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relative sequence of catalytic efficiency.

The earlier literature?! reports a case of aluminum tri-
chloride catalyzed formation of COCIl, at 30-35 °C with
chloroform as solvent. We have checked the experiment and
found that only in the presence of light is phosgene formed
under the specified conditions. The scope of the observed
catalytic reaction is now under current investigation. Manchot
and Lehmann!” report that RhCl; releases Cl, at 90 °C in the
presence of CO. However, no COCl, was observed. Rh,(C-
0),Cl, oxidatively adds dichlorine at room temperature with
CCl, as solvent with no formation of phosgene.?? Thus,

(21) Plotnikow, W. A. Zh. Russ. Fiz.-Khim. O-va. 1916, 48, 457-458; Chem.
Zentralbl, 1923, 1, 1490.

rhodium does not appear to be an appropriate catalyst for the
room-temperature combination of carbon monoxide with di-
chlorine to phosgene.
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Photolysis of [Pt,H,(u-H)(u-dppm),] [PF,] (I1a), dppm = Ph,PCH,PPh,, using 362 £ 8 nm light occurs with quantum
yields of 0.81 (MeCN solution) and 0.57 (pyridine solution) to give [Pt,H(L)(u-dppm),][PF¢] (IIc, L = MeCN; IId, L
= pyridine) and H, in quantitative yield. The primary isotopic effect on the quantum yields (from similar studies of
[Pt,D;(u-dppm),] [PF¢] (Ib)) is given by ¢y/¢p = 1.8 and 1.6 in MeCN and pyridine solutions, respectively, and the reductive
elimination is shown to be intramolecular (a mixture of Ia and Ib gives very largely H, and D, with little HD). The reaction
can be sensitized with triphenylene but not by Michler’s ketone, indicating that reaction is initiated from the singlet excited

state.

Introduction

The thermally or photochemically induced reductive elim-
ination of H, from mononuclear polyhydrido derivatives of
transition metals has been studied in depth.>* The primary
reaction, which may be reversible, is often described by the
general equation (1) and involves a concerted intramolecular
reductive elimination.?”’

(L.MH,] = [L,M] + H, M

In some cases, for example, with [IrH,Cl(CO)(PPh;),], both
thermal and photochemical activation is possible, but in other
cases, for example, with [IrH,CI1(PPh;);], only photochemical
activation is effective.” The product [L,M] is necessarily
coordinatively unsaturated and is often highly reactive; it may
undergo self-reaction, typically by ortho metalation (e.g., when
[L.M] = [IrCI(PPh;);]7), or react with solvent (e.g., when

(1) Publication No. 268 from the Photochemistry Unit, University of
Western Ontario.

(2) (a) Church, M. J.; Mays, M. J.; Simpson, R. N. F.; Stefanini, F. P. J.
Chem. Soc. A 1970, 2909. Mays, M. J.; Simpson, R. N. F.; Stefanini,
F. P. Ibid. 1970, 3000. (b) Muetterties, E. L.; Watson, P. L. J. Am.
Chem. Soc. 1976, 98, 4665.

(3) Kochi, J. K. “Organometallic Mechanisms and Catalysis”; Academic
Press: New York, 1978,

(4) Geoffroy, G. L.; Wrighton, M. S. “Organometallic Photochemistry”;
Academic Press: New York, 1979; Chapter 7.

(5) Geoffroy, G. L. Prog. Inorg. Chem. 1980, 27, 123.

(6) Vaska, L.; Werneke, M. F. Trans. N.Y. Acad. Sci. 1971, 33, 70.

(7) Geoffroy, G. L.; Pierantozzi, R. J. Am. Chem. Soc. 1976, 98, 8054.

