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Preface

The last twenty years have seen the emergence of the new field of organotransition metal chemistry. It has now become one of the most important and
exciting areas of chemical endeavor. This stems not only from the use of
organo-transition metal complexes as catalysts and models for catalytic
reactions, but also from their intrinsic importance to our understanding of
structure and bonding.
Only a few years ago our knowledge of the field could be comfortably fitted
into one volume; today the same space would hardly suffice to cover one of
the more popular aspects of the subject, and any attempt to deal comprehensively with it therefore requires some subdivision. Useful lessons can be
learned from a classification according to either the metal, the ligand, or the
reaction, but each such arrangement has its drawbacks. In the light of current
knowledge a treatment based on the metal is perhaps the most rewarding,
especially if this is accompanied by references to other, neighboring metals,
and further subdivision by ligands and reactions.
The choice of palladium for the first work on the Transition Metals in The
Organometallic Chemistry Series was dictated to a large degree by the number
of organic reactions which palladium catalyzes. These include olefin oxidation,
the oligomerization of olefins, dienes and acetylenes, carbonylation, coupling
of arenes, vinylation, acetoxylation, isomerization, halogenation, and maiiy
others. In addition, the chemistry of the organometallic complexes of palladium and platinum is well explored and, in outline at least, well understood.
A complete treatment of even this limited topic covers a great deal of
material and a wide variety of reactions. I have accordingly chosen to divide
the monograph into two volumes, the first covering the metal complexes and
their structures, bonding, and reactions, while the second deals with the
catalytic processes and other reactions induced by palladium. Although I
have treated the entire topic in a unified fashion, each volume is self-contained
and may be read separately.
The catalytic reactions are of such variety that palladium promises to become as important in organic synthesis as the Grignard reagent or hydroboration, and may well be more versatile than either. In this connection, a most
ix
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significant feature of palladium chemistry is the ease of reoxidation of Pd(0)
to Pd(II), This has allowed the active Pd(II) to be regenerated in situ and has
made the industrial synthesis of acetaldehyde from ethylene (Wacker process)
under homogeneous conditions not only feasible but economically more attractive than any other route. This use of a rather rare and expensive metal in
an industrial process only foreshadows other equally important developments.
Even when the commercial exploitation of a homogeneously catalyzed
reaction appears to be unfavorable, the study of such processes can lead to
the development of heterogeneous catalysts of high specificity for unusual
reactions. The one-step palladium(II)-catalyzed homogeneous synthesis of
vinyl acetate from ethylene is now, as a heterogeneous reaction, the most
economical method for the large-scale production of vinyl acetate. While this
is likely to be the pattern of much future industrial use of the platinum metals,
only studies under homogeneous conditions can lead to a detailed understanding of the reactions involved and to rational new developments.
The aim of this two-volume work has been to collect the available data, both
on the complexes and on the catalyzed reactions, and to fit them into a coherent
pattern. A number of mechanisms are well established, but in many cases one
can only speculate on reaction paths. In order to facilitate the development of
rational hypotheses, I have included information on the inorganic chemistry
of palladium and also on the chemistry, where it is relevant, of the neighboring
elements. By doing so, I hope also to have defined more exactly the unique
features of the metal. On present evidence we can conclude that the special
features exhibited by Pd(II), for example, arise from its greater lability by comparison with Pt(II) and the lower affinity toward oxygen and nitrogen donor
ligands by comparison with the even more labile Ni(II). Of particularly great
interest is the question of whether, by a suitable choice of ligand, one metal
cannot be "tuned" in such a way that it chemically resembles another. If this is
possible, and present indications are that it is, then it should also be feasible
to carry out catalytic reactions characteristic of palladium with other metals.
Although this work is designed specifically for the research worker in the
field and for the organic chemist who wishes to make use of the wide variety of
metal-catalyzed reactions now available to him, the inclusion of comparative
studies and the introductory sections should also make it useful as a supplementary text for graduate courses.
Since I have tried to make these volumes of particular use to the organic
chemist, I have emphasized the broader aspects of the mechanisms and have
not included extensive tabulations of physical properties of complexes, which
may all be found in the appropriate references. The newcomer to the field
should, however, be warned that many of the properties of a given complex,
such as the melting or decomposition points and even the color, may vary
within quite wide limits.
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Inorganic chemists, in particular, may be dismayed at my decision not to
use rigorous IUPAC nomenclature for the complexes. In practice, this is cumbersome and tends to emphasize the metal, or other trivial ligands, at the
expense of the organic ligand of interest, with the result that even a reader familiar with the field may take several minutes to grasp the structure. The
simplifications used, which are essentially of such a nature as to emphasize the
organic ligand [e.g., allylpalladium chloride dimer in place of di-/x-chlorobis(7r-allyl)dipalladium], together with diagrammatic formulas will enable the
text to be read more easily.
This work covers the literature on palladium comprehensively to 1970. In
addition, a large number of references to work published in 1970 are included,
and I hope that no significant advance in this area which appeared in press before 1971 has been omitted. Coverage of the chemistry of the neighboring elements and of some aspects of the inorganic chemistry of palladium is, of
necessity, more curtailed.
This work was started in 1968-1969 at Imperial College, London. I should
like to express my appreciation to Professor G. Wilkinson and his colleagues
for their generous hospitality and to the National Research Council of Canada
for the award of a Senior Fellowship which made these volumes possible.
I should also like to thank all who so kindly read parts of the manuscript for
their comments, in particular, Dr. R. F. Heck, Dr. P. Henry, Dr. J. Powell,
Dr. J. F. Harrod, Dr. J. M. Davidson, and Professor G. C. Bond.
Peter M. Maitlis
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Introduction

