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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 Co 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, Backvall 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 (Rhéne-Poulenc-Rorer
Co., Vitry, France), and Prof. J.-C. Fiaud and Dr. J.-Y. Legros from Université 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. | congratulate the authors and wish them every success in their enterprise.

H. KAGAN



Abbreviations and Symbols

[Red.] reducing agent

[Ox.] oxidizing agent

L ligand

BQ benzoquinone

HoBQ dihydrobenzoquinone

dba dibenzylideneacetone

dppb bis(diphenylphosphino)butane

Tf trifluoromethylsulfonyl (triflyl)

M M metal

Nu nucieophile

E electrophile

On (CH2)

RF polyfluorinated alkyl chain
=si / Ssn RRR"-Si / RRR"-Sn

H
= o )=< alkene

INZ o ,
Z 4\" 1,3-diene

allene

o CEC or —— alkyne

allylic derivative

o X
N\ q allylic epoxide
M

P P diphosphine



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 reasons, 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 excelient
reviews and series having been published on this topic, it appears difficuit 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 ieast 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 exampies have been selected
with respect to the reaction. 1SIS 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 Rhone-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.

Handbook of Palladium-Catalyzed Organic Reactions 1



23/03/1995 PALLADIUM DATABASE ‘ Chem. Zoom Mechanism
‘ Parameters
Reaction # : 2467
0.0 jation -
o“/ . o o . \o Varation : 1
O o ‘o”‘c“”‘o’ S Yield (%) : 75.0
+ (o] .
Na Exp. Conditions |
No/ 20°C/ 48h
Solvent |Solvent Name [Catalyst |Catalyst Name Step:
# # (LY
1 THF 1 Pd(dba)2 o ° 1
dppe ' ®, RXN Code:
RXN32
Comments:
Several exampies.
References:
FIAUD J.-C., MALLERON J.-L., TETRAHEDRON LETT., 1980, 21, 4437
RXN type:
Substitution, Addition and Elimination on Pro-n-Allyl Substrates
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Palladium Database I Main |

Substitution, Addition and Elimination on Pro-n-Allyl Substrates
Pg° RXN32
L~ x —a N
AN «
W Sy ML o | PN o
e Nu
Nu ~ °
RN oM Pd \v<‘
N o X
Nu
AN
Nu—H
A
mlml
NN X _Pd__’ AP £ : N Pd° —
M, + E ROPT), dNY
OCO,CH,
SnC1,(OCH,) OCO,CH,
S =~
P AN AP, N
i de = OCO,CH,
RCHO
R Pd
/\/]\ / \’ o,
= OH 00O,
//|\\ AN CH,0,C0  PAOCH,
5 T n
C'—T"—c' Pd* "OCH, Pd" ‘OCO,CH,
NS
ocH, e /<
o,
CH,0,CO /\4|\\ < v
A
SnCt, ™ OcH,
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ll- GRAPHICAL ABSTRACTS OF REACTION NUMBERS

Reaction number Graphical abstracts
RXN1 R—X + R-M O, R—R
/ Vi
Pd°
RXN2 R—M * ¢ —_—> R
-\R' ‘\R
(o]
° il R\/\/H\
RXN3 A<ow . R% . H oR
OSR’, Cl 0
Pd
RXN4 R—X *+ ———FR LXi—» R —=—=—R
£Cul/ NB,
H
(=2 0
R—X + S
base
R
RXN5
XH
X
Pa(ll) + Zn R
Oy e T
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4

Br L
base
RXN6 \

7z =
RXN7 <<B, Pd° + PPh, (1 eq.) R
& L

< “

RXNS8

Nu

R
Pd.
RXN9 (i] *R—X * R-M ——  » @R

o
RXN10 ) e
|| + Ar—N=N—SOPH ——>p
PhH $0,
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Pd
R—X + /\/()n\NuH —
base
()n
P At Pd” © °
—
Z > v 7 oM pas
(n
RXN11 P
/ Pd° H z
z tBuOK / 18-C-6 " @Z'
~
<,
// Pd° /—\
& + R—X —;-——b AO/\/R
COH ase 0
(o]
= - I
~ R ——> R
CO/ base Nu H
NuH
7
R
R
B "
=
=
=
RXN12 X >

Rd° / Bt,Zn

v

|
Q \1291" 1 8,Zn
—_—
2°)CuCN/ E*

o=

Znl

E
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=
Pd° .
base /RM
NN

RXN13
RXN14 _ Pd° -
W H
v SR RN
W
/\f° Pd" /\ﬂ/R
RXN15 M—H
o
R R
Pd° |/ AcOH _
RXN16 > ==
Me SH H H
R R
.
R + M—H —b
RXN17 M H
Pd® _
+ M—H ———
M
Pd
RXN18 ArSeH ——— s
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\ Pd° \’
R \ / /s' R
RXN19 S A g
’ 0
(o] \Sii
1
=~ + COIROH N cor
2
P (i)
7 + COIROH ——p» = Seog
/ + CO/HCO,H —_ /\COZH
Pa(il) + PR,
=~ '+ COIHCOH ——» Z o
RXN20
SR,
/\SRS +  CO/ROH EE— /—/
Pd(ll) RO,C SR,
— SR, + CO/ROH — —» /:/
RO,C
)
\\ Ar
(o} R Pd°
Ar—X *+ \/\r—Z‘—/ - » /N
Ar co/Nae, Ar oo R
RXN21
Ar o) (o]
— f_\/@
Ar - X + — —» {
Ar co/ Ng, A
R H
Pd° _
R—="" + M—M > }*<
M M
RXN22 - -
N S Pd(OAc), + talkyl-NC
| | ’ > s.f
NG \
(3% Xn
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/
| Pa* S
RXN23 R—N=C+ —3"M  ——— RON=
| M
M
/ Pd° /
— o+ M—Sn\—— —_ oh—
\
RXN24
N Pd° 3 M
@/\ ' M—M
AN 7 M
PdX,
N Z
Ay v g - Ar/\/
RXN25 [Ox)
PdX,
Ar—Y —_—) Ar— Ar
[Ox.]
RXN26 Z > AN
RdX, + Zn
Ar—Y e Ar— Ar
R
R_—+R'——ZL2dezvR:\Z
RXN27
—_— z Pd(OAc)2+L z
—_— . /T‘ / \
HO R™ ~o
- z
RI
RXN28 - 2 L PadX, —
R——— + — _—
H H // H
R
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R
Pd R
R ——— _m /\/x ___Xz_’ /\/K(
RXN29 X
X
X —
- N\
PdX, / AcOH
= 1 o o
PdX,
RXN30 H + CHN, -
R OH ﬁ
COEt PdX,
RXN31 R>§H/ _ > R/\(‘:OZEt
N2
R
\/\X ’?::(f_’ \/\Nu
u
vo ST NN
N NuH TR oy NOH
Nu
RXN32
\/\ Pd° \ E
X MX', + E
OCO,CH,
| P ==
e P(OIPY); o
OCO,CH,
X z
RXN33 e \ﬁ L \W
z X
0
o H
RXN34 /,f-ﬂ Py / ,_\
{ _..—_.—_.__’ 1
N - S \‘_ I
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/ ‘ PdCl,
N )

o}
|

»

CuCl, ! 0, I HO S

(o]
OH H
PdX2
RXN35 > \m
B8Q [
0
[%V PaL, + K .
e
Pd SN z
/\Z EEEE—
/ Pd | .
OAC I — B
powmm— * ‘\ Z
:SiMe3 z
- Pd o
e (o
RXN36 z
Z Pd°
— o ——
OCOR z
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|
)I\
N iy el
\ NTs

12
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AcOH
- D
OAc
/V Pd° / R-M A
AN "
R
co
=0
RXN37 ACOH or THF
COR
co R o
ROH
N
(\/ Pd(dba), OAc
OAc >
N AcoH / LioAc _—
(1eq) (1eq)
OTMS o}
X L,PdX
RXN38 e R
/ Ll
R
RXN39 P " Y
AR+ Nz e, NNy
BQ
PdX, o
ROH /\Z - > R \/\Z
RXN40 2
PdX, =
o & P ‘/\Z
R” ©
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OH PdX, o
RXN41 < - e <o: \

ﬁ Pax, <:
RXN42 BQ/ MnO,/ AcOH ha—

OAc
. 7/\ PdX, ]
RXN43 f AN
N BQ/ MnO,/ AcOH
1,5-diene
= PdCl, OAc
RXN44 >
4 CuCl/ AcOH ci
1,6-diene

Pd(OAc) -
RXN45 :/ \> : > C|>®< OAc
LCl/ LOAc / AcOH/ BQ (n

(n

Pd(OAc), / \ Pd(OAC)z
& BQ/ MnO, < (:)n € BQ/ MnO,

RXN46 LOAGC / AcOH € LCl/ LIOAc / AcOH

(n O

n

RXN47 —=— i / &J’ )
QL0
Y R Y
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Y /
RXN48 :—m: R P _
+ /\/X _ JI\ !
YH Y R Y R
/R COR
Z
C¢ PX, / CuCl, Cr
—» ]
YH CO/ ROH Y/\R
R Pd°/ dppb @R
= R —»> ==
RXN49 o 07N g
OH
o)
R _ F“X2/CUC'2/ LA
>7 R CO/ R'OH / MeC(ORt),
OH
R
RXN50 <—"——“‘ PdX, <—“j p /
-» I ‘ —
: \
YH [Ox] Y/\R Y R
/—/ SR RIX,/ CuCl,
\\JYH €O/ ROH
R
R
. R
Pd°/ dppb
%\<R‘ | o~
RXN51 SR co ° R
OH
R
\>/002R"
=\ PuX, / CuCl,
R-—<— R e £ —0
CO/ R'OH
OH R 0
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— Pd° / AcOH =
’_T\ R' SiH > Q\/R
RXN52 R
_ Pd° / AcOH /
< — R';SiH g RN
:E LPdX, ~
RXNS53
— Pd(l1) R /__/ / <__I
( _ ﬂ N
R
R N/
L,PdX,
RXN54 W + Ar—N—/——N-—Ar _— /[ %N— Ar
I R N\
R Ar
RXN55 N + Nu-H PdL, > = NN NG
PICI,/ CuCl, o
R/\ —> R/'K
RXN56 120,
t
PdX, |
R — R)\
HZOZ
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oco, Pd*/ RCN R
R > 3:0
R TR
> OH =« /\/OCOZCH3
R
RXNS57
R R
Nu
OH + ABr ——Pp (o}
base
R R
R R
PACly CICH,CH.CI
OH —» >:o
R base/ ammonium salt R
i
Qco,—/— R)\/AR'
N R'CN
R)\/\R' o
o] Pd* » /U\A
| > R R
R/\/\R o
|
Coz—\- THF I
= R R
RXN58
=
(o]
X o] | o]
Pd°/ £ MeOSNBu;
RMR*W@’%—*»RMR/R .:e/)J\A
THF or R'CN 7 R R
R PdX, R OAc
RXN59 R'%——:R" — =
OAc H0 R R"
0
NB
R—X + CO + R'——H/ R—M _—»
R 74
RXN60 o
PdX, /U\
R—M + CO + R—H _— >
R R

