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whereas AP forms chelate complexes with copper(I)
halides. The shift in C==C stretching frequency on
complexing, Ay(C=C), which provides a rough measure
of metal-olefin bond strength, is approximately 50
em~! for AgNO;-AA and approximately 80 ecm—! for
[CuX-APJ].. Previous results?? 151819 jndicate, as
would be expected, that olefin complexes of copper(I)
and silver(I) are formed more readily if poorly co-
ordinating anions, such as BF,—, ClO,—, or NO;—, are
present in place of halide ions. It is surprising, there-
fore, that AA, but not AP, forms a chelate complex
with silver nitrate, since in the case of the copper halides

Inorganic Chemistry

discussed above, and in the case of palladium(II),* AP
is clearly the better chelate ligand. Preliminary at-
temps to prepare chelate complexes of AP with AgBF,
have also been unsuccessful. Experiments using a
range of related olefinic tertiary phosphines and ar-
sines will be required to provide an answer to this prob-
lem.

Acknowledgments,—We thank Dr. R. Bramley for
recording and analyzing the nmr spectra and the Sci-
ence Research Council for the award of a studentship to
W.R. K.
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The ligands o-allylphenyldimethylarsine (AA), 0-CHy=CHCH;CsH:As(CHs):, and o-allylphenyldiphenylphosphine (AP),
0-CHy=CHCH,CsH,P{CsH;)s, form chelate complexes of formula MX;,(ligand) (M = Pt, Pd; X = Cl, Br), in which both

the group V atom and the double bond are coordinated to the metal.

The reactions of these compounds with iodide ion

and with thiocyanate ion lead to a variety of compounds in which the double bond may or may not be coordinated to the

metal.

These studies, together with the infrared spectra of the complexes, suggest that metal-olefin bonding is stronger

for platinum(I1) than for palladium(1II), in agreement with previous work. The phosphine AP forms chelate complexes more

readily than does the arsine AA.

Introduction

Olefinic tertiary phosphines and arsines containing
the 4-pentenyl group, of general formula CHy==CH-
(CHy)3P(As)R; (R = CHjor C¢Hy), form chelate, mono-
meric monoolefin complexes with platinum(II) of for-
mula PtX,(ligand) (X = Cl, Br, or I), but with pal-
ladium(II) dimeric complexes exemplified by [PdCls-
(ligand) ]; are formed, in which the double bond is not
coordinated to the metal.? We have previously briefly
reported the preparation of chelate derivatives of
formula PtBry(ligand) with o-allylphenyldimethylarsine
(AA)? and o-allylphenyldiphenylphosphine (AP),* and
now we compare the chelating tendencies of these two
ligands with platinum(II) and palladium(IT).

CH,; CH; CeHs CoHy
AN
©f“‘/s g4
CH,CH=CH, CH,CH=CH,
AA AP

(1) Part VI: M. A. Bennett, W. R. Kneen, and R. S. Nyholm, Inorg.
Chem., T, 552 (1968).

(2) M. A. Bennett, H. W. Kouwenhoven, J. Lewis, and R. 8. Nyholm,
J. Chem. Soc., 4570 (1964).

(8) M. A. Bennett, J. Chatt, G. J. Erskine, J. Lewis, R. F. Long, and R. S.
Nyholm, 1b¢d., Sect. 4, 501 (1967).

(4) L. V. Interrante, M, A. Bennett, and R. 8. Nyholm, Inorg. Chem., B,
2212 (1966).

Experimental Section

Starting Materials.—Tetrahydrofuran was distilled from
sodium-benzophenone and stored over sodium. All other sol-
vents and chemicals were of reagent grade quality and were used
without purification.

o-Allylphenyldimethylarsine (AA) and o-allylphenyldiphenyl-
phosphine (AP) were prepared as described previously.®* They
are referred to as “‘the arsine’’ and ‘‘the phosphine’’ throughout
the Experimental Section.

