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be derived (in thought) by substituting (NHj )5 Co!™! for an
alkyl group. A similarly large gap separates the reported
~pK » for the protonated acetato complex (—0.60 at 11 =

1.0*?) from the acidities of protonated acetate esters. The
aquo complex H,0-Co(NH;3)s3* (pK4 = 6. 2120) and the
protonated alcohols H,O*-R (for which pK 4 ’s lie between
—2 and —4!?) are functionally interrelated in an analogous
fashion, and here an even greater acidity difference exists.
If, as we suspect, the acetato complex is protonated at the
carbonyl oxygen whereas the unsaturated complexes are pro-
tonated at the double or triple bond, the acid dependencies
observed in this series suggest that the strong base-strengthen-

ing action of (NH3)5 Co!!I (when substituted for hydrogen
-or alkyl) is transmitted remarkably effectively through con-
jugated systems. Why such action is not observed also with
the formato, benzoato, or trimethylacetato*® complexes
remains a puzzling point.!

Registry No. TableII I, 21035-07-4;1I, 36191-54-5; 111,
15558-13-1;1V, 36191-56-7; V, 36191-57-8; VI, 36191-58-
9; acetylenecarboxalato, 15603-19-7; o-hydroxycinnamato,
36191-60-3; m-metlioxycinnamato, 36191-61-4; p-hydroxy-
cinnamato, 36191-62-5; m-hydroxycinnamato, 36245-47-3;
2-thiopheneacrylato, 36191-63-6. Cr, 7440-47-3.

(21) An additional unexpected item in the report of Barrett
and coworkers*? is the marked decrease in K 5 of the acetato com-
plex from 4.0 M at u = 1.0 to 0.45 M at ¥ = 4.0, implying that re-
duction rates should vary more drastically, in the range 0.1-1 oM
HCIO,, at the higher ionic strength than at the lower. Since a tenfold
change in X 5 with only a fourfold change in u appeared unusually
large and because one of Barrett’s values was obtained spectrophoto-

(19) Since pK 4’s.for such unsaturated esters have not yet been

_ reported, it is assumed that interposition of a -CH=CH- linkage
between an aromatic ring and a carboxylate group increases the pKa
of an ester by about 1 unit, as has been observed for the protonated
(monopositive) forms of the corresponding carboxylic acids. Appro- .
priate data have been compiled by E. M. Arnett, Progr. Phys. Org,

Chem., 1, 223-402 (1963). This author also emphasizés the con-
ceptual and experimental obstacles associated with fixing a meaning-
ful pK s value for water. Arguments here are presented in terms of
esters and alcohols, rather than carboxylic acids, to avoid this
difficulty.

(20) R.C. Splinter, S. 1. Harris, and R. S. Tobias, Inorg. Chem.,
7,901 (1968).

metrically whereas the other was obtained kinetically, a confirma-
tion of K 4 at high u was undertaken. Rate measurements at u =
4.0 by J. R. Barber, Jr., Kent State University, 1971, yield a K 5
value of 0.44 for the acetato complex, in excellent agreement with
the spectrophotometric value. Moreover, in accord with Barrett’s
findings, no evidence for protonation of the formato complex is
obtained, even on extending measurements to u = 4.0.
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Equilibrium thermodynamics for the cis-trans isomerization of the compounds [PhP(CH,),],PdCl, and (Ph,PCH,), PdCl,
in a series of 11 solvents as determined by variable-temperature proton nuclear magnetic resonance are reported. It is
found that for both complexes in most solvents the cis isomer is thermodynamically more stable than the trans isomer,
that polar solvents favor the cis isomer, and that the isomerization process is entropy controlled and probably occurs vig a

solvent association mechanism.

Introduction

It has long been known that the cis isomers of square-
planar platinum(II)-phosphine complexes are thermo-
dynamically more stable than the trans isomers.'**> The
trans isomers have, however, beén isolated in several cases
and the ability to isolate both isomers has been attributed
to a kinetic ghenomenon (viz., the robust nature of these
complexes).