[L,M] = [(#°-CsH;),W1?). The species [L,M] is expected
to be an active catalyst in many cases although this area has
not been developed. It may be possible to trap the primary
product [L,M] with added ligand L!, but in the typical case
where [L,MH,] is an 18-electron complex, L! is not involved
in the rate-determining reductive-elimination step.?™

In contrast, although there are several examples of thermally
induced reductive elimination of H, from binuclear and
polynuclear transition-metal hydrides, very little is known
about the mechanism of such reactions.® Although almost
all mononuclear polyhydrido derivatives of transition metals
undergo photochemically induced reductive elimination of
H,, %510 few examples of polynuclear transition-metal hydrides
undergoing such a reaction have been reported.!! For example
[ReH4(CO),,] is emissive in hydrocarbon solutions but is not
photochemically decomposed.!2

We recently reported a very clean binuclear reductive
elimination of H, from the cation!? [Pt,H,(u-H)(u-dppm),]*

(8) Green, M. L. H.; Berry, M.; Couldwell, C.; Prout, K. Nouv. J. Chim.
1977, 1, 187.
(9) Collman, J. P.; Hegedus, L. S. “Principles and Applications of Orga-
notransition Metal Chemistry”; University Science Books: Mill Vailey,
CA, 1980; pp 204-208,
(10) Green, M. A; Huffman, J. C,; Caulton, K. G. J. Am. Chem. Soc. 1981,
103, 695.
(11) Green, M. L. H.; Simpson, S. J. J. Organomet. Chem. 1978, 148, C27.
(12) Graff, J. L.; Wrighton, M. S. J. Am. Chem. Soc. 1981, 103, 2225.
(13) Brown, M. P,; Puddephatt, R. J.; Rashidi, M.; Seddon, K. R. Inorg.
Chim. Acta 1977, 23, L27. Brown, M. P.; Puddephatt, R. J.; Rashidi,
M.; Seddon, K. R. J. Chem. Soc., Dalton Trans. 1978, 516.
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induced by ligands such as tertiary phosphines, carbon mon-
oxide, and p-tolyl isocyanide (eq 2).'416 The thermal reaction
was not induced by dimethyl sulfide or by nitrogen or oxygen
donor ligands.!4

+ +
PP p——~p
FLr/H\FIJr + L = {H—Pt—FPt—L| + Hy (2)
~ ~ —ht T 2
M .
R P PP

I II

Qualitative experiments also showed that [Pt,H,(u-H)(u-~
dppm),][PF4] (Ia) was photosensitive, decomposing either in
the solid state or in solution with loss of H,.!*!4!7 Thus the
opportunity to compare the mechanisms of the thermal'® and
photochemical reactions'® arose, and the results of the pho-
tochemical study are now described. Preliminary accounts of
the photolysis of Ia have been published.!®:!?

Results

Characterization of Products. The characterization of the
products of eq 2, L = tertiary phosphine, has been described
previously.'4?® The complex Ila, L = '-dppm, was char-
acterized by X-ray crystallography and IIb, L = PPh,, by
comparison of its spectral properties with those of IIa. The
two new complexes [Pt,HL(u-dppm),] [PF,] (Ilc, L = CsH,N;
IId, L = MeCN) were prepared by photolysis of Ia in pyridine
or acetonitrile, respectively, and were characterized by ele-
mental analysis and by infrared and NMR spectroscopy.
Comparison of spectral data with data for Ila and IIb was
especially useful. Samples for NMR spectroscopy were con-
ventiently prepared by photolysis of degassed solutions of Ia
in the required solvent in sealed NMR tubes. Thus photolysis
of Ia in CD,CN solution led to visible gas evolution and was
accompanied by decay of the hydride resonances, due to Ia,
and growth of a new hydride resonance, due to IId. This
resonance contained !/ -intensity satellites attributed to cou-
pling to the directly bound Pt atom (!{J(PtH) = 963 Hz) and
the far Pt atom (2J(PtH) = 76 Hz), characteristic of complexes
II and proving the presence of a terminal hydride in a dimeric
molecule. The CH, resonance of the dppm ligands gave two
distinct couplings *J(PtH) of 71 and 52 Hz due to coupling
with nonequivalent 1%°Pt atoms, showing that the dimer was
unsymmetrical. The 3P NMR spectrum contained a central
[AA’BB’] multiplet with distinctly different couplings 'J(PtPA)
and 'J(PtPB), again characteristic of complexes of structure
II.M

