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mmol) were added toluene (10 ml.) and styrene (0.34 mL, 2.9
mmol) hy means of a syringe. The system was stirred at room
temperature to yield a pale yellow, homogeneous solution. The
solution was cooled to -55 °C and MeCOCOCI! (0.78 g, 7.3 mmol)
was then added. After stirring of the system at -30 °C for 1.5
h, 30 mL of hexane was added to yield a slightly red pecipitate
of 3a, which was washed with Et;0 (20 mL X 4) at the same
temperature and dried in vacuo (0.86 g, 97%). The product was
analytically pure without further purification. trans-Pd(CO-
COPh)Cl(PMePh,), (3b) was similarly obtained using PhCO-
COCIY instead of MeCOCOCL Anal. (8a) Caled for

(11) Ottenhijm, H. C. J.; de Man, J. H. M. Synthesis 1975, 163.

CyHyCl0,P,Pd: C, 56.8; H, 4.8; Cl, 5.8. Found: C, 57.3; H, 5.0;
Cl, 5.7. (3b) Caled for C3Hj,C10,P,Pd: C, 60.5; H, 4.6; Cl, 5.3.
Found: C, 60.6; H, 4.8; Cl, 5.4.
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Oxidative addition of Mel to [Pt,(dppm);] in benzene followed by anion exchange with K[PFg] led to
isolation of the first methyldiplatinum(l) complex [Pt;Me(n!-dppm)(u-dppm),] [PF;], and further reaction
with Mel in CH,Cl; solution gave [Pt;Me,(u-I) (u-dppm),] [PFg]. Methyldiplatinum(I) complexes were also
formed by reaction of tertiary ghosphmes (L = dppm, PPh;, PMe,Ph) with [Pt,H(u-H)Me(u-dppm),] [SbF]

to give [Pt,;MeL(u-dppm),][S

Fg] and H,. The reductive elimination followed second-order kinetics, and

an intermediate, [H(Ph;P)Pt(u-H)(u-dppm),PtMe][SbF¢], was detected by low-temperature NMR spec-

troscopy in the case with L = PPh,

Introduction

Syntheses of hydridoplatinum(I) complexes by oxidative
addition to diplatinum(0) complexes?™ or reductive elim-
ination from diplatinum(IT) complexes,> 9 stabilized by
bridging bis(diphenylphosphino)methane (dppm or P P)
ligands, have been reported as shown, for example, in eq
1 and 2.
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The mechanism of the binuclear reductive elimination
reaction of eq 2 has been studied.!!

In this paper the synthesis of methyldiplatinum(I)
complexes by similar methods is described, together with

(11) Hill, R. H.; Puddephatt, R. J. Inorg. Chim. Acta 1981, 54, L277,
J. Am. Chem. Soc. 1983, 105, 5797. The evidence for the structure of the
adduct being as shown in eq 7 is discussed in detall in ref 11. Similar
reasoning suggests the structure A, but the precise stereochemistry at the
five-coordinate platinum center could be different.!!. We cannot eliminate
the possibility of a low concentration of B, which might still exchange at
-80 °C and hence give broad weak resonances which would not be de-
tected.
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a brief study of the mechanism of the reaction involving
reductive elimination. Before publication of the prelim-
inary communication of this work, no methylplatinum(I)
complexes were known,12

Results and Discussion

Synthesis of Methylplatinum(l) Complexes. Reac-
tion of methyl iodide with [Pty(u-dppm);] in benzene so-
lution led to precipitation of a yellow solid, presumed to
be [Pt;Me(n'-dppm)(u-dppm),]I (Ia), which gave
[Pt,Me(n'-dppm)(u-dppm),][PF;]} (Ib) on reaction with
excess K[PF;] (eq 3).

I P
(i) Mel )
[Pty(u-dppm)3z] W Me—Pt—~pPt—FP [PFs] (3)
P P
N

Neither Ia nor Ib in suspension in benzene reacted with
further methyl iodide, but Ib in dichloromethane solution
did react further with methyl iodide, largely according to
eq 4.

+ +
1 N
Me-—-PT—-PT—-—PJ + MeI —2P2 F’r/ \PT (4)
l ] Me/‘ ’ \Me
P P P P
~~ ~

Balch and co-workers have reported the similar reaction
of [Pdy(u-dppm),] with methyl iodide to give [PdyMes(u-
I)(u-dppm),]1, but they did not observe methylpalladium(I)
intermediates.’® The successful isolation of Ia and Ib in
the present system is possible because the reaction of eq
4 is considerably slower than that of eq 1 and is facilitated
by the insolubility of Ia in benzene.