Electronic spectral studies, X-ray crystallography, and
dipole moment measurements have shown that in general
for the platinum complexes, the trans isomers are yellow
and the cis isomers are colorless.* By analogy with these -
results, the palladium complexes (RsP),PdX,, which are
nearly always various shades of yellow and possess low di-
pole moments in benzene solution, have been assigned the
trans configuration.® In only three cases have both isomers
been isolated for palladium.> The tendency for isomeriza-

) (1) J.Chatt and R. G. Wilkins, J. Chem. Soc., 273, 4300
1952).

(2) 1. Chatt and R. G. Wilkins, J, Chem. Soc., 525 (1956).

(3) A.J. Cheney, B. E. Mann, B. L. Shaw, andR M. Slade,
J. Chem. Soc. A, 3833 (1971).

4 G. Booth, Advan, Inorg. Chem. Radiochem., 6, 1 (1964).

tion of the relatively labile palladium complexes makes
these assignments tenuous since the less polar trans com-
plexes are favored in solvents such as benzene,® In fact,
more recent studies using infrared and nmr methods have
shown that the cis complexes of palladium are indeed
more common than originally believed.® 2

In addition, it has récently been shown by X-ray crystal-
lography that the yellow complex [PhP(CH3)2] 2PdC12 ,
originally believed to be trans, is cis in the solid state.'?
Jenkins and Shaw!? found that this complex existed as a
mixture of 67% cis and 33% trans in deuteriochloroform

(5) P M. Maitlis, “The Organic Chemistry of Palladium,”
Vol 1, Academic Press, New York, N. Y., 1971, p 42.

(6) G. E. Coates'and C. Parkm J. Chem Soc., 421 (1963).

(7) A.Pidcock, Chem:. Commun., 92 (1968).

(8) R.G. Goodfellow, Chemn. Commun 114 (1968).

(9) S.O. Grim and R. L. Keiter, Inorg. Cmm Acta, 4,56
(1970).

(10) R. L. Keltet Ph.D. Thesis, Umvers:ty of Maryland, 1967.

(11) R. G. Goodfellow, J. G. Evans, P. L. Goggin, and D. A.
Duddell, J. Chem. Soc. A, 1604 (1968).

(12) J. M. Jenkins andB L. Shaw, J. Chem. Soc. 4, 770
(1966).
( (1)3) L. L. Martin and R. A. Jacobsen Inorg. Chem., 10, 1795
1971
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Figure 1. The 60- and 300-MHz 'H nmr spectra in the methyl
region of a cis-trans mixture of (Ph,PCH,),PdCl, in deuterio-
chloroform at 33°. The upfield doublet represents the cis isomer
and the downfield triplet the trans isomer.

and that it was 100% cis in methanol-carbon disulfide and
the chloroform results have been affirmed by the *'P nmr
studies of Grim and Keiter.® Jenkins and Shaw'? further
reported that this complex was too insoluble to obtain
nmr spectra in nonpolar solvents such as benzene.

We have obtained the ‘H nmr spectrum of [PhP(CH;),],-
PdCl, in deuteriobénzene and found that this complex is,
within instrumental limitations, wholly trans in this solvent.
We also discovered that the ratio of cis to trans isomers in
other solvents was a function of both the solvent and the
temperature, and that equilibrium was rapidly established.
We therefore performed systematic variable-temperature 'H
nmr investigations in a series of 11 solvents on the two com-
pleXeS [PhP(CH3)2]2PdC12 and (PthCH3)2PdC12 . The re-
sults of these studies including the thermodynamic param-
eters AS, AH, and AG are reported herein. '

Experimental Section

Pioton nmr spectra were obtaitied on a Varian A-60 nuclear
magnetic resonance spectrometer, equipped with a V-6040 variable-
temperature controller. Temperatures were measured to within
+1° with ethylene glycol and methanol as calibrants. The two com-
plexes were prepared as described by Keiter and Grim.* The phos-
phines were prepared from commercial (Aldrich) dichlorophenyl-
phosphine and chlorodiphenylphosphine by standard Grignard re-
actions. All reactions involving tertiary phosphines were conducted
under an atmosphere of nitrogen. Saturated solutions for nmr
were prepared by dissolving the complexes in hot solvents, allowing
the solutions to cool to room temperature, and filtering. Solvents
were commercial grade and purified by standard methods when
necessary.