Measurements,—Infrared spectra, proton nmr spectra, melting
points, molecular weights, conductances, and X-ray powder
data were measured as described previously.! Magnetic sus-
ceptibilities were measured at room temperature on powdered
samples using the Gouy method, following the procedure of
Figgis.® TUltraviolet and visible spectra were recorded on a Uni-
cam SP 800 spectrophotometer using 1-cm silica cells.

Microanalyses were carried out by the microanalytical labora-
tory of this department, by Messrs Weiler and Strauss, Oxford,
and by Alfred Bernhardt, Max Planck Institut fiir Kohlen-
forschung, Miilheim, Germany. Platinum and palladium in
the tertiary arsine complexes were determined by ignition to the
metal after moistening with a few drops of concentrated sulfuric
acid.

Dichloro(o-allylphenyldiphenylphosphine )platinum (I1), Pt-
CLAP.—A solution of the phosphine (2.5 g, 8.3 mmoles) in 40
ml of chloroform was added slowly (1 hr) to a stirred suspension
of anhydrous platinum(II) chloride (2.2 g, 8.3 mmoles) in 30 ml
of chloroform at room temperature. The mixture was refluxed

(5) B. N. Figgis and J. Lewis, “Modern Coordination Chemistry,” J.
Lewis and R. G. Wilkins, Ed., Interscience Publishers, Inec., New York,
N. VY., 1960, p 400.
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for 30 min and filtered; the filtrate was concentrated to ca. 5 ml
(15 mm) and 10 ml of hexane was added. The white solid, a
chloroform solvate of formula PtCLAP-0.5CHCl; was filtered off
and recrystallized from ethanol to give white crystals, PtCLAP
(48, 75%).

The complexes PtBr,AP, PtCLAA, and PtBr,AA were pre-
pared similarly from the platinum(II) halide and the ligand.

Diiodo(o-allylphenyldiphenylphosphine )platinum(II), PtLAP.
—A solution of the complex PtCLAP (1 g, 1.75 mmoles) in 80 ml
of acetone was treated with sodium iodide (3 g, 20 mmoles).
The mixture was stirred at room temperature for 30 min and re-
fluxed for a further 30 min. The yellow solution was evaporated
to dryness at 15 mm, and the residue was extracted with four 30-
ml portions of chloroform. The combined extracts were evap-
orated to dryness (15 mm), and the yellow residue (0.8 g, 60%,)
was recrystallized from ethanol to give yellow plates, PtI,AP,

The complexes Pt(NCS)RAP, PtI,AA, and Pt(NCS):.(AA)
were prepared similarly from PtCly(ligand) and the appropriate
sodium halide.

Dichloro(o-allylphenyldiphenylphosphine)palladium(II), Pd-
CLAP.—A solution of the phosphine (4.7 g, 15.6 mmoles) in 50
ml of chloroform was added slowly (1 hr) to a solution of dichloro-
bis(benzonitrile)palladium(I1)¢ (6 g, 15.6 mmoles) in 40 ml of
chloroform at room temperature. The solution was refluxed for
1 hr, filtered while still hot, and evaporated to ca. 5ml at 15mm.
The yellow solid (5.8 g, 709,) was filtered off, washed with ben-
zene, and recrystallized from ethanol, to give pure PACLAP.

The complex PACLAA was prepared similarly.

Dibromo(o-allylphenyldiphenylphosphine )palladium (II), Pd-
Br,AP.—A solution of the complex PdCLAP (1 g, 2.1 mmoles)
in 70 ml of acetone was treated with lithium bromide (3.5 g,
40 mmoles). The mixture was worked up as described for Pt-
I;AP, and the product was recrystallized from ethanol to give
pure PdBrAP (0.84 g, 70%,).

The complexes PdL AP, PA(NCS):(AP):, PdBr:AA, [PdI.AA],,
and PA(NCS):(AA), were prepared similarly from PdCly(ligand)
and the appropriate lithium or sodium halide.

The analytical and molecular weight data for the complexes,
together with their colors and C==C stretching frequencies, are
summarized in Table I.

