I0g PRELIMINARY NOTES

This research was supported in part by the United States Air Force, under
Contract AF 33(616)-6463, monitored by Materials Laboratory, Directorate of
Laboratories, Wright Air Development Center, Wright-Patterson AFB, Ohio.

Departinznt of Chemusiry, Iowa State Untoersily, HENRY GILMAX
Ames, Towa (US4 PETER J. MoORRIS

1 H. Graax, W. H. ArweLr axp G. L. ScHWEBKE, Chem. Ind. (Lendon), {1964) 1063. Sce, also,

H. Gipyax axD W. H. ATwWELL, J. Organometal. Cken:., 4 {19635) 176, for other related literature

citations.

S. Y. Siyx, unpublished studies.

R. M. SiLveRsSTEIN axD G. C. BaSSLER, Spectrometric Identification of Organic Compounds,

Wilev, New York, X.Y.. 1963, p- 90.

L. A- Warr, R. E. Doxapio axp W. J. PUMMER, J. dm. Ckem. Soc., 32 {1950) 484b.

G. L. SceweekE, unpublished studies.

H. Gieyax, W. H. ATWELL axD G. L. SCHWERKE, J. Organomelai. Chen., 2 {1963) 3ba. See.
also, D. X. Hacre axp R. H. PrixcE, J. Chem. Soc.. (1965) 1690,

H. Saxkurar, H. Yasasor: axo M. Koaapa, Bl Chenr. Soc. Japan, 38 (1903} 2024,

W

[«AVT

Received April zgth, 1966

. Orgagemetail. Ciem., 6 (1909) 102-10
H (1940] -+

Acetylenic complexes of palladium™

Complexes of transition metals in which an acetvlene monomer is coordinated
to the metal have been reported for vanadium!, chromium?® molvbdenum?® *.%,
tungsten®5, manganese’-%, rhenium?®, iron!®.!!, cobalt!®'3, rhodium, iridium!s,
nickelll.13.16.17 platinum?-13.1% a5 well as copper® and silver®®. \We now report the
svnthesis of some palladium-acetylene complexes.

Platinum forms two tvpes of complexes with acetvlenes, one of the type
RC.R'PtCLX (I, X = Cl-, amine, etc} where R and R’ are bulky groups such
as tert-butvl®™. In addition, complexes of the type (II, M = Pt} are obtained on
reduction of dichlorobis{triphenviphosphine}platinum in the presence of the ap-
propriate acetyvlenes-?. Nickel complexes of this tyvpe (II, M = Ni} have also been
reported’®. The infra-red spectra of complexes (I) usually show a band at around
2000 cm™!, assigned to the acetvlenic C=C stretching frequency, which has been
reduced by about 250 cm™! by comparison with that in the uncomplexed acetyvlene®.
By contrast the platinum complexes {(II, M = Pt) show this band at still lower
frequencies: here the change in »c = ¢ on coordination is 400-575 cm™? (Ref. §, 1g). This
has been interpreted to mean that in (II) the acetyienic triple bond has been reduced
nearly to a double bond and that the acetvlene is now bonded to the metal by two
c-bonds, and is therefore assumed to be square planar and formally in the --z
oxidation states.

It has not been possible to prepare palladium complexes of type (I) as most
acetvlenes are veny rapidly polvmerized by palladium(II) compounds. It was there-
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fore of considerable interest to prepare complexes of the type (II, M = Pd) since their
behaviour would shed light on the mechanism of the polvmerization reactions. At-
tempts to prepare the palladium complexes (11, M = Pd) by the method used for the
platinum compounds'®, namely hydrazine reduction of dichlorobis(triphenylphosphine)-
palladium in the presence of the acetvlene, were not successful. However, we found that
two phosphines in tetrakis(triphenylphosphine)palladium(O)2t (II) were readily re-
placed by acetylenes bearing strongly electron-withdrawing substituents.

