i c t i o n  i n  r o t a t i o n  around t h e  Ca-CB bond necessary t o  a t t a i n  t h e  conformat ion  r e q u i r e d  
f o r  syn -0 -e l im ina t i on  o f  HPdX. A conv inc ing  evidence of how t h e  s u b s t i t u e n t  on t h e  B-carbon 
can a f f e c t  t h e  r e a c t i o n  pathway i s  g i ven  by t h e  r e a c t i o n  o f  pent-1-en-3-one w i t h  phenyl 
i o d i d e .  

(19 )  36% (20)  36% (21 ) *3% 

Th is  r e s u l t  can be accounted f o r  by assuming t h a t  t h e  B-unsubst i  tuted-a,B-enonic 
system (18)  r e a c t s  i n i t i a l l y  th rough t h e  known v i n y l i c  s u b s t i t u t i o n  path;  then, t h e  i n  s i t u  
formed B-subs t i t u ted -  a,B-enonic d e r i v a t i v e  (19)  r e a c t s  f u r t h e r  t o  produce s e l e c t i v e l y  t h e  
con jugate  a d d i t i o n  d e r i v a t i v e  (20 ) .  Compound (21 )  was de tec ted  o n l y  i n  t races .  

Based on t h i s  observa t ion ,  a v a r i e t y  o f  a r y l  i o d i d e s  have been reac ted  w i t h  butenone, 
l-penten-3-one, and propenal  t o  g i v e  sa tu ra ted  B,O-di a r y l  ketones and R,B-di a r y l  
aldehydes. 22 

E l e c t r o n i c  e f f e c t s  r e l a t e d  t o  t h e  group a t tached t o  t h e  o l e f i n i c  double bond a f f e c t  
t h e  con jugate  a d d i t i o n l v i n y l i c  s u b s t i t u t i o n  r a t i o .  An inc rease  i n  t h e  e l e c t r o n  w i thd raw ing  
power tends t o  favour  t h e  fo rma t ion  o f  t h e  con jugate  a d d i t i o n  produc t  (see Tab le) .  

Table - R e l a t i v e  percentages o f  Conjugate A d d i t i o n  and V i n y l i c  S u b s t i t u t i o n  Product 

En t ry  a,B-unsaturated carbony l  Conjugate a d d i t i o n  V i n y l  i c s u b s t i t u t i o n  
system produc t  ( % )  p roduc t  (% 1 

a PhCH=CHCOMe 94 6 
b PhCH=CHCHO 92 8 
C PhCH=CHCOOMe 19 81 
d PhCH=CHCONH2 23 77 

Even t h e  added base p lays  a n o t  n e g l i g i b l e  r o l e  i n  t h e  compe t i t i on  between con jugate  
a d d i t i o n  and v i n y l i c  s u b s t i t u t i o n . 2 0 * 2 3  The r e s u l t s  ob ta ined  f o r  t h e  r e a c t i o n  o f  benzal-  
acetone w i t h  phenyl i o d i d e  show t h a t  t e r t i a r y  amines tend t o  favour  t h e  decomposi t ion o f  
0 -a l ky lpa l l ad ium in te rmed ia tes  (15 )  t o  g i v e  con juga te  a d d i t i o n - t y p e  products,  most l i k e l y  
through c o o r d i n a t i o n  o f  pa l lad ium.  24 Pro tonat ion*  cou ld  occur on t h i s  u - a l k y l p a l l a d i u m  
species c o n t a i n i n g  a n i  t rogen-pa l  1 adi  um bond f a v o u r i n g  t h e  Ca-Pd bond b reak i  ng.23 

Et3N, HCOOH 71 % 
NaHC03, HCOOH, n-BuqNC1 22 % 26 % 
n-Bu$, H-B (B = OAc, OCOCF3, OS02Me) 
NaHCO3, AcOH, n-BuqNC1 70 % 

