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Summary: Iminoacyl complexes of the type trans-Pd-
(C(=NBu')(CH3C¢H 4-p-X))Cl(BRg)s exist in solution as
equilibrium mixtures of their imine and enamine forms.
The position of the equilibria can be tuned by varying
the X substituent of the aryl ring and the phosphine
ligands, allowing in some cases the isolation of com-
pounds that exist as the less common enamine form, both
in solution and in the solid state.

Prototropic tautomerism is an important process that
is involved in many organic transformations.! Of the
different kinds, keto—enol and imine—enamine tautom-
erism have been the subject of numerous investigations
due to their importance not only in organic but also in
biological processes.2 Although organometallic acyl and
iminoacyl complexes are widespread and their chemical
behavior has been thoroughly studied,® they are almost
invariably encountered in their keto and imine forms,
respectively.* In transition-metal—iminoacyl chemistry,
imine-to-enamine tautomerism has been invoked to
account for the nature of the product of the reaction of
the iminoacyl trans-Pd(C(=NCgHs-p-Me)Me)CI(PEts),
with MeQy;CC=CCO;Me,5 but tautomerization to a
stable enamine structure is uncommon and requires
stabilization by hydrogen bonding,® extensive electron
delocalization,” or formation of more complex struc-
tures.™< A similar situation is found for organic imines
and enamines, where the imine form usually predom-
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inates.1228 In this communication we wish to report
the first observation of a quantifiable imine—enamine
equilibrium in the system arising from the insertion of
CNBut into the Pd—C bond of complexes of the type Pd-
(CHCsHy-p-X)CL(PR3)e. The position of this equilibrium
can be varied by modifying the nature of the X group
and the phosphine ligands, thereby allowing the study
of the factors that affect the equilibrium constant and
of the complexes that exist as the more uncommon
enamine tautomer.

Reaction of the benzylpalladium derivative 1al with
tert-butyl isocyanide yields a yellow product, lim,®
whose NMR and IR spectra® display features typical for
a pi-iminoacyl complex.1® However, NMR spectra also
show a second set of signals associated with a minor
product, len,® which amounts to ca. 8% of the overall
mixture and could not be separated by recrystallization.
Careful examination of the 'H NMR spectrum of len
(acetone-ds, 20 °C) revealed the presence of resonances
at 8 5.65 (t, Jup = 2.8 Hz) and 4.82 (br s) attributable
to an olefinic and an NH proton, respectively. These
signals strongly suggest that lem has the enamine
structure shown in Scheme 1. Since the low concentra-
tion of len in solution prevented the observation, under
ordinary conditions, of the 13C resonance corresponding
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to the enaminic Pd—C(NHBu*) carbon atom as well as
the IR NH absorption, we sought a means of increasing
the equilibrium concentration of the enamine form. The
use of various solvents was of little help, since only a
small difference in the tautomer ratio was observed
when compound lim/len was dissolved in benzene or
chloroform as compared to more polar solvents such as

acetone, the enamine form being slightly more favored

in the latter.

The ground state of organic enamines has been
described as a resonance hybrid of the neutral enamine
form A and the 1,3-dipolar iminium salt form B.! For
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compounds len—38en, a dipolar carbene form, C, could
also be taken into account. From this picture, it can be
readily understood that the presence of electron-releas-
ing substituents on the nitrogen or palladium atoms,
or of electron-withdrawing substituents on the aryl ring,
should increase the relative stability of the enamine
form. In agreement with these expectations, the con-
centration of the enamine tautomer is markedly in-
creased for complexes 2, which bear a p-trifluoromethyl
fragment. NMR spectra for these tautomers, recorded
in acetone-dg at 20 °C, showed a 3:4 equilibrium mixture
of 2im and 2en.°

Although the structural and spectroscopic properties
of late-transition-metal iminoacyl complexes do not
suggest an important contribution of the amidocarbene
resonance form to the electronic ground-state structure
of these compounds,!2 the participation of such a dipolar
carbene form C, particularly in the case of the enamines
2en and 3en, cannot be disregarded. Accordingly,
compound 3im/3en, in which the more basic ligand
triethylphosphine replaces the trimethylphosphine of
compound 2im/2en, shows an even stronger preference
for the enaminic form, 3en, lowering the concentration
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of the imine form 3im to undetectable levels. This
observation is in accord with the stabilizing effect
exerted by electron-releasing ligands on resonance form
C.

The 13C{!H} NMR spectrum of the enamine isomer
2en displays resonances at 166.3 and 100.7 ppm,
attributable respectively to the Pd—C and Pd—C=CH
atoms; corresponding resonances can be found for
compound 3en at 6 164.4 and 102.2 ppm. This assigna-
tion has been confirmed by gated-decoupling and HET-
COR spectroscopy ({H—13C) and is consistent with the
chemical shifts expected for such derivatives. Whereas
the crystallized mixtures of 1im == len and 2im == 2en
display a prominent IR band at 1640 cm™! which is
characteristic of #l-iminoacyl ligands, this absorption
is absent in the spectrum of 3 and is replaced by new
bands at 3450 and 1540 cm™!, associated with the N—H
and C=C bonds, respectively. The imine form 3im has
not been detected for this system; thus, pure enamine
3en exists in the solid state.

Although we still do not have enough data to confirm
a mechanism for the proton exchange, we have observed
that these iminoacyl complexes are readily protonated
to the corresponding cationic products (Scheme 2).11
This behavior has previously been observed in related
iminoacyl complexes,5212 and is in accord with the
expected basicity of the nitrogen atom. Even though
tautomer exchange may occur by an intramolecular
hydrogen shift, as has been proposed for other prototro-
pies involving the iminoacyl functionality,!? it seems
more likely that it is promoted by trace quantities of
an acid catalyst such as water present in the solvent,
as shown in Scheme 2. Supporting this hypothesis,
exchange of the NH, =CH, and CH; protons with
deuterium occurs when D50 is added to solutions of 2im
== 2en in acetone-ds.

In summary, we have demonstrated that the enamine
structure of simple Pd—iminoacyl complexes can be
stabilized by appropriately modifying the electronic
characteristics of the metal center and the alkyl ligand.
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