{Ox]
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o R 0
ST G
—_— / =
R R
0

RXNG1 "°> (R racn MR
e > R
R OH o)
L R T0) P R “ R
— —_ R R
Ra(th)
RXN62 —_— v A — —
AS
o Pd* OAc
RXN63 == IS N
AcOH
— Pd°/ base =~ R
RXN64 ( + R—X ——u
— AN
R o
Pd°/ SnCl,
RXNG65 + —— ™
/J\ 0COCH, RCHO R R
N G N
RXNG66
o
RXN67 X Y RAd°/ CO
S I oS
Y
z z
l'\r—~X Py /l\r
—
RXN68 Af—H base Ar‘D
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RXN69 R~ = _
PdX,
e - (
YH [Ox] Y R Y
a . TN
OPO(OE), Pd®
RXN70 /\/ (OR) + CO + |N \
R base N
o] R
COR
PdX, + Ox]
RXN71 Ry o+ CO/ROH P R
base
COR
Pd° ~
NGt NuemH ——— ‘/\/
Nu
RXN72
=
R Pa®
% + Nu—H _
R
/ Pd(lt)
RXN73 \\\‘ + N\R [
i
Pd° Ar
NC >—Ar‘
o}
cl,
Pd(OAc), !
RXN75 H >
' LCI/ AcOH/ BQ |

Ci
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PACly CuCly LCI RN R
R (o]
R o
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Cl COH
J PACly/ CuCly CO(1atm)/ AcOH
07 o » RTN R
RXN76
070
R
COR
PICly/ CuCly CO/ ROH
o)
o7 "o L\ 1HC(0B), 0™ g
ROH <‘j
COR
<x Pd°/ CO R
AN v <|-j”/R
RXN77 ? °
= -
¢]
ROH/ base <E/_\
COR
MM * R———FR
R R
RXN78 Pa° —
CO/base/H,0
Ar (o)
R R / o
Af‘g—<l
o
R H
Pd* _
RXN79 R—== + R—M H
Me Sil R’ SMe,
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Lo Pd(OAc), Lo
RXN80 " — \ |
S 0,/ AcOH el
R / / R \\X //
Pd° }j —
RXN81 . d \\\z
DO G
0 (o}
OH
SnBu, 1°) Pd°
RCHO  + - R
B,Hyo 2°) hydrolysis B,oH,o
CN Pd° OH
CN
RCHO + )\ ———
RXN82 RO CN R/K’< N
OR
1°) Pd(ll) OH
RCHO + /\/S"B”a —— - RM
2°) hydrolysis
/\/SnBu3 Pd* Nu
RXN83 = + Nu--H —_— /\/
° Pd°/ CO/ base ° COAr
AR LA o
RXN84
(o}
o Pd°/ CO/ base
{ ] + Arl - > \
COAr
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lll- REACTIONS CATALYZED BY PALLADIUM COMPLEXES

RXN1 Cross-Coupling of Organometallics with RX Derivatives

Pge
R—X + R' —M R R—R'
P
»  R—X
R—R & T
R-—Pd —R' R-—Pd—X
M—X R—M
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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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Intermolecular HECK Reaction
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RXN6 Intramolecular HECK Reaction
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gﬁ\

/ 0
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CE/(

Pd(I) Pd(il)

VA
N

[ 3 Pd° Pd°
HPdBr /
PdBr HPdBr
/ AN 4

4
<:\\ f& oty endatrig é é

4

L

PdBr thermo

PdBr
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RXN7

Intramolecular Coupling of Di(Vinyl Halides)

Pd* + PPh, (1 eq.)

AN

K,CO,

K,CO,

CO, «——— PPhBr, < 5
r
* PPh,0 P ‘/ﬁ Br
\
+ K8r Ph
3
=
PdBr, PdBr
Br
X
a
X

¢
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RXN8 Tandem HECK-Anion Capture Process of Alkenes, Alkynes, Allenes and

82

Dienes

L,PdX, }:<
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RXN8 Tandem HECK-Anion Capture Process of Alkenes, Alkynes, Allenes and
Dienes

P ()
Pdo
O e T Y
/ Nu

Nu

+ X Nu(-)

PdX

R e
Y

N\

PdX

N\
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RXN9 Tandem HECK-Anion Capture Process of Norbornene and Related
Compounds

Pd°

Pl

) \} S a

N
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RXN10 Tandem Arylsulfonation-Cyclization Process

. Pd°
+ Ar—N'=N—SOPh ——F
PhH

s0, ‘\ [

So?
ArPh + H, o
ot Ar— N’ =N—S0,Ph
Pd°
PhH
o
ArPdH |

N,0
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Tandem Cyclization-Anion Capture (-Carbonylation) Process
of Alkenes, Allenes and Alkynes

/\/()n Pd° R Nu
R—Xx * =27 " NuH base i
()n
R Tu
(in Pd°
o RTX
RPd Tu RPAX
(n Nu-
x Nu l)
- n
| /\/
(n
/{\/ B- NuH
AN 8
n
Pd v /\/
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RXN11

92

Tandem Cyclization-Anion Capture (-Carbonylation) Process
of Alkenes, Allenes and Alkynes

Pd° z

»
»

tBuOK / 18-C-6 z

N/\N \\

/
z z
<,

/ "
tBuOH

z
H—pPd———"
2

+ {BuOK z

E

Q z » tBuOH

RPdX

Pd
1
- 2
salt
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ZH Luo F.T., Tetrahedron Lett. , 1992; 6835
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KJ - - Saulnier M.G., Tetrahedron Lett., 1995; 7841
Br Br NHZ Z’HN
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RXN12 Tandem Cyclization-Anion-Capture Process

of Ene-Vinyl, Ene-Aryl and Ene-Alkyl Halides

Pd(Il)

Pd(Il)
~ = "
NS
= R
NG e
\< )/' N
S \
~ <, = PdR
\/de | 5 pax
N7
PdR ~ N =
X
" ‘%\ . / ‘ﬁ\ - /
PdX _
R R
PdX
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RXN12 Tandem Cyclization-Anion-Capture Process
of Ene-Vinyl, Ene-Aryl and Ene-Alkyl Halides

Pd° / Et,2n <>_ﬂ

Znl
e

xn 1°) Pd° / Bt,2Zn %

2°)CuCN/ E* E
H,c CH,
o “\/
PdEt,
CuCN/E* \

O G

PdEt Pdl

N

EtZnl EtyZn
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RXN13 Tandem Cyclization-Anion Capture (-Carbonylation) Process of Yne-Vinyl
and Yne-Aryl Halides
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=
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—
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RXN14 Hydroarylation and Hydrovinylation of Alkenes and Alkynes

102

Pd°
H
Pd°
R—X + —  — 7———’

S e
el

% %
R Pd R PdX
l
OCHO
v
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RXN14 Hydroarylation and Hydrovinylation of Alkenes and Alkynes

A~ OH Pd°
+ CO,
RPdX

AN~ OPdOCOH
R
77
X o}
- PdX
HCO,
AN OPEX R
R
o
A
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RXN15 Reduction of Alkenes

MPdH
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RXN16 Semihydrogenation of Alkynes and 1,3-Dienes

R R'
Pd°  / AcOH > . <
R R' —»
Me,SiH H H
R R Pd°
> . < AcOH
H " 4\
R R’
: : AcOPdH
H PdH
Me,SiOAc
R R R —— R'
H PdOAc
Me,SiH
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(\ S I E Trost B.M., Tetrahedron Lett. , 1989; 4657
|
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RXN17 Hydroboration, Hydrogermylation, Hydrosilylation and Hydrostannation
of Alkynes, Allenes, Dienes and Enynes

R R'
Pd® ——
R———R * M—H ———»
M H

R R'
Pd°
>:< M—H
AT
M H

M ——PdH

M ——PdH

ﬁ\ﬁ }m
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Hydroboration

References

’ — ’
VRN HB_ —b /_—\B\

Suzuki A., Tetrahedron Lett. , 1989; 3789

Hydrosilylation

References

— /
VR +HSié— — /—\-Si\-

Ojima L, J. Organomet. Chem. , 1978; 157, 359
Hayashi T., Chem. Lett., 1990; 1377

Kobayashi S., Synthesis, 1994; 457

Hatanaka Y., Tetrahedron Lett. , 1994; 7981 (asymmetric
catalysis)

Achiwa K., Chem. Pharm. Bull. , 1995; 927 (asymmetric
catalysis)

Takacs J.M., Organometallics , 1990; 2877

Achiwa K., Chem. Pharm. Bull. , 1995; 927 (asym. catalysis)

Hayashi T., J. Chem. Soc., Chem. Commun. , 1995; 1533 (asym.
catal.)