56-85 % 

The behaviour o f  a c y c l i c  B-substituted-a,B-enones and -ena ls  i n  t h e  presence o f  
t e r t i a r y  amines o m i t t i n g  f o r m i c  a c i d  o r  any o t h e r  a c i d  supports t h e  v iew t h a t  f o rma t ion  o f  
a n i t rogen-pd  bond should be i nvo l ved  along t h e  con juga te  a d d i t i o n  pathway. I n  f a c t ,  
under these cond i t i ons ,  B -subs t i t u ted -  a ,B-enones and -ena ls  show a tendency t o  g i v e  
con jugate  a d d i t i o n - t y p e  produc ts .  

* It i s  wor th  n o t i n g  t h a t  t h e  p r o t o n a t i o n  by i t s e l f  does n o t  seem t o  p l a y  a dominant r o l e .  
Decomposition o f  t h e  0 -a l ky lpa l l ad ium in te rmed ia te  d e r i v e d  f rom chalcone and pheny lpa l lad ium 
aceta te  i n  a c e t i c  a c i d  has been r e p o r t e d  t o  occur through syn -&e l im ina t i on  o f  HPdOAcj3 

PAC 
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s o  R & X (10)  R 1  

FT b 

Reaction with aryl halides 
A f u r t h e r  advance i n  t h e  pa l lad ium-cata lyzed con jugate  a d d i t i o n - t y p e  r e a c t i o n s  was 

brought about by t h e  r e a c t i o n  o f  a r y l  i o d i d e s  w i t h  B-substituted-a,O-enones and -ena ls  i n  
t h e  presence o f  f o rm ic  ac id ,  t e r t i a r y  amines, and c a t a l y t i c  amounts o f  pa l lad ium( I1) .19-21  

Aryl i o d i d e s  a re  c l e a r l y  t h e  most a t t r a c t i v e  s t a r t i n g  m a t e r i a l s  s ince  they  a re  e a s i l y  
a v a i l a b l e  and g i v e  r i s e  t o  l e s s  problems (hand l ing ,  waste processing, e t c . )  than mercu r ia l s .  

Aryl bromides appear t o  be l e s s  e f f e c t i v e  than  a r y l  i o d i d e s  i n  p a r t i c i p a t i n g  i n  t h e  
con jugate  a d d i t i o n  path.zo 

Conjugate a d d i t i o n - t y p e  produc ts  (17)  c o u l d  a r i s e  f rom t h e  a d d i t i o n  o f  t h e  i n  s i t u  
formed ArPdI species t o  t h e  o l e f i n i c  double bond t o  g i v e  (15 ) , fo l l owed  by i t s  r e a c t i o n  w i t h  
fo rmate  produc ing  (16) ,  d e i n s e r t i o n  o f  carbon d iox ide ,  and r e d u c t i v e  e l i m i n a t i o n  o f  
pa l l ad ium species (pathway 5) .  A l t e r n a t i v e l y ,  compounds (17 )  c o u l d  a r i s e  f rom t h e  
i n te rmed ia te  (15 )  th rough t h e  Ca-Pd h e t e r o l y t i c  bond cleavage and p r o t o n a t i o n  o f  t h e  organ ic  
mo ie ty  (pathway b ) .  Accord ing  t o  t h i s  scheme, f o r m i c  a c i d  would be necessary t o  keep up t h e  
c a t a l y t i c  c y c l e  by a c t i n g  as t h e  p ro ton  source f o r  t h e  p r o t o n a t i o n  o f  t h e  an ion i c  mo ie ty  o f  
o - a l k y l p a l l a d i u m  species and as an e f f i c i e n t  reduc ing  agent f o r  t h e  conver t i on  o f  P d ( I 1 )  
species t o  Pd(0) species.  

t 

Pd ( 

A r  I 

IPd lO)  

ArPdI 

0)  - red P d ( I 1  

Compet i t ion  between con jugate  a d d i t i o n  and v i n y l i c  s u b s t i t u t i o n  depends on a v a r i e t y  
o f  s t e r i c ,  e l e c t r o n i c ,  and medium e f f e c t s  a f f e c t i n g  t h e  r e a c t i v i t y  o f  t h e  i n te rmed ia te  ( 1 5 ) .  