[Pty(u-dppm);] appears to be more reactive than mo-
nonuclear complexes, such as [Pt(PPhy);], toward oxidative
addition, and it is probable that the second platinum
centell; gives anchimeric assistance, perhaps according to
eq 5.

P

P F [
IQMer\ltr\F[f —_— Me——lf——if—P) I (5)

AVA" |

P F’\/ P

A second synthetic method involves the binuclear re-
ductive elimination of hydrogen from the complex [Pt,H-
(v-H)Me(u-dppm),] [SbF]*® (II) induced by reaction with
tertiary phosphines (eq 6).

When L = PMe,Ph, the reaction was rapid at room
temperature, but, when L = dppm, reaction 6 appeared
to take several hours to reach completion. In each case,

(12) Azam, K. A,; Puddephatt, R. J.; Brown, M. P.; Yavari, A. J.
Organomet. Chem. 1982, 234, C31.

(13) Balch, A. L.; Hunt, C. T.; Lee, C.-L.; Olmstead, M. M; Farr, J. P.
J. Am. Chem. Soc. 1981, 103, 3764.
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[PtIMe(PPh;),]. Pearson, R. G.; Rajaram, J. Inorg. Chem. 1974, 13, 246.
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d, L = PMe,Ph
e, L= PPh,

hydrogen but no methane was detected in the gas phase
above the reaction mixture. When L = PPh;, reaction was
again slow and, in this case, hydrogen and methane were
detected as gaseous products. Subsequent NMR studies
showed the product to be a mixture of Ie and the known
hydridoplatinum(I) complex cation [Pt;H(PPhy)(u-
dppm),]* (III) as the [SbFg]™ salt.® The mean of three
determinations by integration of *'P{*H} NMR spectra of
products from different syntheses gave the ratio of Ie:IIl
=85 % 5:15 £ 5.

The methylplatinum(I) complexes (I} are yellow air-
stable solids, which are soluble in solvents CH,Cl, and
CHCl,. They can be stored as solids in the dark at room
temperature for several months without decomposition but
are somewhat photosensitive.

We have been unable to prepare a pure carbonyl de-
rivative,? I with L = CO, by the reaction of eq 6. This
reaction was very slow, and, though spectroscopic evidence
indicated that the desired complex was formed, it could
not be separated from unchanged starting material (short
reaction times) or decomposition products (long reaction
times).

Characterization of Methylplatinum(I) Complexes.
The new complexes were characterized by elemental
analysis and by their 'H and 3'P{'H} NMR spectra (Table
I). In the 'H NMR spectra of I, the MePt resonance
appeared as a doublet of triplets. The doublet splitting
arises from the long-range coupling to the 3P nucleus of
the ligand L, while the triplet splitting arises from the
adjacent 3'P centers of the dppm ligands. A large coupling,
8J(HPtPtL), through the Pt-Pt bond was previously noted
in the analogous hydridoplatinum(I) complexes.’

The 3'P{*H} NMR spectra are analyzed in terms of the
labeling system below, and data are given in Table I.

AN
N
A B L
Me—P{— Pt —P
A B
i P
~~

The spectra were complex but were very similar to those
of the analogous hydrido derivatives {Pt,HL(u-dppm),]*
which have been discussed in detail.>® As for the hydrido
derivatives,® the coupling constant J(PtPPL) for complexes
I is small, indicating an efficient transmission of the trans
influence of the hydride or methyl ligand through the
Pt-Pt bond. Fackler has seen a similar effect in the
structures of gold(II) complexes with gold—gold bonds.1®
In the platinum(I) complexes, the methyl ligand exerts a
slightly greater trans influence than the hydride ligand.®

For complex Ia, with L = »!-dppm, at —-80 °C, separate
signals due to the coordinated and free phosphorus atoms
of the nl-dppm ligand were observed (Table I), with a

(18) Fackler, J..P., Jr.; Basil, J. D. In “Inorganic Chemistry: Toward
the 21st Century”; Chisholm, M. H., Ed.; American Chemical Society:
Washington, DC, 1983; ACS Symp. Ser. No. 211, p 201.
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- Table II. Kinetic Data for Reaction of Equation 5 in

s CH,CICH,Cl at 25 °C*?