The chapters which make up Volume II of this monograph are concerned
with organic transformations caused by palladium complexes (or metal) either
stoichiometrically or catalytically. Many of these reactions are of considerable
interest and importance, both synthetically and industrially.
Elucidation of the mechanisms of these reactions is therefore of great
importance. Unfortunately, the experimental evidence is lacking to a consider
able extent. This is not to imply that much good work has not been done in the
field, but merely that the processes involved are very complex, considerably
more so, in fact, than "normal" organic transformations. Thus, even a careful
kinetic study of a reaction will only rarely, by itself, give definitive evidence for
a reaction path. The normal kinetic analysis only gives information about the
slowest, rate-determining step. In many cases this is relatively trivial and may
be, for example, the rate of π-complex formation. The important question of
what happens in the coordination sphere once the complex has been formed
remains unanswered since these reactions are often very fast. An example
of this is in the oxidation or isomerization of olefins catalyzed by Pd(II)
where the key step, a hydride transfer, is only very poorly understood.
Another problem is that many of the metal-catalyzed reactions give rise
to a range of products. Particularly in the oxidation reactions, a complete and
accurate materials balance is very hard to achieve. This problem adds to the
difficulty of disentangling the processes involved.
Despite such reservations considerable progress has been made, especially
in recent years, in our understanding of metal-catalyzed reactions. A very use
ful method for analyzing a given reaction is to use model systems, frequently
with a different metal atom. Thus rhodium and palladium are very active in
homogeneously catalyzed reactions, whereas iridium and platinum on the
whole react much more slowly and therefore lend themselves to a step-by-step
analysis. Bearing in mind the limitations of all arguments by analogy, it is now
possible to propose mechanisms for a variety of catalytic processes.
The typical mechanism involves the following steps:
(1) Oxidative addition of a molecule A-B to a metal complex [ L M ] to give
[L M * AB].
(2) Creation of a vacant coordination site on the metal by loss of one ligand,
L, followed by coordination of a further molecule Y (frequently an olefin) to
give [L„_! M
ABY].
(3) Rearrangement of the groups A, B, and Y in the complex to give the
intermediate in which these groups are so placed as to facilitate reaction.
(4) Insertion of Y into M-A (or M-B) giving [ L _ M
( Y A ) B ] ; this is
frequently a solvent-assisted process.
n+