No exhaust ive  s tud ies  on t h e  r o l e  o f  s t e r i c  e f f e c t s  have been repo r ted .  However, i t  
was found t h a t  v a r i a t i o n s  i n  t h e  s t e r i c  demand o f  t h e  s u b s t i t u e n t s  bonded t o  t h e  carbony l  
group ( f r o m  -H t o  -CgHq-o-N02) o r  i n  t h e  na tu re  o f  t h e  l i g a n d s  o f  pa l l ad ium [Pd(OAc)z, 
Pd/C, Pd(OAc)z(PPh3)2] do n o t  a l t e r  s i g n i f i c a n t l y  t h e  t r e n d  o f  t h e  reac t i on .20  

On t h e  con t ra ry ,  t h e  n a t u r e  of t h e  s u b s t i t u e n t  on t h e  O-carbon can produce remarkable 
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4,4-Diphenyl-butan-2-one was i s o l a t e d  i n  14% y i e l d  t r e a t i n g  benzalacetone w i t h  phenyl 
i o d i d e  i n  t h e  presence o f  c a t a l y t i c  amounts o f  Pd(OAc)2(PPh3)2 and n-Bu3N.20 Only t races ,  i f  
any, o f  t h e  cor respond ing  v i n y l i c  s u b s t i t u t i o n  produc t  were de tec ted .  With s t o i c h i o m e t r i c  
amounts o f  Pd(OAc)2(PPh3)2 t h e  y i e l d  o f  4,4-diphenyl-butan-2-one increased up t o  52%.20 I n  
p r a c t i c e ,  t e r t i a r y  amines a re  ab le  t o  behave as t h e  hydrogen source i n  t h e  con jugate  
a d d i t i o n  pathway keeping up a c a t a l y t i c  cyc le .  The i r  e f f i c i e n c y ,  however, i s  n o t  ve ry  h igh  
and t h e  r e a c t i o n  stops q u i c k l y  i n  t h e  presence o f  c a t a l y t i c  amounts o f  pa l l ad ium a f t e r  
p roduc ing  v a r i a b l e  amounts o f  con jugate  add i t i on - t ype  d e r i v a t i v e s  ( f rom t r a c e s  t o  poor 
y i e l d s )  and v i n y l i c  s u b s t i t u t i o n  d e r i v a t i v e s  (minor p roduc ts ) .  

B e t t e r  y i e l d s  o f  con jugate  addi t i o n - t y p e  produc ts  w i t h  t e r t i a r y  amines as t h e  p ro ton  
donors cou ld  be ob ta ined w i t h  c y c l i c  systems. Indeed, t h e  r e a c t i o n  o f  a r y l  i o d i d e s  w i t h  
6-a1 kyl-5,6-dihydro-2H-pyran-2-one (22)  has been r e p o r t e d  t o  g i v e  t h e  r e d u c t i v e l y  a r y l  a ted  
d e r i v a t i v e s  i n  poor t o  good y i e l d s . 2 4  

4-M-CgH4 
t 

It i s  o f  i n t e r e s t  t o  
(23 )  49% 

C l  

no te  t h a t  t h e  c y c l i c  s t r u c t u r e  a l l ows  t h e  con jugate  a d d i t i o n  t o  
occur p r e f e r e n t i a l l y  i n  s p i t e  o f  t h e  low e l e c t r o n  w i thdrawing  power o f  t h e  carbonyl  group. 