Results

We have prepared the two yellow complexes [PhP(CHj3),]5-

PdCl, and (Ph,PCHj),PdCl, and found that they are suf-
ficiently soluble in a variety of solvents to obtain 'H nmr
spectra, contrary to previous statements.'? It has been

shown' that, apart from a few exceptions, the geometric

configurations of planar and octahedral transition metal com-

plexes of methylphosphines can be discerned from the ap-

(14) B. E. Mann, B. L. Shaw, and R. E. Stainbank, J. Chem. Soc.,
Chem. Commun., 151 (1972).
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pearance of the 'H nmr resonance of the methyl group. In
general, when two equivalent phosphines occupy mutually
trans positions, this resonance appears as a 1:2:1 triplet,
whereas when the phosphines are cis to one another, it ap-
pears as @ 1:1 doublet, the difference arising'® through dif-
ferences in the magnitude of 2J, @-p)- This phenomenon,
known as “virtual coupling”, has been used to assign the
geometry of a large number of transition metat phosphine
complexes in solution,?»1%:12:14:162% 11 a4dition the
conditions necessary for observation of the phenomenon,
the theory, and the appearance of the resulting spectra
have been discussed.'5:28,30-33

It had previously been reported®:'? that the methyl reso-
nance of [PhP(CH;),],PdCl; in deuteriochloroform solu-
tion consists of an overlapping doublet and triplet indi-
cating the presence of both the cis and trans isomers in solu-
tion. Even though these two sets of resonances overlap,
each is clearly discernible. However, the methyl resonance
of [Ph,PCH;],PdCl, in deuteriochloroform appears as
four lines at 60 MHz. To show that this complex also ex-
isted as a cis-trans mixture (i.e., that the resonance was
an overlapping doublet and triplet) we obtained the 300-
MHz spectrum shown in Figure 1. It should be apparent
from this spectrum that the 60-MHz spectrum (also shown
in Figure 1) is an overlapping doublet and triplet as well.
We then obtained 60-MHz spectra at several temperatures
for both compounds and noticed changes typicat of those
illustrated in Figure 2. The spectra in this figure show
that there is a pronourced temperature effect upon equi-
librium 1. It can be seen that if no other species are pres-
ent in solution, at the lower temperature illustrated the

cis-(Ph,PCH,),PdCI, = trans-(PH,PCH,),PdCl, 1)

solution contains a great deal more of the cis isomer than
it does at the higher temperature.

It was established that the cis and trans isomers were the
only species present in solution based on the following ob-
servations. The starting complex could be recovered quan-
titatively from each solution by evaporation of solvent; thus
no decomposition or conversion to, for example, a halide-

(15) R. K. Harris, Can. J. Chem., 42, 2275 (1964).

(16) B.L.Shaw and J. D. Ruddick, J. Chem. Soc. A, 2801
(1969).

(17) J. M. Jenkins and B. L. Shaw, J. Chem. Soc. 4, 1407
(1966).

(18) P. R. Brookes and B. L. Shaw, J. Chem. Soc. 4, 1071
(1967)

(19) P. G. Douglas and B. L. Shaw, J. Chem. Soc. 4, 1491
(1969)

(20) P. G. Douglas and B. L. Shaw, J. Chem. Soc. A, 1557
(1970)

(21) J. M. Jenkins, B. L. Shaw, and M. S. Lupin, J. Chen.

Soc. 4, 7710 (1966).

(22) J. M. Jenkins, J. R. Moss, and B. L. Shaw, J. Chem. Soc.
A, 2796 (1969).

(23) 1. R.Moss and B. L. Shaw, J. Chem. Soc. 4, 595 (1970).

(24) P. G. Douglas and B. L. Shaw, J. Chem. Soc. A, 334
(1970). ,

(25) J. R, Moss and B. L. Shaw, J. Chem. Soc. A, 1793 (1966).