The reactions could also be monitored by IR spectroscopy.
Thus photolysis of Ia in acetonitrile solution contained in a

(14) Brown, M. P,; Fisher, J. R.; Manojlovié-Muir, L.; Muir, K. W.; Pud-
dephatt, R. J.; Thomson, M. A,; Seddon, K. R. J. Chem. Soc., Chem.
Commun. 1979, 931. Brown, M. P,; Fisher, J. R,; Hil}, R. H.; Pud-
dephatt, R. J.; Seddon, K. R. Inorg. Chem. 1981, 20, 3516.

(15) Brown, M. P,; Fisher, J. R.; Mills, A. J.; Puddephatt, R. J.; Thomson,
M. A. Inorg. Chim. Acta 1980, 44, L271.

(16) Puddephatt, R. J. “Reactivity of Metal-Metal Bonds”; Chisholm, M.
H., Ed.; American Chemical Society: Washington, D.C., 1981; ACS
Symp. Ser. No. 155.

(17) A related reaction is the photochemical decomposition of [Pt,Me,(u-
H)(u-dppm),] [PF¢] to give methane: Brown, M. P.; Cooper, S. J;
Frew, A. A.; Manojlovié-Muir, L.; Muir, K. W.; Puddephatt, R. J;
Thomson, M. A. J. Organomet. Chem. 1980, 198, C33.

(18) Hill, R. H.; Puddephatt, R. J. Inorg. Chim. Acta 1981, 54, L277.

(19) When this work was nearing completion, we learned that G. L. Geoffroy
and co-workers were conducting an independent study of the photolysis
of Ia. Where common experiments were conducted, the key results of
the two groups are in agreement. We thank Professor Geoffroy for an
exchange of information. Foley, H. C.; Morris, R. H.; Targos, T. S.;
Geoffroy, G. L. J. Am. Chem. Soc. 1981, 103, 7337.

(20) Manojlovié-Muir, L.; Muir, K. W. J. Organomet. Chem. 1981, 219, 129.
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Table I. Analysis of Isotopic Composition of H,/D, by
Mass Spectrometry

peak height®

reagents, g mle mle mle mfe

Ia Ib PPh,  solvent 1 2 3 4
0.05 0 0.1 CH,Cl, 0 100 0 0
0 0.05 0.1 CH,Cl, 0 6 14 100
0.025 0.025 0.1 CH,Cl1, 0 84 23 100
0 0.05 b,c CH,CN 0 S 16 100
0.025 0.025 b,c CH,CN 0 100 8 48
0 0.05 b,d CH,CN 0 100 6 40

@ Background was negligible under the instrument conditions
used. ® Sample photolyzed with 366-nm light. ¢ Photolysis not
taken to completion. ¢ Reaction in the presence of H, (1 mol).

solution IR cell was accompanied by loss of the peak due to
v(PtH) at 2100 cm™ and growth of a new peak due to the
terminal Pt—H stretching vibration of IId at 2020 cm™.

Similar experiments were carried out for the photolysis of
Ia in pyridine solution and gave similar results. When
quantitative monitoring was required, the reactions were
followed by UV-visible absorption spectroscopy. For example,
the photolysis of Ia in acetonitrile solution was carried out
using 366-nm light from a medium-pressure mercury lamp,
with the solution contained in a flat-sided Pyrex vessel fitted
with a side arm with a 1-mm quartz cuvette. Good isosbestic
points in the series of absorption spectra were observed at 339
and 371 nm provided that the solution was rigorously deox-
ygenated before photolysis. If oxygen was present during
photolysis, or if oxygen was admitted after photolysis was
complete, a further reaction occurred with loss of the isosbestic
points, and IId could not be isolated from the resulting solu-
tions. The photolysis of Ia in pyridine solution was less sen-
sitive to oxygen, but good isosbestic points were again observed
only for rigorously deoxygenated solutions.