Myrtenal  (241, however, a s t r a i n e d  b i c y c l i c  a,B-enal r e p o r t e d  t o  be a use fu l  reagent  
f o r  t h e  p repara t i on  o f  p inane analogues o f  thromboxane At, does no t  g i v e  t h e  con jugate  
a d d i t i o n  produc t  (25)  i n  t h e  presence o f  n-Bu3N nor  i n  t h e  presence o f  t h e  n-Bu3N/HCOOH 
combinat ion bu t  t h e  monocycle d e r i v a t i v e  (281, most l i k e l y  accord ing  t o  t h e  f o l l o w i n g  
scheme - 2  

Rearrangement o f  (26)  t o  (27 )  i s  f a s t e r  than t r a p p i n g  of (26)  w i t h  fo rmate  o r  t e r t i a r y  

I n  t h e  presence o f  Et3N con jugate  a d d i t i o n - t y p e  produc ts  were ob ta ined a t  e leva ted  
ami ne . 
temperatures f rom t h e  pa l  lad ium-cata lyzed r e a c t i o n  of i odopy r im id ines  w i t h  b ~ t e n o n e . ~ ~  

Me0 Me 0 0 

68 % 
Pd( OAC )2 (  PPh3)2, Et3N 

sealed tube, 120°C, 4 h M ~ S  A MeS 
Bromopyrimidines g i v e  t h e  usual  v i n y l i c  s u b s t i t u t i o n  r e a c t i o n .  S t e r i c  and e l e c t r o n i c  

e f f e c t s  have been invoked t o  account f o r  t h e  observed r e s u l t s .  

c) Allylic alcohols 
A1 l y l  i c  a l coho ls  r e a c t  w i t h  a r y l  and h e t e r o a r y l  ha1 i d e s  t o  g i v e  3 -a ry l  a ted  (he te ro -  

a r y l a t e d )  aldehydes and ketones (29)  as t h e  main produc ts  th rough a r e a c t i o n  which f o r m a l l y  
corresponds t o  t h e  con jugate  a d d i t i o n - t y p e  r e a c t i o n s  of a,B-enones and -enals.26 

dr A r  
(29 )  (30)  (31 1 (32) R = H, a l k y l  
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2-Ary l  a ted  ( h e t e r o a r y l  a ted)  aldehydes and ketones (30 )  as we1 1 as a1 l y l  i c  a l coho ls  
(31)  and (32 )  a re  t h e  observed by-products.  R e l a t i v e  percentages were found t o  depend on t h e  
s t r u c t u r e  o f  t h e  a l l y l i c  a l coho l ,  t h e  s t e r i c  hinderance o f  t h e  added a r y l  ( h e t e r o a r y l )  u n i t ,  
and t h e  presence o f  a phosphine l i g a n d .  The r e a c t i o n  o f  a l l y l i c  a l coho ls  w i t h  v i n y l  h a l i d e s  
proceeds through t h e  fo rma t ion  o f  n - a l l y l p a l l a d i u m  complexes. The use o f  p i p e r i d i n e  i n s t e a d  
o f  t r i e t h y l a m i n e  as t h e  a c i d  acceptor has been r e p o r t e d  t o  be necessary f o r  keeping up a 
c a t a l y t i c  cyc le .  Depending on t h e  na tu re  o f  t h e  a l l y l i c  a l coho l ,  t h e  usual  carbonyl  
d e r i v a t i v e s  and/or amino a l coho ls  were ~ b t a i n e d ? ~ T h e  r e a c t i o n  o f  a l l y l i c  a l coho ls  w i t h  v i n  1 
t r i f l a t e s ,  r e c e n t l y  i n t roduced  as e f f i c i e n t  v i n y l  donors i n  pa l lad ium-cata lyzed r e a c t i o n s ,  $8 
has so f a r  a t t r a c t e d  o n l y  cu rso ry  examinat ion and t h e  r e a c t i o n  o f  cho les t -2 -en-3-y l  t r i f l a t e  
(33)  w i t h  a l l y 1  a l coho l  i n  t h e  presence o f  Et3N i s  t h e  o n l y  example descr ibed.  Two i somer i c  
a l l y l i c  a l coho ls  were i n  t h i s  case i s o l a t e d .  