(26) J.Chatt, N. P. Johnson, and B. L. Shaw, J. Chem. Soc. 4,
605 (1967).

(27) R. G. Hayter and L. F. Williams, Inorg. Chem., 3, 717
(1964).

(28) I.P. Fackler, J. A. Fetchin, and W. D. Seidel, J. Amer.
Chem. Soc., 91 1217 (1969).

(29) M. Meier, F. Basolo, and R. G. Pearson, Inorg. Chem., 8,
795 (1969).

(30) R. K. Harris and R. G. Hayter, Can. J. Chem., 42, 2282
(1964).

(31) A. Ault, J. Chem. Educ., 47, 812 (1970).

(32) E.D. Becker, J. Chem. Educ., 42, 591 (1965).

(33) I G. Verkade, R, E. McCarley, D. G. Hendricker, and
R. W. King, Inorg. Chem., 4, 228 (1965).
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Figure 2. A typical gaussian analysis of the 60-MHz 'H nmr spectra
of a cis-trans mixture of (Ph,PCH,),PdCl, in nitrobenzene at 32 -
and 95 ﬂlustratmg the effect of temperature on the equilibrium: .

, trans isomer; - - -, cis 1somer

bridged dimer had occurred. When the solutions were heat-
ed, rapid equilibrium was established (in ca. 5 min after
temperature equilibration) and the spectra were reproduc-
ible over an extended period of time (months) at the same
temperature through both heating and cooling cycles; spec-
tra taken on different samples of the same or different
preparations were identical at the same temperature and no
additional resonances appeared in any of the spectra. In
addition, the coupling constants were very nearly constant -
over the temperature ranges investigated.

The ratios of the isomers in solution were then deter-
mined by integration of the nmr methyl resonances using
three different techniques: (1) triangulation, (2) machine
integration, and (3) cutting and weighing. All data report-
ed herein were obtained by the cutting and weighing tech-
nique, which is commonly considered to be the most ac-
curate spectral integration technique. If peaks overlapped,
as they usually did, gaussian analyses were performed, and
the ratios were determined using those peaks having least
overlap. (A typical gaussion analysis is shown in Figure2.)
Temperature and solvent studies were repeated on several
samples of complexes prepared from at least two different
syntheses; the ratios were compared and found to be the
same for all samiples at the same temperature. Data from
variable-temperature studies were determined during both
heating and cooling cycles with consistent results, with the
spectra being identical at the same temperatures during,
before, and after temperature cycles. All samples during
the variable-temperature measurements were given suffi-
cient time to equilibrate before final spectra were recorded,
with the spectrum followed until no further change occur-
red (usually complete in less than 5 min after instrument
temperature equilibration). Each temperature study con-
tained at least six temperatures over a minimum tempera-
ture range of 60°.

The thermodynamic properties were obtained by least-
squares analysis of log K vs. 1/T plots. Nearly all values
were within experimental error of the least-squares line
(Figure 3 shows a representative plot). Those not within
experimental error showed signs of crystallization of the
less soluble cis isomer from the solution resulting in
spuriously high but constant trans:cis ratios (low tempera-
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Flgute 3. A representative least-squares plot of log Keq vs. 1/T for
the isomerization of (Ph PCH,),PdCl, in deutenoch.loroform

tures) or contained insufficient amounts of one of the
isomers for accurate gaussian analysis. These data were
not used in the determination of AH and AS. The esti-
mated uncertainties in AH, AS, and AG are 0.5 keal, 1 eu,
and 1 keal, respectively. In some of the solvents investi-
gated it was impossible to:obtain the thermodynamic
quantities due to the presence of overlapping solvent reso-
nances, making exact data analysis impossible, since the
resonances of the solvent and complex move relative to
one another as a function of temperature. However, peaks
attributable to the individual isomers were identifiable in
most cases at ambient temperature.

