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yield of cis-propenyl methyl ether and a trace amount of trans-
propenyl methyl ether.
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A series of platinum(IV) cations of the type fac-[Pt(CH,),Q,L]*, where Q = P(CH,),C H,, NC,H;, As(CH,),, or p-CNC,-
H,CH, and L is a variety of neutral ligands including a carbene, have been prepared, although in some cases the preparative
reactions lead to elimination of ethane and formation of trans-[Pt(CH,)Q,L]*. Factors governing the stability of the
platinum(IV) cations are discussed. The oxidative addition of CD,I to cis-Pt(CH,),Q,, where Q = P(CH,),C,H, and As-
(CH,),, gives exclusively the trans adduct. Pyrolysis and reductive elimination reactions of the CD,PtIV compounds show
that the CD,~Pt bond is more resistant to cleavage than the CH,-Pt bond. Isomerization occurs during the preparation of
[Pt(CH,),CD;Q,L]* supporting a dissociative mechanism for octahedral substitution. The Raman spectra of the trimeth-
ylplatinum(IV) complexes have been examined and »(Pt-CH, ) is shown to vary with the trans influence of L.

Introduction

Many neutral, anionic, and cationic platinum(IV) com-
plexes' have been prepared from the first organoplatinum-
(IV) compound, trimethylplatinum(IV) iodide.> In con-
trast to the methyl-platinum(II) bond, which is readily
cleaved,® the methyl-platinum(IV) bond in the complexes
[Pt(CH;3)3X] 4 is quite stable and may be cleaved only under
vigorous conditions.* However, complexes of the type Pt-
(CH3)3L,1, where L = phosphine or arsine, have been found
to pyrolyze® smoothly at temperatures >100° with loss of
ethane. ’

In the previous paper of this series® we discussed the prep-
aration and reactivity of a wide variety of cationic dimethyl-
platinum(IV) complexes of the type [Pt(CH;3),Q ,L,])** or
[Pt(CH3),Q,LI]*, where Q is dimethylphenylphosphine and
L is a neutral or anionic ligand. These complexes were found
to be quite stable; reduction occurred only when the L was a
large and bulky ligand such as triphenylphosphine, -arsine,
and -stibine or when the platinum-ligand bond required much
Pt dm — L 7* back-bonding for its stability (i.e., CO, olefins,
and acetylenes).

In this paper we discuss the preparation and stability, with
respect to reductive elimination, of the complexes fac-[Pt-
(CH3)3Q 2L]+, where Q = P(CH3)2(C6H5), CNC6H4CH3, As-
(CH3)s, or NCsH; and L is a variety of neutral ligands. The

(1) For a recent review of organoplatinum(IV) compounds see
J. 8. Thayer, Organometal Chem. Rev., Sect. A, 5,53 (1970).
(2) W.J. Pope and 8. J. Peachy, J. Chem. Soc., 95 (1909).
(3) J. Chatt and B. L. Shaw, J. Chem. Soc., 705 (1959).
(4) J. R. Hall and G. A. Swile, Aust. J. Chem., 24,423 (1971).
(5) J. D. Ruddick and B. L. Shaw, J. Chem. Soc. 4, 2969 (1969).
(6) Part IV: H. C. Clark and L. E. Manzer, Inorg. Chem., 11,
2749 (1972).

oxidative addition of CDsl to ¢is-Pt{CH3),Q, (Q = P(CHj3),-
CsH;s and As(CHj)3) and the stereochemistry of the CD3PtIV
compounds are discussed.

Results and Discussion

(i) Preparation. The iodide in fac-Pt(CH;3)3Q I (I), where
Q is dimethylphenylphosphine, may be removed easily in solu-
tion, as silver iodide, by the addition of AgX where Xisa
noncoordinating anion, e.g., AgPFs. In the presence of a
neutral ligand L, a variety of platinum(IV) cations, II, are ob-
tained although, for L', reductive elimination occurs to give
the corresponding methylplatinum(II) cations, III, as shown
in (].), where L = NC5H5, P(CH3)2C6H5, P(OCH3)3, CNC6H4-

CHa
N FL/Q {PF,
CHs” | ol
CHs (1a)
L
CH3\l A1 / ) 11
CHz Q \
¢
1 CH3—T-——L‘ (PFg)
I
L Q (1v)