I n  t h e  presence o f  
n-BudNC1, v i n y l  t r i f l a t e s  

t h e  d i a l l y l i c  a l coho l  Z-1,4-butendiol  (341, NaHC03 o r  K2CO3 , and 
a f f o r d  hemiacetals (36 )  i n  good t o  h i g h  y i e l d . 2 9  

X 

R \ I  
R 

RoTf + P O H  - Pd(0) si-R& HO ro c e l  i t e  

(35)  (36) (37 )  
80 % 88 % 

I n  t h i s  r e a c t i o n  (34 )  behaves l i k e  a s y n t h e t i c  e q u i v a l e n t  o f  4-hydroxy-2-butenal  and 
t h e  a l d o l  (35 )  f o r m a l l y  corresponds t o  i t s  con jugate  a d d i t i o n  d e r i v a t i v e .  Hemiacetals ( 3 6 )  
can be smoothly conver ted  i n t o  B-substituted-y-butyrolactones (37 )  by o x i d a t i o n  w i t h  Ag2C03 
on c e l i t e  so t h a t  t h e  o v e r a l l  process a l l ows  an easy and e f f i c i e n t  i n t r o d u c t i o n  o f  t h e  
bu ty ro lac tone  r i n g  i n t o  w i d e l y  d i f f u s e d  k e t o n i c  compounds. The r e a c t i o n  has been 
s u c c e s s f u l l y  extended t o  a v a r i e t y  o f  a r y l  h a l i d e s  c o n t a i n i n g  severa l  f u n c t i o n a l  groups. 

d) Alkynes 
Simmet r i ca l l y  d i s u b s t i t u t e d  alkynes r e a c t  w i t h  a r y l  and v i n y l  h a l i d e s  i n  t h e  presence 

o f  t h e  fo rmate-pa l lad ium system t o  g i v e  s t e r e o s e l e ~ t i v e l y ~ ~ ~ ~ ~  hyd roa ry la ted  and hydro- 
v i n y l a t e d  produc ts  (40)  accord ing  t o  t h e  f o l l o w i n g  r e a c t i o n  pa th .  

Very l i k e l y  t h e  r e a c t i o n  proceeds th rough t h e  syn -add i t i on  o f  t h e  i n  s i t u  formed a r y l  
o r  v i n y l p a l l a d i u m  in te rmed ia te  t o  t h e  carbon-carbon t r i p l e  bond, f o l l o w e d  by t h e  r e a c t i o n  o f  
(38 )  w i t h  fo rmate  t o  g i v e  ( 3 9 ) .  Subsequent deca rboxy la t i on  and r e d u c t i v e  e l i m i n a t i o n  o f  
pa l l ad ium g i ves  r a i s e  t o  t h e  o l e f i n i c  d e r i v a t i v e  (40) .  

The i s o l a t i o n  o f  t h e  deutera ted  o l e f i n i c  d e r i v a t i v e  when t h e  r e a c t i o n  i s  c a r r i e d  o u t  
w i t h  monodeuterated fo rm ic  ac id ,  OCOOH, i s  c o n s i s t e n t  w i t h  t h e  above mechanism, 

With v i n y l  h a l i d e s  t h e  r e a c t i o n  a l lows a conven ien t  e n t r y  i n t o  func t i ona lyzed  
s te reode f ined  1 ,3 ,4 - t r i subs t i t u ted  dienes n o t  e a s i l y  a v a i l a b l e  by known procedures.32 
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Ph 

& OMe 72 % 

Pd ( OAc 12 ( PPh3 12 L 
Et3N, HCOOH 

M e C e E e B M e  + Ph-' DMF, 6OoC, 3 h - 

An i n t e r e s t i n g  f e a t u r e  o f  t h e  r e a c t i o n  i s  t h e  p o s s i b i l i t  t o  c a r r y  ou t  a one-pot 
syn thes is  o f  tr i  subs t i  t u t e d  a1 kenes f rom monosubst i tu ted  a1 kynes. $0 