The chemical shifts of the methyl resonances are slightly
solvent and temperature dependent. These varied from
7 7.80 to 8.03 for trans- (Ph,PCH;),PdCl,, from 7 7.85 to
8.13 for cis-(Ph,PCH;),PdCl,, from 7 8.09 to 8.55 for
trans-[PhP(CH;),],PdCl,, and from 7 8.03 to 8.38 for
cis-[PhP(CH;),],PdCl, at room temperature with the
chemical shifts increasing from solvents with lowest dipole
moment (benzene) to those with highest dipole moment
(nitrobenzene). . A nearly regular trend between chemical
shift and solvent dipole moment was observed for each of
the isomers. The methyl resonance of the trans isomer
always occurred at lower field than that of the corres-
ponding cis isomer, and either the resonance for the cis
isomer moves upfield or that for the trans isomer moves
downfield with respect to TMS or both occur as the tem-
perature is raised. ‘The methyl resonances of the methyl-
diphenylphosphine complexes always occurred at lawer
field than the methyl resonances of the corresponding
isomers of the dimethylphenylphosphine complexes.

The apparent coupling constants | 2J(P-H) + *J(P-H)|
were found to be only very sl1ghtly solvent or tempera-
ture dependent.” These varied from 3.4 to 3.8 Hz and from
11 to.11.6 Hz for the trans and cis isomers of both com-
plexes, respectively. The higher coupling constants were
observed in the solvents with higher dipole moments. The
coupling constants had decreased by only 0.2 Hz at the
maximum temperature of the measurements.
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TableI. Equilibrium Thermodynamic Data for the Reaction cis-[PhP(CH,),],PdCl, & trans-[PhP(CH,),],PdCl,

Line shapeb

Solvent w2 D AH, kcal/mol AS, eu AG 4., keal/mol at room temp
Nitrobenzene 4.22 7.7+0.5 2021 1.57 d, t
o-Dichlorobenzene 2.52 4.6 14.0 0.33 d, t
m-Dichlorobenzene 1.72 4.4 16.1 ~0.51 d, t
Toluene-d, 0.36 t¢
Benzene-d 0 1€
Nitromethane-d, 3.44 44 16.2 1.38 d, t
Acetone-d; 2.88 2.8 7.9 0.39 d, t
sym-Tetrachloroethane 1.36 58 15.3 1.13 d, t
1,2-Dichloroethane 1.19 0.62¢9 d, t
1,1,2-Trichloroethane 1.22 t¢
Deuteriochloroform 1.01 3.1 9.0 0.36 d, t

¢ Dipole moment (Debye units): R. C. Weast, Ed., “Handbook of Chemistry and Physics,” 50th ed, Chemical Rubber Publishing Co.,
Cleveland, Ohio, 1969, pp E-61-E-71. ® d = doublet (representing cis isomer) and t = triplet (representing trans isomer) observed at room tem-
perature: € Limited solubility precluded low-temperature measurements where the cis isomer may be present. The cis isomer precipitates
from these solutions. @ Obtained from the equation AG =—RT In K, using the measured value of Keq = 0.36 at 305°K.

Table II. Equilibrium Thermodynamic Data for the Reaction cis-(Ph,PCH,;),PdCl, 2 trans-(Ph,PCH,),PdCl,

Line shape?

Solvent u,2 D AH, kcal/mol AS, eu AG 345, keal/mol at room temp
Nitrobenzene 422 8.1+0.5 2571 0.26 d, t
o-Dichlorobenzene 2.52 d, t
m-Dichlorobenzene 1.72 -1.054 d,t
Toluene-d, 0.36 t¢
Benzene-d, 0 t€
Nitromethane-d, 3.44 5.7 14.9 1.16 d,t
sym-Tetrachloroethane 1.36 6.4 18.9 0.64 d, t
1,2-Dichloroethane 1.19 0.304 d, t
1,1,2-Trichloroethane 1.22 t
Deuteriochloroform 1.01 4.6 20.2 -1.56 d, t
Deuteriochtoroform® 1.01 5.3 19.1 -0.54 d, t