III

CH;, CNC¢H,OCH3, CNCH3, CNC,Hs, or Sb(CH3); and L' =
CH;COCH;, CH3;0H, NCCH=CH,, NCCsH4OCHj3, Sb~
(CsHs)s, P(CsHs)s, As(CeHs)s, CO, or HC=CCH,CH,OH.
Thus, addition of silver hexafluorophosphate to a solution
of I in acetone or methanol readily causes discoloration with
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Figure 1. *H nmr spectrum of [Pt(CH;),(CNC,H,OCH;)[P(CH,),-
(C4H)1,1(PF,) recorded on a Varian HA-100 spectrometer. Key:
A, phosphine methyl region appearing as a 1:2:1 triplet due to over-
lapping 1:1 doublets; B, A, A’ , XX’ pattern for the two cis methyl
groups trans to phosphine; C, triplet for the methyl group trans to
isocyanide. Resonances A, B, and C also show platinum satellites of
1/, intensity.

effervescence. However, if the solution contains a ligand L,
the iodide is removed cleanly. In the absence of a silver salt
no displacement of iodide by L occurs; a solution of p-tolyl
isocyanide and 1 in dichloromethane showed no evidence of
reaction after 1 week.

The trimethylplatinum(IV) cations II give stable salts (usu-
ally as the hexafluorophosphate) which melt sharply with ef-
fervescence.

(ii) Nmr Spectra. The phosphine methyl resonances of
the Pt(IV) complexes, 11, appear as doublets due to coupling
with the **P nucleus and are flanked by %Pt satellites (I =
1/2, 34% natural abundance) of 1/4 intensity. Such a pattern
is associated with cis phosphines’ where 2J(*'P-*'P) is small.
For many of the complexes two overlapping doublets are ob-
served (Flgure 1) due to nonequivalent phosphine methyls P-
(CH3)(CH3) (C¢Hs), the nonequivalence being attributable to
restricted rotation of the phosphiné about the Pt«P bond.

Two distinct resonances may be assigned to the platinum
methyl groups. The resonance for the two methyl groups
trans to phosphine appears as a comphcated pattern (Flgure
1B) quite typical of the A part of the A3A'3XX spectrum.®
A recent spectral analysis® for ¢is-Pt(CH3); [P(CH3),CsHs]
showed that trans 3J(°'P-'H) is only slightly greater than cis
3J(>*P-'H) and that the coupling constants have opposite
signs.

The platinum methyl group trans to L appears as a triplet
(Figure 1C) due to equal coupling with the two cis phos-
phines and is accompanied by **°Pt satellites. Each platinum
methyl resonance in the spectrum of [Pt(CH3)3[P(CH3)2C6

Hs),[P(OCH3)3] ]* is further split into a doublet by the >'P
nucleus of trimethyl phosphite.

The nmr spectrum of the complex [Pt(CH3)3[P(CH3)2C6

Hs]s] (PFs) shows a very complicated resonance 1n the plat1
num methyl region (Figure 2) due to an AzA'3A’ XXX
spin system. The proton spectrum is not easily analyzed;
however the **C nmr spectrum with protons decoupled is
quite suitable for spectral analysis and those results will be
reported shortly.'°

The coupling constant *J(***Pt-'3C) and hence 2/(**SPt-C-
'H) for the platinum methyl groups may be used®:!!*!? as a

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

(8) E. O. Greaves; R. Bruce, and P. M. Maitlis, Chem. Commun.,
616 (1967).

(9) A. J. Cheney, B. E. Mann, and B. L. Shaw, Chem. Commun.,
431 (1971).

(10) M. H. Chisholm, H. C. Clark, L. E. Manzer, and J. B.
Stothers, to be submitted for publication.
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Figure 2. Platinum methyl region in the nmr spéectrum of fac-[Pt-
(CHS)S[P(CHs)z(C5H5)]3](PFs)

measlire~ of the nmr trans influence of a ligand trans to the
platinum niethyl group. - The latter coupling constant gives

.a relative measure of the amount of Pt(6s) orbital contribu-

tion*® to the Pt-L borid and consequently is a measure of the
bond strength.* In previous papers,®'* we have shown that
triphenylstibine bonds to platinum(II) by a synergic mecha-
nism similar to carbon monoxide and acetylenes. However,
for platinum(IV) the reduced size of the d orbitals results in
less effective overlap with the ligand 7* orbitals and conse-
quently a much weaker Pt!'V-CO or Pt!V-Sb(C4H;)s bond
would be expected. We have been unable to prepare these
Pt(IV) cations. The apparent nonexistence of the triphenyl-
stibine cation may well be attributed to steric factors since
the triphenylphosphine- and -arsineplatinum(IV) cations also
reduce readily to Pt(II) complexes. We have been able to
prepare a Pt(IV) cation with Sb(CH3); and from the nmr
coupling constant 2/(Pt-C-H) it is clear that the Pt-Sb(CHs),
bond is strong and comparable to a platinum(IV)-isocyanide
bond. ‘ ,