P h - s  t PhI I -  =- 
MeCN, 80°C, 3.5 h 

Ph 

Ph-Ph 

Pd( OAc )2 (  PPh3) 2 
EtqN,  HCOOH - 96 % 

The r e a c t i o n  o f  phenyl ace ty lene w i t h  4-tert-butylphenyliodide under e l e c t r o r e d u c t i v e  
cond i t i ons ,  however, a f f o r d s  t h e  o l e f i n i c  d e r i v a t i v e  (41  

(P i -ca thode)  (41  1 

I n  t h e  presence o f  unsymmet r ica l l y  d i s u b s t i t u t e d  ace ty lenes  a l a c k  o f  r e g i o s e l e c t i v i t y  
i s  t o  be expected un less  a bu l ky  end i s  i n t roduced  on one s i d e  o f  t h e  carbon-carbon t r i p l e  
bond. I n  f a c t ,  t h e  r e a c t i o n  o f  a r y l  i o d i d e s  w i t h  a r y l  and a l k y l  ,ethynyltrimethylsilanes (42 )  
shows t h a t  s t e r i c  h indrance can c o n t r o l  t h e  reg iochemica l  outcome o f  t h e  r e a c t i o n .  The b u l k y  
t r i m e t h y l s i l y l  group favours  t h e  r e g i o s e l e c t i v e  fo rma t ion  o f  (43 )  .33 

Pd ( OAC 12 ( PPh3 1 Ar A r  

A n-BugN, HCOOH 
(42 )  R SiMe3 R SiMe3 R 

r +r  
R 

R-=- - SiMe3 t A r - X  

R = a l k y l  , a r y l  

Depending on t h e  na tu re  o f  t h e  f u n c t i o n a l i t i e s  i n  t h e  s t a r t i n g  e t h y n y l s i l a n e  (42 )  and 
a r y l  i od ide ,  v a r i a b l e  amounts o f  t h e  reg io i somer i c  v i n y l  s i l a n e s  (44 )  can be i s o l a t e d  as 
w e l l  as t h e  d e s i l y l a t e d  o l e f i n s  (45 )  and (46) .  The r e a c t i o n  i s  w e l l  s u i t e d  a l s o  f o r  d i r e c t  
conve r t i on  o f  (42)  t o  1 , l - d i s u b s t i t u t e d  e thy lenes  (45 )  w i t h o u t  i s o l a t i o n  o f  t h e  s i l y l  
i ntermedi ates.  

Me0 L 

The a d d i t i o n  o f  an hydroxy group on t h e  b u l k y  end o f  t h e  a c e t i l e n i c  system can p rov ide  
b e t t e r  r e g i o s e l e c t i v i t y  very  l i k e l y  through t h e  involvement o f  hydroxy l  c o o r d i n a t i o n  t o  
pa l l ad ium i n  t h e  a d d i t i o n  s tep  p a r a l l e l i n g  t h e  dominant s t e r i c  c o n t r o l .  

Several a r y l  ,ethynyldialkylcarbinols have been r e g i o s e l e c t i v e l y  conver ted  
- d i a r y l a l l y l i c  a l coho ls  i n  good t o  h i g h  y ie ld .34  

JMe 
Me 

Pd( OAC )2 (  PPh3 12 
p i p e r i d i n e ,  HCOOH 

& z e O M e  + ($ DMF, 60°C, 8 h 

1 

i 

% 

n t o  Y I Y -  

OMe 
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The r e a c t i o n  o f  propargy l  a lcohol  d e r i v a t i v e s  w i t h  v i n y l  h a l i d e s  holds promise as a 
convenient e n t r y  i n t o  1,3-dienes con ta in ing  an oxygen atom and a cen te r  o f  c h i r a l i t y  a t  t he  
a l l y l i c  pos i t ion.32 The na tu re  o f  t h e  base, t h e  l i gand ,  and t h e  temperature a f f e c t  t h e  y i e l d  
and t h e  regiochemical  outcome o f  t he  r e a c t i o n .  