2 10°[L], 10%kopeq,?’° 10°[L], 10°kops,>>@
bR 0w, o L molL! s! L molL™! st
&Mesy TE dppm  0.72 1.4 PPh, 1.10 0.49
= =] 1.44 3.4 2.20 0.88

el 2.16 4.6 4.40 1.8
3 o 5 2.88 6.6 6.60 2.8
HAGEE 'E' ; @ [Pt,H(u-H)Me(u-dppm),][SbF, ] at concentration 0.77
5’ o x 107* mol L! in each case. P Observed first-order rate

St constant. € Mean k, = kopsg/[L] = 0.22 = 0.02 L mol™!

s~ ";g s'. 4 Meank,=0.042 £ 0.003 L mol™* ™.
= §§ § S 2 coupling, 2J(PCH,P), of 94 Hz. However, at room tem-
TNl gg perature, separate signals were still observed but this 2J-
- % 8 (PCH,P) coupling was lost. This is attributed to the onset

e of a fluxional process involving exchange of coordinated
= T e 8 and free 3'P centers of the #!-dppm ligand and was also
3 :: [L:ir'és e seen for the corresponding hydridoplatinum(I) complex.’
SIT8R7: &2 Kinetic Studies of the Reductive Elimination. A

l 5 brief kinetic study of the reductive elimination of eq 6 was
+O carried out in order to compare the reactivities of the
e s complex cations [Pt,Hy(u-H) (u-dppm)z‘]”, studied earlier,!!
2lgee ¢ i;dli and [PtzH(u-H)Me(u-dppm)z]*. Reactions when L = PPh,
. 21222 2 s or dppm copl.d be n.lomtored by UV-v1s1ple spectroscopy,
- 5 i under conditions with a large excess of ligand, L. Absor-
g B —§ bance increased throughout the region 450-300 nm as
2 . <8 reaction proceeded, the change being greatest at ~330 nm.
g 21888 & 3 & Graphs of In (A, — A,) vs. t gave straight line plots from
Sl [T|ciesad w6 & g which the first-order rate constants, k., were calculated.
5| g 25 Data are given in Table II. Then graphs of k.4 vs. [L]
o S~ 2 g gave reasonable straight line plots, and the rate law for the
S|P ilcoce o £ reaction is therefore -d/d¢ [II] = k,[II][L]. The second-
_ LIBB8 2 é § order rate constants were k; (L mol™ s?) =0.22for L =
§ gimen g dppm and 0.04 for L. = PPh,;. For comparison, the cor-
z - N s responding rate constants for reactions of [Pt,H,(u-H)(u-
= . Ry dppm),][PF¢] were k, (L mol™? ¢71) = 10.9 for L = dppm
=l 858 E 9E and 1.6 for L = PPh,.!' The methyl derivative II reacts
& % ~oS o g 40-50 times more slowly than [PtyH,(u-H)(u-dppm),]*.
e 50 2 Detection and Energetics of a Reaction Interme-
& £ 9 diate. Reaction of PPh; with [Pt,Hy(u-H)(u-dppm),]* has
=l et B °5° 5 been shown to give a 1:1 adduct according toeq 7, L =
B ;% : ::. 2 = E & PPh;. The NMR spectra indicated that exchange ac-
e OF 2T cording to eq 7 was slow at —90 °C but rapid on the NMR
-E . © E time scale above -80 °C.!!
-~ a1 +
o N &
i 2 2 “~ T g" P/\P P/?P
s 53 I/H\’ I/H\| /L
i = /F’? Pt t L —— /F‘T Pt (M
as) S I | | \ t a l \ ¢
Liret o T, H p p H Hop H
% Yoo © g % ~
o "™ =7
2l g g With respect to [PtyHy(u-H){(u-dppm),]*™ [6(HY) —6.9
2 oone op (\J(PtHY = 1138 Hz)}, it was found that H* appeared
Alggs o~ 2 downfield [6(H?) -4.9 (}J(PtH?) = 1140 Hz)] while H®
5 e appeared upfield [6(H®) -12.4 (J(PtH) = 765 Hz)] and the