m

(

+2)+

p

(n+2)+

(n+2)+

p

1

2
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(5) Regeneration of the catalyst, [L M" ], with loss of AY, either by reaction
with Β (to give AYB), or by a rearrangement (e.g., a hydride shift) to give a
stable organic product, A T .
In many cases these steps are modified and, even when the reaction is quite
well understood, it is often difficult to be too exact about the nature of the
"catalyst". In the case of the palladium-catalyzed oxidations the reactive entity,
in the above sense, is Pd(0) which is oxidized to Pd(II). However, since Pd(II)
compounds are readily available and very reactive, the oxidative addition step
is usually carried out at the end of the cycle. Normally such oxidation reactions
are stoichiometric and result in the formation of inactive palladium metal. As
discussed in Chapter II, however, Pd(0) is very easily reoxidized to Pd(II);
Cu(II) is a very popular oxidant for this reaction since it can again be regener
ated with oxygen. For this reason palladium catalyzed oxidation reactions are
synthetically and industrially attractive.
Palladium(II) also catalyzes a large number of reactions which do not involve
reduction to Pd(0); some of these occur by insertion into Pd-X bonds. It is
also possible that some involve Pd(IV) intermediates, but there is little evi
dence for this at the moment.
A curious feature of reactions catalyzed by transition metals is the relative
lack of evidence for the typical reactive intermediates of organic chemistry,
carbanions and carbonium ions. This probably arises from the metal acting
both as a source and a sink of electrons and making such ionic intermediates
energetically unfavorable. Although organic free radical intermediates have
been postulated as intermediates in metal-catalyzed reactions, there is again
little evidence for them. Most reactions should, therefore, on present evidence,
be regarded as occurring largely within the coordination sphere of the metal.
Since the most kinetically labile metal complexes are usually the most reactive
this also accounts for the high rates of palladium-catalyzed reactions.
A problem which has not, as yet, been resolved, is the coordination number
and stereochemistry of the various intermediates involved. Palladium(II) is
known to favor square planar four-coordination and most mechanisms pro
posed assume that the intermediates also have this coordination. This is very
probably an oversimplification since five-coordinate complexes are known to
exist and have long been proposed as transition states in substitution reactions.
Most homogeneously catalyzed reactions which have so far been investi
gated appear to involve only one metal atom. This is in contrast to the heterogeneously catalyzed reactions which occur on metal surfaces, and where the
participation of two or more metal atoms is usually invoked. While this
appears to be generally true for the reactions of Pd(II), there is some evidence
that, under certain conditions, two or more metal atoms can also participate in
homogeneous reactions. The extent to which this occurs and the nature of
these reactions remain unknown.
m

Chapter I
The Formation and Cleavage of
Carbon-Carbon Bonds

As has been discussed in the first Volume, nucleophilic attack on a carbon
atom of a 7r-bonded ligand is a favored reaction path for complexes of Pd
formally in the (II) oxidation state. Of particular interest are those reactions
in which a C-C bond results. Only in a few cases is the nucleophile clearly
distinguished as such; nevertheless these reactions will all be grouped together
for convenience. This does not imply any similarity of reaction path among
them.
For present purposes the reactions will be discussed under the following
headings:
A. Addition of a carbanionoid (organometallic) species (e.g., malonate,
Grignard, alkyl- or arylpalladium, organomercury) to an olefin to give either
a new complex or an organic product.
B. Carbonylation, again both of complexes and (formally) uncomplexed
organic species.
C. Coupling of olefins (and dienes), either with themselves or with other
organic moieties in which no net oxidation of the organic ligand (or reduction
of the metal) occurs. These reactions usually involve a Η shift. Most acetylene
oligomerization reactions are also nonoxidative and only cases where Η shifts
do not occur are treated.
D. Coupling of organic molecules with loss of Η (usually one per molecule
of substrate) and consequent reduction of Pd(II) to Pd(0). These reactions are

4
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very important; since the Pd(0) can be reoxidized to Pd(II), they are potentially
catalytic.
£. Miscellaneous.
F. Cleavage of C-C bonds, including decarbonylation reactions and skeletal
rearrangements.

A, ADDITION OF ORGANOMETALLIC (AND SIMILAR
CARBANIONOID) SPECIES TO OLEFINS

Some of these reactions on π complexes lead to new complexes and have
already been discussed in some detail elsewhere (for example, Volume I,
Chapter II, Section C,3,b,iii).
Perhaps the simplest examples are the addition of malonate, acetoacetate,
etc., to 1,5-cyclooctadienepalladium chloride described by Tsuji et a/. "
Thallium salts of jS-diketonates have been used similarly by Johnson et al
The most interesting point here is that the product always has the substituent
exo to the metal and contains a metal-carbon σ bond. This implies, assuming
no gross overall rearrangement, that attack is on the olefin (exo) and that the
metal does not participate directly.
1

3

A

CHXY

12

Reactions of this type can also proceed further with "insertion" of the coordinated olefin into the Pd-C σ bond.| This can occur under the action of
nucleophiles or light (Volume I, Chapter III, Section E,3; Volume I, Chapter
IV, Section F,l,c).
5