Hydrostannation

References

/ =y /
VRS +HSn- —» /XSQ-

Miyake H., Chem. Lett., 1992; 507

Miyake H., Chem. Lett., 1992; 1099

)\¢ + SnCIzlAcOH ——’\f\/an'z(OAc)
el

Masuyama Y., J. Chem. Soc., Chem. Commun. , 1994; 1451

/
R-C:C:C +HSn:— —> R -
N

Utimoto K., Bull. Chem. Soc. Jpn. , 1988; 2693

Gore J., Tetrahedron Lett., 1991; 1187

s
+HSn\— —> \_/SQ

Miyake H., Chem. Lett. , 1989; 981

Guibé F., J. Org. Chem., 1990; 1857
Cochran J.C., Tetrahedron Lett. , 1990; 6621
Carpita A., Tetrahedron , 1994; 4853

Cossi P., Tetrahedron , 1992; 8801

Finch H., Tetrahedron Lett. , 1993; 8353
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Hydrostannation

References

— /7
=—OR+HSh— —p
N 4L0R

Kocienski P., J. Chem. Soc., Perkin Trans. 1,1994; 1187

Magriotis P.A., Tetrahedron Lett. , 1991; 5047

| -
-~

/ Sn
Ar=—CO,CH, + HsnT- —» Ar7XY
CO,CH,

Horikawa H., Synthesis, 1995; 582

Z Jl\f
&£ +H:T —> g

7|

Trost B.M., Synthesis, 1994; 1267

Hydrogermylation

References

H _H H
-— /7

== + He= —> T\l

H H N <

Utimoto K., Bull. Chem., Soc., Jpn. , 1988; 2693

R

—_— / N,
R=— + HGe— —» ~Ge—
N\ >l

Utimoto K., Bull. Chem. Soc. Jpn., 1987; 3468
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RXN18 Hydroselenation of Alkynes

r
)

+  ArSeH E— = T SeAr

No mechanism is described but formally the results are the same as for RXN17
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Hydroselenation References

SeH Se 2
= + @ b @ Ogawa A., Tetrahedron Lett. , 1992; 5525
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RXN19 1,4- Disilylation of Conjugated Enones

S S / ——sSi—Pd—-S/l—
oPd — Si—
\ .
Si
N
\i, . P A
e | L|
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Nyt Mew References
YR 4 siesi
o 1= Hayashi T., Tetrahedron Lett., 1988; 4147
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RXN20 Hydrocarboxylation, Hydrocarboalkoxylation and Hydrocarboamination

of Alkenes and Alkynes

co \\/ \S/

¥ s

COR PdXL,
RO — PdXL,
o] /
_ M
= RO PdXL,
+  CO/HCOM
/ 2 —» /\cozH
Pa(Il) + PR,
£Z +  COIHCOH Z Scop
P(OAC),
CO+ PRy
CoH HYO ~° » GOz + Acy0
J \
7 LPICO N
+ L co
PaL
HCOH

+

HCO,”

\7\ P:d r:coz- /\ -

Cco
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RXN20 Hydrocarboxylation, Hydrocarboalkoxylation and Hydrocarboamination
of Alkenes and Alkynes

118

SiR,

SR, + CO/ ROH —_— /—/
Pd(ll) R'OC SR,
C

)

SR, + CO/ROH ____
R

PdX,
/\ SR,

/\ PdX
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< + COROH —% “~COR

References

z —> ~coRr

Toros S., Tetrahedron Lett. , 1992; 3667

Kalck Ph., J. Organomet. Chem. , 1994; 480, 91

Py — phJ*cozcri3

Alper H., J. Org. Chem. , 1993; 3595

Alper H.,J. Mol. Catal., 1992;77,7

R R' Alper H., J. Org. Chem. , 1993; 3595
o~z HOML A~ A~
o N7 -z COH Alper H., Tetrahedron Lett. , 1994, 6203
co
P R Alper H., J. Mol. Catal. , 1991; 67,29
7 — F P
CO,R
2 Miura M., Tetrahedron Lett. , 1992; 5369
4/ — fCOzH Alper H., Organometallics , 1993; 712

zZ —p
z <~ Co,Bu

Alper H., J. Mol. Catal., 1995; 96, 197

Z R
R = — ‘f
CONEt,

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

Z7SiR,+ COROH —p RS~ cop

References

Me,Si
L sive, ™ > T COR

Takeuchi R., J. Org. Chem. , 1992; 4189

P SiMe, SiMe, Takeuchi R., J. Chem. Soc., Chem. Commun. , 1992; 1358
R'/ —> R'\fl
CO,R Takeuchi R., J. Chem. Soc., Perkin Trans. 1, 1993; 1031
HCO,CH, .
CH,=CH, —=—p CH,CH,CO,CH, Kalck Ph., J. Organomet. Chem. , 1994; 476, C23
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RXN21 Tandem Carbonylation-Arylation with Alkynes

(o]
Ar
(o] R Pd
Ar—x * }%/ — > / A\
Ar CO/ NEt, Ar o~ R
salt Ar—X
base (
>2—v Pd®
(o] N\‘

Ar [0}
Ar
Ar' o
Ar' (o]
£ pdx . ~
Ar 20 XPd R
~ "R PdX
A o
r
Ar o) ‘\ R e
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RXN21 Tandem Carbonylation-Arylation with Alkynes

Ar 0 o
N Pd° =
Ar—X + /———____ I
Ar' CO/ NEt, N
Pd°
AIXICO/INEBty/ /~— —
Ar'
Ar Ar'
_ 1 NEty,HX
/f———’_
i o
Ar [o] (o] Pd
| NEty,HX
>~ _Ar
«. Ar Ar'

HPdX \i\ fo}
(o]

[o]
HO Ar Ar'
Ar' —
Ar

PdX

LS

CO

XPd (o}
HO —
— Ar' Ar -
Ar \_"t_/ XPd Ar
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A--->B References
/x R_.O o
ATt A,-v/\\\ —> \‘\_C Alper H., J. Org. Chem., 1991; 4534
Ar
(o]
0
Ar’x + Ar')\/R o [\ Ar Miura M., J. Org. Chem., 1992; 4754
Ar” "0 R
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RXN22 1,2-Dimetallation of Alkynes and Alkenes and Related Reactions

R H
Pd° _
R———= * M—M - >
M M

R H Pd
: : M—M
M* M

R H

>_—< M~—Pd—M'

L Pd—M

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

\|./ Si//
Si Pd(QAc), + ‘alky-NC ~
lk |i/ » \ Sii
(x)n/s ~ (X)n/
Pd(OAc), + lalkyl-NC
Slii i \li/
\:/m(_ M “ éc<
X \(X)n
\
T /
Pd ———Pd——Si—
=
(x)/ . AN
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R R
R-CICR + M-M —p >~
M M

References

Si-Si

Tamao K., J. Organomet. Chem. , 1976; 114, C19
Watanabe H., J. Organomet. Chem. , 1980; 186, 51
Watanabe H., J. Organomet. Chem. , 1981, 216, 149
Hayashi T., Organometallics , 1994; 3237

Kocienski P., Synthesis, 1994; 1301

Si-Sn

Chenard B.L., J. Org. Chem., 1986; 3561
Mitchell T.N., J. Org. Chem., 1987; 4868
Kocienski P., Synthesis, 1994; 1301

Mori M., Chem. Lett., 1991; 1615

Sn-Sn

Piers E., J. Chem. Soc., Chem. Commun. , 1986; 626
Piers E., J. Chem. Soc., Perkin Trans. 1, 1989; 2124
Kocienski P., Synthesis, 1994; 1301
Piers E., Can. J. Chem. , 1994; 2468

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

R H
R-CICH + M-X —» »=<
X M

References

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

Si-CN
Ito Y., Tetrahedron Lett., 1994; 8635 (intramolecular)
Ge-CN Chatani N., J. Org. Chem. , 1990; 3393
Chatani N., J. Organomet. Chem. , 1994; 473, 335
RS-B(R'), Suzuki A., J. Am. Chem. Soc., 1993; 7219 (then protonolysis)
M M
U- —» L References
v
Si-Si ItoY.,J Am. Chem. Soc., 1993; 6487
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RXN23 1,2-Dimetallation of Isonitriles

\ /
{ Si—
Pd°
R—N—¢ * —Si—M [ R—N——=
M
\/ .
R—N:—< “— ——/S—M
M
|
S
M I Pd —S——Pd—M
N\R
\ R—N—/C
R—N=—C
e
M—Pd —-§ —
\
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M
R-N=C 4+ M—M —— R-NzC_ References
M

Si-Si ItoY.,J. Am. Chem. Soc., 1991; 8899

Si-Sn Ito Y., J. Chem. Soc., Chem. Commun. , 1986; 980
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RXN24 1,2-Dimetallation of Allenes or 1,3-Dienes

/ Pd® /

Sn—

/‘\/Pd\ M———Pd——s<—
I h
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RXN24 1,2-Dimetaliation of Allenes or 1,3-Dienes
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M
C:C=C+ M-M —» =X References

M-Sn Mitchell T.N., J. Organomet. Chem. , 1991; 407,319

Si-Si Watanabe H., J. Chem. Soc., Chem. Commun. , 1981; 617

A M XM
</§ oy C(ZM References

Sn-Sn Tsuji Y., J. Chem. Soc., Perkin Trans. 1 , 1995; 599
Sn-Si Tsuji Y., J. Chem. Soc., Perkin Trans. I , 1995; 599
Si-Si Tsuji Y., J. Chem. Soc., Perkin Trans. 1 , 1995; 599
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RXN25 Coupling of Aryl Derivatives with Alkenes Involving a Pd(ll) Catalyst

ArY o N, - e Y

Ar-Y

PdX,
» Y-X
ArPdX
HX V\[
RN
HPdX f o 4
Ar
N z
Ar/\/
ym

Zz
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HgCl
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Larock R.C., Tetrahedron Lett. , 1988; 5069
Larock R.C., J. Org. Chem. , 1993; 2081

NaB(Ph),

Uemura S., J. Organomet. Chem. , 1993; 443, 253

Ar2$b

Uemura S., Tetrahedron Lett. , 1994; 1275
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RXN26 Homocoupling of Aryl and Vinyl Derivatives

PdX,
Ar-Y ——— Ar— Ar
[Ox.]
P
/\ v > /\/
[Red.] PdX, Ar-Y
{Ox.] YX
Pd ArPdX
Ar-Y
YX
> Ar—ar
YPdX
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A-->B

References

Ar—=X ——P Ar—=Ar

Heitz W., Synlett., 1991; 809

Jutand A., Synlett., 1993; 568

Ar-S0Cl ~—® Ar—Ar

Miura M., Chem. Lett., 1990; 459

Ar—HgCl —p Ar—Ar

Heck R.F., US Patent n° 3, 539, 622 (1970)

sR, TP N

Danilova N.A., Synthesis, 1989; 633

Oshima K., Chem. Lett., 1987; 5
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RXN27 Codimerization of Alkynes