Q. LJ(PtH) coupling constant was considerably lower.!! Now,
= 8 = in the reaction with the less symmetrical [Pt,H(u-H)Me-
< =38 S S 5 ‘ﬁ’ (u-dppm)g]f, the phosphine ligand could add at either Pt
SIS % S center to give A or B.

o= \

2% Pa/:F,A ) Pe/b\TA

v =, H L H

[ éﬂ «,é §§ ~ Fl’T/ \Il’f/ >l‘°{ \Pt
SET o 99 Me/l ‘\H’ Me | ~\H’
AR © o3 po A P2 ph

= 50 ~

Eo
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Table III. 'H NMR Data at Varying Temperatures and Equilibrium Constants for Formation of A

T, °C 5 (CH,P,) 5§(MePt) K, L mol’ 5 (HP) K,% L mol™! s(HY) K,¢ L mol™!
-90 5.65, 3.13 -0.0549 . -9.99¢ . -11.937
-70 5.65, 3.13 -0.03 990 -9.70 830 -11.45 710
-50 4.39 -0.01 227 -9.44 210 -11.02 170
-30 4.47 +0.06 21 -8.77 33 -10.11 34
-20 4,50 +0.06 21 -8.40 16 -9.54 16
-10 4.56 +0.14 3.2 -8.07 9.1 -9.04 9.1
30 4.59 +0.19 0.7 -7.00 1.1 -7.40 1.0
-90¢# 5.54, 3.98 0.21 -6.57 -6.75

@ These values are inaccurate due to the small shift range for §(Me) and were not used to calculate AH® and AS°.
b Calculated from s(HP). € Calculated from s (H'). ¢ 2J(PtMe)= 68 Hz. ¢ 'J(PtH)= 530 Hz. 7 'J(PtH)= 780 Hz.
£ Data for [Pt,MeH(u-H)(u-dppm),]* in absence of PPh,. Other data with [Pt]° = [PPh,]°= 0.154 M.

Table IV. *P{'H} NMR Data at Varying Temperatures
and Equilibrium Constants for Formation of A

(PA),a K,b (PB),G K,c

T, °C ppm Lmol! ppm L mol™!
—904 9.88°¢ -4.357
-80 9.47 -4.35
-60¢ 11.46 112 -1.38 265
~40 12.25 43 1.58 55
-20 13.43 14 4.32 18

0 14.82 5 5.58 14
. 17.10 15.6*%

@ Recorded with [Pt,]° = [PPh,]°= 0.146 M. ? Calcu-
lated from §(P*). ¢ Calculated from 5(PB). 9 5(PPh,)
4.7, compare to -9.1 ppm for free PPh,. The tempera-
ture dependence of this shift is not reported since, in
many cases, it overlapped with the more intense PB
resonance and accurate shifts could not be obtained.
€ 1J(PtP) = 2880 Hz. / 'J(PtP)= 3230 Hz. This coup-
ling decreased with increasing temperature. #£ Fast
exchange at this temperature. " Values in the absence of
PPh,; 'J(PtP4) = 2793 and 'J(PtPB) = 2895 Hz.

In the 'H NMR spectrum of a solution of [Pt,H{u-H)-
Me(u-dppm),}* with PPhy at -90 °C a resonance is ob-
served at 6(H) -11.93 ({H(PtH) = 780 Hz) compared to
a value of § (HY) —6.75 (*:J(PtH) = 1130 Hz) for the parent
complex. This strongly indicates structure A in which the
phosphine adds selectively to the hydride end of the
molecule. This is supported further by the observation
that the coupling constant 2J(PtH) associated with the
methylplatinum group is 68 Hz in both A and the parent
complex (Table III) whereas a reduced 2J(PtH) value
would be expected for B. The remainder of the spectro-
scopic characterization of A follows very closely that of
[Pt,H,(u-H)(PPhy) (u-dppm),]*, and NMR data are given
in Tables III and IV.

At -70 °C and higher temperatures fast exchange was
observed, according to eq 8, L. = PPh,, as evidenced by loss
of the 1J(PtPPh;) coupling in the 'P NMR spectra.

t +

AN PN

] [

H H

/N K /N7

Pt Pt + L= Pt Pt (8)
Me/| '\H Me/l I\H

P P P P

~

From the variable-temperature 'H and *'P{'H} NMR
spectra it was possible to calculate the equilibrium constant
K, at each temperature by a number of independent pa-
rameters (Tables III and IV). The values obtained, though
approximate, are reasonably self-consistent and indicate
a rapid decrease in K with increasing temperature. Some
reaction occurred above 15 °C, and values in this region
are tentative. A graph of In K vs. 1/T is given in Figure
1 and gives AH® = -34 % 4 kJ mol 1, AS® =-110 £ 10 J
K mol?, and AG® (273 K) = -4.3 £ 0.5 J K! mol ..