@ Dipole moment (Debye units): R. C. Weast, Ed., “Handbook of Chemistry and Physics,”” 50th ed, Chemical Rubber Publishing Co.,
Cleveland, Ohio, 1969, pp E-61-E-71. ? d = doublet (representing cis isomer) and t = triplet (representing trans isomer) observed at room
temperature. ¢ Limited solubility precluded low-temperature measurements where the cis isomer may be present. The cis isomer precip-
itates from these solutions. ¢ Obtained from the equation AG =—RT In K, using the measured values of Keq at 305°K:  m-dichloro-
benzene, Keq = 5.7; 1,2-dichloroethane, Kgq = 0.61. ¢ Run on a Jeolco 4H-100 to verify these seemingly anomalous results.

Discussion

The results of temperature studies in 11 different sol-
vents are listed in Tables I and II. 1t can be seen from the
data in these tables that in all the solvents investigated ex-
cept m-dichlorobenzene and deuteriochloroform (for
(Ph,PCH;),PdCl, only) the cis isomer is thermodynamical-
ly more stable than the corresponding trans isomer. In all
solvents, heat is consumed in the transformation of the cis
into the trans isomers. Also, the amount of trans isomer
increases as the dipole moment decreases (vide infra). In
addition, A H for the isomerization process is small (2.8-
8.1 kecal/mol) but larger than for similar platinum com-
plexes (1.2-2.5 kcal/mole)'»***  AG;oe is small in all
cases and AS is rather large (7.9-25.7 eu, which is larger
than AS for similar platinum complexes, 9.4~14.2 eu).>*
These data indicate, as had previously been concluded for
the platinum complexes,!*?+* that the isomerization
process is entropy controlled.

There should be two major contributions to both AH and
AS. For AH these are AH for internal bond strength
changes and AH of solvation. Both of these favor the cis
isomer, since the palladium-phosphorus bonds would be
stronger in the cis than in the trans isomer (using either
o- or m-bonding arguments®®) and since the dipole-dipole
interactions between the complex and the solvent would
also be greater in the cis than in the trans isomer.?»?-%*
For AS the major contributions are AS of solvation and
AS of internal steric crowding. Since AS of internal

(34) Y. Basolo and R. G. Pearson, “Mechanisms of Inorganic
Reactions,” 2nd ed, Wiley, New York, N. Y., 1967, p 424.

steric crowding should be small, as it involves only the
loss of some rotational and vibrational degrees of free-
dom, AS of solvation should be the larger and more sig-
nificant term. Since AS favors the trans geometry and
AH the cis and since both are dominated by the dipole~
dipole interaction between the solvent and complex, the
trans complex should be most abundant in the solvents
with the lowest dipole moments. Thus, since this is the
case, it appears that the solvent dipole moment is the
most important factor in determining the geometry of
the complex in solution. Chatt and Wilkins' have pre-
viously argued that solvent association is greater for the
cis platinum complexes of this type than for the trans
isomers and that AS involves a release of two molecules
of solvent during the course of the isomerization process.
The orders of the AH values are in agreement with this and
suggest that the solvent is bound more strongly to the cis
isomer than to the trans isomer. In concert with these
arguments, if the solvents are ordered according to dipole
moment into three separate groups ((1) chlorinated hydro-
carbons, (2) aromatics, and (3) acetone and nitromethane)
a trend in AH, AS, and AG with solvent dipole moment is
evident where AH, AS, and AG generally increase as the
solvent dipole moment increases.® The separation of the
three groups of solvents seems reasonable since the exact
nature of the complex-solvent interaction is probably dif-
ferent in the three groups. The chlorinated hydrocarbons
are most likely participating in hydrogen bonding to the

(35) There seems to be no correlation of AH or AS with
either solvent dielectric constant or internal pressure.
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coordinated chlorides, acetone and nitromethane are
probably effectively engaged in coordination to the two
vacant axial coordination sites on palladium, and the
aromatics may be participating in a #r-m interaction with
the phenyl groups attached to the phosphine.