6

t The term "insertion" is used in a nonspecific sense; it is probable that reaction proceeds
by migration of R (in R-M) onto the coordinated olefin, but insufficient data are available
for it to be certain that this mode of reaction applies in all cases (see Section Β below).
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J2

Tsuji and Takahashi " have also shown that strong bases will react
with complexes of this type to give bicyclic products. Both appear to involve
nucleophilic displacement of palladium by XC(COOEt) ", either before or
after insertion of the olefin into the Pd-C σ bond has occurred.
1

3

2

CH(COOEt)

2

Shier and H e c k ' have both reported attack (by methyl Grignard and
phenylmercury, respectively) on uncoordinated dienes in the presence of a
palladium(II) salt to give 7r-allylic complexes. In the absence of R-M, these
7

8

9

R-M + Pd(II) + C H = = C H C H = C H
2

2

(

Pd(ID

CH R
2
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reactions proceed as shown.

C H = C H C H = C H + L PdCl
2

2

2

2

(L = CI", solvent)

In the presence of an alkylating or arylating reagent (at low temperatures)
an R-Pd species is presumably formed first. It is known that many σ-bonded
R-M complexes insert olefins very readily and palladium is no exception; in
contrast, insertion into M-X, where X is halogen or an oxy group, is generally
slower. A reasonable reaction sequence for the formation of 1-substituted
π-allylic complexes from butadiene is, therefore,
CI
L PdCl + R—Μ
2

>

2

I,

—Pd—R

CH =CHCH=CH

2

-+
2

(R = aryl, methyl)

A mechanism involving 1,4-addition of Pd-R is also possible. A similar
rationale can be given for the reaction of allene, methyl Grignard, and Li PdBr
to give 2-methylallylpalladium bromide, described by Shier.
If the allylic group in a palladium complex reacts via the σ-allyl form in the
intermediate, then the reaction of such complexes with dienes can easily be
understood. " Two modes of addition are found, depending on whether the
diene is 1,2 (allene) or 1,3.
2

10

14

10

4

A. ADDITION OF ORGANOMETALLIC SPECIES TO OLEFINS

7

These reactions are discussed in Section C,3,b and c, the Appendix, and in
Volume I, Chapter V, Section F,12.
Tsuji et a l .
have also reported reactions of 7r-allylpalladium chloride
with malonate (or acetylacetonate) to give mono- and diallylmalonate (or
acetylacetonate).
l S t l e

({—PdCl

+ CH XY
2

(

_^>

C H = C H C H C H X Y + (CH =<:HCH ) CXY + Pd
2

2

2

2

2

(X = COOEt; Y = COOEt or COMe)

Similarly, 1-methylallylpalladium chloride dimer reacted with diphenylmercury to give l-phenyl-2-butene.
9

<^(—-PdCl

+ Ph Hg

PhCH2CH=CHMe + P d

2

Me

Okada and Hashimoto and Saegusa et a/. have described the reactions
of Grignard and organomercury compounds with 7r-olefin complexes. Thus
the styrene-palladium chloride complex gave iraws-stilbene (R = Ph) and
ifww-j8-methylstyrene (R = Me) with phenyl- and methylmagnesium bromide,
respectively.
17

CH
PhCH

18

RMgBr

2

-PdCl

2

J2

Ph>

:c=c:

R
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[j8-MethylstyrenePdCl ] did not react with methyl Grignard, but [propylenePdCl ] gave largely j8-methylstyrene together with some a-methylstyrene,
allylbenzene, propylbenzene, and isopropylbenzene with PhMgBr. Okada
and Hashimoto suggested that the reaction proceeds via initial formation of a
Pd-R' species followed by insertion of the 7r-bonded olefin into Pd-R', to give
(Μ).
2

2

2

2

^R'

J | _

P

R

d

C

l

2

"

J _Pd—CI

*'Mgx
J2

CH R'
I I
/CH—PdCl
R /
I
2

>

R ^

^C=CC

R'

+ H C l + Pd

(M)