InK

) 3
Figure 1. Graph of In K vs. 10°/T (K), where K is the equilibrium

constant for formation of A, in units of L. mol™!: closed circles,
data from 'H NMR; open circles, data from 3'P{!H} NMR.

These parameters may be compared to those for reaction
of [Pt,H,(u-H)(u-dppm),]* with PPh, for which AH® = 41
# 2 kJ molt, AS° = -108 + 4 kJ mol"!, and AG® (273 K)
=-11.5 = 0.5 kJ mol™.!! The difference is in the AH® term
and probably results from a long-range electronic effect,
with methyl being a slightly stronger donor than hydride
and reducing the Lewis acidity of the distal (as well as the
proximal) platinum center.!

A correlation between the equilibrium constant, K, and
the observed second-order rate constant, ks, for the overall
binuclear reductive elimination for reactions of [PtyH,(u-
H){(u-dppm),]* with different ligands has been noted.!
The ratios of k,/K at 298 K for reactions of [PtyH,(u-
H)(u-dppm),]* and [Pt,H(u-H)Me(u-dppm),]* with PPh,
are given by ky/K ~ 1.6/35 = 0.046 s! and k,/K =~
0.042/1.3 = 0.032 s7%, respectively, and indicate that this
correlation also holds for the methyl derivative. We note
also that [Pty(u-H)Me,(u-dppm),]* does not form a com-
plex with PPh; and also fails to undergo reductive elim-
ination on treatment with PPh;. These observations
suggest that the reductive elimination occurs from the
adduct of structure A rather than B.!1® If this is the case,
the mechanistic implications are interesting. By com-
parison to previous work,!! the most likely mechanism
involving eventual reductive elimination at a single plat-
inum center would involve intermediate E in Scheme I and
this should lead selectively to methane loss. However,
binuclear reductive elimination from C or D (Scheme I)
would give hydrogen or methane respectively. To obtain

(17) Further support for attack at the PtH center is derived from the
observation that [Pt,(u-H)Me,(u-dppm),][PF¢] fails to form a complex
with PPh; in detectable quantity. Note that methyl gives a higher
long-range trans influence in complexes I than does hydride, indicating
that it is a slightly stronger donor in these complexes. Of course, attack
at the MePt center may also be disfavored by steric factors.

(18) The correlation in no way constitutes a proof. It is pososible that
attack at the MePt center to give B may be followed by a particularly
favorable reductive elimination step.
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Scheme I
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the observed selectivity for hydrogen formation with re-
ductive elimination at a single metal center, it would be
necessary to propose intermediates such as F or G, which
might be expected to be high energy species.’? We favor
the binuclear reductive elimination of H, from C as the
principle route, although the evidence is by no means
conclusive.

Experimental Section

'H and 3'P NMR spectra were recorded on Varian XL100 and
XL200 and Bruker WM250 spectrometers.

The complex Pty,(dppm); was prepared from Pt(PPhy), and
dppm in hot ethanol as described elsewhere.? Solid Pt,(dppm),
was handled in the air, but when stored for more than 24 h, it
was placed in sealed tubes under vacuum. Solutions and reaction
mixtures containing Pt,(dppm); were manipulated under nitrogen
by using standard Schlenk procedures, but reaction products were
worked up in the air. Syntheses from [Pt,H(u-H)Me(u-
dppm),][SbF¢] were carried out under nitrogen. Hydrogen
analyses were carried out, as described in detail previously,? by