(iii) Stability and Reductive Elimination. We have recent-
ly established an nmr trans-influence series® for Pt(IV) (Table
I) and from eq 1 it may be seen that stable platinum(IV) cat-
ions (I, Q = P(CH3)2C6 s) are obtained only for hgands L
with a trans influence equal to or greater than that of pyri-
dine. The pyridine complex, although quite stable in the sol-
id state, slowly decomposes in solution to give trans-[Pt(CHs)-
Q,(NC 5H5)] (PFs) while the complex [Pt(CH3)3Q3](PFs) is
stable for weeks in acetone solution. It is tempting to postu-
late that reduction will occur if any one of the thiree ligands
has a relatively low trans influence; yet the complexes [Pt-
(CH3)3(OH2)3]+ 15 and [Pt(CH3)3(NC5H5)3] 16 are qulte sta-
ble and exhibit no tendency toward reductive decomposition.
Since the reason for this resistance to reduction is not obvi-
ous, we have investigated the importance of the natute of the -
ligand Q in determining the stability of the cations.

(11) H. C. Clark and J. D. Ruddick, Inorg. Chem., 9, 1226
(1970).

(12) M. H. Chxsholm H. C. Clark, L. E. Manzer, and J. B.
Stothers, Chem. Commun., 1627 (1971).

(13) T. G. Appleton, M. H. Chisholm, H.C. Clark, and L. E.
Manzer, Inorg. Chem., 11,1786 (1972), and references therein.

(14) S. S. Zumdahl and R. S. Drago, J. Amer. Chem. Soc., 90,
6669 (1968).

(15) K. Kite, J. A. S. Smith, and E. J. Wilkins, J. Chem. Soc. A4,
1744 (1966).

(16) L. A. Gribov, A. D. GelI’'man, F. A. Zakharova, and M. M.
Orlova, Russ. J. Inorg. Chem., 5,473 (1960).
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Trimethylplatinum(IV) iodide reacts smoothly with 2
molar equiv of isocyanide, pyridine, or trimethylarsine as
shown in (2), where Q = As(CH3)3, CNC¢H,CHj3, or NCsH;.

CHs
CHan_| _-Q
Pt —_—
CH3/‘\Q Ag+,L
I
v

[PtiCHa)3 1], + 2@ —

CHz

CHs | Q|
>P1 < 2)
CHz \ Q
L

v

For each of the compounds of IV, we attempted to prepare
trimethylplatinum(IV) cations, V, with ligands L of high and
low trans influence. With Q = CNC4H4CHj the cations, V,
were stable for L having a kigh trans influence while reduc-
tion occurred for L = nitrile, a ligand of Jow trans influence.
For the arsine and pyridine compounds all platinum(IV) cat-
ions were stable and exhibited no tendency to reduce. The
stability of the arsine cation of V (Q = As(CHj3)3 and L = NC-
CsFs) prompted us to prepare a platinum(IV)-carbene cation,
VI, by the use of the acetylene 1-butyn-4-ol (eq 3). Sucha

CHs
CHan | _-As(CH3)3
CH3/FT\AS(CH3)3 ~ -

CH
I CHan_ | S/As(CH3)3
CH3/T\A5(CH3)3
CII-{C\O

CHo =—CHg2

+ HC =CCH2CH20H +AgPFe acetone

(PRs) (3

VI
reaction apparently involves a weakly coordinated m-bonded
acetylene as the reaction intermediate.!’

The nmr spectrum of the carbene cation VI supports the
cyclic structure of the carbene, viz., the a-alkoxy (OCH,-)
and a-carbene (CCH,-) protons appear as triplets at & 3.35
and 1.56, respectively, and the -alkoxy protons (OCCH,)
appear as a quintet at § 2.10.

The series of cations V, L = P(CH3),(C¢Hs) and Q = CNCq-
H4CH3;, As(CH3)s, or NCsHs, also provide interesting nmr
spectroscopic data. For the isocyanide and pyridine cations
cis >J(*H-C-Pt->"P) is slightly greater than trans *J('H-C-Pt-
31P) (Table II) while for the arsine cation there is no apparent
coupling cis >J(*H-C-Pt-*'P) yet there is a substantial trans
coupling, *J(H-C-Pt-**P) = 8:2 Hz. The nmr spectrum of
[Pt(CH3)3[As(CH3)3]2[P(CH3),2(C¢H;)] )™ also shows two res-
onances which may be attributed to the arsine methyls. The
separation between these two peaks is field dependent (17.5
Hz at 100 MHz and 10.5 Hz at 60 MHz) and is thus not due
to coupling with phosphorus but to asymmetry of the arsines.
This must arise from restricted rotation of the phosphine and

(17) M. H. Chisholm and H. C. Clark, Inorg. Chem., 10, 1711
(1971).
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a preferred orientation of the phenyl group near one of the
arsines.