R———PdX,L,
z R
L
H
R—=——Pdx,L
}
Z—R
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RXN27 Codimerization of Alkynes

v

- Pd(OAc), + L z
R—— + /—::—Z . [\

HO

/[{Z <

/N

R o oAk = ‘_D LPUOAC), R
T \< L,PdOAC \g_) L

;~Z ———C R—==
f Pd(OAc:)2 |
R 0 Qg— LPd(OAc),

L
R Pd(OAc)L
AcOH AcOPd e ’/(AcOH
/4 /—_—__- z
/ HO R Pd(OAC)L,
R™ o
AcOH L
/%— Z
HO
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A-—-—->B References

Trost B.M., J Am. Chem. Soc. , 1987; 3486
R'-C=2C-Z + R-CZCH —» R-CEC-9=CHZ

Rl
Trost B.M., Synthesis, 1994; 1267
R’ z
R= 4 2= —b» /[I—\{ Trost BM., J. Am. Chem. Soc. , 1995; 7255 (tandem reaction)
OH R" 0 R
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RXN28

138

Codimerization of Terminal Alkynes with Allenes

. z
R z LPdX "
R—— +* >__ *\\ i > —
H H // H
R
R z
// H < LdeXZ R P
R
HX L
R
[ R—==
R —
PdX,L
PixL, <
A HX
R z
3 R————PdXL, L
H H
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A-—--->B References

R 2z !
R-C=CH + :C=C=C; e R-CEC—<\:~ Trost BM., J. Am. Chem. Soc. , 1990; 2816
H H Z
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RXN29 Codimerization of Alkynes and Allyl Halides

<
R
M»
X R R
X
X

PdX,
\\/___ R
R————
T
PdX,
R R
XPd X
/\/ X
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RXN29 Codimerization of Alkynes and Allyl Halides

/

X
X —
1 -
PdX, / AcOH
_ ——————p /
o} o o o

X

PdX, ‘I‘\ =
X =
=
o} o X
XPd

PdX
X

N
X 0~ Yo

N
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A-—>B
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R1
R,-C:C-R, + NX —p /\/R«Rz
1 - 2 e ’d
X
RZ

+ MR1

Kaneda K., J. Org. Chem., 1979; 55

Yamaguchi R., Chem. Lett. , 1982; 1485

X
_ X
Z — L
=\/X 7~

Lu X., J. Chem. Soc., Chem. Commun. , 1990; 733
LuX.,J. Org. Chem.,1991; 5120

Lu X.,J Org. Chem., 1993; 3692
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RXN30 Cyclopropanation of Alkenes and 1,3-Dienes by Diazomethane

PdX,

\

o
X
k CH,N,
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A -—>B

References

4\3/__,D\n/

o

Mende U., Tetrahedron Lett., 1975; 629

2N \HSOR [>\n, NHSO,R
0

o

Hacksell U., J. Chem. Soc., Perkin Trans. 1, 1994; 461

4\/)(___’ D\/X

Tomilov Y.V., Synthesis, 1990; 246

Z —» [>-cogt

Anciaux A.J., J. Org. Chem. , 1980; 695 (with N,CHCO,Et)

NP —» D\//\R

Tomilov Y.V., Synthesis, 1990; 246
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RXN31 Rearrangement of a-Hydroxy Diazo Compounds

R OH 0
CO,Et PdX, CO.EL
. 2
R ' - > R
N, L
o
COEt
R <
R PdX, R OH
CO,Et
R
HX \
NZ
o H
CO,Et | X:)
R z R C 0 l
PdX > Pd
R’ R>\§r\/‘ x
CO,Et
HX
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A--—->B References

OH 0
i — /U\l, COEt Kim S. W., Synthesis, 1983; 197
N7 Co,Et
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RXN32 Substitution, Addition and Elimination on Pro- = -Allyl Substrates

\/\x
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RXN32 Substitution, Addition and Elimination on Pro- = -Allyl Substrates

148

Pd°
DN y — XN £
MX', + EY
SnC1,(OCH,)
\)
/\/ 0(:02CH3
RCHO l Pge
R
/\/L OH / \<\/v co,
41\\ /\
5 T
CI-—?n—CI Pd* “OCH
3
OCH,
SnCl,
OCO,CH,
N Pd° \/\
P(OiPY),
OCO,CH,
OCO,CH,
.
P(OiPr),

0CO,CH,
CH,0,CO™ *PdOCH,
/‘\
Pd* “0CO,CH,
\/\ A
co
cnsozco/\/r\ 2
Pd
AN
OCH,

OCO,CH,
Pd° \‘\‘
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Nucleophile = Heteroatom

References

OCO.R Mc Ghee W.D., Organometallics, 1993; 1429
OCOy(-) Fujinami T., Chem. Lett. , 1985; 199
OCONR, Mc Ghee W.D., Organometallics , 1993; 1429
R-N=C-O Miller M.J., Tetrahedron Lett. , 1995; 2913
SR Bosnich B., J. Chem. Soc., Chem. Commun. , 1986; 146
Trost B.M., Tetrahedron Lett. , 1986; 4141
SPh Trost B.M., Tetrahedron Lett., 1986; 4141
Deardorff D.R., J. Org. Chem., 1989; 2759
S-Het Sinou D., Tetrahedron Lett. , 1992; 8099
Sinou D., Tetrahedron, 1994; 10321
Julia M., J. Organomet. Chem. , 1982; 235, 113
SOAr Gais H.J., Tetrahedron: Asymmetry, 1995, 643 (asymmetric catalysis)
Trost B.M., J. Am. Chem. Soc. , 1995; 9662 (asymmetric catalysis)
Boldrini G.P., J. Organomet. Chem. , 1984; 268, 97
=P(Ph), Fiaud 1.C., J. Chem. Soc., Chem. Commun. , 1983; 1055
PPh, Kinoshita H., Bull. Chem. Soc. Jpn. , 1984; 3013
Suzuki H., Bull. Chem. Soc. Jpn. , 1984; 607
SiMe; Trost B.M., J Am. Chem. Soc. , 1983; 4494
Tsuji Y., J. Org. Chem., 1993; 3607
SnBus Trost B.M., J. Am. Chem. Soc. , 1984; 6835
Oshima K., Bull. Chem. Soc. Jpn. , 1985; 1196
PR3 Okukado N., Chem. Lett. , 1988; 1449
SePh Fukuzawa S.1., Chem. Lett. , 1990; 927
OP(OR), Moreno-Manas M., Synth. Commun. , 1992; 2219

Nucleophile = Hydrogen

References

Tsuji J., Chem. Lett. , 1984; 1017

HCO,NH,
Tsuji J., J. Org. Chem. , 1985; 3416
Shimizu L., Chem. Lett., 1989; 1457
HCO,H-NEt, Yamaguchi M., Tetrahedron Lett. , 1990; 3913
Tsuji J., J. Org. Chem. , 1989; 5395
LiHBEL, Inomata K., Chem. Lett. ,-1985; 451

Inomata K., Chem. Lett., 1987; 707

Handbook of Palladium-Catalyzed Organic Reactions




Nucleophile = Hydrogen
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RXN33 [3,3]-Sigmatropic Rearrangement and [1,3]-Shift on Allylic Derivatives

ANy s
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Z
7 W\< AN
X
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|

<

N

Pd’
X——yY—=2
[1.,3]- Shift
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/\/ N N X
I
X z
M
z X
~
~ Y
[3,3]- Sigmatropic rearrangement
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RXN34 1,3-Diene Monoepoxide Rearrangement
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RXN35 Ring Extension of Cyclobutane Derivatives

Pdcl,

CuCl,

—»
—

/ o, / H,0

2HCI+ 1120, 2CC <« PdCl, + HO
2
H,0 2 cucl, » HCl
H
-~
o) PdCl
og /4
ey
0
HCI 'S %
HPdCI
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RXN35 Ring Extension of Cyclobutane Derivatives

OH 0
7 ok, R %‘
— >
OH
e i
2 HX
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Q’ PaX, '/
HO
. N
HX Pd \PdX
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RXN36 [3+2], [3+4], [3+6], [1+2] Cycloadditions

OAc

SiMe,
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RXN36 [3+2], [3+4], [3+6], [1+2] Cycloadditions
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[3+4] Cycloaddition
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RXN37 Intramolecular Ene-Like Reactions

AcOH

v
»

OAc

T T
AcOH or THF

y OAc
N AcOH
AcOH ( o
Pa* 4 Pd°

COR
HPJOAC
o
» ROH / CO
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RXN37 Intramolecular Ene-Like Reactions

K\/ Pd(dba), X OAc
OAc
Z AcOH ! LiOAc _
(1eq) (1eq)
NS
OAc N
< Pd° < /\/ OAc
= /
~0Ac
Pd’ -OAc
\'J (\/
Pd* “OA
= N ¢
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RXN38

Cyclization of Hexatrienolate Derivatives

OTMS o
X LPdX,
|
/ v
L,PdX, OTMS
o) OTMS
\
I
Qf] — N
OTMS K» MesSix * L

—O

PdL,X

188

J.-L. Malleron et al




A-->B References

Qlj\; Gij Scott W.J., J. Am. Chem. Soc. , 1991; 4903

Handbook of Palladium-Catalyzed Organic Reactions 189



RXN39 Amination.or Amidation of Alkenes

190

R
Y
AMNHR + SNy — ., A NN,
BQ

/ z
HPdX
AMNHR
R
| /R
N
Ar ~ \/\ pa Ar—N PdX > HX
H z
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RXN40 Alkoxylation of Alkenes and Alkynes

192

PdX,
)
ROH * N, ——— r7 N
/ z PdX, N,
ROH *+ =7 - >
R/o
= >z
HX
R—O PdX Xde\
> ( /\z
H z
HX ROH
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RXN41 Acetalization of Alkenes
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RXN42 Allylic Acyloxylation of Cycloalkenes
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BQ + 2 AcOH
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— AcOH A OAc
HX AcOH
HX PdX
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A-—>B

References

Bickvall J.E., J. Am. Chem. Soc., 1990; 5160

Akermark B., J. Org. Chem. , 1990; 975

Akermark B., Org. Synth. , 1990; 68, 109

Bickvall J.E., J. Chem. Soc., Chem. Commun. , 1994, 265
Akermark B., Tetrahedron Lett. , 1993; 2523