GC using a 6 ft X 1/ in. molecular sieve 5A column. The cali-

bration was performed by injecting known volumes of hydrogen
into the reaction flask, fitted with a serum cap and containing
solvent only, and then sampling as in the reaction mixtures (see
below). Elemental analyses were performed by Bernhardt
(Germany) or Guelph Chemical Laboratory (Canada).
Synthesis of [Pt,Me(n!-dppm)(u-dppm),]J[PF;]. Iodo-
methane in benzene (0.82 mL of solution containing 0.085 g, 0.60
mmol, of CH,I) was added to a solution of [Pt,(dppm),] (0.921

g, 0.5697 mmol) in benzene (8 mL) in a Schlenk tube. The mixture -

was stirred at room temperature for 3.5 h when the deep red
solution became yellow and a yellow precipitate was formed. The
precipitate, presumably impure [Pt;Me(dppm)g][I]} (0.996 g, 99%),
was recovered by filtration, washed with benzene (5 mL) and
cyclohexane (5 mL), and dried in vacuo. It was converted to the
hexafluorophosphate salt by dissolving it in dichloromethane (10
mL) and adding a solution of KPF (0.544 g, 2.96 mmol) in water
(10 mL). The mixture was stirred for 45 min. The organic phase
was separated, washed with water, and dried (molecular sieve).
Slow addition of cyclohexane gave orange-yellow crystals of the
product (0.857 g, 84% overall yield) which were recovered by
filtration and dried in vacuo. Anal. Caled for [Pt,Me-
(dppm);]{PFgl-0.35CH,Cl,: C, 52.9; H, 4.0; Cl, 1.4; F, 6.6; P, 12.5.

(19) In Pto(u-H) complexes it is proposed that electrons from an
electron-rich Pt—-H bond are donated to an electron-deficient Pt center.
Species F would require donation from the most protonic Pt-H group in
C (Scheme I} to the electron-rich MePtH center in C and is thus pre-
dicted to be unfavorable. For a related discussion: Minghetti, G.; Bandini,
A. L.; Banditelli, G.; Bonati, F.; Szostak, R.; Strouse, C. E.; Knobler, C.
B.; Kaesz, H. D. Inorg. Chem. 1983, 22, 2332. Knobler, C. B.; Kaesz, H.
D.; Minghetti, G.; Bandini, A. L.; Banditelli, G.; Bonati, F. Ibid. 1983, 22,
2324.
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Found: C, 52.3: H, 4.1;Cl, 1.4; F, 6.8; P, 12.4,

Other similar reactions gave yields in the range 60-84%. Use
of more than one molar proportion of iodomethane (up to ap-
proximately 4 molar proportions) appeared to result in marginally
lower yields of slightly less pure product.

An alternative and convenient procedure avoiding the need to
isolate pure [Pty(dppm);] was to prepare this starting material
in situ in benzene from [Pt(PPhy),] and dppm. In a typical
experiment, [Pt(PPhy),] (3.36 g, 2.70 mmol), dppm (2.08 g, 5.40
mmol), and benzene (25 mL) were placed in a Schlenk tube. The
deep red solution thus obtained was reacted with iodomethane
(0.194 g, 1.37 mmol) in benzene (2.7 mL), and the reaction
products were worked up as described above to yield pure
[Pt;Me(dppm);] [PF¢] (1.55 g, 67%).

Synthesis of [Pt,Me(n'-dppm)(u-dppm),][SbF;]. A yellow
solution of [Pt;H,Me(dppm),][{SbF,] (0.1 g, 0.071 mmol) and
dppm (0.03 g, 0.07 mmol) in CH,Cl, (20 mL) was stirred under
N, for 18 h at room temperature. The solution was concentrated
by evaporation, and the yellow product was crystallized out by
addition of diethyl ether (yield 0.122 g, 96% based on Pt): mp
190-195 °C dec; IR (Nujol) »(SbFg) 654, 250 cm™.. Anal. Caled
for [Pt;Me(dppm);][SbFg¢]: C, 50.9; H, 3.9. Found: C, 50.9; H,
3.8.

Synthesis of [Pt,Me(PMe,Ph)(u-dppm),][SbF,]. A solution
of [PtgHzCHa(dppm)gl[SbFG] (0.1 g, 0.071 mmol) in CH2012 (5
mL) in a 10-mL flask fitted with a serum cap. Instant deepening
of color was observed. After 1.5 h, a sample of gas above the
solution was removed with a gas syringe and analyzed by GC
(molecular sieve column). H, was detected (94% yield) but no
methane. The solution was concentrated by evaporation, and
addition of diethyl ether gave yellow orange crystals of the product
(yield 0.088 g, 80%, repeat experiment gave 91% yield, based on
Pt): mp 175-180 °C; IR (Nujol mull) » (SbFg7). Anal. Caled for
[Pt;Me(PMe,Ph)(dppm),][SbFg]: C, 45.8; H, 3.8. Found: C, 45.8;
H, 3.8.