The results of the above reductive eliminations may be sum-
marized as follows. The platinum(IV) cations reduce by elim-
ination of ethane (identified by ir and mass spectrometry)
only if there is a disparity in the platinum methyl groups and
two of three ligands L are of high trans influence, e.g., [Pt-
(CH3)3[P(CH3),CsHs](NCsH;)]* is reduced (in solution)
while [Pt(cH3)3[P(CH3)2C6H5](NC5H5)2]+ is quite stable.
The two equivalent platinum methyls must be labilized by
the ligand Q of high trans influence and it is these two meth-
yl groups that might be expected to couple in the formation
of ethane. We have attempted to prove this by isotopically
labeling one of the platinum methyl groups. Unfortunately
the results are inconclusive, in that while they indicate a pref-
erence for Pt-CHj rather than Pt-CDj; cleavage, they cannot
readily be related to the relative trans influence of the ligands
Qand L.

Thus, iodomethane-ds oxidizes cis-Pt(CH3),Q,, where Q =
P(CH;),CsHs or As(CHj)s, giving exclusively trans addition
(eq4).

CDz
CH Q
CH3\P1/Q + CDzIl —_— S\F’lt/ 4)
3
cHy” Na CH3/|\O
I
VII

A similar stereospecific oxidative addition is also observed
in the addition of bromomethane to #rans-Ir(CO)CIL[P-
(C¢Hs)s], and is believed to entail an SN2 type attack in-
volving an unsymmetrical transition state.'®

The nmr spectra of the stable Pt(IV) cations [Pt(CHz).-
(CD3)Q2L]+ (where Q = P(CH3)2C6H5 with L = CNC6H4CH3,
NC;sHs, or P(OCH3)5; and Q = As(CH3); with L = NCCgFs)
show the presence in solution of two geometrical isomers in
the ratio of 2:1 as shown in (5).

C‘D3
CH Q
3\P1< + At + L—
CH3/| Q
1
+ +
H
CDZ’\FJt/Q ’ 3\P|r/o )
CH3/|\Q CH3/|\O
L

Many octahedral substitution reactions proceed by a dis-
sociative pathway'®~?? involving a five-coordinate intermedi-
ate and this is probably the reason for the scrambling of the
methyl groups during the preparation of the Pt(IV) cations
(eq 6). Once formed, there is no evidence of intramolecular

(18) J. Halpern, Accounts Chem. Res., 3, 386 (1970).

(19) 1. P. Candlin, K. A. Taylor, and D. T. Thompson, ‘“Reactions
of Transition Metal Complexes,” Elsevier, New York, N, Y., 1968.

(20) M. Eigen and R. G. Wilkins, 4dvan. Chem. Ser., No. 49, 55
(1965).

(21) R. R. Miano and C. S. Garner, Inorg. Chem., 4, 337 (1965).

(22) H. L. Bott, E. J. Bounsall, and A. J. Poe, J. Chem. Soc. 4,
1275 (1966).
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CD3
CH3\P’/Q .
t + Ag ——=
CH3/I\O g
I
o -t
CD3
CH3\ I /Q
Pt
+ S
’> CD3 0 / CH3 LI Q
~ L .
CHz —Pt — -+ (6)
CH3 L 2 CD3\P|T/Q
CHa/‘ ~aq
b L —

exchange of the methyl groups in solution.

Since the isotopic scrambling occurs much quicker than the
rate of reduction, it is not possible to observe reductive elim-
ination from a stereospecifically labeled Pt(IV) cation. After
reduction the ratio of PtI*CHj; to Pt¥CDj; should be 2:1 re-
gardless of the trans influences of the other three ligands.
However, the addition of AgPF¢ and p-NCCsH4OCHj3 to an
acetone solution of Pt(CH3),(CD3)[P(CH3),CeHs],1 gave a
mixture of Pt(II) cations containing 55% PtCH; and 45%
PtCD;. At this time we are unable to explain why the Pt-
CD; bond is more resistant to cleavage than the Pt-CHj; bond.