Results and Discussion

The ligands AA and AP form diamagnetic, mono-
meric, colorless, or pale yellow complexes of general
formula MX,(ligand) (M = Pt, Pd; X = Cl, Br) which
are nonconducting in nitrobenzene. The infrared spec-
tra of the platinum(IT) complexes show a band at ca.
1500 em™, which is absent from the spectrum of the
ligands; the band at 1640 em—! due to a C=C stretch-
ing frequency in the spectra of the ligands is absent
from the spectra of the complexes. The band at ca.
1500 em™! is assigned to a C=C stretching frequency
modified by coordination to platinum(II), in agree-
ment with previous assignments for platinum(IT)—olefin
complexes,”~® and the chelate structure I (M = Pt;
X = (l or Br) is assigned to the complexes. The pal-
ladium(II) complexes evidently have the same struc-
ture, since their infrared spectra show a band at ca.
1530 cm ™! characteristic of a C==C stretching fre-
quency modified by coordination to palladium(II).%10
In view of the similar molecular structures, it is inter-
esting that only the following pairs of compounds are

(8) M. S. Kharasch, R. C. Seyler, and F. R. Mayo, J. Am. Chem. Soc., 60,
882 (1938).

(7) J. Chatt and L. A. Duncanson, J. Chem. Soc., 2939 (1953).

(8) D. M. Adams and J. Chatt, Chem. Ind. (London), 149 (1960).

(9) D. B. Powell and N. Sheppard, Spectrochim. Acta, 18, 69 (1958).

(10) H. P. Fritz and C. G. Kreiter, Chem. Ber., 96, 1672 (1963).
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mutually isomorphous as shown by their X-ray powder
patterns: PdCLAA and PdBr.AA; PdCLAP and Pd-
Br:AP.  Especially noteworthy is the lack of isomor-
phism of, for example, PtClLAA with PtBr,AA or of
PtClLAA with PACLAA.

Since palladium(IT) and platinum(II) salts are known
to catalyze the isomerization of terminal olefins,! it
seemed possible that the chelate complexes could con-
tain the isomeric o-propenyl-substituted ligands o-
CH3CH:CHC3H4L [L = AS(CH:;)Q, P(CeHa)g] A
facile isomerization of this type with the ligand AP has
been observed in the presence of group VI hexacar-
bonyls.# It was not possible to obtain well-resolved
proton nmr spectra of the platinum(II) and palladium-
(IT) chelate complexes, owing to their limited solubility
in organic solvents. However, the 100-Mc 'H nmr
spectrum of PACLAP in deuteriochloroform shows sig-
nals similar to those of the free ligand, and there are no
signals due to methyl groups, showing that no isom-
erization has occurred in this case. Also, the original
ligand is displaced unchanged by treatment of PtBr,AP
with potassium cyanide.*

On heating PtCLAA and PtCLAP with an excess of
sodium iodide, the yellow chelate complexes PtI,AA
and PtL AP are obtained [»(C=C) ca. 1500 cm~—!].
Under the same conditions, starting from PdCLAA,
a black, diamagnetic complex of formula PdI,AA is
obtained, the infrared spectrum of which has a band at
1640 em™!, showing that the double bond is not co-
ordinated. The complex is dimeric in chloroform, but
is essentially monomeric in acetone. These observa-
tions support the formulation of PdI,AA as an iodo-
bridged dimer (structure II). It is likely that the
iodine bridges are broken in acetone, giving a mono-
meric species PdI;(AA)(CH;COCH;); similar behavior
has been observed with dimeric chloro-bridged com-
plexes of platinum(II).’? Dark red or black iodo-
bridged complexes, such as PdyI4(PR3). (R = #-C;H;
or n-C4Hyg), have been prepared previously. 13 14

L~ M/x
CH{ ~X
¢H, cH,
I
L= As(CHy), or P(CHs),
M=Pd or Pt
=ClorB
X or Br _
(CoHa), i
H,CH=CH. P I
’ ’ ~pq”
A W I G N |
8 - e CH
(CHy), P4 \Pd (CHy), ’ 21
I Pd
CH2=CHCH2: j
I 111

(11) J. F. Harrod and A. J. Chalk, J. Am. Chem. Soc., 86, 1776 (1984);
88, 3491 (1966); N. R. Davies, Australian J. Chem., 17, 212 (1964); R.
Cramer, J. Am, Chem. Soc., 88, 2272 (1966); R. Cramer and R. V. Lindsey,
ibid., 88, 3534 (1966).