Synthesis of [Pt;Me(PPh;)(u-dppm),][SbF.]. A solution
of [Pt,H;Me(u-dppm),][SbF] (0.12 g) and PPh; (0.0225 g) in
CH,Cl; (10 mL) was stirred under N, at room temperature for
2 days. The solution was concentrated by evaporation, and a
yellow product was crystallized out by adding diethyl ether. Both
I [v(PtH) at 2020 cm™] and 'H NMR [6(PtH) -8.92 (*J(PH) =
46 Hz)] showed the presence of [HPt,(PPhg)(u-dppm),]{SbFy]
(15% impurity). IR showed an (SbFg) absorption at 658 and 285
em™ (yield 0.11 g). Anal. Caled for [PtoMe(PPhy)(u-dppm),]-
[SbFgl: C, 49.6; H, 8.7. Calcd for 0.85[Pt,Me(PPhg)(u-dppm),]
0.15[Pt,H(PPhg) (u-dppm),][SbF¢]: C, 49.5; H, 3.7. Found: C,
49.2; H, 3.5.

Attempted Reaction of [Pt,H,(CH;)(dppm),][SbF¢] with
CO. A flask containing a solution of [Pt;H,(Me)dppm,][SbFg]
(0.1 g, 0.07 mmol) in CH,Cl, (5 mL) was fitted with a serum cap.
CO was passed over the solution for 15 min. The solution was
stirred at room temperature for 60 h. Evolution of H, was detected
by GC. Solvent volume was reduced by evaporation, and a yellow
brown product was obtained upon addition of diethyl ether. IR
spectrum showed an absorption at 2030 cm™! [»(CO)]. 'H and °
SIP{'H} NMR spectra (Table I) indicated the presence of ap-
proximately equal amounts of starting material and [Pt,Me-
(CO)(u-dppm),][SbF;s]. When the experiment was repeated by
using a longer reaction time (7 days) or using a higher pressure
of CO (120 psi), no starting material remained but much de-
composition occurred.

Reaction of {Pt,Me(dppm);]J[PF¢] with Iodomethane in
Dichloromethane: Preparation of [Pt,Mes(u-I)(u-
dppm),J[PF;]. Iodomethane (0.546 g, 3.84 mmol) was added to
a solution of [Pty;Me(dppm)s][PFg] (0.401 g, 0.236 mmol) in di-
chloromethane (8 mL). After 20 h at 20 °C, the orange-yellow
solution became yellow. Solvent was then evaporated in a stream
of nitrogen to the point of crystallization when the product was
crystallized by the addition of cyclohexane and was recovered by
filtration. Recrystallization from dichloromethane and cyclo-
hexane afforded [Pt,Me,(u-I) (u-dppm),][PFg] (0.200 g, 57%) as
pale yellow crystals: 'H NMR (CD,Cl,) 6 0.64 [t, %J(PH) = 17,
2J(PtH) = 83 Hz, MePt], 5.04 [m, 2J(PH) = 3, 3J(PtH) = 54, Hz,
CH*®HPP,), 4.60 [m, 2J(PH) = 86, *J(PtH) = 0, 2J(H*HP) = 14 Hz,
CH=H"P,]; 3'P NMR 10.4 [s, J(PtP) = 2946, 2J(PtP) = 36, J(P2PY)
= 32, J(P*PY) = 3.7 Hz)]. Note that the presence of nonequivalent
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CH®H"P, protons proves that inversion of the A frame is slow
on the NMR time scale. Anal. Caled C, 42.8; H, 3.5; F, 7.8; P,
10.6. Found: C, 42.7; H, 3.4; F, 7.9;, P, 10.6.

Another similar reaction was monitored by 3P NMR spec-
troscopy. This showed that while significant reaction occurred
after 1 h, substantially complete reaction required 24 h. The
formation of a number of unidentified minor phorphous-con-
taining impurities was revealed as well as the formation of some
[Pt(dppm),]?* cation (6 —59 m). This was confirmed by treatment
of the solution with excess of aqueous KPFg when [Pt-
(dppm),][PF¢), (11% based on platinum), identified by its infrared
spectrum, was precipitated. After this treatment the reaction
solution no longer exhibited the resonance at -59 ppm but was
otherwise unchanged.