Pyrolysis of Pt(CHs)3[P(CH;),CeHs],1 at 165° proceeds
very smoothly with concomitant loss of ethane.® A similar
pyrolysis of VII gave a mixture of 54% trans-Pt(CH3)[P-
(CH3),C¢H;] I and CD3-CH; and 46% trans-Pt(CD3)[P-
(CH;3),C¢Hs],I and CH3-CHj3. The relative proportions of
each Pt(IT) complex were determined by integration of the
platinum methyl-#; resonance against the phosphine methyl
resonances and are believed to be accurate to about 5%. The
percentages of PtCHj and PtHCD; are very close to the values
obtained by reduction of the platinum(IV) cations suggesting
that the mechanisms of reductive elimination are similar.
Since the solids melt before effervescence occurs, we believe
that isomerization probably takes place before reductive elim-
ination and again the greater amount of PtUCD; (46%) sup-
ports the observation that the Pt-CD3; bond is more resistant
to cleavage than the Pt-CH; bond.

(iv) Infrared and Raman Spectroscopic Data. The plati-
num-~methy! stretching vibration appears as a very strong,
sharp band in the Raman spectrum and is very weak in the
infrared spectrum. Clegg and Hall*® have examined the vi-
brational spectra for the trimethyl cations [Pt(CH;);L3]",
where L = OH, or NHz. For such cations of (3, symmetry,
two platinum-methyl vibrations are expected, an A; and E
mode. Since most of the present cations contain large and
bulky phosphines, the symmetry of the molecule is reduced
to Cg, thus splitting the degenerate E modes in C3, symmetry
into an A" and A" mode. Thus three Raman-active bands
are expected in the 500-600-cm™ region ascribable to the
Pt-CHj; stretching vibrations, and in most cases (Table III)
three are observed.

The Raman spectra of Pt(CHj3)3 [P(CH3),CsHs 1,1 and Pt-
{CH3),(CD3)[P(CH3),CeHs .l show three very strong bands
(Figure 3) at 544, 531, and 521 cm™, respectively. On deu-

(23) D. E. Clegg and J. R. Hall, Spectrochim. Acta, Part A, 23,
263 (1967).
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1L 1 1 N 1 -
600 575 550 525 . 500 475 450
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Figure 3. Raman spectra of Pt(CH,),[P(CH,),(C;H,)],I (---) and
Pt(CH,),(CD,)[P(CH,),(C,H;)],I (—) showing the effect of deutera-
tion on the platinum methyl vibrations. Spectrometer settings: spec-
tral bandwidth 2.0 cmn™Y; sensitivity 20,000 counts/sec; scan speed 0.5
cm™!/sec.

teration the highest frequency band is lowered in frequency
by a factor of (15/15)!/? indicating that the platinum-methyl
group trans to I moves as a unit®* and is not coupled to any
extent to other vibrations. Therefore, within a series of tri-
methylplatinum(IV) cations the highest frequency platinum-
methyl stretching vibration should decrease as the nmr trans
influence of the ligand L increases. Although the series is
limited, the trend does hold as shown in Table IV for the cat-
ions [Pt(CH3)3[P(CH3),CeHs],L]*. However, the occurrence
of such a trend may be largely fortuitous since no account of
possible coupling effects has been taken; when all three lig-
ands are similar in trans influence (e.g. , with Sb(CHj3);), the
extent of coupling will differ from other cases where the lig-
ands differ in trans influence.

We have recently shown®?® that for isocyanide complexes
an increase in the N=C stretching frequency on coordination,
Av (N=C) [o(N=C)(complex) — ¥(N=C)(free ligand)], varies
with the electron density on platinum. The large values of
Ap(N=C) for the trimethylplatinum(IV) cations (Table I) are
consistent with a considerable positive charge on the plati-
num.

Experimental Section

Experimental conditions have been previously described.®
analyses were performed by Chemalytics Inc., Tempe, Ariz.

Raman spectra were recorded on crystalline samples in capillary
tubes using a Cary 82 laser Raman spectrometer. The 5145-A line of
the argon laser was used as the exciting line and values are accurate to
x2 cm~!. Only representative preparations will be described. Raman
and nmr spectra were recorded at 31°.

Todotrimethylbis(dimethylphenylphosphine)platinum(IV) was
prepared by the method of Ruddick and Shaw?® with minor modifica-
tions. trans-Pt(CH;),Q, (Q = dimethylphenylphosphine) was dis-
solved in methyl iodide. The solution became quite warm and white
crystals of Pt(CH,),Q,I precipitated from solution. The flask was al-
lowed to cool, the ether was decanted, and the crystals were washed
with diethyl ether. The yield was quantitative and the product was
obtained pure (ir, nmr).