For the syntheses of IIc and IId, the photolysis was carried
out at 0 °C as above except that a high-pressure xenon lamp
was used. The solutions were then evaporated under vacuum
to give the pure products. In another case, photolysis of Ia
in acetonitrile was carried out to near completion and a sample
of the gaseous phase was extracted and analyzed by gas
chromatography; 1.00 = 0.08 mol of H, was formed for each
mole of Ia decomposed. Together with the direct character-
ization of Iic and IId, this proves that the reaction occurs very
cleanly according to the stoichiometry of eq 2.

Proof of Intramolecular Reductive Elimination. A sample
of [Pt,D,(u-D)(u-dppm),][PFs] (Ib) was prepared by re-
duction of [PtCl,(dppm)] with Na[BD,] in MeOD. Earlier
studies had shown that the complex could not be prepared from
Ia and excess D,0 or MeOD with either acid or base catalysis.

A mixture of Ia and Ib, when either treated with tri-
phenylphosphine or irradiated (A = 366 nm), gave very largely
H; and D, with only a small quantity of HD (Table I). Some
of this HD arises from 'H impurities in Ib as evidenced by
the blank experiment in which Ib alone was allowed to react
with triphenylphosphine, but the accuracy of the measurements
is limited, and we cannot exclude the possibility of a minor
intermolecular reaction producing HD. The experiment clearly
shows that the major part of the reaction involves intramo-
lecular reductive elimination in both the thermal and the
photochemical cases. In another experiment Ib was photolyzed
in CH;CN solution in the presence of ~1 mol of H,. The
mass spectrum showed the products to be very largely H, and
D,, indicating that the reverse reaction, involving oxidative
addition of H, to IId-d, is slow. If this reaction were fast, then
photolysis of the product would yield HD.

Quantum Yield Determinations and Sensitization Experi-
ments. Solutions of Ia or Ib in acetonitrile or pyridine were
irradiated with 362 = 8 nm light from a Jasco Spectroirra-
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Figure 1. Electronic spectral changes accompanying the 362 % 8 nm
photolysis of Ia in pyridine, with the following number of counts of
irradiation: (a) 0; (b) 1; (c) 2; (d) 4; (e) 6; (f, g) extended
irradiation.

diator. The solutions were rigorously degassed prior to irra-
diation. A typical set of spectra obtained during irradiation
of Ia in pyridine solution is shown in Figure 1. The extent
of reaction was determined by monitoring the optical density
at 333 nm, and when correction was made for absorption of
light by the product, good linear plots of quanta absorbed by
I vs. extent of conversion were obtained. The resulting
quantum yields (Experimental Section) are remarkably high.
The isotopic effect on the quantum yields, ¢y/¢p, was 1.6 for
photolysis in pyridine solution and 1.8 in acetonitrile.

Prolonged photolysis of I1d in acetonitrile solution led to
further changes in the absorption spectrum. However, this
reaction was so slow that it did not interfere with the above
quantum yield determinations. No serious attempt was made
to study this secondary reaction. Admission of air to solutions
of IId prepared as above led to further spectral changes, with
a decrease in absorbance at 450 nm and an increase at 400
nm. However, there were no isosbestic points and we have
not succeeded in characterizing the products of this subsequent
reaction.