Treatment of [Pt,Me(dppm),;][PF;] with Iodomethare in
Benzene. lodomethane (0.23 g, 1.50 mmol) was added to a
suspension of [Pt;Me(dppm)s][PF¢] (0.060 g, 0.035 mmol) in
benzene (3 mL) and stirred at 20 °C for 5 h. The yellow solid
was recovered by filtration, was washed with benzene, and was
found (infrared) to be unchanged starting material (0.054 g, 90%).

Kinetic Studies.!! Solutions of [Pt,H(u-H)(Me(u-
dppm),}{SbF¢] (1 mL, 7.71 X 10~* M) and dppm (2 mL, 7.20 X
10 M) were mixed and diluted to a volume of 10 mL. Part of
this solution was added to a 1-cm quartz cuvette held in the cell
compartment (thermostated with circulating water to 25 °C) of
a Cary spectrophotometer. Spectra (450-300 nm) were recorded
at suitable intervals until no further change occurred. A graph
of In [A,, — A] vs. time, where A is the absorbance at 330 nm, gave
a good straight line plot from which the first-order rate constant,

kopsa Was calculated. The same method was used for reactions
with PPh,.

Variable-Temperature NMR Studies.!! Triphenylphosphine
(0.77 mmol) was added to a solution of [Pt,H(u-H)Me(u-
dppm),}{SbFg] (0.077 mmol) in CD,Cl, (0.50 mL) in an NMR tube
cooled to -78 °C. After dissolution of the PPh; at -78 °C, the
tube was added to the probe (precooled to —90 °C) of a Varian
XL100 NMR spectrometer. The 'H NMR spectrum was recorded,
and further spectra were recorded at higher temperatures (Table
III) until reaction to give H, and methyldiplatinum(I) complex
was significant. The variable-temperature *'P{!H} NMR spectra
were obtained in a similar way but with a Varian X1L200 NMR
spectrometer.

A similar experiment was carried out by using PPh; (1.5 X 107
mol) and [Pty(u-H)Me,y(u-dppm),] [PF¢] (0.66 X 107 mol) in
CD.Cl, (1.3 mL). 'H and *P{'H} NMR spectra from -90 to 0 °C
showed only signals due to the reagents, with no evidence for
complex formation.
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Irradiation of [CuCl(cc-1,5-COD)], or Cu(acac)(cc-1,5-COD) in the presence of an excess of cc-1,5-COD
in methanol catalytically gave ct-1,5-COD as the exclusive product at wavelengths >290 nm and TCO plus
minor amounts of tt-1,5-COD at wavelengths >240 nm. Cu(acac)(cc-1,5-COD) was generated in situ by
photoreduction, electrolysis, or metathesis under appropriate conditions. Sparingly soluble [CuCl(ct-
1,5-COD)], was isolated and identified as the immediate intermediate in the photorearrangement to TCO.
The stoichiometric interconvertibility between [CuCl(ce-1,5-COD)], and [CuCl(ct-1,5-COD)); by >290-nm
irradiation was established from the presence of an isosbestic point in UV spectra. A definite mechanism

was proposed to account for the rearrangements.

Aromatic ketones with high triplet state energy (e.g.,
xanthone, benzophenone, acetophenone, etc.) sensitize the
photoreduction of bis(acetylacetonato)copper(Il), Cu-
(acac),, in hydrogen atom donating solvents, such as
methanol or tetrahydrofuran, to give copper (I) complex-
es.)* Kinetic and mechanistic investigations show that
the primary photoreaction is the electron transfer from
Cuf(acac), to triplet-state ketones and that the hydrogen-
transfer step determines the overall efficiency of the
photoreduction.? The proposed reaction pattern is sum-
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marized below, where L represents appropriate ligands:

Cu(acac);, + Ph,CO & Cu(acac)* + acac- + Ph,CO"-
Cu(acac)* + Ph,CO™ + xL. — Cu(acac)L,+ Ph,CO
2acacr + CH;OH — 2acacH + CH,0

It is also well-known that in the presence of copper(I)
complexes, olefins undergo photoreactions involving re-
arrangements, cycloadditions, and fragmentations.>®
Among them, the cuprous chloride catalyzed photorear-
rangement™ ! of cis,cis-1,5-cyclooctadiene (cc-1,5-COD) to
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