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Foreword 

Palladium chemistry and its application to the synthesis of organic compounds already has a long 

history. It was involved in the shift of raw C 2 materials from coal chemistry via acetylene to oil 

chemistry via ethylene. For years the Wacker process (which is palladium catalyzed) provided several 

million tons per year of acetaldehyde from ethylene. From the 1960s, homogeneous catalysis by 

palladium complexes started to be applied to more complicated organic molecules (Tsuji-Trost allylic 

substitution, Heck, Stille, Neghishi or Suzuki coupling reactions, B~ckvall functionalization of dienes, 

etc.). In the last 10 years, organic transformations catalyzed by palladium complexes have become 

one of the most active fields in homogeneous organometallic catalysis as judged by the number of 

publications per year. They are used routinely in multi-step total syntheses, as well as in fundamental 

research (e.g. the recent developments in asymmetric catalysis). Mechanistic details of the various 

catalytic cycles are reasonably well understood. 

It is therefore opportune that this handbook is offered to those synthetic organic chemists wishing 

to take advantage of the rich chemistry of palladium for solving their problems. This handbook has 

been prepared for practitioners by Dr. J.-L. Malleron, an industrial chemist (Rh6ne-Poulenc-Rorer 

Co., Vitry, France), and Prof. J.-C. Fiaud and Dr. J.-Y. Legros from Universitd Paris-Sud (Orsay, 

France). For each class of reaction, a mechanism taken from the most recent literature is included 

which aids understanding and optimization of a given process. This handbook originates from a 

computerized database of more than 3,000 references which has been created and organized by Dr. 

Malleron. 

The aim of the book is to provide the user with the main organic transformations catalyzed by 

palladium complexes, with a choice of references, in order to find the closest example for solving a 

given problem. To that end, structural features of the reactants as well as some experimental 

parameters are indicated in the tables. The reactions are numbered from RXN1 to RXN84. This large 

number of transformations shows the power of palladium homogeneous catalysis. This handbook 

offers the synthetic organic chemist in either industry or academia an impressive source of inspiration 

and information. The manipulation of this handbook is not difficult and is helped by the instructions 

given by the authors. It is also very useful for the reader to have access to the corresponding 

database on diskette. This greatly extends the scope of the book since it allows searching by 

keywords. 

In conclusion it is very fortunate that this important work of selection and classification of data on 

palladium-catalyzed reactions originally from an industrial chemist, is now available to the scientific 

community. I congratulate the authors and wish them every success in their enterprise. 

H. KAGAN 
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NOTES 

The references are given with abbreviations from the CAS source index. They are indicated 
as follows: 

name of the main author, abbreviation of the journal, year, first page 

or, when necessary, 

name of the main author, abbreviation of the journal, year, volume, first page 
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I-INTRODUCTION 

Organometallic chemistry is widely used by organic chemists and palladium chemistry is probably one of 

their most versatile tools. For synthetic and economic masons, catalyzed reactions are preferred to 

stoichiometric reactions. It is very important to have a good knowledge of the synthetic aspects of organic 

chemistry, promoted by palladium complexes and of the catalytic cycles involved. In spite of excellent 

reviews and series having been published on this topic, it appears difficult to quickly and easily find 

complete information in this area. 
{ 

This review provides a compilation of the most well-known catalytic reactions related to organo- 

palladium chemistry. The references have been covered up to November 1995. The mechanisms are 

generally described with respect to the data in the literature and by the use of information found mainly in 

publications. For each catalytic cycle, the chemical parameters are listed and one or more related 

references are given. As an example, for the cross-coupling reactions between RX and R'M, the identity 

of R, R', X, and M parameters are defined. The references which are quoted contain at least one 

example of these parameters . A few palladium-catalyzed reactions are not reported in this review 

because of insufficient data concerning the mechanism or because the reaction affords a complex 

mixture of products. 

For classification, a name has been assigned to each reaction related to a reaction number (RXN) and 

these have been listed. With this classification, for any general mechanism presented here, it is possible 

to identify very quickly to which class the reaction belongs from the table of contents. 

The first chapter presents the graphical abstracts for all the reactions (reaction numbers) which are 

described in this handbook. Thus it is easy to search for a reaction type and then look at the literature 

references in the tables. 

In addition, the catalytic cycles and the corresponding chemical parameters have been entered into a 

database of palladium-catalyzed reactions. As well as the various examples quoted in the publications, it 

is possible to view either the general catalytic cycle (RXN) related to each reference or all the chemical 

parameters related to a reaction number. For each reference, one or more examples have been selected 

with respect to the reaction. ISIS software (version 1.2) from MDL, EXCEL software (version 5.0c) and 

WORD software (version 6.0c) from MICROSOFT have been used. At the present time, this database is 

made available to many research centres by the Rh6ne-Poulenc company. An example of the database 

form is shown over the page. 

Any remaining errors and inaccuracies are solely the responsibility of the authors. 
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Palladium Database J Main J 
Substitution, Addition and Bimination on Pro-~-Allyl Substrates 
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Leaving Group 
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II- GRAPHICAL ABSTRACTS OF REACTION NUMBERS 

Reaction number 

RXN1 

RXN2 

RXN3 

RXN4 

RXN5 

Graphical abstracts 
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CI 
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O 

O 

OR 

I~PdX 2 
IF  
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R R' 

H 
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v 

R 
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XH 
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6 1 . L .  Malleron et al 



~ ~ ' X  
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RXN13 

RXN14 

RXN15 

RXN16 

RXN17 

RXN18 
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R X N 1 9  

R X N 2 0  

O 
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RXN23 

RXN24 

RXN25 

RXN26 

RXN27 

RXN28 
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R 
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O 
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0 
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RXN35 
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O 
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oH 
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RXN37 

RXN38 

RXN39 

RXN40 
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RXN41 

RXN42 
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RXN48 

RXN49 

RXNS0 

RXN51 
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RXN52 

RXN53 

RXN54 

RXN55 
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R 
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III-REACTIONS CATALYZED BY PALLADIUM COMPLEXES 

RXN1 Cross-Coupling of Organometallics with RX Derivatives 

pd ° 

R ~ X  + R ' - - M  . . . .  v R - - R '  
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RXN2 Cross-Coupling of Organometallics with RCOX Derivatives 
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RXN3 Cross-Coupling of Siloxycyclopropanes with RX and RCOX Derivatives 
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RXN4 Cross-Coupling of Terminal Alkynes with RX Derivatives 
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RXN5 Intermolecular HECK Reaction 
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RXN5 Intermolecular HECK Reaction 
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RXN7 Intramolecular Coupling of Di(Vinyl Halides) 
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RXN8 Tandem HECK-Anion Capture Process of Alkenes, Alkynes, Allenes and 
Dienes 
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RXN8 Tandem HECK-Anion Capture Process of Alkenes, Alkynes, Allenes and 
Dienes 
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RX 

RX 

RX 

RX 

C=C-Br 

C=C-Br 

C=C-X 

C=C-OSO2CF3 

PhBr 

RCOCI 

Arl 
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Arl 

Arl 

I-Ar-NuH 

I-Ar-(CH2)n-CHZZ ° 

I-Ar-NuH 

I-Ar-NuH 

I-Ar-NuH 

I-Ar-NuH 

C=C 

C=C=C 

C=C=C 

C=C 

C=C-C=C 

C=C=C 

C=C-C=C 

C=C-C=C 

C=C-C=C 

C=C-C=C 

C=C-(C).-C=C 

C=C-C=C 

C=C-C=C 

C=C=C 

C=C-C-C=C 

c_~c 
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Z-CH-Z' 

NR2 

Z-CH-Z' 

NR2 

NR2 

NR2 
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NR2 
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RX 

I-Ar-OH 

I-Ar-NHR 

. . . . . . . .  