The performance of specific quenching experiments to
distinguish between singlet and triplet pathways was not
possible because of the high extinction coefficients of the
complex throughout the ultraviolet region. It was, however,
possible to sensitize the reaction in MeCN and monitor its
course by means of the terminal Pt-H stretching absorption
in the IR spectrum. Concentrations were chosen such that
~90% of the incident light was absorbed by the sensitizer,
triphenylene (E, = 83.4 kcal/mol; Ey = 66.5 kcal/mol).2!2
The spectral distribution of the low-pressure Hg lamp used
was such that small amounts of light were emitted in the 313-
and 366-nm regions. Although the filter solution used removed
most of this light, the amount of reaction induced by this light
was determined experimentally. This was achieved by de-
termining the rate of reaction when a Pyrex filter was inter-
posed between the sample and the light source. This rate was
then subtracted from the rates at which the sensitized and
directly induced reactions occurred. A further correction was
made for the 10% light absorbed directly by Ia. The final ratio
of rate sensitized /rate direct was, from these rather crude
measurements, liniited by the degree of conversion possible

(21) Muron, S. L. “Handbook of Photochemistry”; Marcel Dekker: New
York, 1973; p 3.
(22) Clar, E.; Zander, M. Chem. Ber. 1956, 89, 749.
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Figure 2. Qualitative MO energy level diagram for Ia, adapted from
ref 26.

and by the inaccuracy of the IR measurements. The value
found was 0.57 % 0.12 at a concentration of Ia of 6.1 X 107
mol L,

The sensitization experiment alone does not distinguish
singlet from triplet energy transfer, but since attempted sen-
sitization by the efficient triplet sensitizer Michler’s ketone
was negative and since the triplet energies of triphenylene and
Michler’s ketone (E1 = 62 kcal/mol)?! are close, we conclude
that singlet energy transfer is operative. Assuming the lifetime
7 of the triphenylene singlet in acetonitrile is essentially the
same as in cyclohexane (7 = 37 ns),” we can approximate the
rate of energy transfer by eq 3, whence k, the rate constant

rate sensitized /rate direct = k [Ia}/(k,[Ia} + 7)) 3)

for energy transfer, is (6 + 2) X 10° M~! 57\, This is somewhat
below that of diffusion control (2.7 X 10! M~ 57! from the
modified Debye equation). With allowance for diffusion
separation before energy transfer? this would be expected to
be about 10'® M! s, However, energy transfer to bulky
complexes has often been found to be somewhat inefficient
even when exothermic®® and the approximate value we report
is not unreasonable. We are therefore led to believe that the
reaction takes place from a singlet, not a triplet, state.

Discussion

According to the calculations of Hoffman and Hoffmann,?
the LUMO in the cation Ia is an orbital of b, symmetry, which
is nonbonding between the platinum atoms and the u-H ligand
but is antibonding between the two platinum atoms, while the
HOMO is one of a block of eight closely spaced d-block or-
bitals (Figure 2). The irradiation using 362- or 366-nm light
is expected to lead to the transition d — b, (Ap,x = 349 cm™
in MeCN). The sensitization experiment indicates that the
photochemistry results directly from the primary singlet excited
state, and the labeling experiment shows that the reductive
elimination of Hj is an intramolecular reaction. Unfortunately
the cation Ia is fluxional so that it is not possible to label the
bridging or terminal hydride ligands separately and hence to
determine unequivocally which two hydride ligands are lost
on photolysis.

The simplest interpretation of the above data is that the
primary excitation of Ia leads to a significant increase in the
Pt-Pt separation as a result of occupation of the b, molecular
orbital.26 This would force the bridging hydride to move with
one of the Pt atoms, since a symmetrical u-hydride with a very
long Pt—Pt distance would be unfavorable. One way in which
this deformation could occur would be to give a complex of
structure III, analogous with that of [Pt,Me,(u-dppm),]*
(IV).?” Reductive elimination of H, at a single platinum

(23) Berlman, 1. B. “Handbook of Fluorescence Spectra of Aromatic
Molecules”, 2nd ed.; Academic Press: New York, 1971; p 381.

(24) Wagner, P. J.; Kocharar, 1. J. Am. Chem. Soc. 1968, 90, 2232,

(25) See, for example: Balzani, V.; Moggi, L.; Manfrin, M. F.; Bolleta, F.;
Lawrence, G. S. Coord. Chem. Rev. 19758, 15, 321.