These authors suggested an α elimination of H-Pd from (1-1) together with
a hydride shift to give R C H = C H R \ but a direct β elimination of H-PdCl as
shown would seem more probable. It is also conceivable that (1-1) can arise
directly by attack of R . . . Μ on the olefin-metal complex. This possibility
cannot be ruled out from the observed stereochemistry of the product, which
may, in any case, be largely determined by thermodynamic factors.
From the variety of by-products obtained from the reaction of [propylenePdCl ] and PhMgBr, it is apparent that attack at the substituted carbon,
together with complex Η transfer and isomerization processes, can also occur.
It is also interesting, and probably significant, that these authors reported lower
yields from reaction with the olefin complex than from a mixture of olefin and
PdCl .
Saegusa et a/. have reported that carbomethoxylation of [cyclohexenePdCl ] with MeOOCHgCl gave methyl cyclohexanecarboxylate in low yield.
Since full details, including a complete materials balance, are unfortunately
lacking, it would be inappropriate to speculate on the mechanism.
2

2

2

18

2

2

—PdCl

α

2

(10%)
COOMe

A series of studies by Heck has greatly added to our knowledge of these types
of reactions. The first paper describes a reaction basically similar to those
discussed above, except that the free, olefins, rather than their complexes, are
used as starting materials. The carbanionoid moiety is derived from less
reactive organometallics, such as those of mercury (and sometimes tin and
19
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lead). These have the advantage over Grignards in that functional groups and
simpler conditions are permissible. For example, air and moisture do not
interfere and reactions can, in fact, be carried out in protonic solvents (acetic
acid, methanol).
RHgX + PdX + R ' C H = C H
2

2

R ' C H = C H R + HX + Pd + H g X

2

The structures of the reactive intermediates are not known, but it is presumed
that they are solvated species of the type RPdX(solv.) . For simplicity, they are
referred to as RPdX in this discussion.
Organomercury compounds, RHgX (where X = CI or Ο Ac) and R Hg, were
used; the palladium was usually present as Li PdCl , although palladium
nitrate and acetate were also successfully utilized. Isomerization of the olefinstarting material and the product was frequently encountered in reaction mixtures containing large amounts of chloride ion. This was suppressed by use of
RHgOAc in the presence of palladium acetate. Heck found that electronreleasing substituents (/?-MeO, p-HO, p-Et N) on the aryl group (in ArHgX)
decreased yields of product and good coordinating groups (NH ) retarded or
even stopped the reactions, owing to the formation of stable Pd complexes,
Heck showed by competition experiments with PhHgCl and LiPdCl f in
MeCN that the relative rates of reaction were ethylene (14000) > vinyl acetate
(970) > propylene (220) > styrene (42) > α-methylstyrene (1). He concluded
that these reactions were therefore neither true radical nor ionic reactions. The
size of the substituent on the olefin appeared to be of greatest importance;
however, in the arylation reactions bulky groups on the aryl about the reactive
site did not influence the course of reaction significantly, for example,
2

2

2

4

2

2

3

/\/HgOAc
\ ( ) \
+ C H = C H C O O M e + LiPdCl
MeL^jMe
2

MeCN
M

e

C

N

3

/CH=CHCOOMe

Τ
HgOAc

CH=CHCOOMe

Alkyl groups without a β hydrogen and aryl groups added mostly, or, in
some cases, exclusively to the less substituted carbon of an unsymmetrical
olefin, and mixtures of isomers (other than cis, trans) were not obtained. The
more heavily tri- and tetrasubstituted olefins reacted relatively slowly;
t PdCl in acetonitrile only reacted with one mole of LiCl ; the structure of the species
present in solution is not known, but it may be Li Pd Cl6 or LiPdCl MeCN.
8

2

2

2

3
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decomposition of the arylating agent to biaryl then became the major reaction
path.
Some representative yields of methyl cinnamate obtained using a variety of
organometallics as phenylating agents under different conditions are listed in
Table 1-1.
TABLE 1-1
Ph„M + C H = C H C O O M e — PhCH==CHCOOMe

e

2

Reactants

Solvent

Ph Hg + LiPdCl
PhHgCl + LiPdCl
Ph Sn + Li PdCl
Ph Pb + Li PdCl
Ph Hg + P d ( N 0 )
PhMgBr + LiPdCl
2

MeCN
MeCN
MeOH
MeOH
MeOH
THF/MeCN

3

3

4

2

4

2

2

β

4

4

3

After Heck.