Micro-

(24) D. M. Adams, J. Chem. Soc., 1220 (1962).
(25) H. C. Clark and L. E. Manzer, Inorg. Chem., 11, 503 (1972).
(26) J. D. Ruddick and B. L. Shaw, J. Chem. Soc. A, 2801 (1969).
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Table IV. A Comparison of %/(Pt-H) and v(Pt-CH,) for the Cations
[Pt(CH,),;(P(CH,),CH,],L1*

L 27.(1%5Pt-1H), Hz v(Pt-CH,), em™

Other

Raman data, cm™

Hydrogen, %

Carbon, %
Calcd
38.92
40.56

Table III. Analytical, Physical, and Raman Data for Trimethylplatinum(IV) Complexes

Recrystn
solvents®

»(N=C)

v(N=C)

»(Pt-CH,)
569, 561, 524
530,525, 510

515

Mp,? °C

Found
4.69
5.27
6.09
4.65
4.79
4.81
648
4.73
295
4.72

Calcd
4.90
5.29
6.30
4.87
492
4.82
6.25
5.06
3.33
5.02

Found
39.01

Complex?®

[Pt(CH,),Q,(NC,H)](PF,)

[Pt(CH,),Q,;1(PF,)

99-100
155-156
141-142
135-136
180-182
171-172

144-146

»(Sb-CH,) 531

2210
2210
2243
2260
2280

539,523,516
541,521,511
544,520,512
548,522,514
546

540,531

103-108
125-128

40.50
57.55
32.05
41.68
40.78
61.89
36.90
23.40
26.42

57.56
31.89
41.65
40.81
61.65
36.88
23.49

26.75

Pt(CH,),Q,(CNC,H,0CH,)|(PF,)
PU(CH,),Q,(CNCH,)][B(C, H,),]

[P(CH,),Q,(CN-C,H,CH,)](PF,)
Pt(CH,),Q,(CNC,H,)] (PF,)

[Pt(CH,),Q,[P(OCH,),11[B(C,H,),]
[Pt(CH,),Q,[Sb(CH,), ] 1(PF,)
Pt(CH,), A, (NC-C,F )1(PF,)

145-150

Pt(CH,), A, [P(CH,),C H,]](PF )

90-92
170-173

Pt(CH,),A,(CCH,CH,CH,0)|(PF,)
Pt(CH,),(CNC,H,CH,), ] (PF,)

— —

111, 86

2236, 2211

555

411 3.90

4392
42.65

44.02
42.80
37.01
17.81

»(As-CH, ) 591
»(As-CH,) 591

95, 82
83,73

2208, 2198

2220, 2207
CHCL,~(C,H,),0, D

531,521
533,507
520,502

542,520
572,538

551
580
546
544
5417
532
563

161-162
108-110
177-180
143-146

4.39
4.34
431

60

4.52
4.44
4.45
3.85
b Melting points are uncorrected. € A

f Not analyzed due to instability.

T

36.90
17.67
37.95

37.94

As(CH,),; all complexes are colofle:

[Pt(CH,), (CNC,H,CH,), [P(CH,),C,H,]1(PF)
[Pt(CH,),(NC,H,), [P(CH,),C,H,] | (PF,)

Pt(CH,),A,I
Pt(CH,),(CD,)A,1

Pt(CH,),(CD,)Q,I

Pt(CH,),Q,I

Pt(CH,),(CNC,H,CH,),I

CH,ClL,~

CH,OH~(C,H,),0,E =

CH,OH,C =

CH,C1,~(C,H,),0, B

SS.

e Decomposed in the laser beam.

=P(CH,),CcH;, A
d Not analyzed.

2Q
nCH,,.

NC,H,

CNC, H,
CNC,H,CH,
Sb(CH,),
P(CH,),C,H,

Pt(CH,),I was prepared by the method of Clegg and Hall.?”

68.0
61.2
60.0
60.0
54.5

569
546
541
539
530

(a) Preparation of Pt(CH,),(CD;)Q,l. Asabove only the CD,I
was distilled, under vacuum into a flask containing Pt(CH,),Q, at lig-
uid nitrogen temperature. The flask was allowed to warm up to room
temperature at which time the Pt(CH,),(CD,)Q,I crystallized from

.solution. The excess CD,I was distilled into an ampoule and sealed

under vacuum. :

(b) Preparation of Pt(CH,),(CNC,H,CH,),I. To a benzene solu-
tion of Pt(CH,),I (0.173 g, 0.470 mmol) was added p-CNC,H,CH,
(0.110 g, 0.940 mmol). The solution was stirred for 10 min and the
volume of the benzene was reduced. The addition of diethyl ether
yielded pale yellow crystals of Pt(CH,),(CNC,H,CH;),I (0.260 g,
0.434 mmol).

(c) Preparation of Pt(CH,),[As(CH,),],I. cis-Pt(CH,),[As-
(CH,); ], was dissolved in methyl iodide and the solution became
bright yellow. After 10 min the methyl iodide was removed on a ro-
tary evaporator to give a yellow solid which was recrystallized from
dichloromethane and pentane. The yield was quantitative.