Akermark B., J. Org. Chem. , 1994; 5729

Waegell B., J. Chem. Soc., Chem. Commun. , 1994; 2589

Handbook of Palladium-Catalyzed Organic Reactions

197



RXN43 Tandem Acyloxylation-Cyclization of 1,5-Dienes

v

PN PdX, -
{ v
RN~ BQ/ MnO, / AcOH N

1,5-diene

OAc

MnO,
Mn(OH),

PdX,

PdX

OAc

PdX
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RXN44 Tandem Acyloxychlorination-Cyclization of 1,6-Dienes

200

PdCL

v

1,6-diene

=
(;/ CuCl,/ AcOH

OAc
Cl

OAc

Cl
CuCl, + AcOH
via —p Pd(ll)
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PdCl
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kinetic

AcOH

b o
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1,4-Acyloxychlorination of 1,3-Dienes

Pd(OAc), —
: (j)n LiCl / LiOAc / AcOH / BQ On

RXN45

Pd(OAC),
4 Lici

» 2L*,2Li0Ac

H,BQ
</ \>
(n

4a [PACI, 12
2C1°

Licl 2H
Pd°(BQ)
A

+
(@] ><:>-— OAc
Y
LiCl On
= PdCl,
=
Cl— Td AcO-
BQ
\ @ OAc
- 4
BQ

:: ()n \’/
Cl— Td
c BQ
L J—
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RXN46

204

1,4-Diacyloxylation of 1,3-Dienes and Related Reactions

Pd(OAc),
& BQY Mn02
LIOAc / AcOH

/i \\/ Pd(OAc),
On € BQ/ MnO,

e LICI/ LiOAc / AcOH

AcO 1n---<i><0Ac AcO W st OAC
()n (n

Mn(OH), MnO,
H,BQ

2 AcOH + BQ 7\

e =

AcO~

AcO~
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A-—>B
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Bickvall J.E., Tetrahedron Lett. , 1989; 137

o Biickvall L.E., J. Org. Chem., 1993; 5445
/\/\rNHz 4
z rr— Ny Biickvall J.E., J. Am. Chem. Soc. , 1992; 8696
o
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RXN47 Intramolecular Amination, Alkoxylation or Acyloxylation of Alkynes

PdX, R

|
;
1

C R

YH < >:_A§“
PdX, PdX, Y
’ v
@
R
2

PdX
l HX
<————R
HX YH
endodig exodig
PdX
< , PdX
' N o (>
R HX HX Y R
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Reagent YH Product Catalyst References
R~==-CH,COH COH R»[I;L 0 PdCl,L, Utimoto K., Tetrahedron Lett. , 1984; 5323
S
R, R,
R, ===~ CH,CH-COH COH R, “}[—S: PdCLL,  [Utimoto K., Tetrahedron Lett., 1984; 5323
o0
R, R,
R,~=—} CHOH-R, OH ﬂ PdClL, |Utimoto K., Tetrahedron, 1985; 3655
OMe R; 0" R
—= . .
OH OH OH Cg(a PdCLL, Utimoto K., Pure Appl. Chem., 1983; 1845
0 R Utimoto K., J. Org. Chem., 1991; 5816
M OH Rl’:‘)\ PdCl,L,
Murahashi S-1., Heterocycles, 1992; 33,1079
~
R,\\/\o H OH R ,\\/lro> PdClLL, Cacchi S., Tetrahedron, 1993; 4955
< } — R OH mR PACLL,  |Villemin D., Heterocycles, 1989; 29, 1255
OH
o 1\
] - OH R’CB\ PdCl,L, |UtimotoK.,J Org. Chem., 1991; 5816
CH,-C-CH,-CZC-R
o) o
o R’U\(CH ))j\’R2
,U\ — C= 1 Zn PdCl,L, Utimoto K., Tetrahedron Lett., 1987, 3127
R, ~(CH,),—=—R, fk )oL
Ry T(CH)my Ry
_[_) Utimoto K., Pure Appl. Chem. , 1983; 1845
R—="—(CH,),~NH, NH, R PdCl,L,
Utimoto K., J. Org. Chem. , 1991; 5812
OH R,
Ry ‘t_— R, NH, 2’:‘)— R, PdClL, |Utimoto K., Tetrahedron Lett., 1981; 4277
NH, H
NH, PdCl, Utimoko K., Tetrahedron Lett. , 1988; 1799
NH, PdCI,L, Cacchi S., Tetrahedron Lett. , 1989; 2581
— NH, @f\\.& PACl,  |CacchiS.,.. Organomet. Chem. , 1994; 475, 289
<: :)—_ ; N
NHR, NH,, NHAc R, PdCl, Utimoko K., Tetrahedron Lett., 1988; 1799
NHAC PdCl,L; |Stille JK.,J. Org. Chem., 1989; 5856
NHSOMe PdCi,L, Yamanaka H., Chem. Pharm. Bull., 1988; 1305
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RXN48 Tandem Intramolecular Amination, Alkoxylation or Acyloxylation-Allylation

of Alkynes and Allenes

YH

Y /
R PdX,
= (T
Y R Y R

- %H
ﬁ/\/ .
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RXN48

Reagent YH Product Catalyst References
Utimoto K., J. Am. Chem. Soc., 1986; 2753
=—(CH,),~CO,Li CO,Li - . PdCl,L,
0o "0
Murahashi S-1., Heterocycles, 1992; 33, 1079
— « 0
R==-(CH,b),~0CO,Li OCO.Li | & 2 o’bo PdChL, |UtimotoK.,J. Org. Chem., 1986; 5499
R
R, R, =
RG%’- CHOH-R, OH 1\ PdCI,L, Utimoto K., Tetrahedron, 1985; 3655
OMe RIT07R
__OH OH 9 PdCl,L, / |Liebeskind L.S., J. Org. Chem., 1994; 1149,
H-_—b 4\/\\65 Hg(lt) (ring extension)
~
NHAc Utimoto K., Tetrahedron Lett. , 1988; 1799
@-%R, MR, PAC,L,
N
NHR, NHCO,Me I.R Utimoto K., Tetrahedron Lett., 1988; 1799
2
@) 2
OH /[/_\(\/ PdCLL, |Utimoto K., J. Org. Chem., 1991; 5816
0 R
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RXN49 Tandem Intramolecular Amination, Alkoxylation

210

or Acyloxylation-Carbonylation of Alkynes

R

C/ PdX, / CuCl, Oi
YH CO/ROH R

R

2CuCl //
CuCl,
PdX, \< ™

2
HX Pd°
'\/1 PdX,

/ ' Pd® / dppb - R'
— R » fo)

co (o] R

Pd° TN
QR' P P+ CO
o lb/ R
:—<—R
Pd
OH
co VAV
co’ p P
R
R

H S
R o~
2 R P P\ 0
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RXN49 Tandem Intramolecular Amination, Alkoxylation

or Acyloxylation-Carbonylation of Alkynes

R"Q
R
o COR" R
s PdX, / CuCl/ /. \ / /
—FR CO / R"OH / MeC(OEt ), —0 o
OH R o) R' (o]
2CuCl
2CuCl, R———
R
HX
Pd°
= R
R co R~ L
P
/ % HPdX on PdX,
co
=0
o
R
PdX
/ HX
o)
o
2 CuClt
R——=
2 CucCl, >
RO PdX,
R
/ Pd°®
— 0 — R
R o) OR" R |
R _ OH PdX,
R
o_ _Pd co
, + R'OH
0
oR"*
HX
R PdX R
OH \co
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Reagent YH Product Catalyst References
= N COzR n OR
OH PdCl,/CuCl, |T Y.,J. Org. Chem.,1991; 1099
. OH fogo / (OQO dMie lamard 8. Lhem
_ R, Norton J.R., J. Am. Chem. Soc. , 1991; 7520
R, Z OH l—i PACL/SNCl,
R; o0
R OH Murahashi S-.1., Heterocycles, 1992; 33, 1079
Re =\LR
Riy—= OH o 1 PdL, Alper H., J. Org. Chem., 1991; 5357
O R
HO
OH COH
O\\ OH (}-’/- z Pd (cationic salt) |Alper H., J. Org. Chem. , 1993; 6956
OH 1/~ COR
\\ OH Pd (cationic salt) |Alper H., J. Org. Chem., 1993; 6956
Ph
%—_':— Ph OH fk Pd (cationic salt) {Inoue Y., Tetrahedron Lett., 1994; 5889
HO o
o)
COR'
=R Yamanaka H., Heterocycles, 1989; 29, 1013
- OH »-R PdCI,/CuCl,
OH 0 Sakamoto T., Tetrahedron , 1994; 11803
—< NZ . . )
/2(NH2 NH, RO,C’—{ Pd/C / Kl-air  |Chiusoli G.P., Tetrahedron Lett. , 1995; 7495
o)
CO,R
=R \ Yamanaka H., Heterocycles, 1989; 29, 1013
- NHSO,Me e PdCI,/CuCl,
NHR, \ .
R, Sakamoto T., Tetrahedron, 1994; 11803
— R1
=R, COR
NHR, CONHR; N-R, PdCI,/CuCl, |Sakamoto T., Tetrahedron, 1994; 11803
o 0
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RXNS0 Intramolecular Amination or Alkoxylation of Alkenes

R
<—~_—J PdX, (j\ / <>—_%ZA
YH [Ox.] Y R M R
R
[Ox
YH [Ox.]
PdX,
v
Pd°
PdX Pd°
HX >