Yield (%)

2
2

88
53
100
82
83
8
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These reactions could also be run with catalytic amounts of the palladium
complex, which was regenerated by oxidation with Cu(II) or Hg(OAc) .
2

C H = C H C H O E t + PhHgOAc + Pd(OAc) + Hg(OAc)
2

2

2

Me CO/20°
2

2

•

PhCH=CHCH OEt
(approx. 360% based on Pd)
2

Heck suggested that the reactive species in these solutions was a solvated
aryl (or alkyl) palladium species (formed reversibly) which then reacted directly
with the olefin to give aryl- (or alkyl-) ethylpalladium complexes [analogous
to (1-1)]. The latter decomposed by β elimination of H-PdX. The hydridic
species did not appear able to hydrogenate the olefin, but decomposed to metal
and HX.
In the presence of a high concentration of cupric chloride, the formation of
a 2-arylethyl chloride began to be the dominant reaction.
20

H0Ac/H 0
2

PhHgCl + C H + Li PdCl + CuCl + LiCl
2

4

2

4

2

> PhCH CH Cl + P h C H = C H
2

2

(76%)

2

(2%)

The bromides could be obtained similarly, though in lower yields. Increasing
substitution at the olefinic carbons favored formation of the arylated olefin.
The mechanism clearly involves CuCl and probably an alkyl-Cu compound
since Heck found that even in the absence of olefin and a Pd(II) salt, benzyl2

11
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mercuric chloride reacted with CuCl to give largely benzyl chloride. Alkylating
agents must react with CuCl much more readily than arylating agents; otherwise aryl halides would have been the products of the above reactions. One
possibility is that the [ArCH CH PdX] intermediate postulated before, reacts
with CuCl to give ArCH CH CuCl (and PdClX), which then gives rise to
ArCH CH Cl and Cu(0).
Heck has also described a number of variants on the basic reaction. For
example, when primary or secondary allylic alcohols are used as substrates
under the above arylating conditions, 3-arylaldehydes or 3-arylketones
result.t This reaction is envisaged as proceeding similarly to that described
2

2

2

2

2

2

2

2

2

22

PhHgCl + CH ==CHCH(R)OH + LiPdCl + CuCl
2

3

MeCN
2

>

PhCH CH COR
2

2

(R = H, Me, Et)

above to give (1-2), which then eliminates HPdX preferentially to give the
alcohol, ArCH CH=CROH, the enol form of the major product, ArCH CH
COR.
2

2

ArCH=CHCH(R)OH
(1-3)

2

ArCH CH=CHR
2

(1-4)

The alternative pathway, involving elimination of Η from the benzylic
methylene group, gives a cinnamyl alcohol (1-3). This pathway is followed
to the extent of about 10% of that leading to the ketone. The allyl benzene
(1-4) is also observed in some reactions, and could possibly arise from (1-2)
by elimination of HOPdCl. However, Heck does not believe this to be the route
by which (1-4) arises since the product is absent in chloride-free media. A
more probable source is the allylic chloride (see below).
Using crotyl alcohol, some 2-aryl- as well as 3-arylaldehyde is obtained. This
suggests that Ar-Pd addition to the double bond can occur in both senses.
t A sterically hindered base, dicyclohexylethylamine, was often added to the catalytic
reactions in order to remove HC1.
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Me
I
-> ArCH—CH—CH —OH + MeCH—CHCH OH

ArPdX + MeCH=CHCH OH
2

4

2

PdX
Me
Me
I
I
ArCHCH CHO <- ArCHCH=CHOH

Η shift

«—

2

MeCH C(Ar)CHO

MeCH C(Ar)=CHOH

2

PdX AT

«

2

MeCH C(Ar)CH OH
2

2

PdX

When allylic halides were arylated, allylaromatic compounds were produced.
23

PhHgCl + CH =CHCH C1 + LiPdCl
2

2

MeCN/20°

•

3

PhCH CH==CH
2

2

(61%)

This reaction was catalytic with respect to the palladium salt, but under some
conditions isomerization of the allylbenzene to propenylbenzene was observed
with concomitant precipitation of palladium. This did not generally occur in
the presence of CuCl and at high enough concentration of the allylic halide.
A mechanism again involving addition of Ar-PdX to the allylic halide, followed this time by elmination of PdX , was proposed. There was no evidence
for products arising from elimination of HPdX, but a full investigation into
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this reaction was hampered by the isomerization to the propenylbenzene.
Vinyl acetate was phenylated under the above conditions to give transstilbene, phenylacetaldehyde, and j8-acetoxystilbene, in addition to a little
styrene.
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Isopropenyl acetate gave benzyl methyl ketone (and chlorobenzene).
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