(12) J. Chatt and A. A. Williams, J. Chem. Soc., 3061 (1951).

(13) F. G. Mann and D. Purdie, ¢bid., 873 (1936).

(14) J. Chatt and L. M. Venanzi, ¢béd., 2351 (1957).
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A red-black complex PAI;AP is obtained by heating
PACLAP with sodium iodide. It is similar in appear-
ance, both in the solid state and in solution, to PdI,AA,
and the electronic absorption spectra of the two com-
pounds (Table IT) in methanol solution are almost iden-
tical. However, the solid-state infrared spectrum of
PJdLAP shows a band due to a coordinated C==C
stretching frequency at 1535 cm—3, and shows no band
at 1640 ecm™! Attempts to measure the molecular
weight of the complex in acetone have been frustrated
by the poor solubility in this solvent, but in chloro-
form, PdI,AP, unlike PdI,AA, is monomeric. It has
been observed previously that iodopalladium(II) com-
plexes are deep red or violet when bridging iodine atoms
are present,'®** when iodine atoms are bound to each
palladium atom in a five-coordinate structure,’® or
when both features are present.!® Square-planar frans-
diiodo complexes of palladium(II) are usually orange or
orange-red. In the solid state, therefore, it seems
likely that PdI,AP is an infinite polymer held together
by single iodine bridges, with each palladium atom being
surrounded by three iodine atoms and the chelate ligand
(structure III). This structure resembles that found
by X-ray study of the red polymorph of #ans-Pdl.-
{ P(CH3)oCsHs )21 In solution, the iodine bridges are
broken to give either the monomeric chelate complex
PAL,AP or the solvated nonchelate complex PdIs-
(AP)(solvent), analogous to PdI.(AA)(solvent). The
former possibility seems less probable on account of
the deep red color of PAI,AP in solution. The question
could, in principle, be resolved by locating the position
of the C=C stretching frequency of PdI,AP in solu-
tion, but the poor solubility of the complex and the
weakness of the band have prevented this being done.
As shown in Table II, the electronic spectra of [PdI,-
AAl, and PALAP in solution more closely resemble
those of a square-planar palladium(II) complex than
of a five-coordinate trigonal-bipyramidal complex.

Considering the lack of isomorphism of the presumably
isostructural platinum(II) and palladium(II) chloro
and bromo complexes discussed above, it is remarkable
that the X-ray powder patterns of PtI,AP and PdI,AP
are virtually superimposable. Presumably the large
iodine atoms play a larger part in determining the
crystal packing than bromine atoms, and it is possible
that there is weak iodine bridging in PtI,AP.

Both chelate complexes PACLAA and PACLAP react
with an excess of potassium thiocyanate to give com-
plexes of the type Pd(ligand).(CNS),, in which the
double bonds are uncoordinated. These complexes are
probably formed by a disproportionation reaction
2PdClLy(ligand) 4+ 6CNS~ —>

PA(CNS8)y(ligand)s + PA(SCN)?~ 4 4ClL-

The initial product is probably a bridging thio-
cyanato complex of the type (SCN)(ligand)Pd(INCS),-
Pd(ligand)NCS, which is then readily split by excess

(15) C. A. Savage and L. M. Venanzi, J. Chem. Soc., 1548 (1962).
(16) N. A, Bailey, J. M. Jenkins, R, Mason, and B. L. Shaw, Chem.
Commun., 237 (1965).
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thiocyanate ion to give the observed product.”