HX

\i( T/ - 7
Y PdX

* (O (7=
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Reagent YH Product Catalyst References
N Pd(OAc), Hosokawa T., Tetrahedron Lett. , 1976; 1821
e OH
OH Ph™ O Cu(OAc),/ O, |Murahashi S. L, Acc. Chem. Res. , 1990; 49
Pd(OAc), Hosokawa T., Tetrahedron Lett. , 1976; 1821
y/ s s 'y
Cu(OAc),/ O, |Murahashi S. I., Acc. Chem. Res. , 1990; 49
R
~ ‘/2—3( PdCLL,  |Murahashi S-1., Chem. Lett. , 1990; 1387
R1 OH OH R o o/
R, 2 CuClO,  |Murahashi S-1., Heterocycles, 1992; 33, 1079
R, HO. OR PdCl
N 2 2
r\ OH U Nokami J., Tetrahedron Lett. , 1988; 5181
HO "R, R, 8Q
Pd(OAc),
g\o H OH C\D Andersson P.G., Tetrahedron Lett. , 1995; 7749
DMSO /O,
Pd(OAC),
OH
(:OH OH { O‘l Cu(OAc), |Couturier D., Synth. Commun. , 1982; 647
0,
S o)
(N\ OH R'O,C —< x Pd(OAc),
Y OH N Hiemstra H., J. Org. Chem. , 1992; 6083
COR' R Cu(OAc),
OH .
R — Ry o Hiemstra H., J. Chem. Soc., Chem. Commun. , 1994; 357
N OH N @ PA(OAC), / O,
R Speckamp W. N., Angew. Chem. Int. Ed. Engl. , 1995; 457
Z
NHZ N Pd(OAc),
N NHZ r _@ Hiemstra H., J. Tetrahedron Lett., 1994; 9281
’ R~
R 0,
@*0"' o Pd(OAC),
N OH Cr\)— OEt Larock R.C., Tetrahedron Lett. , 1989; 2767
< OEt Cu(OAc),
z Pd(OAc),
OH OH o y Hosokawa T., Bull. Chem. Soc. Jpn. , 1986; 2191
CU(OAC)z / 02
R R
S \o PACl,L,
OH | coon Hanaoka M., Chem. Pharm. Bull., 1994; 1700
(o} 0 BQ
Q\ Pd(OAC),
o COOH o~o . Larock R.C., J. Org. Chem., 1993; 5298
2
Pd(OAc),
NHZ | NHzZ m Andersson P.G., Tetrahedron Lett. , 1995; 7749
z DMSO/ 0,
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Reagent YH Product Catalyst References
- (%— PACLL,  |HegedusL.S., . Am. Chem. Soc., 1982; 2444
NHTs | NHTs N
Ts BQ/LICI  |HegedusL.S., Org. Synth., 1984; 62, 48
OH =
R z, R1 —[1 Rz
1 R, | NHTs 'ﬂ PdCl,L, Tamaru Y., J. Chem. Soc., Chem. Commun. , 1994; 2531 (-CIPdOH)
NHTs Ts
QN
NHZ X NHZ NTZ PdCl,L,  iHirai Y., Chem. Lett., 1994; 21 (-CIPdOH)
]
OH Z
PdCl,L,
@\¢ NH, m BQ/LICI  |Hegedus L.S.,J Am. Chem. Soc., 1978; 5800
NH, N or
Cu(OAc),
PdCl,
\
m NHAc m CuCl, Kasahara A., J. Heterocycl. Chem. , 1989; 1405
NHAc Ac o
2
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RXN51 Tandem Intramolecular Amination or Alkoxylation-Carbonylation

216

of Alkenes and Allenes

COR’
R Pyl CuCl,
CYH CO/ ROH
v R
2 cuCl
/\R
2 CuCl, C
PaX, YH
HX Py
'y PdX,
COR' ==
HPAX R
v R o
R'OH
PdX
PdX HX
(T
> v~ R
co
-
-
Rd° / dppb R'
" b ]
0 R
r co
OH
R"
N + CO
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RXN51 Tandem Intramolecular Amination or Alkoxylation-Carbonylation
of Alkenes and Allenes

COR"

— PdX, / CuCl,

CO/R'OH

2
o
v
o)

2 CuCl

2 CuCl, + CO
R R

R'
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Reagent YH Product Catalyst References
Semmelhack M.F., J. Am. Chem. Soc. , 1984; 1496
C& OH COR PdCl, Semmelhack M.F., J. Org. Chem. , 1989; 4483
OH C(}_/ CuCl, Semmelhack M.F., Tetrahedron Lett., 1989; 4925
Murahashi S-1., Adcc. Chem. Res. , 1990; 49
H
R +0 PdCl,  |Yoshida Z-L., Tetrahedron Lett., 1985; 3207
S oH | R 0
OH OH o= .
H CuCl, Murahashi S- L, Heterocycles , 1992; 33, 1079
OBn
OBn OBn RO PdCl,
NNV 1
R ™ YN OH m Jager V., Synthesis, 1994; 1359
OH OH 0~ 0
OBn CuCl,
PdCl,
C=C=C\_)-R OH Walkup R.D., Tetrahedron Lett. , 1987; 1023
O CUC|2
ad OH [)\ Pd®  |Alper H.,J. Org. Chem., 1991; 5357
OH 0”0
PdCl,
SO~ OH OH 2 S CuCl, Alper H., J. Chem. Soc., Chem. Commun. , 1990; 135
o]
0 o
PdCl,
C:— OH CI CuCl,  |Alper H.,J. Chem. Soc., Chem. Commun. , 1985; 511
H
o™o 0,
g COR PdCl,
OH Tamaru Y., J. Org. Chem., 1991; 1099
OH o
(o] CUC'Z
Z NH
) (" Y COCH, PdCl,  |TamaruY.,J Am. Chem. Soc., 1988; 3994
N NHS co RN
RO T NH o
N CucCl, Murahashi S-1., dcc. Chem. Res. , 1990; 49
=z NH o
NGNS | K Ny Ns Tamaru Y., J. Am. Chem. Soc., 1988; 3994
o 0 CUClz
ozt PdCl  |Gallagher T., Tetrahedron Lett., 1986; 6009
CC/ NHR ':l CozR' CUC‘Z
NHR R orCuCl |Gallagher T.,J. Chem. Soc., Perkin Trans. 1,1992; 433
C"' PdCl,
O0._NHR . )
it NHR OT N\ COR Tamaru Y., Tetrahedron Lett. , 1992; 631
o o R CuCl,
C=Cz=CH,
C' oH PdCl,
J OH O COR Walkup R.D., Tetrahedron, 1993; 9285
o CuCl,
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Reagent YH Product Catalyst References |
C=C=CH, PdCl,  |Walkup R. D., Tetrahedron Len. , 1993; 9285
QfH OH O COR
o OR' CuCl, Walkup R. D., Tetrahedron Lett. , 1994; 8545
C=C=CH,
( m PdCl,
OTf NHTs NHTs T N\ CO,R Tamaru Y., Tetrahedron Lett. , 1993; 7611
Ts
o} o} CuCl,
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RXN52 Reductive Cyclization with Diynes and Enynes

Pd® /"AcOH

‘} R
R',SiH CK
R
Pd° / ACOH
R',SiH

H J* I

P
/[

TT—0Ac
2

R',SIOAC R

. R
L
R',SiH

OAc
Pd/
OAc
! / ~ L
PdL, ™=
R
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A-->B References

— v/
—_ > C< Trost BM., J. Am. Chem. Soc., 1987; 3161
R R
- v/
— - Cg Trost B.M., J. Am. Chem. Soc. , 1988; 7255
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RXN53 Cycloisomerization of Diynes and Enynes

Il

\ . L PdX,
> L
HX
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RXN53 Cycloisomerization of Diynes and Enynes

Pd(ll) /

]
s
-
8

§

A LPdX,

\
§
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A-->B

References

\

i
|
A

Trost B.M., Tetrahedron Lett., 1989; 651
Trost B.M., J. Org. Chem. , 1989; 2271
Trost B.M., Acc. Chem. Res. , 1990; 34

Trost B.M., J. Am. Chem. Soc., 1991; 636

T;l'rost B.M., Tetrahedron Lett., 1994; 1361

Trost BM., J. Am. Chem. Soc., 1994; 4255
Trost BM., J. Am. Chem. Soc., 1994; 4268

De Meijere A., Synlett. , 1994; 191

Trost BM., J. Am. Chem. Soc., 1987, 3483

Trost B.M., Angew. Chem. Int. Ed. Engl., 1989; 1502

Trost B.M., J. Am. Chem. Soc. , 1985; 1781

Fukumoto K., Synlett. , 1995; 761

Fukumoto F., Tetrahedron Lett., 1995; 5379

Trost B.M., J. Am. Chem. Soc. , 1993; 5294

Trost B.M., J. Am. Chem. Soc., 1993; 9421

Trost B.M., J. Am. Chem. Soc., 1988; 5233

Trost B.M., Tetrahedron Lett. , 1993; 8233
COH COH
/\// Trost BM., J. Am. Chem. Soc. , 1986; 6053
RN — —p R-Ni:(
- Blechert S., Tetrahedron Lett. , 1994; 9537
N

Trost BM., J. Am. Chem. Soc., 1992; 7292

Trost BM., J Org. Chem., 1989; 4489
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A—>B

References

fih
|

(\

Trost B.M., J. Am. Chem. Soc. , 1989; 8745

LR P2

Trost B.M., J. Am. Chem. Soc. , 1993; 12491
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RXN54 Cycloaddition of Aziridines with Carbodiimides

/
N R
)i —N—Ar 4 ':—7
N N
R \ L,PdX, |
Ar R’
2L L
R R

Ar
N\ Pd
~
Ar h{\}dxz Ar X \L
’ R
N/A; Ar——N———=N-—Ar
\ | /;N
N N, L
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A+B-->C References
4 /
N Alper H., J. Org. Chem.,1992; 157
CN-+c —» [ =N
N N
N \ Alper H., J. Am. Chem. Soc. , 1995; 4700
R R
N N
DN-R + c —» =0 Alper H., J. Am. Chem. Soc. , 1995; 4700
n N
° R
‘R'
N s
CN-R+ ¢ —> [ =N-R' Alper H., J. Am. Chem. Soc., 1995; 4700
1
S R
Ar COR'
COR N LAr
n N
E-N'i + ¢ — A LA Alper H., J. Org. Chem., 1995; 253
R N N° N
]
Ar R
COR’
COR S
n S
| NI Lt c —> Js _Ar Alper H., J Org. Chem., 1995; 3092
R N N N
[N ]
Ar R

Handbook of Palladium-Catalyzed Organic Reactions 227



RXNSS Telomerization of 1,3-Dienes with Nucleophiles

Pd N\
Nu-—H L » TN

N
4
ROH
4\/\/\\/\ >/’ L/Pd (
OR PdL,
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RXNS55 Telomerization of 1,3-Dienes with Nucleophiles

PdL,
T
7T

_Pd
L ~
Pd N
| /
L
CO.CH, / CO,CH,
N
L
PdL,
7T
_Pd
L ~
i
Pd A
~ CO,Et
AN NN
/r\
L—Pd CO,Et
\_// -
[Pd(OAC),l,
NF
+ AcOH
?AC OAc
Pd—= Pd\
OAc N ACOH
/\/\/v
2
= OAc OAc
2 1 ><|
Pd——Pd
H
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Diene - Product
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Nucleophile References
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RXN56 WACKER Process