C=C 

C=C-C=C 
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RXN9 Tandem HECK-Anion Capture Process of Norbornene and Related 
Compounds 

+ R'X + RM " ~v ~// ~ 'R 

R I 
pd ° 

R'PdX 

R'X 

MX 

RM 

J/  ~R' 

A 
(/I1 
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R'-X 

ArBr 

Arl 

ArX 
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R,~,,,,~'~ O 

R'-C=C-Br 

Ph-C=C-Br 
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~ ~ 1  R1 
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RXN10 Tandem Arylsulfonation-Cyclization Process 

O 

+ A r  - -  N ÷ - N n SO2Ph 

A 

PhH 

p d  ° 

P h i l  

A r P h  + H i 

A r P d H  

A r  H 
/ 

Pd 

SO 

pd  ° 

A r  

0 

I. 
A r - -  N - -  N n SO2P h 

0 

[. 
N mN 

ArPdSO2Ph 

N20 

Handbook of Palladium-Catalyzed Organic Reactions 89 



A B 
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Ar- N*= N- SO2Ar' 
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RXN11 Tandem Cyclization-Anion Capture (-Carbonylation) Process 
of Alkenes, Allenes and Alkynes 

--X + ~ (  ) n  Null 
pd ° 

base 

u 

"( )n 

, ,,,  , 

R~~"~- -  Nu 

-0 -Tu 
~ (  )n 

X 

Pd ° 

RPdX 

S ~  >n 
I 

~ ( ) °  T B- Null 
R~. ~x I Pd ~& . ~ ( ) n  

, ~ (  )n 
~CO2H 

pd ° 

base 

~~o~o 
L,.,,~ ( )n 

o~o 

, ~ j ' ~ . ~  ( )n 

PdX 

pd ° 

sa'i.s" ~ iO= = 
, ~ (  )n 

PdX 

~ x  

~ " " ' ~  PdX 

PdX CO2H 

~ O  ~ (  )n 
2C 
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RXN11 Tandem Cyclization-Anion Capture (-Carbonylation) Process 
of Alkenes, Allenes and Alkynes 

! 

pd ° 

tBuOK I 18-C-6 

,,,,, 

Z 

Z' 

pd ° 

/ 
HP 

Z 

Z' 

~ Z  + 
tBuOK 

tBuOH 

Z 

H - - P d  / ' - ~  Z' 

/ ~  z' 
H - OtBu 

~ 1 ~  tBuOH 

I Z '  

;< 
Z Z' 

__ 

IIIIII 

I 
I II I I llI 

+ R - - X  ~ R 
base O 

pd ° 
+ R - - X  " 

CO/base 

O 

o 

~"~~/PdR 
~ " ' o  

X 

pd ° 

R \ / 
Pd 
I ( 

CO 2" 

R - - X  

RPdX 

base 
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ArX 

C=C-X 
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C=C-X 

C=C-X 

"--" ,,,, (CH2)n~ Z ' 

c=c=c-c-c(z)-z' 

C ~ C - (CH2) n - -  CO2H 

z 

OH 

( )n -C- - - -C 'R '  

ZH 

~ ~ H Z  R' 

C = C =  C f - ~ N H R  ' 

C = C = C  OH 

C = C = C COOH 

NHZ' Z'HN 
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RX 

C=C-X 

C=C-C-Br 

C=C-C-OAc 

O 

- -Nu 

C=C--X 

HX 

C~. c or  C ~c 

~ , v ~ f  C02H 

-'-: = C= C 

,11- NHT$ 
0 

C - C-  (CH2) n - CO2H 

intramolecular 

intramolecular 

Z 
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C=C-C=C-CO2 H 
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RXN12 Tandem Cyclization-Anion-Capture Process 
of Ene-Vinyl, Ene-Aryl and Ene-Alkyl Halides 

pd ° 

R 

R' 

/ R  
R / 

R 

Pd(ll) 

/ 
R- ~ PdX 

~ R  

R 

Pd(ll) 

l 
p d  ° 

PdX 
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RXN12 Tandem Cyclization-Anion-Capture Process 
of Ene-Vinyl, Ene-Aryl and Ene-Alkyl Halides 

Pd ° / Et2Zn 

J ; ~ > - ~  Zn, 
1°) Pd° / B 2 Z n  

- i>----, 
w -  

2 ° ) CuCN / E + E 

CuCN ! E + 

N3C--CH3 . ~ f ~ ,  
H2 C - - -  CH 2 

PdB 2 

' ~ ~  Znl 

Et 

PdEt 

Pd" 

j 
Pdl 

BZnl Et2Zn 
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A - - - >  B 

~ ar ~ ~ ' ~ N u  
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RXN13 Tandem Cyclization-Anion Capture. (-Carbonylation) Process of Yne-Vinyl 
and Yne-Aryl Halides 

pd ° 

base I RM 

R' 

~ ~ R  
R' 

R 
p d  ° 

~ z  

/ 
PdR 

X -  

_ 

R 

pd ° 

PdX 

pd ° 

PdX 

PdX 

.x l 

HPdX 

PdX 

~ Z  
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A . . . .  > B 

R R 

R R 

R' R 
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Br 
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RXN14 Hydroarylation and Hydrovinylation of Alkenes and Alkynes 

R - - X  

R - - X  + 

H R H 

H" H 

pd ° 

H" 
R H 

CO 2 

R 

H 

H 

R PdH 

H 

t 
R ~ 

I 
OCHO 

pd ° 

R - - X  

RPdX 

H 

X" HCO 2" 
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RXN14 Hydroarylation and Hydrovinylation of Alkenes and Alkynes 

R m X  + 
p d  ° 

v 

O H" 
R ~ . / ~ ~ " - . . . ~  OH 

R ~/~... . . .~-.. . . . .~ OH ~1-----~ / ~ 1 ~  

+ CO 2 

R ~  OPdOCOH 

X" 

HCO 

R ~ OPdX 

pd ° 
R - - X  

RPdX 

Pd× 

0 

0 
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Hydrovinylation 

X , , ~  * R  "-- R H_.~ ----'~ H 
R R 
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OH 
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Hydroarylation 

.X Ar ° 
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RXN15 Reduction of Alkenes 

.••O pd o 

M--H 
R 

~ J 

O 

O 

j R  

R 
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M - - H  
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Reduction 

O O 
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RXN16 Semihydrogenation of Alkynes and 1,3-Dienes 

R R' 
Pd ° / AcOH 

Me3SiH 

R 

H 

R R' 

H H 

R R' 

H PdH 

Me3SiOAc 

Me3SiH 

pd ° 
AcOH 

AcOPdH 

R R' 

H PdOAc 
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Semihydrogenation 

2 Sill / AcOH 
C - - C  " ....... = C : C  v H o - 

HCO2H,,.. .. C : C .  
C - - C  v H H 

C " C • ; S i l l  / A c O H , =  
i1, ' -  
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RXN17 Hydroboration, Hydrogermylation, Hydrosilylation and Hydrostannation 
of Alkynes, Allenes, Dienes and Enynes 

p d  ° 
R R' + M ~ H  ,~ 

R R' 

