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¥C Nuclear Magnetic Resonance Spectra of Some w-Allylic-palladium(ir)
Complexes
By B. E. ManN, R. PietrOPAOLO, and B. L. SHaw*}
(The School of Chemistry, The University, Leeds LS2 9]T)
Summary The 13C n.m.r. spectra of a number of -allylic- ArTHOUGH 1¥C n.m.r. spectroscopy has been widely applied
palladium complexes are reported and the chemical shifts to organic chemistry, and it is often possible to predict 13C

discussed in terms of the nature of the allyl-palladium chemical shifts within a few p.p.m.?! its applications to
bonding. organometallic chemistry have so far been very limited.?

+ No reprints available.
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We have now examined a number of z-allylic-palladium
complexes by ¥C n.m.r. spectroscopy, and the results are
given in the Table. The 13C chemical shifts can be con-
veniently interpreted using a VB treatment for the allylic—
palladium bonding. It would be expected that the canoni-
cal forms (Ia) and (Ib) would predominate. This is
supported by an MO treatment of diallylpalladiums? in which
it is found that the Pd-C-1 bond overlap population is 2}
times the palladium—-C-2 bond overlap population, and the
charge on the allyl group is only —0-151, implying that
canonical forms (Ia) and (Ib) are more important than
(Ic) or (Id).

One might expect therefore, that the ¥C chemical shift
for C-1 (or C-3) of a mr-allylic group would be approximately
halfway between the values for =CH, and -CH,-Pd groups.

The 3C chemical shift of the =CH, group can be esti-
mated as ca. 110 p.p.m.} from the 13C chemical shifts in
CeH;CH="CH, (114-3 p.p.m.)! or [IrCL(CH,CMe=13CH,)-
(CO)(AsMe,Ph),] (107-9 p.p.m.).# The BC chemical shift
of a -CH,-Pd carbon has not been reported but we estimate
it to be about 10 p.p.m. as found for the -3 CH,-Ir of
[IrCl, (CH,CMe=CH,)(CO)(AsMe,Ph),] (4 10-6 p.p.m.)* and
as estimated for ~1*CH,-Pt [for a series of methylplatinum-
(11) complexes the shifts for *Me-Pt are +8'1 to —134
p.p.m., %8 ie. averaging ca. 0 p.p.m., and the 13C shifts for
CH, groups are generally ca. +10 p.p.m. to higher fre-
quency than for Me groups in similar environments].®

Thus, as expected on the VB picture, the values of the
13C chemucal shifts for the C-1 and C-3 atoms of the sym-
metricallv bonded allylic ligands (45-8—65-2 p.p.m.) (see
Table) liec approximately halfway between the values for
=CH, and ~CH,-Pd carbon atoms. The 13C shifts of C-2
(95-:0—129-2 p.p.m.) are closer to those of =CH- or
=13CMe~ groups! but moved to lower frequency by ca.
20 p.p.m., presumably by contributions from the canonical
forms (Ic) and/or (Id). [{The shift of ==13CMe- in [IrCl,-
(CH,CMe =CH,)(CO)(AsMe,Ph),] is at +145-2 p.p.m.}

The *C nm.r. data for [PdCl(2-methylallyl)(PPhy)] are
also given in the Table. The asymmetry in bonding of the
2-methylallyl group to palladium was first shown by 'H
n.m.r. spectroscopy?-® and represented by the structure (II)
in which the dashed line indicates that two carbon atoms
are joined by a bond of higher order than the other two
(joined by a dotted line). The X-ray structure of [PdCl(2-
methylallvl)(PPh,)]® and of [PdCl(allyl)(PPhg)]'® show that
the asymmetry in the allylic-palladium bonding is in the
sense summarised by structure (II). In the 3C n.m.r.
spectrum (Table) two CH, groups were detected: a singlet
at 62-6 p.p.m. due presumably to the CH, trans to chlorine
and a doublet 2J(P-C) 31 Hz shifted ca. 17 p.p.m. to higher
frequency and presumably due to the CH, frans to the
triphenylphosphine. This shift to higher frequency is
consistent with an increased olefin character as suggested
by the 'H n.m.r. spectrum and X-ray results.
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As can be seen from the Table in both the allyl and
2-methylallyl series the 13C shifts for C-1 and C-3 decrease

13C N.m.r. chemical shifts® for some m-allylic-palladium complexes.

C-1,C3 C-2 Me
[PACH(allyl)], 63-2 111-9 —
{PdBr(aliyl) ], 65-2 111-3 —
[PA(C;H,) (allyl)] 45-8 95-0 —
[Pd(acac)(C,Hy)] .. 55-8 1135 —
[PACl(2-methylaliyl)], 61-7 127-9  23-1
[PdBr(2-methylallyl)], .. 64-4 127.2 233
[Pd(C,H,)(2-methylallyl) 470 1122 236
[Pd(acac) (2-methylallyl(] .. 54-8 129-2 23-4
[PAC1(2-methylaliyl) (PPh,)]® 62-6; — 24-1

78-1

8 The chemical shifts were measured in CH,Cl, solution at
ca. 40 °C and are accurate to 4-0-1 p.p.m. The spectra were
measured at 22-62 MHz with random noise decoupling of the
protons. C,F, was used as an internal ®F field /frequency lock.

in the order of frans-ligands u-Br > u-Cl > acetylacetonate
(acac) > 7-C;H; and for C-2 in the order acac ~ pu-Cl ~
u-Br > 7r-C;H;,.
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This preliminary investigation suggests that *C n.m.r.
spectroscopy will be wuseful in studying allylic-metal
complexes.
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