(d) Preparation of [Pt(CH,),Q,(NC,H,)](PF,). Pyridine (0.027
g, 0.342 mmol) was added to a solution of Pt(CH,),Q,I (0.215 g,
0.336 mmol) in 10 ml of acetone. AgPF, (0.084 g, 0.336 mmol) in
2 ml of acetone was added dropwise and Agl precipitated immediately
from solution. The solution was stirred for 10 min and the Agl was
removed by centrifuge to give a clear colorless solution. The acetone
was removed on a rotary evaporator and the oil was taken up in 2 ml
of dichloromethane. Ether was added and the flask was placed in a
refrigerator at 0° for 30 min to give white needles of [Pt(CH,),Q,-
(NC,H,)](PF,) (0.231 g, 0.312 mmol). The crystals were filtered,
washed with ether, and recrystallized from dichloromethane and
ether.

(e) Preparation of [Pt(CH,),Q,)(PF,). To a solution of Pt-
(CH,),;Q,I (0.495 g, 0.780 mmol in 30 ml of acetone) was added P-
(CH,;),(C,H,) (0.106 g, 0.790 mmol). AgPF, (0.195 g, 0.780 mmol)
was added; silver iodide precipitated immediately from solution and
was removed by centrifuge to give a dark solution. The acetone was
removed on a rotary evaporator and the black oil was taken up in di-
chloromethane and passed through a 3-in. Florisil column, eluting
with dichloromethane, to remove colloidal silver and platinum. A
clear colorless solution was obtained. The volume of solvent was re-
duced, diethyl ether was added until the solution became cloudy, and
the flask was cooled at 0° for 2 hr to give white needles. The crystals
(0.460 g, 0.575 mmol) were filtered, washed with ether, and recrystal-
lized from dichloromethane and diethyl ether.

(f) Preparation of [Pt(CH,),Q,[P(OCH,),]][B(C,H;),]. The
complex was prepared by method e except that a crystalline product
could not be obtained with PF, as the anion. Consequently the oil
was dissolved in a small volume of methanol and an equivalent amount
of NaB(C,H,), was added. The white precipitate which formed im-
mediately was filtered and washed with methanol then recrystallized
from methanol to give white needles; 75% yield.

(®) Attempted Preparation of [Pt(CH,;),Q,(CO)](PF,). Carbon
monoxide was bubbled through a solution of Pt(CH,),Q,I (0.130 g,
0.202 mmol) and an equivalent amount of AgPF, was added. The
precipitated silver iodide was removed by centrifuge to give a clear,
colorless solution. The acetone was removed and the oil was dissolved
in methanol. NaB(C,H;), (0.070 g, 0.202 mmol) was added and a
white precipitate of [Pt(CH,)Q,(CO)][B(C¢H;),] (0.082 g, 0.10
mmol) formed. The solid was filtered and recrystallized from dichlo-
romethane-ether.

(h) Preparation of [Pt(CH,),(CNC,H,CH,),](PF;). To a solu-
tion of Pt(CH,),(CNC,H,CH,),I (0.144 g, 0.240 mmol) in acetone
was added 1 molar equiv of AgPF, (0.061 g). Silver iodide precipi-
tated rapidly and was removed by centrifuge to give a colorless solu-
tion; p-CNC,H,CH, (0.028 g, 0.240 mmol) was added, the solvent
was removed on a rotary evaporator, and the oil was dissolved in di-
chloromethane. The addition of diethyl ether gave white crystals of
{Pt(CH;),(CNC,H,CH,), ](PF,) (0.147 g, 0.200 mmol).

(27) D. E. Clegg and J. R. Hall, Inorg. Syn., 10, 71 (1967).
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(i) Preparation of [Pt(CH,),[As(CH,),],(CCH,CH,CH,0)]-
(PF,). AgPF, (0.079 g, 0.312 mmol) was added to a solution of Pt-
(CH,),[As(CH,),],1 (0.190 g, 0.312 mmol) in 10 ml of acetone. The
Agl was removed by centrifuge to give a clear colorless solution. 1-
Butyn-4-ol (0.312 mmol) was added, the solution was stirred for 10
min, and the solvent was removed on a rotary evaporator to give a
white solid that was recrystallized from dichloromethane and ether to
give white needles; 85% yield. The crystals slowly darkened and de-
composed over a period of a few hours even when stored under nitro-
gen.