M H 

R R' 

M H 

R R' 

\ - - /  
/ \ 

M PdH 

pd ° 
M~H 

M -- PdH 

R" 

R' 

+ M ~ H  r 

/ - ~ -  M 

~M M 
H 

pd ° 

M --PdH 

H 

M m H  
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Hydroboration 

/ / 
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Hydrostannation 
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Z OR + H S n - -  

~ 1 . ,  
Sn 

j.~l~ OR 

SR / 
+ HSn~" 
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H H \ H Ge-,, 
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RXN18 Hydroselenation of Alkynes 

p d  ° 
+ ArSeH . . . . . .  ~ ~ . /  \ SeAr 

No mechan ism is descr ibed but formally the results are the same as for RXN17  
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RXN19 1,4- Disilylation of Conjugated Enones 

+ - - S i - - S i - -  
/ \ 
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~Si 
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/ Si ~ - . , ~ / R  

pd ° 

O P d - -  

/ 
S i - -  \ 

\ j 
Si / \  

i / R  

0 

\ / 
- -  S i -  P d -  S i -  / \ 

\ 
S i - -  / 

/ 

O 

/ 
S i - -  \ 

Handbook of Palladium-Catalyzed Organic Reactions 115 



R " -  

Z 
X 
rY 

0 

+ M - M '  

+ Si-  Si 

References 

Hayashi T., Tetrahedron Lett., 1988; 4147 
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RXN20 Hydrocarboxylation, Hydrocarboalkoxylation and Hydrocarboamination 
of Alkenes and Alkynes 

" + CO / ROH 
~ CO2R 

Pd(tt) 

" + CO / ROH ~ ~ CO2R 

~ CO2R 

ROH 

CO2R PdXL 2 

PdX2L 2 
~ ~  ROH 

HX 

ROPdXL 2 

O 

RO 

" ~  CO 

---O 

RO ~ PdXL z 

S 
\PdXL 2 

CO I HCO2H ,= ~ CO2H 

Pd(ll) + PR 3 

+ CO I HCO 2 H ~ ~ CO2 H 

CO2H 

Pd(OAc) 2 
~l,. cO+ PR3 

H ~ / O ~ j j O  CO 2 + Ac20 

+ L ~ LPdCO CO 

co  

PdL 

H LzPd 
HCO2" 

CO 
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RXN20 Hydrocarboxylation, Hydrocarboalkoxylation and Hydrocarboamination 
of Alkenes and Alkynes 

~ S i R  3 + CO / ROH 

Pd(ll) 

SiR s + CO I R'OH p.. 

/ 
R'O=C 

/ 
R'OzC 

SiR~ / 

s~ - - /  

R'O2C 

~ S ~ R 3  

xPd\ ~ s , ~  

0 

PdX= 

~ ' ~  PdX 

~ s ~  

~ ~ CO 

PdX 

~ R'OH 

I~ ~ ~ -  COzR, 

HPdX 

XPd ~ SiRs 

S~R3 
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,~ + COIROH ---b, ~ CO2R 

~. ----b, ~CO2R 

P h ~  ~ Ph 10020H3 

R ~ ,  HCO2H R ~ C O 2 H  
R' CO R' 

HCO2H ""v '~'""""~ C02H 
CO 

R ! 

.CO2R 

• ~ ~ ~ C02Bu 

R 
R CONEt 2 
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Alper H., J. Org. Chem., 1993; 3595 

Alper H., Tetrahedron Lett., 1994; 6203 

Alper H., I MoL CataL , 1991; 67, 29 

Miura M., Tetrahedron Lett., 1992; 5369 

Alper H., Organometallics, 1993; 712 

Alper H., J. MoL CataL, 1995; 96, 197 

Torii S., Chem. Lett., 1991; 1673 

SiR' 3 + CO/ROH ~ R'3Si ~ CO2R 

-'--41=, Me3Si ~ CO2R 
/.~" SiMe 3 

R, ~-/SiMe3 SiMe~ R',~ 
CO2R 

HCO2CH 3 CH 2= CH 2 , ~ CH3CH2CO2CH 3 

References 

Takeuchi R., J. Org. Chem., 1992; 4189 
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RXN21 Tandem Carbonylation-Arylation with Alkynes 

O R Pd ° 

A r - - X  + ~ ......... - -  / 
/ 

Ar' CO / NB: 3 Ar' 

O ~ ,,, Ar 

R O 

Ar' 

salt 

base 

O 

Ar' O 

HPdX 

Ar 

PdX 

R 

y_. pd ° 

• 
0 

- -  r' . ~  Opd x 

A 

A r - X  

ArPdX 
f CO 

Ar 

O 

PdX 

!•O Ar ° 
Ar' . ~  O 

XPd R 

/ Ar O 

R 
/ 
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RXN21 Tandem Carbonylation-Arylation with Alkynes 

A r - X  / 
At' 

Ar O O 

CO/NEt 3 ~ Ar' 

Ar O O 

XPd 
HO - ~ 0  

Ar 
Ar' 

CO _-2 
XPd 

H ~  ~ ~ A r '  

Ar 

pd ° 

ArX I CO I NEt 3 1 

Ar' 

~ , ~ / /  .... / , NEt~,Nx 

O ~o 

HPdX 

NEt3'HX Ar 

) 

O 

PdX 

At' 

2] 
O 

XPd Ar ° 

Ar' 
/ 
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Ar 
x 

S 

A - - - >  B 

ArlX + A r ' ~  ~ ~ A r '  

0 0 

+ Ar' R ~ Ar 

Ar' R 

References 
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RXN22 1,2-Dimetallation of Alkynes and Alkenes and Related Reactions 

pd ° 
R ~  + M w M  ' .~ 

R H 

M' M 

R H 

M'  M 

R H 

M '  Pd - -  M 

pd ° 

M' ~ P d ~  

M ~ P d  ~ M'  

M - - M  I 
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RXN22 1,2-Dimetallation of Alkynes and Alkenes and Related Reactions 

/ I S i ~  i Pd(OAc)2 + talkyI-NC 
I+~ ~ Si I 

(x)~- "(X)rr "// 

Pd ° 

I j l S i  

\(x)~'~- f+-+ 

I 
Pd 
Si 

(x)6,// \ 

Pd(OAc)2 + talkyI-NC 
\ l z  

Si 
I 

\ / \  
(x)~ 

\ / \  
-(x)~- 

/ 
~ P d ~ S i - -  

l \ 
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R R' 
R-C-C-R'  + M - M '  -----~ 

M' M 

Si-Si 

Si-Sn 

Sn-Sn 
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Chenard B.L., J. Org. Chem., 1986; 3561 
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Kocienski P., Synthesis, 1994; 1301 

Piers E., Can. J. Chem., 1994; 2468 

Mitchell T.N., J. Organomet. Chem., 1983; 241, C45 

R-C--'CH + M - X  

Si-CN 

Ge-CN 

RS-B(R')2 

R H )-=( 
X M References 

Chatani N., J. Org. Chem., 1988; 3539 

lto Y., Tetrahedron Lett., 1994; 8635 (intramolecular) 

Chatani N., J. Org. Chem., 1990; 3393 

Chatani N.,J. Organomet. Chem., 1994; 473,335 

Suzuki A., J. Am. Chem. Soc., 1993; 7219 (then protonolysis) 

M 

Si-Si 

References 
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RXN23 1,2-Dimetallation of Isonitriles 

R N - - C  + 
I ~ S i ~ M  
I 

pd ° 
v 

\/ 
Si~ 

R--N~--~ 
M 

\ /  

M 

M II Pd 
N 

R 

p d  ° 

\ 
S - - -~ -Pd  ~ M  / 

\ 

/ 

R ~ N ~ C  

I / 
M ~ P d  ~ S i ~  

\ 

w N m  c 
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R-N--'C + M-M'  ~ R-N=C." 