Surprisingly, a similar disproportionation giving Pt-
(CNS)3(AA)s occurs when PtCLAA is heated with
potassium thiocyanate, and no intermediate bridged
complex can be isolated. This contrasts with the be-
havior of the chelate complex PtClg{P(CeHs)gcng}
under the same conditions, which gives the dimeric,
nonchelate complex [Pt(NCS),{ P(CsHs)sCsHs } 12 (C:H,
= 4-pentenyl). However, when PtCLAP is heated
with excess potassium thiocyanate, a chelate, mono-
meric dithiocyanate Pt(CNS),AP is obtained, which is
nonconducting in nitrobenzene { I, L = P(CH;)y; X =
CNS}. The solid-state spectrum shows a band due to
C=C stretching at 1508 cm™!, and two strong, sharp
bands due to C—N stretching at 2134 and 2123 em 3,
characteristic of thiocyanate ion S-bonded to plati-
num(II) or palladium(II).’8=2° There is strong ligand
absorption in the C—S stretching and NCS deformation
regions of the infrared spectrum, which can also be used
to distinguish between N- and S-bonded thiocya-
nate.’®=2!  The complexes M(CNS),(AA), M = Pt,
Pd) show a single rather broad band due to C—N
stretching at 2120 and 2110 em™!, respectively, and
they show no absotption in the 690-720-cm~! region
characteristic of the C—S stretching mode of S-bonded
thiocyanate.8=2 It is concluded that these com-
plexes contain N-bonded thiocyanate. A weak to
medium band at 860 cm—! in the spectra of both com-
pounds can then be assigned to the C==S stretching
frequency. Unfortunately the characteristic NCS
bending regions (400-440 cm~! for S bonding and
450-490 cm ™! for N bonding)!#~2! are masked by ligand
absorption. The complex PA(CNS),(AP), shows bands
at 2085 e~ (s, b) and 860 cm™! (m) and probably also
contains N-bonded thiocyanate, but in this case, both
the 690-720-cm~! regions and the 400-490-cm~—! re-
gions are masked by ligand absorption.

The ligands AA and AP are better chelating agents
than tertiary phosphines and arsines containing the 4-°
pentenyl group,? since the former, but not the latter,
give stable, chelate, monoolefin complexes of palladium-
(IT). This can be attributed to more severe steric
constraint on the double bond in AA and AP. The
formation of [PdI,AAl, (double bond uncoordinated)
and PAI,AP (double bond coordinated) suggests that
the phosphine is the better chelate group. The same
conclusion can be drawn from the formation of Pt-
(SCN),AP (double bond coordinated) and Pt(NCS),-
(AA), (double bond uncoordinated), and is also evi-
dent from a comparison of the reactions of the two
ligands with copper(I) halides.! For both ligands, the
tendency to form chelate complexes is greater for plat-
inum(II) than for palladium(II), which may be cor-
related with the weaker metal-olefin bonding for the
latter element. This is also evidenced by a comparison

(17) J. Chatt and F. G. Mann, J. Chem. Soc., 1622 (1939).

(18) J. Lewis, R. S. Nyholm, and P. W. Smith, ¢bid., 4590 (1961).

(19) A. Sabatini and I. Bertini, Inorg. Chem., 4, 1665 (1965).

(20) J. L. Burmeister and F. Basolo, ibid., 8, 1587 (1964).

(21) I. Bertini and A. Sabatini, ébid., B, 1025 (1968), and references cited
therein.
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of the C==C frequencies modified by coordination to
platinum(II) (ca. 1500 cn—") and palladium(II) (ca.
1530 em™1). For hoth elements, using both ligands,
the tendency to form chelate complexes is affected by
the anion present; iodide and especially thiocyanate
ton tend to displace the coordinated double bond.