() Pyrolysis of Pt(CH,),(CD,)Q,I. A 0.100-g amount of Pt-
(CH;),(CD,)Q,I was placed in the bottom of a 25-ml round-bottom
flask. The flask was evacuated and the bottom was placed in the pre-
heated oil bath at 165°. Effervescence immediately occurred leaving
a white solid. The evolved gases were analyzed by mass spectrometry
and infrared spectroscopy. The solid residue was then recrystal-
lized from methanol to give white needles. The nmr spectrum was
recorded and the platinum methyl peak was integrated against those
of the phosphine methyls.

Registry No. fac-[Pt(CH3); Q,(NCsHs)](PF,), 37081-49-
S; fac-[Pt(CH3)3Q3 ) (PF;), 37081-50-8; fac- [Pt(CH3)3Q,-
{P(OCHj)3}] [B(Ph)4], 37035-91-9; fac-[Pt(CH;)3Q,{ Sb-

D. P. Murtha and R. A. Walton

(CH;3)3}](PFs), 37035-92-0; fac- [Pt(CH3)3Q2(CNCgH4CH; )] -
(PF¢), 37081-51-9; fac- [Pt(CH;)3 Q,(CNCH,OCH,)] (PF,),
37035-93-1; fac-[Pt(CH;3)3Q,(CNCH,)] [B(Ph),4], 37035-94-
2; fac-[Pt(CH3)3Q2(CNC,H;)](PF), 37035-95-3; fac- [Pt-
(CH3)3A,(NCCF5)](PF¢),37035-96-4; fac-[Pt(CH3)3A,Q]--

(_PFé), 37035-97-5; fac-|Pt(CH;);3A,(CCH,CH,CH,0)]-
(PF¢), 37035-82-8; fac-[Pt(CH;3)2(CNCH,CH;); ] (PFs),
37408-40-5; fac-[Pt(CH;);Q(CNC H,CH;),](PF,), 37036-
88-7; fac-[P{(CH,);Q(NCsHs), ] (PF ), 37036-89-8; fac-Pt-
(CHs)sA,1, 36604-67-8; fac-Pt(CH, ), Q,1, 24833-69-0; Pt-
(CH,),(CD3)A,1, 37036-92-3; Pt(CH,),(CD,)Q,1, 37036-93-
4; fac-Pt(CH3)3(CNC H,CH;),1, 37036-94-5; trans- [Pt(CH;)-
Q,(CO)] [B(Ph),], 37036-95-6; cis-Pt(CH3),Q,, 24917-48-4;
cis-Pt(CH,),A,, 15413-98-6; CD5l, 865-50-9.
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The X-ray photoelectron spectra of twenty-five coordination complexes of silver(I) and silver(II) have been investigated

and the silver 3d,,, and 3d,,, binding energies measured. While these binding energies show little variation with changes in
formal oxidation state, their peak widths are usually broader by at least 0.8 eV for the paramagnetic silver(II) species, a fea-
ture which may be due in part to the occurrence of “multiplet splittings.” Within the series of silver(II) complexes, there
is some evidence for the dependence of silver 3d binding energies upon coordination number. Nitrogen 1s binding energies
have been recorded for several of the complexes, with the object of assisting in the characterization of “‘silver(I) picolinate,”
a compound of ill-defined stoichiometry. The preparations of the new complexes bis(isoquinoline-1-carboxylato)silver(11)
and pyridine-2,6-dicarboxylatodisilver(I) monohydrate are described.

The results generally bear out the expected trends: (a) a
decrease in the binding energies of metal core electrons with
decrease in oxidation state; (b) a dependence of these binding
energies upon ligand electronegativities and 7-acceptor ability.
Unfortunately, for the heavier transition elements, there is of-
ten unlikely to be a clear correlation between a ‘“‘characteris-
tic” range of binding energies and a particular oxidation state.
This is illustrated by the similar molybdenum 3d;,, and 3ds,,
binding energies of MoCls-2py and MoO,(acac),, derivatives
of motybdenum(IV) and -(VI), respectively,® and the similar
iridium 4fs,, and 4f5,, binding energies of [Ir(NH;)sC1] Cl,
and [MesN],IrCls.® However, generally it seems that the
higher the oxidation states, the greater is the binding energy
difference, provided comparisons are made within related ser-
ies of compounds.

Many of the chemical problems of current interest to us in-
volve a study of low oxidation state transition metal com-
plexes and we have consequently been interested in the X-ray
photoelectron spectra of such species. Specifically we have

Introduction

The technique of X-ray photoelectron spectroscopy
(ESCA®) has recently been applied to a study of compounds
of the heavier transition elements with the principal object
of establishing whether correlations exist between electron
binding energies and the formal charge at the metal center.
To date, most detailed studies have been carried out on coor-
dination complexes of platinum and palladium, where fairly
extensive series of complexes are available for study.*™’
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