Si-Si 

Si-Sn 

M 

M' 
References 

lto Y., J. Am. Chem. Soc. , 1991; 8899 
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RXN24 1,2-Dimetallation of Allenes or 1,3-Dienes 

/ 
M ~ S n ~  \ 

pd ° 
M 

v 

/ 
Sn- \ 

M 

/ 
~ i n ~  

pd ° / 
M ~ Sn \ 

M ~ Pd 

/ 
S n ~  \ 
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RXN24 1,2-Dimetallation of Allenes or 1,3-Dienes 

pd ° 
M ~ M '  ~ M 

M' 

~ M 

M' 

Pd-M' 

Pd-M' 

Pd ° ~ ~ _ _ _ ~  M ~ M '  

/ Pd  
M M I 
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M 
C = C = C  + M - M '  ~ ~-::::::~ M' 

M-Sn 

Si-Si 
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IVt 
d 

M 
M 
M 

Sn-Sn 

Sn-Si 

Si-Si 
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RXN25 Coupling of Aryl Derivatives with Alkenes Involving a Pd(ll) Catalyst 

PdXz ~ Z 
Ar-Y + ~ " " ~  Z ~ Ar 

[Ox.] 

A r f ~ ~  / 

[Red.] 

[Ox.] 

Nx.  
qt••11• ~ Ar-Y 

PdX= 
• Y-X 

pd ° 

HPdX 

Ar 

z 

ArPdX 

PdX 
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L~ 

Z 
X 
rY 

Y 

HgCI 

NaB(Ph)3 

Ar2Sb 
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RXN26 Homocoupling of Aryl and Vinyl Derivatives 

A r -  Y 
PdX 2 

I , . .  
v 

[Ox.] 

~ y  

A r - -  Ar 

[Red.] 

[Ox.] 

YX 

Pd" 

PdX 2 

YPdX 

-Y 

YX 

ArPdX 

Ar-Y 

Ar ~ Ar  
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Ar-X 

Ar- SO2CI 

Ar- HgCI 

SnR 3 

A - - - >  B 

Ar- Ar 

Ar- Ar 

Ar- Ar 

References 

Heitz W., Synlett., 1991; 809 
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RXN27 Codimerization of Alkynes 

R ~  + R' Z 
L2PdX 2 

R I 

Z 
R / ~ ~ 1 ~  

R ~ PdX2L 2 

Z R' 

H 
I 

R -  ~ PdX2L 
1 

Z ~ R' 

L2PdX 2 

R 

L R' 

R ~  
1 

L ~ P d X  2 

L 

PdX2L 2 
I 
H 

Z 
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RXN27 Codimerization of Alkynes 

R + / 
HO 

Pd(OAc)2 + L 

f'-Z 
R ~  O Pd(OAc)= R - - ~  

o~ Z Pd(OAc)= 

N R ~ 

AcOH HO AcOPd 

AcI~t 

Z 
L2Pd(OAc)2 

AcOH 
L=PdOAc 

/~ Z 

H 

R ~ Pd(OAc)L 
1 

/ z 

HO L ~ R 

/ 
HO 

L 

R 

t 
LPd(OAc):, 

PdlOAc)L 2 
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A . . . .  > B 

R ' - C - C ' Z  + R'C=-CH ~ R ' C - C - C : C H Z  
I 

R' 

R' /-"Z 
R--- . z _ ~  ~ ~ o  

OH R R' 

References 

Trost B.M., jr. Am. Chem. Soc., 1987; 3486 
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r,.- 
c~j 
Z 
X 
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RXN28 Codimerization of Terminal Alkynes with Allenes 

R' Z 
R ~ + ~ ~ ~ LzPdX2 

H H 

Z 

R 

Z 

R 

I . 

PdXL 2 Z 

R' Z 

/ - -  ~ 
H H 

L2PdX 2 
R ~  

L 

L PdXL 2 

PdX2L 

HX 
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A . . . .  > B 

R'.,, , ,  Z / - - R '  
R-C=CH + .C:C:C~,  H ~ R - C - C  -% 

H Z 

References 

Trost B.M., Jr. Am. Chem. Soc., 1990; 2816 

.... t 
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RXN29 Codimerization of Alkynes and Allyl Halides 

R R' + ~ ~ v / x  
PdX 2 

R 

X 

R 

X 

XPd 

R R 

X 

l 
R R 

I1~~× × 

i / 
X 

PdX 2 

R 

PdX 2 

l 
R R 
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RXN29 Codimerization of Alkynes and Allyl Halides 

J 

o 

PdX 2 / AcOH 

o 

XPd X 

X 

0 0 ~.. 

~, o 

x 

o" 

x 
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(3b 
c,q 
Z 
X 
n," 

A . . . .  > g 

R - c = c . .  

R1-C'C-R 2 + ~ X  ~ . ~ R  2 
X 

+ , ~ ~ R 1  

X 

=, , , , ,x  

OAc 
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RXN30 Cyclopropanation of Alkenes and 1,3-Dienes by Diazomethane 

PdX= 

/••-I• PdX2 

X 

/ 
× 

< 

~'/ N, 
N2 

CH2N 2 
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o 

NHSO2R 
0 

~,~x 

A---> B 

0 

• j l ,  NHSO2 R 

0 

__. I>~× 

~ CO2Et 

- - *  I>~~R 
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RXN31 Rearrangement of ~-Hydroxy Diazo Compounds 

R OH 
~ . .  ~ CO2Et 

N2 

PdX 2 
O 

R ~ ~  CO2Et 

R' 

0 

R ~ ~  CO2Et 

R' 

HX 

PdX 2 

O 

R' 

HX 

R OH 
R' ~ ~  CO2Et 

N2 

H 
I x 

R'- ~ ~ ~ / ~  ~ X 
COzE t 
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N2~ OH 
CO2Et 

A---> B 

0 
• ~ CO2Et 

References 

Kim S. W., Synthesis, 1983; 197 
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RXN32 Substitution, Addition and Elimination on Pro- ~-Allyl Substrates 

Pd ° ~ x  ..... 1 -  ~ ~ u  
Nu 

subs Pd° 

Nu 

+ 
Pd X 

0 pd ° 

NuH 

NM 

v OH 
, 

Nu 

Nu ~ ~ , ~ , . ~  OH 

OH 

Nu 

N u - - H  

p d  ° 

~ . j - ! ~  O - 

÷ 
Pd 

0 
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RXN32 Substitution, Addition and Elimination on Pro- ~-Allyl Substrates 

~ 
~ ~ ' ~ "  x - 

MX'n+ E + 

SnCl2(OCH 3) 