Inorganic Chemistry

This parallels the affinity of various anions for plati-
num(IT) as derived from an equilibrium study of their
reaction with Zeise’s anion [C:H,PtCl;]—, vz, F < Cl
< Br < I <K NCS.*2

(22) 1. T.eden and J. Chatt, J. Chem. Soc., 2036 (1955).
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Some Syntheses of Platinum-Germanium Complexes

By J. K. WITTLE!" anp G. URRY™®

Received August 28, 1967

A new series of compounds containing platinum-germanium bonds has been prepared from solutions of trichlorogermane
in concentrated hydrochloric acid. The tetramethylammonium salt of hydridopentakis(trichlorogermyl)platinate(II),
[(CH3):N]:HPt(GeCly)s, and the yellow isomer of the tetramethylammonium salt of dichlorobis(trichlorogermyl)platinate-
(II), [(CH;):N]:ClePt(GeCl;)s, can be precipitated from stich solutions under different conditions. The red isomer of tetra-
methylammonium dichlorobis(trichlorogermyl)platinate(II} is precipitated from a nitrobenzene solution of the tetramethyl-
ammonium hydridopentakis(trichlorogermyl)platinate(IT) by the addition of diethyl ether. Various phosphonium salts
and phosphine complexes also can be prepared from the hydrochloric acid solutions. Triphenylphosphonium tetrachlorobis-
(trichlorogermyl)platinate(IV), [(C¢H;);PH]:CliPt(GeCls)s, and a yellow complex, chloro(trichlorogermyl)bis(triphenyl-
phosphine)platinum(II), [(CsH;)P].CIPt(GeCly), are formed under different conditions. Triphenylphosphonium tetra-
chlorobis(trichlorogermyl)platinate(IV) loses hydrogen chloride reversibly to form a different yellow complex, dichlorobis-
(trichlorogermyl)bis(triphenylphosphine)platinum(IV), [(CeHs)sP]2CLPt(GeCly). A white solid, trichloro(trichlorogermyl)-
bis(triphenylphosphine)platinum (IV), [(C;Hs):P],ClsPt(GeCls), is precipitated from a solution of cis-dichlorobis(triphenyl-

phosphine)platinum(II) in acetone-~diethyl ether by the addition of trichlorogermane.
with trichlorosilane gives (ClsPPtSiCly)s; treatment with trichlorogermane gives (CLPPtGeCly),.

Direct treatment of (CLPPtCly),
There is some evidence

for the formation of a Ni~-Ge complex in the reaction of trichlorogermane with nickel(II) chloride in nitromethane solution.

Introduction

The chemistry of compounds containing group IVb
elements bonded to platinum has been studied ex-
tensively in the past several years. A recent re-
view by Cross? summarizes o-bonded compounds of
this type. In most cases the structure of these com-
pounds is square-planar and platinum formally is
in the 42 oxidation state. Complexes of the type
(RsM)Pt(M'Ry),Xo, (where # = 1, 2; R = alkyl,
aryl; M = Sb, As, P; and M’ = Si, Ge, Sn, Pb)
genterally are prepared from Grignard reagents or
from lithium or sodium salts of (RsM’)~ and the
platinum halide. Species such as (R3P).Pt(SnCly)H
are prepared from (R3P),PtCIH and SnCl,. Nyholm?
used a novel synthetic method to prepare [(CeHs)s-
P.Pt(CHSn(CsH;); from [(CsH;)sP Pt and ClSn(Ce-
H;);. Another method commonly used to prepare
compounds containing transition metal-tin bonds
is the displacement of carbon monoxide from metal
carbonyls with stannous chloride. Thus, the treat-
ment of Pt(CO).;Cl, with stannous chloride is reported
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to yield a red platinum-tin complex which has not
been characterized fully.4

Notable exceptions to the usual square-planar com-
plexes are found among the tin-platinum-bonded com-
pounds. In these cases pentacoordinated platinum
and metal clusters are reported.

Since the first report of the red solutions produced
by platinum salts and stannous chloride in 1835 there
has been an interest in their composition.?

Numerous workers have attempted to explain the
complexes present in these red solutions. Shukla®
has reviewed this subject recently as have Meyers and
Ayers.”

Two different research groups, headed by Lindsay®
and Wilkinson,*® reported the isolation and charac-
terization of salts of several Pt-Sn complexes of which
[(CH3)4N [oCLPt(SnCly)s is representative.

Although Young, Gillard, and Wilkinson* sug-
gested a complex with a tin:platinum ratio of 5:1, it
took elegant and meticulous research by Lindsay,
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