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Evidence for Metal-Phosphorus di—d; Bonding from v(C=C)
Raman Shifts in Complexes of Bis(diphenylphosphino)acetylene

By A. J. Cartv* and A. EFRATY
(Chemistry Departiment, University of Waterloo, Waterloo, Ontario, Canada)

THERE has been considerable recent interest in the
question of g- vs. - bonding in transition-metal
phosphine complexes! Although correlations of
v(CO) and v(M-C) frequencies with metal-carbon
m-bonding have been extensively utilized in
carbonyl chemistry, direct evidence for metal—
phosphorus (M~P) sr-bonding from vibrational
spectroscopy is lacking. Few studies of y(M-P)
frequencies have been reported? and no attempts
have been made to relate frequency changes
within a phosphine ligand on complexing to M-P

bond character. We report here preliminary
results of a new approach to M-P bonding in which
changes in the stretching frequency of a detector
group C=C attached to phosphorus are correlated

Ph,PC=CPPh, (I)

with dm—dm interaction in complexes of bis(di-
phenylphosphino)acetylene (I) (DPPA).

v({C=C) of (I) appears at 2097 cm.-! in the
Raman spectra, a value considerably lower than the
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Raman v(C=C) frequencies and Av* (cm.™Y) for bis(diphenylphosphino)acetylene complexes

Compound v(C=C) Av Compound v(C=C) Av
Ph,PC=CPPh,(DPPA) .. 2097 — [P(NCS),]1,(DPPA), .. 2143 46
{CuCl),(DPPA), .. .. 2124 27 (PACL,),(DPPA), .. .. 2135 38
(Cul),(DPPA), .. .. 2123 26 (HgBr,),(DPPA), .. .. 2118 21
(CuNO,),(DPPA), .. .. 2125 28 (Hgl,),(DPP4), .. .. 2115 18
(CuNCS),(DPPA), .. ..2121 24 [RR(CO)CI(DPPAx .. .. 2128 31
(AuCl),(DPPA) .. .. 2136 39 [Ni(CO),1,(DPPA) .. .. 2113 16
(AuBr),(DPPA) .. .. 2131 34 [Ni(CO),],(DPPA), .. ..2117 20
{Aul},(DPPA), .. .. ..o2117 20 [Ni(CO)],(DPPA), .. .. 2120 23
(AuNCS),(DPPA), .. .. 2120 23 Ph,P(:0)C=CP(:0)Ph, .. 2143 46
(AuBF,),(DPPA), .. .. 2113 16 ,

(PtCl,),(DPPA), .. .. 2136 39 Ph,P(:S)C=CP(:S)Ph, .. 2150 53
(PtBr,),(DPPA), 2139 41 Ph,P(Me)C=CPPh,I- .. 2109 12

*Ay = Veomplex = Vligand

Published on 01 January 1968. Downloaded by The University of British Columbia Library on 30/10/2014 02:54:18.

normal range for disubstituted acetylenes (2190—
2260 cm.7!)®* even when highly electronegative
substituents such as CF, are present? It is
probable that this low frequency is caused, at
least in part, by a drift of bonding m-electron
density from the triple bond to empty dsr-orbitals
on phosphorus. pw—dmw ( — P) bonding of this
type will be facilitated by the linear P-C-C-P
skeleton and the strongly electron-withdrawing
character of the Ph,P groups.® The Figure illus-
trates C(psr)-P(dm) interaction within the P-C-C-P
system.

F1GURE. prn-dn (C-P) overlap in linear skeleton of
DPPA.

We have recently prepared numerous binuclear
complexes of (I) and shown, from infrared and
Raman measurements, that (I) behaves as a biden-
tate bridging ligand in which the C=C bond is
unco-ordinated. A remarkable feature of this
work is a shift of v(C=C) to higher frequency on
complexing, the magnitude Av of the shift being
dependent both on complex type and metal
involved. v(C=C) frequencies for a representa-
tive series of complexes are collected in the
Table.t Av in some cases is only of the order of
16 cm.7! but the accuracy of the measurements
and the variation with metal clearly indicate that
the results are meaningful. We believe the results

are interpretable in terms of M-P #«-bonding.
Thus back-donation M(dswr) — P(dar) will necessarily
decrease the extent of C(pm)—P(dr) interaction, raise
the C-C bond order and hence increase the v(C=C)
frequency. If this hypothesis is correct, Av
should be large for the dioxide and disulphide of (I)
where physical evidence suggests appreciable P-O
and P-S double bonding due to O(pmr)—-P(ds) and
S(pmr)—P(dm) overlap.” Conversely, the dimethiodide
of (I) should exhibit a small or negligible Av.
Attempts to prepare this compound by us and
previous workers® were unsuccessful but the data
for the dioxide, disulphide, and monomethiodide
confirm the proposed mechanism.

Several inferences can be drawn from the data
in the Table. Qualitatively the order of 77-bonding
ability of the metals with phosphorus in halide
complexes appears to be Pt%|>|Pd"|>|
Hg"; Au! ~ Cul. Av is also affected by the
number of ligands bridging the two metal atoms.
In the series (AuCl),DPPA, (AuNCS),(DPPA}),,
and (AuBF,),(DPPA),, Av decreases 39 — 23 — 16
cm.”! as the number of phosphorus atoms per
gold atom increases from one to three to four.
Mercury(11) has the smallest tendency to m-bond
with phosphorus; nevertheless, Av for these
tetrahedral complexes suggests some 7-bonding
in agreement with the well known stability of
mercury—phosphine complexes.® The polymeric
rhodium(1) complex [Rh(CO)CI{DPPA)], has Av
3lcm.~! indicating appreciable Rh-P dm-dm
interaction even though the strong sr-acceptor
carbon monoxide is present. vp(CO) is at 1998
cm. 1, a value 40 cm.~! higher than the normal
range for [Rh(CO)CH{PR,),]** and consistent with
the strong wr-acceptor properties of DPPA com-
pared with phosphines of the type PR, (R = alkyl,
aryl).

DPPA successively replaces carbonyl groups

t Measured as solids using a helium-neon laser Raman spectrometer; values accurate to 42 cm.—%
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from Ni(CO), under mild conditions to give
[Ni(CO);],DPPA, [Ni(CO),),(DPPA),, and [Ni-
(CO)1,(DPPA),. v(C=C) increases from 2113 to
2117 to 2120 cm.? and the highest frequency v(CO)
absorption decreases from 2078 to 2005 to 1945
cm.~! as the number of carbonyl groups per nickel
atom changes from three to one and the relative
amount of 7zr-back-donation Ni — P increases.
Further work along these lines with the ligands
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PhP(C=CR), and P(C=CR); (R = Me, Ph) is
in progress to obtain more information on M-P
sr-bonding in these systems.
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