OCO2CH3 

RCHO R Pd° 

OH / ~ CO2 

I CI ~ Sn -- CI Pd ÷ -OCH 3 t OCH3 

SnCI 2 

OCO2CH 3 

OCOzCH 3 

pd ° 

P(OiPr) 3 

P(OiPr) 3 

pd ° 

CH302C O" * PdOCH3 

CH302CO 
Pd 

\ 
OCH s 

OCO2CH 3 

OC02CHs / 

OCO2CH 3 

Pd ÷ "OCO2CH 3 

CO 2 

1 4 8 J . - L .  Malleron et al 



Leaving Group 
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m 
/ /  

Leaving Group 

OCO2N=C(Me)2 

OCONHR 

OCONR2 

ON=C(Me)2 

OC(R)=NR' 

OC(NHR)=NR' 

OC(SMe)=S 

OPO(OR)2 

OP(Ph)3 + 

OTs 

OTHP 

ONO2 

OAIMe2 

OBR2 

OB(Ph)3 

OSiMe3 

NEt2 

NR2 
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Leaving Group 

RNH2* 

R2NH* 

R3 N+ 

N(Ts)(R)- 

NO2 
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S ~ 

NCI~N.Ph 
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C! 
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Nucleophi le  - Carbon 
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Nucleophile - Carbon 
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Nucleophile = Carbon 

HO Me 

Me ~ Me 

HN N 
• s 

S 
02 

OH 
HO.~'.v~O 

R O 

OxO 
Me Me 
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SO 2 k ._ /  

C=C(OEt)-SnR3 

R2C=C-O(-) 
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Nucleophile = Heteroatom 
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Nucleophile - Heteroatom 
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Nucleophile = Hydrogen 
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RXN33 [3,3]-Sigmatropic Rearrangement and [1,3]-Shift on Allylic Derivatives 

Pd(ll) 
i , , - -  

I1 
z 

~ y  
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~ Z 

[1,3]- Shift 

Pd(il) 

l 
p d  ° 

Pd 
X - - Y - - Z  

~ ~ x  

~ z 
Y 
II 
x 

[3,3]- Sigmatropic rearrangement 
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Z X J 
Y 

~y 
II 
z 
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~ S ' P h  
I I  
NTs 

R1 R2 

A - - - >  B 

Ts 

T s  
i 

~N.s-Ph 
II 
0 

R 1 . N ' S ~ , , ~ ~  
R2 R3 

References 

Inomata K., Chem. Lett., 1985; 931 

Pyne S.G., Tetrahedron Lett., 1995; 3029 

Murahashi S-I., Tetrahedron Lett., 1985; 5563 

1 7 4 J . - L .  Malleron et al 



RXN34 1,3-Diene Monoepoxide Rearrangement 
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RXN35 Ring Extension of Cyclobutane Derivatives 

PdCl 2 

CuCI 2 / 0 2 / H20 

O 

2 HCI+ 112 O 2 ~  2 CuCI 4 - ~ . ~ / / ~ ~  "JP 

H20 2 CuCI 2 

pd ° 

HCl 

PdCI 2 

HPdCI 

~ +  H20 

HCI 

~H 
O ~  PdCI 

0 
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RXN35 Ring Extension of Cyclobutane Derivatives 

OH 
PdX 2 

BQ 

O 

2 HX 
+ BQ 
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RXN36 [3+2], [3+4], [3+6], [1+2] Cycloadditions 

pd ° 

:•OAc + 

SiMe s Z 

pd ° 

Z 

Pd 

~ z  

pd ° 

Pd 

Pd 

~ ~  SiMes 

OAc 

S,  iMe s 

Pd "OAc 

MesSiOAc 

Z ÷ 

: : ~ O C O 2  R 
"~ " "  Z' 
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Z 

Z . ~  Z' 

Pd 

~ " "  Z' 

pd ° 

=. 

Pd 

Z 

Z' 

Z 

"" t 

CO z 

Pd + "OR 

4tf ROH 
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RXN36 [3+2], [3+4], [3+6], [1+2] Cycloadditions 

O 

0 ~ NTs + p d  ° 
v 

NTs 

NTs ~ NHTs 

~ NHTs 

pd ° 

0 

O NTs 

" ~ 1 ~  CO2 

" NTs NTs 

~ NTs 

~ NTs 

~ -NTs 
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[3+2] Cycloaddition 
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[3+4] Cycloaddition 

O ~  C02CH3 

References 

Trost B.M., Chem. Lett., 1994; 2245 

[3+6] Cycloaddition References 

Trost B.M., J. Am. Chem. Soc., 1987; 615 

[1+2] Cycloaddition 

o==( 
0 

o ~o 

Si ~ OAc 
O 

O 
R " ~  OCO2Et 

/ C=C 

/ C=C 

/ C=C 

/ C=C 

References 

Murai S., J. Am. Chem. Soc., 1990; 9646 

Murai S., J. Org. Chem., 1993; 1173 

Trost B.M,, J. Am. Chem. Soc., 1989; 4430 

Murai S., J. Org. Chem., 1993; 9 

Handbook of Palladium-Catalyzed Organic Reactions 183 



RXN37 Intramolecular Ene-Like Reactions 

AcOH 

OAc 
Pd ° I R-M 

CO 

A cOH or THF 

CO 

R 

ROH 

v 

~ 2R 

~~ '~. /OAc 

HPdOAc 

. 

Pd" pd • 

dOAc 

~~ /PdOAc  

~ ' ~ ~  PdOAc 

AcOH 

._2 @o 
, -~ CO2R 

HPdOAc ~ ~ J ~  
O 

Ac 

/PdOAc 

CO 
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RXN37 Intramolecular Ene-Like Reactions 

 0Ac Pd(dba) 2 

AcOH 
(leq) 

LiOAc 
(~eq) 

OAc 

~ OAc 

"OAc ~ / /  Pd + -OAc 

pd ° OAc 

"l~~OAc 
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A---> a 
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R 

~ O A c  . 

OAc 

OAc 
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- - R "  

R' R' 

RN 

OAc 

OAc 
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Tandem reaction 

~ O R  C__~ ( ~ 0  

~c-%" ,¢"(~ 
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RXN38 Cyclization of Hexatrienolate Derivatives 

OTMS 

L2PdX 2 

O 

O OTMS 

\ O 

L2PdX 2 

f 

OTMS 

Me3SiX + L 

~ PdXL 
~ L 

0 
@ PdL2X 

~dL2 x 
O 

% 

1 0 

O 

PdL2X OH ~ ~ 1 ~  
L2PdXH 

pd ° 

HX 
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A - - - >  B 

OTMS 0 
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RXN39 Amination.or Amidation of Alkenes 

ArNHR + ~ Z 
PdX 2 

Ar 
J 

H2BQ 

PdX 2 

NX 

pd  ° 

HPdX 

R 
I 

Ar 

R 
/ 

Ar ~ N PdX 

X 
H Z 

X~d 

Z 

ArNHR 

HX 
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A- - ->  B 

ArNHR + v~'Z ~ ArN ~ z  
I 

R 

O O 
(~NH + ~'~"Z ~ t ~ N  ~'~''z 

, • . . p t  
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RXN40 Alkoxylation of Alkenes and Alkynes 

