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A Novel Palladium(ir) Catalysed Allylic Isomerization

By P. M. HENRrY
(Central Research Division, Hercules Incorporated, Wilmington, Delaware 19899)

Summary A palladium(11) catalysed allylic isomerization
which apparently proceeds via a 1,3-acetoxonium ion
type intermediate is reported.

IT has been reported that Hgl 1 and PdII23 salts in acetic
acid catalyse the isomerization of one allylic acetate into
another, with the suggestion? that the isomerization
involves an  acetoxymetallation—deacetoxymetallation
mechanism. By this scheme but-2-enyl acetate should
isomerize to but-1-en-3-ol acetate as in reaction (1).

HOAc

MeCH=CHCH,0OAc 4 -MOAc

M = Hgl or P4l

To test this mechanism the propionate esters of but-2-
enyl alcohol and but-1-en-3-ol were isomerized in acetic
acid containing various metal salts. If the acetoxymetalla-
tion—deacetoxymetallation mechanism is operative, ex-
change should occur when, and only when, there is iso-
merization.

found that trifluoroacetate esters underwent the reaction
much more slowly than propionate esters. If the ester
carbon-oxygen bond cleavage to give an allylic carbonium
ion—carboxylate anion type of intermediate were occurring,
the opposite result would be expected.5

Hg(OAc),, with or without added strong acid, in acetic
acid gave almost exclusively exchange, apparently via
equation (2). Little, if any, isomerization via equation (3)
was observed. The HgH system, however, is complicated
by the formation of stable acetoxymercuration adducts and

OAc M-~
| fe
MeCH-CHCH,OAc (1)

OAc ]
|
MeCH-CH=CH, + -MOAc

was not studied in detail. To avoid the acetoxymercura-
tion problem, HgF, was used in MeCN. Again, no reaction
via equation (3) was observed. Hg(OOCCF,), in MeCN
gave some isomerization of but-l-en-2-ol propionate to
but-2-enyl propionate. However, the corresponding tri-
fluoroacetate esters were also formed, via equation (2), and

OAc M-

| |
MeCH=CHCH,00Et +4 -MOAc 2= MeCH—CHCH,0O0CEt (2)

In the case of palladium(11) acetate or chloride salts, it
was found that two reactions actually take place. One
reaction is that shown by equation (2). The other is
isomerization without exchange—equation (3). 180 label-
ling experiments showed that the alcohol oxygen of but-2-
enyl propionatebecomes the carbonyl oxygen of but-1-en-3-ol

OOCEt
P4au ]
MeCHCH=CH, (3)

MeCH =CHCH,00CEt

propionate after isomerization [equation (4)]. This result
is consistent with a mechanism involving a Pd™ ¢g-bonded
1,3-acetoxonium ion type intermediate.4t As this mechan-
ism involves nucleophilic attack of the carbonyl oxygen,
electron-withdrawing groups in the acid fraction of the
ester predictably would retard the isomerization. It was

t All of the other mechanisms which seem reasonable for the isomerization

scrambling of the label.

Nt
OAc

!
MeCHCH=CH, + -M(OOCEt)

but-2-enyl propionate could have been formed from but-
1-en-2-ol trifluoroacetate by re-exchange.

Et Et Et
¢ é:’ =0 %
_ —
O/ \0* O/ \O* 1
/ 1 ?

|

MeCH==CHCH; &= MeCH-—EHCHz = MeCHCH=CH: (4}
d

Pd Fa| d

/1 (" /1N

Other noble metal salts, such as PtCl,, IrCl;, RuCl,,

OsCl,, and RhCl,, gave the isomerization, although much
more slowly than Pd@. AuCl;, T1(OAc),;, and Pb(OAc),
gave oxidation of the allylic ester almost exclusively.
AgOAc gave no reaction.

It thus appears that only those metal salts (i.e., noble
metal salts) which can activate the double bond by forming

would predict either 180 retention in the ester oxygen or
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stable mr-complexes are capable of catalysing the isomeriza-
tion. On the other hand, they must be capable of under-
going the acetoxymetallation reaction. AgOAc apparently
was ineffective because of its inability to undergo this
reaction.

To our knowledge, this is the first example of an oxy-
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metallation reaction giving an unstable bridged inter-
mediate such as (1).] This reaction is likely to be general.
Thus, under the correct conditions, 1,2-acetoxonium,
phenonium, or oxonium ions may be formed as inter-
mediates.

(Received, Decembey 21st, 1970; Com. 2199.)

 Arelated reaction is the ready hydroxymercuration® and hydroxythallation? reactions which occur with olefins containing hydroxyl

groups to give cyclic ethers.

However, these adducts are stable compounds unlike (1).
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