By comparing the data in Tables I and II it can be seen
that in all solvents both AH and AS are larger for
(Ph,PCH;),PdCl, than for [PhP(CH;),],PdCl,. It was
anticipated that AS should be larger for (Ph,PCH;),PdCl,
than for [PhP(CHj3),],PdCl, since the steric requirement
of Ph,PCH; should be greater and the basicity less***%
than those of PhP(CH;),. The fact that AH is also great-
er seemns to imply that the Pd-P bond is stronger for the
cis isomer of (Ph,PCH;),PdCl, than for the cis isomer of
[PhP(CH;),},PdCl,. Since Ph,PCH, is a weaker base*
than PhP(CH3),, we take this to be a manifestation of
greater m back-bonding in the Ph,PCH; complex. This is
reasonable since this ligand contains two electron-with-
drawing phenyl groups whereas PhP(CH;); contains only
one. It has previously been suggested for the platinum-
phosphine complexes that the cis isomers were favored
due to dn-dm back-bonding.'»?+3*

If one compares data for similar platinum complexes to
those reported here, it appears that the cis palladium com-
plexes are more stable relative to the trans than are the
cis platinum complexes. This is completely contrary to
our expectations based upon previous arguments regardmg
palladium(II)- and platinum(II)-phosphine complexes.*

It can be rationalized, however, by considering that either
palladium-phosphorus d7-dm bonding is greater than
platinum-phosphorus dm-dn bonding or that palladium-
phosphorus o bonding is greater than platinum-phosphorus
o bonding.3” - Until we have more data on similar systems,

we are unable to distinguish between these two possibilities.

Another interesting comparison obtained by this investi-
gation is the relative rates of isomerization of the palladium
and platinum complexes. The greater lability of the palla-
dium complexes is shown by the fact that isomerization
occurs spontaneously and rapidly in all solvents studied
without the addition of excess phosphine, whereas the
platinum complexes require the catalysis of excess phos-

‘phine.®> When excess phosphine is added to solutions of
the palladium complexes, very rapid phosyhme exchange
occurs as also observed by other workers.

Also of interest is the fact that only the trans isomers

(36) C. A. Tolman, J. Amer. Chem. Soc., 92,2953 (1970),
and references contained therein.

(37) C.W. Fryer and J. A. S. Smith, J. Chem. Soc. A, 1029
(1970).
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could be detected in the three solvents—benzene, toluene,
and 1,1,2-trichloroethane. The trichloroethane result is
especially surprising since both isomers are present in
either dichloroethane or tetrachloroethane. All three sol-
vents should show the same effect on the isomerization
process® if one can apply Burmeister’s arguments re-
garding solvent control of linkage isomerism to solvent
control of geometrical isomerism.

Since Burmeister®® found very similar solvent control
on the nature of bonding of the ambidentate ligands thio-
cyanate and selenocyanate and since it has been shown
that these modes of bonding are sensitive to the nature of
the trans ligand,*®**! it is tempting to suggest that he is
also seeing the results of cis-trans isomerism at least for
the palladium and platinum complexes.

Burmeister®® has established that the linkage isomerism
process involves dissociation of either the neutral group
V ligand or the anijonic ligand.  We find, as have others,?
that for the complexes (R;P),PdX,, where R3P = Ph,PCH;
or PhP(CHj3), and X = SCN or OCN, excharge of the
anjonic ligand is much more rapid than exchange of the
phosphine. This suggests that, for the palladium com-
plexes of these ambidentate ligands, linkage i isomerism
predominantly occurs through anion exchange.

For the chloride complexes, both phosphine and chloride
exchange in the absence of excess phosphine are slow on
the nmr time scale. However, phosphine exchange is rapid
in the presence of excess phosphine. We are thus inclined
to believe that the geometric isomerization process probably
occurs through rapid solvent association followed by slow
exchange of either phosphine or chloride or both.

Registry No. [PhP(CH3),],PdCl,, 29484-66-0; [Ph,-
PCH,],PdCl,, 29484-75.1; [PhP(CH3),],PdCl,, 29484-
74-0; [Ph,PCH;],PdCl,, 26973-01-3.
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