ROH + ~ Z 

PdX 2 

J ° ~  z 

ROH + ~ , ~  
PdX 2 

O J 

J ° ~ z  * ~ . ~ . ~ ~  

. x  

PdX z 

R m O  

H 

PdX X2Pd 

\~'~z 
Z 

HX ROH 
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A - - - >  S 

ROH + / '~"Z ~ RO ~ z  

OH OR' OR' 
+ ~,,~I~oR, ~ R , , ~ O s I ~ o R  , 

MeOH + MeO2C "--  

AcOH + ~ - - Z  

CO2Me 
/ 

CO2Me ~ ~OMe 
CO2Me 
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OAc 
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CO2R' RO CO2R' 

References 

Hosokawa T., Chem Lett., 1989; 2001 

Ohshima M., Chem. Lett., 1984; 1535 (tandem reaction) 

Tani K., Chem. Lett., 1994; 1283 

Lu X., Tetrahedron Lett., 1992; 7205 

Midai M., Tetrahedron Lett., 1995; 5585 

Murahashi S.I., J. Organomet. Chem., 1994; 470, 253 (- XPdOH) 

. . . .  

i 

Handbook of Palladium-Catalyzed Organic Reactions 193 



RXN41 Acetalization of Alkenes 

/OH 

~o. ~ Z  
PdX 2 
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PdX 2 

~ " "  Z 

HX 1. z 

~ H  PdX H 

PdX 2 
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z ~ . ~  HOO 

F~IX 

Z O 
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OH 

X--Pd--H 

HPdX 

02 

Z O~ 

HX 

Z 

I o. 
PdX= 

Z 
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O 
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\ 

Z 
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O Z 

C R C + ROH ~ O 
OH 
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RXN42 Allylic Acyloxylation of Cycloalkenes 

F PdXz 

BQJ MnO 21 AcOH \ 
OAc 

Mn(OH) 2 MnO2 

÷ 2AcO 

Pal" 

HPdX 

\ 
OAc 

'( I 
~1×2 ~ R:IX 2 

AcO PdX 

HX PdX 

MnO 2 

Mn(OH) 2 

HiBQ " ~ I '  

lad - 

HX 

HPdX 

OAc 
AcOH 
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A---> B 

(~) -----I~ (~OAc 

0 
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RXN43 Tandem Acyloxylation-Cyclization of 1,5-Dienes 

.. - ~  PdX 2 

~" -.I,,,,,..,,,..~ BQ/Mn021AcOH 

1,5-diene 

OAc 

\ 

Mn(OH)= 
MnO 2 
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PdX 2 
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RXN44 Tandem Acyloxychlorination-Cyclization of 1,6-Dienes 

"~~ PdCl2 

CuCl2/AcOH 

1,6-dlene 

  o , c  

CI 

~ OAc 

CuCI 2 + AcOH ~ ' ~  
v~ ~ Pd(.) 

~ OAc 

PdCI 

PdCI:, 

OAc 
kinetic 

AcOH 

2 0 0 J . - L  Malleron et al 



A---> B 
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RXN45 1,4-Acyloxychlorination of 1,3-Dienes 

~ Pd(OAc)2 

LiCI / LiOAc I AcOH I BQ ( )n 

OAc 

H2BQ 

LiCI 2 H + 
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P d p ~  °(BQ) 
CI OAc 
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OAc BQ 

4 CI" 
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C I - - P d  

I 
BQ 
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[PdCl4]2 - 

4 LiCI 
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_ 

PdCl 2 
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Q C I ~  OAc 
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RXN46 1,4-Diacyloxylation of 1,3-Dienes and Related Reactions 

BQ/MnO 2 
UOAc I AcOH 

AcO I ~ , , . ~ ~ (  ~ 

Pd(OAc)2 q n  Pd(OAc)2 
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2AcOH + BQ O ) n  
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Pd°BQ 

Pd(OAc)= 

~ O A c  ~ ~ l l ~  AcO" 

_ ~ _~ I " - - - ( ' ~ P d  / 
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RXN47 Intramolecular Amination, Alkoxylation or Acyloxylation of Alkynes 

PdX 2 R 

,, ~ 

YH R Y 

R 

HX 

- '  - R 

R 

PdX2 ~ PdX 2 
V 

HX 

\ YH 

endodig exodig 
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R HX HX R 
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R "--" CH2CO2H 
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OH OH 
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RXN48 Tandem Intramolecular Amination, Alkoxylation or Acyloxylation-Allylation 
of Alkynes and Allenes 

R 

YH 

PdX z 

// 
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, .  

~ -  (CH2)n - CO2Li 

R ~ (OH2) n - OCO2Li 

R 3 ,--,,, CHOH-R2 
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RXN49 Tandem Intramolecular Amination, Alkoxylation 
or Acyloxylation-Carbonylation of Alkynes 

,,R / 

YH 

PdX 2 / CuCl 2 

CO I R OH 

2CuCI 
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RXN49 Tandem Intramolecular Amination, Alkoxylation 
or Acyloxylation-Carbonylation of Alkynes 

••--• R' 
OH 
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PdX2 / C.ua2/ L '~ 
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R"O ~ 

R o / ,_ Pd 
~ 0  

OR" 
R' ~ ' ~  R 

121 Pd 

. x  

PdX 2 
R 

R 

OH PdX 2 

PdX R 
OH \CO 

CO 
+ R'OH 

Handbook of Palladium-Catalyzed Organic Reactions 211 



O'3 

z 
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OH 

OH 
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RXN50 Intramolecular Amination or Alkoxylation of Alkenes 

R 
/ PdX 2 

R 

[Ox.] 

pd ° Nx.  
HPdX 

PdX 2 

PdX 

R 

R / 

R 

PdX 2 

endotrig ~ exotdg 

PdX 

[Ox.] 

pd ° 

HPdX 

HX 

I~ \ 
R 

Handbook of Palladium-Catalyzed Organic Reactions 213 



O t.x'3 
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RXN51 Tandem Intramolecular Amination or Alkoxylation-Carbonylation 
of Alkenes and Allenes 

~ y H  ~ ~ R  PdX21 CuCl 2 
CO/R'OH 

y ~ ~ R  CO2R' 

2 CuQ 

pd° HX 

- 

f PdX2 " ~ ~  
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OH 
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" c o  R' P P 
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O H ~ C O  P~°~ ~.  ~, 

~ P  o ~ -~-~-~ ~ / o  o 
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RXN51 Tandem Intramolecular Amination or Alkoxylation-Carbonylation 
of Alkenes and Allenes 

OH 
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R 
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~ ' ~  COzR" 

R' 

2 

2 CuCI 

PdX 2 

~ CO=R" /~ pd o 

~.~=0 HPdX 

O ~ - ~  PdX 

R, ~ " ~  0 ~'~-0 
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RXN52 Reductive Cyclization with Diynes and Enynes 

Pd ° I'AcOH 

~ R'3SiH 
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RXN53 Cycioisomerization of Diynes and Enynes 

L2PdX 2 

HX 

PdL2X 

L2PdX 2 
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PdX2(L) 
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NX 
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RXN53 Cycloisomerization of Diynes and Enynes 
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RXN54 Cycloaddition of Aziridines with Carbodiimides 
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RXN55 Telomerization of 1,3-Dienes with Nucleophiles 
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RXN55 Telomerization of 1,3-Dienes with Nucleophiles 
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RXN56 WACKER Process 
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RXN56 WACKER Process 
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RXN57 Preparation of Ketones from Alcohols or Derivatives via a J3-Hydride 
Elimination 
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RXN57 Preparation of Ketones from Alcohols or Derivatives via a 13-Hydride 
Elimination 
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RXN58 Preparation of ~,13-Unsaturated Carbonyl Derivatives via a 13-Hydride 
Elimination 
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RXN58 Preparation of ~,13-Unsaturated Carbonyl Derivatives via a 13-Hydride 
Elimination 
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RXN59 Preparation of (z-Diketones Derivatives via an Oxidative Rearrangement 
of a Propargyl Acetate 
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RXN60 Carbonylation 
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RXN60 Carbonylation 
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R1 
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RXN61 Isomerization of Alkynes 

O 

R 

~ ----- R' Pd(ll) 
O 

R ~ R  ' 

HO R' Pd(ll) 
0 

R ~ ~ ' - l ~  R' 

O 

Pd(OAc) 2 + PR 3 or Pd ° + AcOH 

1 
O 

R R' 

O 

R ~ R '  
Pd ° "OAc 

O ~-~__ 
\ ~. 