PdCl, / CuCl, 0

v
x>:

120,

H,0
[o] + HCI
|+ HO 120,
)\ 2 cuc, + 2HC
H,0 2HCI+ 120, R 2 Cult
cl )/_, Pd° L<‘
+01
H,0 ®=—Pd R PdCl, R
oH \—
2 CuCl, 2 cudl
H cl e
7 \
CI/ H - Pd.
., N
Pd OH a” o
mo 7 %
H R c c-
Pd° PdCi, \ N - Lcl
a OH HO e—pd’
//,“ \
| g ¢ - ) Z
| =
‘y, C R
o H,0 VA/\ - Pd/\r A/\H )
2
R/U\ + 2 HC R/\ + Hzo (o] ‘ OH H
H,0
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RXN56

WACKER Process

1
PdX, *
A R

H202

PdX,

H202
H,0 HX
X —Pd — OOH
R /\

H,0,

H R
X—Pd—OH =

H B H

X —Pd— OOH

k\g
x R
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Alkene Oxidizer References
Tsuji J., Org. Synth. By Means of Transition Metal Complexes, 1975; 113
=C 0,/ CuCl, Alper H., Tetrahedron Lett. , 1985; 2263 (ethylene glycol)
Takehira K., J. Mol. Catal., 1987; 42, 247 (EtOH)
Feringa B.L., Tetrahedron Lett. , 1992; 2403
Tsuji J., Tetrahedron Lett. , 1977; 2267
C= 0, / CuCl Tsuji J., Chem. Lett., 1982; 859 (internal olefin)
Fukumoto F., Tetrahedron Lett. , 1995; 5379
Kang S.K., J. Org. Chem., 1995; 4678 (anti-Markovnikov hydration)
CH,=CH, 0, / CuCl, Bickvall J.E., J Am. Chem. Soc. , 1979; 2411
RO-C=C 0O,/ CuCl Mereyala H.B., Tetrahedron Lett. , 1993; 6929
c= O, / Fe(phthalocyanine) Bickvall J.E., Tetrahedron Lett. , 1988; 2885
{/ Hydroquinone Bickvall J.E., J Am. Chem. Soc., 1990; 5160
=C 0O, / Coenzyme PPQ Ohshiro Y., Chem. Lett., 1989, 785
C= O, / CuSO, Cyclodextrin  [Monflier E., Tetrahedron Lett. , 1995; 387
=C H,0, Mimoun H., J. Org. Chem. , 1980; 5387
C= '‘BuOOH Tsuji J., Chem. Lett., 1980; 257
C=C-CO,R 'BUOOH Bhat S.V., J. Chem. Soc., Chem. Commun. , 1994; 903
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RXNS7 Preparation of Ketones from Alcohols or Derivatives via a p-Hydride

Elimination
R _—
>— 0co, S Pd*/ R'CN R
R’ f /\—‘— 0
R R
>_ OH + /\/ OCO,CH,
R
R R
R>— (o) /, 3 P \< >' oco, =
R’
R\F
o R
& wov | D—ocops—)
+ /\ R
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RXNS57 Preparation of Ketones from Alcohols or Derivatives via a f-Hydride

236

Elimination

— +  ABr —
OH base o
R R
+ ArH
ArBr
R Pg°
>: (o]
R. V
R
Ar—Pd—O0 R'
Ar—Pd—Br
H
R
salt >—OH
R
+ base
R PdCl,/ CICH,CH,Cl R
>f OH > >: o]
base/ ammonium sait .
R’ R

+ base
R
o

o A”\ PdCI, R'
H,C=CH, / salt

R
Cl
\/\ pdc) >_ OPdCl
Rl

}\ >/<‘R
Pd® HPACI >: o)
RI

A T

salt base
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A->B References
R N R
)—0co, X —p X0 Tsuji J., Tetrahedron, 1987; 3903
R' Rl
0Co, — X
@\/\’ — N Izumi T., J. Het. Chem.,, 1992; 1085
NH, N
H
R PhBr R
J~OH —» 3=0 Yoshida Z 1., Tetrahedron Lett. , 1979; 1401
R R
R ABr R
R'>-0H — R.>=° Yoshida Z., J. Org. Chem. , 1983; 1286
R DCE R
)—OH m’ =0 Muzart J., Tetrahedron Lett. , 1995; 2473
Rl 2 R'
R R
L
(i\OH ABry C‘\\o Yoshida Z., Tetrahedron Lett. , 1981; 1801
R ccl, R
R)-OH — o0 Tsuji J., Chem. Lext. , 1981; 1171
i Rl
_}OH > 2:0 Touji J., Tetrahedron Lett. , 1982; 3085
Br
R 0, R Schwartz J., J. Chem. Soc., Chem. Commun. , 1977; 157
>0H —»  >=0
R R
Echavarren A.M., Tetrahedron Lett., 1994; 7097
C=C-CH-OH —» C=C-C=0 Echavarren A.M., Tetrahedron Lett. , 1994; 7097
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RXN58 Preparation of a,B-Unsaturated Carbonyl Derivatives via a B-Hydride
Elimination

cO
T\ R R
| _
o
),\7\
R R
. /\ R'CN
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RXN58 Preparation of a,f-Unsaturated Carbonyl Derivatives via a B-Hydride

Elimination
o]
oX
Pd® / & MeOSnBu, 2 | o
/]\/\ + N 0CO.CH, > /U\/A R R’ )|\/\
R R > R R' R R’
THF or R'CN =
co,
-~ OCOCH,
< Pd” “OCH,
OSnBu,
2 Pd° )\/\
RMR' R R W AcOMe
* R"CN
7N
THF OAc
0 H )\/\

o | A MeOSnBu, R R’

R R’ R R’ -
s Pd o
N
\\J/ R A~ R
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RXNS59 Preparation of a-Diketones Derivatives via an Oxidative Rearrangement

of a Propargyl Acetate

HPdX

R OAc
R' R"
% w/
o
R

OAc
P R”
OH
R' PdX
- "X .
H,0

R

PdX,
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RXN60 Carbonylation

Pd° 0
R—X + CO + R'—H/R'—M —_—> /IJ\

salt

NEt, R—X
Pdﬂ

o HPdX
)’k * MX
R DR RPdX

R —H o
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R PdX 4
v R— Td —X co
—o0
CeHCOCH,  *+ Br-
CoHBr

NE, + CH,OH —% CH0~
L
o

/\
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RXN60 Carbonylation
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RXN61 isomerization of Alkynes
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R OH o

Pd(OAc), + PR or Pd° + AcOH

0
/U\/\/\ HPdOAc o R
/ = ;X-———/__
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/Lk/\/\ " /
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RXN61

254

Isomerization of Alkynes
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RXN62 Addition of Thiols to Alkynes
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— + ASH ——» —_—
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ArS PA(SAN),L,
L
ArSH
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ArS PA(SArL,
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RXN63 Preparation of Allylic Acetates from Alkynes by Tandem Redox-Addition

258
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RXN64 Tandem Cyclization-Capture Process of Enynes
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( + R—X
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HPdX

260 J.-L. Malleron et al



A—>B

References

Negishi E.IL, 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 Reactions

261



RXN65 Aldol-Like Condensation of Enol Esters with Aldehydes
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OCOCH, R R
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RXN66 Addition of Fluoroalkyl lodides to Alkenes or Alkynes via a Pd(l) Species
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RXN67 Intermolecular Tandem Carbonylation-Coupling-Cyclization Process

of Aryl Halides with Terminal Alkynes

(o]
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v
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0
¥ PdX
y _

Z Y

z HX Z
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Intramolecular Coupling of Aryl Halides with Arenes
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RXN69 Tandem Intramolecular Alkoxylation-Vinylation of Alkenes
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Carbonylative [2+2] Cycloaddition
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RXN71 Dicarboalkoxylation of Alkenes
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OR
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RXN72 Addition of Pronucleophiles on 1,3-Dienes or Allenes

Nu

NS

/\/\
T A
Pd -
~ Nu Nu H
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Diene References
C=C-C=C Trost B.M., Tetrahedron Lett. , 1992; 1831
C=C-C=C Jolly P.W_, Synthesis, 1990; 771

C=C-C=C Trost B.M., Tetrahedron Lett., 1994, 1361

Trost B.M., Tetrahedron Lett., 1992; 1831

Yamamoto Y., J. Am. Chem. Soc., 1994, 6019
Yamamoto Y., Tetrahedron Lett. , 1995; 2811

C=C=C Cazes B., Tetrahedron Lett. , 1995; 3853
Trost B.M., J. Am. Chem. Soc. , 1995; 5156
Cazes B., Tetrahedron Lett. , 1995; 3857
Yamamoto Y., Synlert. , 1995; 969
Pronucleophile References
o 0 Jolly P.W., Synthesis, 1990; 771

R-C-CH,~C-R

Jolly P.W., J. Organomet. Chem. , 1995; 486, 163 (intramolecular)

0O O
R Jolly P.W., Synthesis,, 1990; 771
Trost B.M., Tetrahedron Letr. , 1992; 1831
CO,R-CH,-COR' Jolly P.W., Synthesis, 1990; 771
Cazes B., Tetrahedron Lett. , 1995; 3853
PhSO,-CH,-CO,R Trost B.M., Tetrahedron Lett., 1992; 1831
PhSO,-CH,-COR Trost B.M., Tetrahedron Lett. , 1992; 1831
Trost B.M., Tetrahedron Lett. , 1994; 1361
CN-CHZ)R) Yamamoto Y., J. Am. Chem. Soc., 1994; 6019
Yamamoto Y., Synlett. , 1995; 969
PhSO,-CH,S0,Ph Trost B.M., Tetrahedron Lett. , 1992; 1831
Trost B.M., J. Am. Chem. Soc. , 1995; 5156
ROH Jolly P.W., Synthesis, 1990; 771
PhSO,H Bickvall J.E., Acta Chem. Scand. , 1986; 184
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Pronucleophile

References

PhSO,Na

Inoue Y., Bull. Chem. Soc. Jpn. , 1986; 3705

R-NH-R'