Since the  syn s tereochemist ry  o f  a d d i t i o n  o f  organopal lad ium species pushes the  
subs t i t uen ts  o f  t h e  ace ty len i c  system on t h e  same s ide  o f  t he  carbon-carbon double bond, i n  
t h e  presence o f  s u i t a b l e  f u n c t i o n a l i t i e s  i n t ramo leco la r  c y c l i z a t i o n  can f o l l o w  t h e  a d d i t i o n  
s tep  p r o v i d i n g  access t o  s u b s t i t u t e d  c y c l i c  d e r i v a t i v e s .  This  a d d i t i o n / c y c l i z a t i o n  
methodology has been success fu l l y  app l i ed  t o  t h e  r e g i o s e l e c t i v e  synthes is  o f  3-ary l  and 
3-a1 kenyl  butenol ides (48)  f rom a1 k y l  4-hydroxy-2-a1 kynoates (47)  and a r y l  and v i n y l  
ha1 ides  .35 

R2X 

Pd(0) x 
R2 Ribo 32-93% 

' W  \pd' R2 n-BugN, HCOOH 

R =&: ~ ~ ! $ ~ 3 ~ ~ ! ~ ' !  -,to; (48)  

R 1  I 
R t = A (  t R2PdX -R1 

O E t  
OH (47 )  R 

Cycl i z a t i o n  t o  t h e  butenol  i d e  r i n g  occurs under hydroary l  a t i o n ( v i n y 1  a t i o n )  cond i t i ons .  
It i s  o f  i n t e r e s t  t o  r e p o r t  t h a t  i n  the  presence o f  t h e  palladium-tributylanunonium 

formate reducing system, o m i t t i n g  a r y l  and v i n y l  ha l i des ,  e t h y l  4-hydroxy-2-alkynoates 
undergo a hydrogenat ion/cycl  i z a t i o n  r e a c t i o n .  

0 Pd ( OAC 2( PPh3) 2 

DMF, 60°, 7h 
,'OEt n-BugN, HCOOH c d 0  69% 

OH 

This  r e a c t i o n  appears t o  be a use fu l  a l t e r n a t i v e  t o  es tab l i shed  rocedures us ing  
molecular  hydrogen/Lindl  a r  c a t a l y s t  f o l l owed  by a c i d  ca ta l yzed  c y c l  i z a t i o n .  l 6  

CONCLUDING REMARKS 
A number o f  hydroary l  a t i o n  and hyd rov iny l  a t i o n  r e a c t i o n s  on carbon-carbon double and 

t r i p l e  bonds have been explored. These reac t i ons ,  s imple t o  c a r r y  o u t  and n o t  r e q u i r i n g  any 
speci a1 techniques, are n o t  o n l y  mechan is t i ca l l y  i n t e r e s t i n g  b u t  a1 so represent  a use fu l  
t o o l  i n  organic  synthes is .  The c o m p a t i b i l i t y  w i t h  many f u n c t i o n a l  groups makes them o f  value 
f o r  prepar ing p o l y f u n c t i o n a l  d e r i v a t i v e s  w i t h o u t  t h e  necess i t y  o f  employing p r o t e c t i n g  
groups. P a r t i c u l a r l y ,  t he  conjugate addi t i o n - t y p e  r e a c t i o n  o f  a,B-unsaturated carbonyl  
compounds widens f u r t h e r  t h e  usefu lness and t h e  scope o f  a w e l l  es tab l i shed  methodology and 
the  h y d r o a r y l a t i o n  and h y d r o v i n y l a t i o n  o f  ace ty len i c  systems p rov ide  t h e  organic  chemist  
w i t h  complete ly  new s y n t h e t i c  o p p o r t u n i t i e s .  
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