HPdOAc 

HPdOAc 

O 

R 

O R' 

H PdOAc 

O 

s R' 

R 

T 
~~~R' 
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RXN61 Isomerization of Alkynes 

/ 
R 

R I 

OH 

Pcl(ll) 

O 
/ 

O 

O R " ~ ~ /  
via elimin.-addition O 
elimination HPdX 

Pd ° + AcOH or diol 

R '  

PdX 

R ~ , ~ / R '  

HPdX 

R HPdX oN / 
R . ~ ~ , . ~  R' p,,,,, 

PdX OH 

/ 
R 

R I 

OH 

R I 

OH 

254 J.-L Malleron et al 



A--> B 

O 

R " - -  ,~R'----I~ R ~ R '  

OH 0 

OH 

OH 

OH 

0 0 
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RXN62 Addition of Thiols to Alkynes 

PdX2L 2 

Pd(.) 

/ 
ArS 

ArS 

ArSH 

ArS Pd(SAr)L z 

2 ArSH 

2 HX 

Pd(SAr)2L 2 

ArSH 

i~(SAr)=L 
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A---> B 

- ~ + ArSH ~ 
ArS 

, ~ ' ~  + PhSH ~ " ~ ~  
SPh 
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RXN63 Preparation of Allylic Acetates from Alkynes by Tandem Redox-Addition 

p d  ° 

v 

AcOH 
~ OAc 

~ ~ . .  f -OAc 

Pd* "OAc 

. ~ ~ . . . , ~  PdOAc 

J 

Pd° ~ AcOH 

HPdOAc 

HPdOAc 

H PdOAc 

258 J.-L. Malleron et al 



A- - ->  B 

Z \ ~ ~ OAc 
OAc OAc 
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RXN64 Tandem Cyclization-Capture Process of Enynes 

+ R - - X  
Pd° I base 

salt 

base 

\ 

HPdX 

4 

PdX 

pd ° 

R - - X  

RPdX 
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A.--> B 

~ +  PhX ~ 

References 

Negishi E.I., J. Am. Chem. Soc., 1992; 10091 

Trost B.M., J. Am. Chem. Soc., 1992; 9836 

Trost B.M., Tetrahedron Lett., 1993; 19 

Tanaka T., Tetrahedron, 1995; 5543 

Grigg R,, Tetrahedron Lett., 1993; 157 

Handbook of Palladium-Catalyzed Organic React~ns 261 



RXN65 AldoI-Like Condensation of Enol Esters with Aldehydes 

R 

/ / ~  OCOCH3 
+ R CHO 

Pd° I SnCl 2 

R' 

O 

R' CliO 

Cl 

OJi n "~J  
CI 

O 

0 

R' ~~'~R 

Cl 

o~ n 
Cl 

Pd 

pd ° 
R 

OCOCH s 

R 

O j -,, 

o 

SnCI 2 

Pd 
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A- - ->  B 

R 0 
.,~OAc + R'CHO ~ R,.,, , .~R 
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RXN66 Addition of Fluoroalkyl Iodides to Alkenes or Alkynes via a Pd(I) Species 

pd e 

pd  e 

RF ~ 1  ~ ~  

RF • 

RF--I 

pd + 

R F - - I ' "  

Pd-I 

1"4" RE" 

RF • 

RF-I 

RF ~ l  + RF. 
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A- ->  B 

RF + ~ '  ~ R F ~ I  

RF + ~ RF 

RF/i ,,~/i + ~ ----I~ RF 
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RXN67 Intermolecular Tandem Carbonylation-Coupling-Cyclization Process 
of Aryl Halides with Terminal Alkynes 

0 

+ 

Z Z 

(2 
Z 

~ o  

~ X 

Z 

0 

Z 

PdX 

| 

0 

z 

~Y ° ~ 

HX 

0 

Z 

~ X2 

HX 

0 
PdX2 !/ 

z. 

x 

0 

7. 
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A---> B 

~ + -- y -----p ~ y  

Z Z 
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RXN68 I ntramolecular Coupling of Aryl Halides with Arenes 

A r ~  X 

A r '  ~ H 

pd ° 

base !r 

Ar ~ 
!r'~ 

A r  

A r '  

pd ° 
A r  w 

A r '  

A r  ~ P d X  

A r '  - -  H 

salt base 
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A - - - >  a 

Ar'-H Ar' 
" - *  

Ar'-H ~ o~Ar'\ 
(~ % A r B r  ,11 IAr 

O 0 

%ArX o,~Ar 
O O 
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RXN69 Tandem Intramolecular Alkoxylation-Vinylation of Alkenes 

R 

/ PdX2 / 

YH [Ox.] y 

R' R I 

R 

[Ox.] 

~ p  PdX z 

pd ° HX ~ . ,~  

HF~IX 

R 
PdX 

~ " "  R' 

R / 

YH 

YH 

endotrig exotrig 

PdX 2 

PdX 

[~.] 

HX 
pd o / T  

HPdX 

Y 

R I 

- - /  
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Reagent 

OH 

YH Product 

+ ~ OH ~ V I - R  
R ' , - o  

Catalyst 

PdX2 / CuCI / 0 2 
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RXN70 Carbonylative [2+2] Cycloaddition 

j R  

IN 
R' 

R ~° ~ / 

base N \ 
O R' 

O R' 

R 

~ ~ N ~ R  , 
Pd 

pd 
OPO(OEt)2 

Pd ÷ "OPO(OEt)= 

N * salt 

O~Pd* "OPO(OEt)2 

base 

~ Pd 

0 
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A-- ->  a 

R 
OPO(OEt)2 +, N='/ ~ .,~ R 

% 
R' 0 R' 
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RXN71 Dicarboalkoxylation of Alkenes 

R ~  + CO/R'OH 
PdX 2 + [Ox.] 

base 

CO2R' 

CO2R' 

COzR' 

÷ 2R 

R'OH + 

CO2R' 

PdX 

CO2R' 

CO 

CO 

CuX 

CuX2 ~ 

~o 

CO2R' 

PdX 

PdX 2 

R ~  

PdX2 

+ C O  

PdX 2 

CO 
\ 

~X 2 

C•2 R' 

PdX 

salt 

R'OH + base 

O R  I 

PdX 
I 
co  

CuX 2 

pd 

O R  ° 

& 

PdX OR' 

+ salt COzR, 
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A - - >  B 

CO2R' 
R"~'~ ~ R " ~  cO2R' 

_• ~ CO2R 
~ ~ ' 3 ~ ~  CO2R 

OR' 
R"~'~ ~ R " l ' v  cO2R' 

R 
R'""-" H ---~ ~ C  

R,O2 C O=R' 
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RO=C • O 

R " ~  ~ R "~2H 

CO2R 
C=C=C ~ : ~ O R  
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RXN72 Addition of Pronucleophiles on 1,3-Dienes or Allenes 

+ Nu --H v 

Nu 
i i , |  

Nu 

f ~  

~ H 

Pd 
~Nu 

R' 

pd ° 

Nu H 

Nu--H 

Nu--H 

Pd" 

~1 ° R 

R' 

Nu 

R ~ N u  

R' 

PdH 

R' 

pd ° f Nu -- H ~ . ~ /  

Nu" 

w' 

÷ 

Pd Nu--PdH 
H 