Cazes B., Tetrahedron Lett. , 1995; 3857
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RXN73 Tandem Cycloisomerization-Cycloaddition of Dienynes

with 1,3-Dienes via Metallodienes

cycloaddition \
=
AN R

=

/ Pd(Il)
\ + MR >
E E

/\@
m 2
\N/

E E

X E

o
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Trost BM., J Am. Chem. Soc., 1994; 2183
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RXN74 Acylcyanation of Terminal Alkynes

Pg* Ar
Ar + Ar'COCN » —
NC Ar
o
(o}
Ar Ar' Ar'COCN
— P
NC
isomerization
Ar'COPdCN
Ar
— Ar——
NC Ar' (o]
o Ar Ar Ar'
— > ArA—————<___
NCPd H o
HPACN
Ar
o=
(o]
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A+B-—->C

References

Ar

Ar-C3CH 4+ AFCOCN —p ﬁ\(Ar'
NC
o

Takaya H., J. Org. Chem., 1994; 2679
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RXN75

1,4-Carbochlorination of 1,3-Dienes

c,
Pd(OAc), ’
\\' LiCI / AcOH / BQ
R |
R ci
Pd(OAc),
4 Licl
» 2L*,2L0AC
H,BQ
4o ) f [
2 H* [P4CI4)2
R
ct .
Pd°(BQ) > Ci
, A A
R cl
N\ wr Cl
toor Pd
LiCl J \
¢ a
|
- Pd
c-
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A->B References

c,
g\
R —» Biickvall J.F., Tetrahedron Lett., 1994; 5713

AR —> Bickvall J.F., Tetrahedron Lett. , 1994; 5713
o) \\
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RXN76 Tandem Chiorination-Cyclization
and Tandem Chlorination-Carbonylation-Cyclization of 1,6-Enynes

c
PdCly/ CuCly/ LiCl R\ R
R o fo)
R
I~ o com
PACl,/ CuCly/ CO(1atmy AcOH 2
0 o —»  RTN R’
—
070
R
R
It J)
PdCI oo PdCI o
c c 2 2 <
Cl COM
R \ R'
P® RN R
0™ s =
cl R °" o
PdCI
e
R™ ™3 AcOH
CuCl,
+ LiC (o] (o]
Cl  PdCl ¢l CO-PdCI
R\ R RN R
C  PdCl
o/
(o ot R R o]
o cucl, A 7/'
+ LiCl /
07
co
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RXN76
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Tandem Chlorination-Cyclization

and Tandem Chilorination-Carbonylation-Cyclization of 1,6-Enynes

R
COR'
PdCl,/ CuCly/ CO/ ROH COR'
!I 7 o RN R
A o]
0" o /\ ! HO(OR), 0™,
cuci CO+ ROH
CuCl, PdCl, .
COR' Cl-Pd-CO,R I l
RN COR' « R J//
0™ o
0
° ROH
CoR' COR' baci
rR— CO-PdCI RX: J//
s
0 0 o 0
COR'
PdCl
RN\ cuc,
co 070
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A-->B References
LuX.,J Org. Chem.,1993; 1245
o) R R
)é R Cl cl LuX, Sanett. , 1993; 68
) —
\_\ R’ 0%, Lu X., J. Chem. Soc., Chem. Commun. , 1995; 271
LuX.,J. Org. Chem., 1995; 1160
fo) R
Y——r cl cl
(0] —— Lu X., Tetrahedron: Asymmetry, 1995; 345
R.) N o0& o R
o) R
Y——-R ci
0 — cl Lu X., Synlett., 1993; 745
AN 0o
R cl
ﬂl f/ — R'§_(°°2H Lu X., Tetrahedron , 1994; 9067
R COR'
W~ R COR'
—_— Lu X., Tetrahedron, 1994; 9067
0o 0%
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RXN77

Intramolecular Cyclocarbonylation of Alkenes

Pd°/ CO

/X

ROH/ base

I

salt

2 Q
PdX ‘\T CCO/
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A--->B References

X Grigg R., Tetrahedron Lett., 1992; 7789
CO/ROH G_\

. ’ Grigg R., Tetrahedron Lett. , 1994; 2753

COR

Grigg R., J. Heterocycl. Chem. , 1994; 631

Grigg R., Tetrahedron Lett. , 1994; 4429
Grigg R., Tetrahedron Lett., 1994; 7661 (double carbonylation)

X co/rM Neghishi E-1., J. Org. Chem. , 1991; 6506 (intramolecular)

N _—b R

Neghishi E-L., Tetrahedron, 1994; 425 (intramolecular)
(o]

Grigg R., Tetrahedron Lett. , 1993; 7471 (intramolecular)
Grigg R., J. Chem. Soc., Chem. Commun. , 1995; 1135 (R =H)

Ishikura M., J. Chem. Soc., Chem. Commun. , 1995; 409

Neghishi E-1., Tetrahedron Lett., 1986; 4869

Torii S., Tetrahedron Lett. , 1990; 7175

X (o]
CO/ base
N
~ (o) OAc |Hidai M., Tetrahedron Lett. , 1989; 95
OAc
(AD/\/\CO/ base Hidai M., J. Org. Chem. , 1988; 3832
Cortame - "

Hidai M., J. Org. Chem., 1991; 1922

AR
Ph OAc _’Ph —"Ph Hidai M., J. Org. Chem. , 1993; 6818
0 OAc

Neghishi E-L., J. Am. Chem. Soc., 1985; 8289

X CO/ROH/ base Cl//_c:
_——
Q\

COR

Neghishi E-1., Tetrahedron Lett. , 1988; 6745
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RXN78 Tandem Carbonylation-Cyclization of (Z)- $-lodoenones and Related Reaction

from Aryl lodides and Internal Alkynes

CO/ base / H,0

r
\
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A-—->B References
R R o
Al + R—=—R' — Negishi E.L., J. Am. Chem. Soc. , 1995; 3422
Ar™ o0
R _R R R
R._g"'(, — m Negishi E.L,J. 4m. Chem. Soc., 1995; 3422
X R” x -0
R - R' R R'
R{_g_(l . R._)T Negishi E.L, J. Am. Chem. Soc. , 1995; 3422
(o] o0
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RXN79 Cross-Coupling of Organometallics with Terminal Alkynes and
lodotrimethylsilane

292

R
Pd° H
R— * R—M —— —
Me,Sil R SiMe,
N.
R H Me,Sil
R SiMe,
| — Pd — SiMe,
R'—M
R H
> — < R —
|—Pd SiMe,
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R-M

References

P
Ii

Sn

Murai S., J. Am. Chem. Soc. , 1991, 7778

CH,=CH-CH>-Sn

Murai S., J. Am. Chem. Soc. , 1991; 7778

CH,=CH-Sn

Murai S., J. Am. Chem. Soc., 1991; 7778

alkyl-Zn

Murai 8., J. Org. Chem. , 1995; 1834
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RXN80 Preparation of a,f-Unsaturated Carbonyl Derivatives from Enol Silanes

294

OSiMe, ﬁ
AN Pd(OAc), L7
X e N ‘
S~ 0, / AcOH AR

HOOSiMe,
Pd(OAc),
Me SiOAc
HOO-Pd-OAc
AcOH J
o]
/
Pd—0O
i
HPdOAc Lo
Pd® ! |
o, ‘__Z/ B

AcOH
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References

OSiMe
s JO Larock R.C., Tetrahedron Lett. , 1995; 2423 -
VAR 7 O
D =G
- - Cossy J., Tetrahedron Lett. , 1995; 7877
0
OSiMe, 0
BabaT., J. Chem. Soc., Perkin Trans. 2, 1990; 1113 (dehydrosilylation)
—>
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RXN81 1,3-Butadien-2-ylaminocyclization of Allenyl Tosylcarbamates

R>—_///

\

R \\\<\ Pd° o
ot ‘/ﬁ/ T
Ts » CO2 °
o8 ﬁﬂ T L

xR

o N

ToNH, TsHN—Pd\/ 74
R

OYN\TS

0
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A->B References

R} 1/ / R \‘—q;‘
’l:l' — ’ \ R Tamaru Y., J. Org. Chem., 1995; 3764
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RXN82 Addition of Pronucleophiles on Aldehydes

298

OH
SnBu, 1°) Pd°
RCHO  + @/ e R
B,oHyo 2°) hydrolysis B,H,,
SnBu,
OSnBu, Pe® \OY
B10H10
R
O
B10H10 Pd
h . ~
ydrolysis l §O7 SnBu,
B, H
Pd osnsus 10° 10
A
B10H10 :
R
RCHO
B10H10
CN Pd° OH
RCHO + s CN
R'O CN R N
oR'
CN
Pd®
)XCN o
R
CN
OR Pd
~C(CN),OR
_PdH
(o]
CN
R
OR N
RCHO
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RXN82 Addition of Pronucleophiles on Aldehydes

1°) Pd(ll) OH

RCHO + %\/ snBus — » R M
2°) hydrolysis

PAX,

hydrolysis
Z S8 A~F
o (w
/K/\ / R
R AN 0 _H
(ol g
R / R
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A-—->B References
. HO CN
RCHO + ROCH(CN), —% —A Yamamoto Y., J. Chem. Soc., Chem. Commun. , 1994; 1665
R OR
SnBu, H
RCHO + W W R Yamamoto Y., J. Chem. Soc., Chem. Commun. , 1994; 2581
B10H10 B10H10
oH Yamamoto Y., J. Chem. Soc., Chem. Commun. , 1995; 1273
4 . Soc., . Commun. , ;
RCHO + Z\SnBu; —»p RJ\&
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RXN83 Allylation of Pronucleophiles with Allylstannanes

SnBu Pd® N
/\/ P Nu—H _— /\/ !
Pd° Nu—H
Nu
/\/
Nu —PdH
Pd-Nu
//"\ or /\/ /\/S"B“a
Pa_
Nu Bu,SnH
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Pronucleophile References

HC(Z)X2) Yamamoto Y., J. Chem. Soc., Chem. Commun. , 1995; 2013

302 J.-L. Malleron et al



RXN84 Cross-Coupling Carbonylation of Aryl lodides with Five-Membered Cyclic

Olefins

o COAr

0 Pd°/ CO/ base o COAr
Gy oo - O
/ »
0 Pd°/ COJ base °
SRR -
o L
COAr
salt
salt Arl
My e
base
base ArPdI b/
+ CO

HPl \v/ HPdI

ArCOPdI

o o IPd COAr

COAr
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