An excess of hexafluoro-2-butyne (IV, R = CF,) was passed into a methyvlene
ciloride solution of (II1I} under nitrogen. After thirty minutes methanol was added
to the pale vellow solution and the methylene chloride removed on a rotary evaporator.
The crude product was crystallized from methylene chloride-ether-methanol to give
a 50°, vield of (Va), m.p. 194-195°. [Found: C, 60.2g; H, 3.76; F, 14.8S; P, 7.52;
mol. wt., 770. C;oHa,FsP.Pd calcd.: C, 60.59; H, 3.81; F, 14.37; P, 7.81 °,; mol. wt.
703.. The complex (V'b) from dimethyvlacetvlenedicarboxylate was prepared in 58 ¢,
vield in a similar manner, m.p. 195-197°. [Found: C, 63.71; H, 1.87; P, $.62; mol. wt.,
763. C;oH,,0,P,Pd caled.: C, 63.25; H, 1.69; P, S.01 ¢,; mol. wt. 773.]

The NMR spectra of (Va) and (\V'b) were in agreement with their expected
structures; the @F spectrum of (Va) showed a doublet centred at 10.7 ppm from
benzotrifiuoride (internal standard) due to coupling with 3P (Jp-r 11.2 cps). (Vb)
showed two resonances in the 'H spectrum, one at 2.g 7 due to the phenyi protons
and a shorp singlet at 6.8 v due to the methoxycarbonyl group, with the expected
intensity ratio of 5:1. The platinum analogue of (Vb}, m.p. 1388-190°, (I, M = Pt,
R = COOMe), prepared by a similar route from tetrakis(triphenyvlphosphine)-
platinum(O)* in 50 °; vield, showed the 'H resonances at 2.9 v (Ph} and 6.75 t (Me).
The infra-red spectra of (Va) and (I, M = Pt, R = CF,) and also of (Vb) and (I,
M = Pt, R = COOMe) respectively were nearly identical, showing the similarity of
the structures of the palladium to the platinum complexes. The most marked dif-
ferences were in the positions of the modified triple bond stretches. These are sum-
marized in Table 1 with other values for comparison.

The table shows that considerable variation exists in rc=c¢ and hence in the
bond order of this bond when coordinated to a metal. If it is also assumed that the
lower the C=C bond order the greater is the degree of s42 hvbridization and hence
the stronger the M-C bond, it is apparent that there is a continucus spectrum of
bond-types between the very weak as in =-C;HMn(CO),C,F; and the strong in the Pt
and Ir complexes. Until an X-ray structure determination can give more accurate
data on bonding, we have chosen to represent it by (II) and (V). The palladium
complexes (V) are therefore expected to be intermediate in stability. This is born out
by a comparison of the platinum and palladium complexes, thus (II, M = Pt, R =
CF,) is stable in solution while (Va) decomposes quite rapidly. Similarly (11, M -= Pt,
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TABLE I

TRIPLE BOND STRETCHING FREQUENCIES INX ACETYLEXE COMPLEXES
Compound re=c (oY) Refererce
CF,C=CCF, 2300 {Raman) 22
T-CHMn(COLLC,F, 1919 {solution) Ry
(Ph,P).RhCl-C,F¢ 1917 (mull}) Ig
(Ph,P1.PdC,F, {(\'2) 1511, 1533 (solution} —
(-CH ). VC ‘F‘ 1300 4
{PhP1.PtC F¢ 775 (solution) 3
lPh,P) [r(CO)CI ~C Fy 1773 {(mull) I3
(Ph,P).Pd{C- COO\IC). {\'b) 1345 (1830 sh) (solution} —

(2-C H,).\(C-COOMe), 1321 1
(Ph,P),Pt{C-COOMe). 1782 {1765 sh} {solution} —

R = COOMe} is air-stable for sometime in the solid state while (Vb) slowly turns
vellow on exposure to air. We have not, as vet, been able to prepare anv complexes
of the type (V, R = C4i; or 4-R"'C;H;) by this method.
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