Nu 

R' 

R' Pd 

Nu 
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Diene 

C=C-C=C 
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Pronucleophile 

PhSO2Na 

R-NH-R' 
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RXN73 Tandem Cycloisomerization-Cycloaddition of Dienynes 
with 1,3-Dienes via Metallodienes 

R 

+ ~~'~"~ R 
Pd(ll) 

R 

E E 

E 

cycloaddition 

E E 

J E~pdE~ ~ 

E 

E 
\ \  E 

Handbook of Palladium-Catalyzed Organic Reactions 279 



A + B - - > C  

[I 
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RXN74 Acylcyanation of Terminal Alkynes 

Pal" 

Ar ~ + Ar'COCN 

Ar 

O 

At' 

O 

Ar ~ Ar' ~ Ar'COCN )-=/ 
NC ~ 

somedzation 
A r ' ~  

NC Ar' 

O Ar _ _ _ _ _ j ~  Ar' II~ 

NCPd H 
HPdCN 

Ar 

A r ~  

Ar 

Ar' 

Ar' 

O 
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A + B - - > C  

Ar 
Ar-  C = CH + Ar'COCN ~ ~----~,,Ar '  

NC I f  
O 
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RXN75 1,4-Carbochlorination of 1,3-Dienes 

Pd(OAc) 2 

v 
LiCI I AcOH I BQ 

CI /,, . ~  

R 

Pd(OAc) 2 

H2BQ 

4 CI 
2 H + [PdCI4]2" 

CI ,, Pd °(BQ) 

CI 
LiCI 

4 LiCI 

2 Li + ,2 LiOAc 

CI 

BQ t 
C l R C l / ~ ~ "  

~ CI 

/ /  R 
CI CI 

BQ 
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A - - - >  S 

I 

R 

CI 
R 

CI 
% 

O ~ ~, ,  

0 
CI 0 
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RXN76 Tandem Chlorination-Cyclization 
and Tandem Chlorination-Carbonylation-Cyclization of 1,6-Enynes 

R R/' 
O O 

PdCI2/CuCI2/LiCI 

Y 
P d C l 2 / C u C I 2 / C O ( l a t m ) / A c O H  

CI CI ~~ ~~, 
O~o~ 

CI CO2H 

2 , ~ -  ~, 

a c~ 

CuQ2 ~ 
+ UQ 

PdCI 2 

CI R' 

R I 

0/~ CuQ2 
" ~  CI CO2H 

Pd" R ~, 

~ AcOH 

CI PdCI CI CO-PdCI 

~o~~o ~' ~~ ~~, R ~ ~ - - -  R, ~ O O 
~ ' ~  cl t.,, 

+ LiCI 
O O / "  

CO 
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RXN76 Tandem Chlorination-Cyclization 
and Tandem Chlorination-Carbonylation-Cyclization of 1,6-Enynes 

, , , , 

R 

PdCl21 CMCl2/CO/R' OH R CO2R' 
................ 

O O O ~ I HC(OEt)3 O~\o/ 

CuCl ' "co + R'OH 
CuCl 2 ' ~ ~ . . t p ,  PdCI2 - ~  

CO2R' CI'Pd'CO2R' I~  / 

v 0 0 0 
R'OH 

CO2R, CO2R' 
R ~ / - -  CO'PdCI R o~PdC ~ 

O O O 
CO=R' ~ . ~  

O ~  PdCI R ,~, ~ CuCI 2 

CO 
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A---> B 

O R R' 
~ R C I -~ '  ) -CI  

0 - - - ~  
'w--~ R' 0 0 

O R 
--- R C'-~ FC' 

0 

R , / ~ ~  O ~ O " ~ R  ' 

O R 

-- R Co-~ ~ 0 ~ CI 
o 

R CI 

"2 _ .  121 O" 

R CO2R, 

O O' 
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RXN77 Intramolecular Cyclocarbonylation of Alkenes 

ROH 

Pd°/CO 

base 

ROHI base 

\ 
CO2R 

<]_ \ ~ . / R  

0 
0 

~ 0 

\ 
C02R 

\ 

salt ~ X  

base ~ Pd° ~ N ,  4 ~ ~ ~  

HPdX 

ROH 

o - ~ ~ ~  ~=x 
CO 

pd ° 

c] 
\ 

~] R ÷ x- \ S  
R" O 

co 
PdX 

.PdX 
\T1 j 

O 

O 

O 

salt 

IPdX 
% 

O ~ -- PdX 
--% 

CO 

.~O 

\ 

ROH 

HPdX ~ X  

~...O ~, ILL-- PdX 

~~o o 
\ 

CO PdX 

CO 
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A - - - >  B 
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RXN78 Tandem Carbonylation-Cyclization of (Z)- 13-1odoenones and Related Reaction 
from Awl Iodides and Internal Alkynes 
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A - - - >  a 

R R' 

ArI+R "-- R' - - - - I ~ ~  Ar O 
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RXN79 Cross-Coupling of Organometallics with Terminal Alkynes and 
Iodotrimethylsilane 

Pd" 
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R'-M 

R ~ S n  

CH2=CH-CH2-Sn 

CH2=CH-Sn 
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RXN80 Preparation of ~,13-Unsaturated Carbonyl Derivatives from Enol Silanes 
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A - - - >  B 

OSiMe 3 0 

OSiMe 3 0 
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RXN81 1,3-Butadien-2-ylaminocyclization of Alienyl Tosylcarbamates 
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A---> B 
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RXN82 Addition of Pronucleophiles on Aldehydes 

RCHO + 
SnBu3 1 ° ) Pd ° 

BloHlo 2 ° ) hydrolysis 
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RXN82 Addition of Pronucleophiles on Aldehydes 
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o ) Pd(,) 

2 ° ) hydrolysis 

OH 

hydrolysis ; 

OH 
SnBu3 / 

R 

PdX 2 

SnBu3 

2 Bu3SnX 

RCHO 

// \ 
\ 

\ 

0 H 

Handbook of Palladium-Catalyzed Organic Reactions 299 



A - - - >  a 

RCHO + R'OCH(CN)2 
HO CN 

"- ' *  P'f 'cN 
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OH 
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R RCHO + , - - - ,  ----b, 
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RXN83 Allylation of Pronucleophiles with Allylstannanes 
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RXN84 Cross-Coupling Carbonylation of Aryl Iodides with Five-Membered Cyclic 
Olefins 
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ISIS SAR Table! 
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