(26) Hoffman, D. M.; Hoffmann, R. Inorg. Chem. 1981, 20, 3543.

(27) Brown, M. P.; Cooper, S. J.; Frew, A. A.; Manojlovié-Muir, L.; Muir,
K. W,; Puddephatt, R. J.; Seddon, K. R.; Thomson, M. A. Inorg. Chem.
1981, 20, 1500.
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center could then occur as in mononuclear complexes. It is
generally accepted that the alternative reductive elimination
of H, by coupling of separate Pt—H groups is orbitally for-
bidden in the ground state, although this rule may not apply
in the excited state.?®

It has been argued previously that the role of tertiary
phosphine ligands in inducing thermal reductive elimination
of H, from Ia is to give an intermediate [Pt,H,(PR,)(u-
dppm),]*, in which there is no bridging hydride ligand and
from which reductive elimination can occur easily.!® Direct
reductive elimination from Ia, in which the terminal and
bridging hydride ligands are mutually trans, is difficult to
envisage. The photochemical excitation may then act in a
similar way by breaking the Pt,(u-H) linkage. In the pho-
tolysis, there is no evidence for direct participation of pyridine
or acetonitrile prior to the reductive-elimination step (except
possibly to provide a new decay channel). The observations
that the quantum yield for photolysis of Ia in acetonitrile (0.81)
is greater than in pyridine (0.57), whereas pyridine is a much
better ligand for platinum, and that photolysis of Ia occurs
readily in nondonor solvents or in the solid state argue against
such solvent participation. Rather, it seems that the donor
solvent simply traps the primary product, [Pt,H(u-dppm),]*,
formed on reductive elimination of H,. That the donor solvents
do not interact strongly with Ia in the ground state is shown
from the UV, IR, and NMR spectra of solutions of Ia, which
are very similar to those in nondonor solvents.

The observation of a considerably lower isotopic effect on
the quantum yields for photolysis of Ia vs. Ib, when compared
with the corresponding isotopic effects for the thermal reactions
induced by triphenylphosphine or dppm, for which ky/kp =~
3.5,18 is of interest since no such comparison appears to have
been made previously, even for reactions of mononuclear
complexes. The result is, however, difficult to interpret. In
the simplest case defined by

ke(H, D}
I e

product )

kylH, D)
it is easily shown that

éu/dp = [k(H)/k(D)][(k(D) + kq4(D))/
(ke(H) + kyq(H))]
= isotope effect X r(H)/r(D)

Unfortunately, the complexes I did not show observable
fluorescence (or phosphorescence) so that we have been unable
to determine the isotopic effect on the lifetime of the singlet
excited state, r(H)/7(D). Qualitatively, r(H)/r(D) is ex-
pected to be less than unity, but there are insufficient pre-
cedents to allow an estimate of how great such an effect might
be.? Thus the observed magnitudes of ¢y/¢p of 1.6 (L =
pyridine) and 1.8 (L. = acetonitrile) are considered minimum
values for the isotope effects on the rate constants for reductive
elimination from the excited states, k. (H)/k,(D), and it is not
clear whether the isotope effects for these rate constants are
significantly different from the value of ky/kp, found for the
thermal reactions.? However, the result certainly indicates

(28) Collman, J. P.; Hegedus, L. S. “Principles and Applications of Orga-
notransition Metal Chemistry”; University Science Books: Mill Valley,
CA, 1980; Chapter 4.
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that partial Pt—H bond cleavage is involved in the transition
state for reductive elimination.

The present work and those immediately preceding!®!® show
for the first time that intramolecular reductive elimination of
hydrogen can occur very efficiently from a binuclear transi-
tion-metal hydride by photochemical activation, that the re-
action probably occurs from the first singlet excited state, and
that there is a significant primary isotope effect on the rate
constant for the reductive-elimination step. It is not possible
to determine unequivocally the intimate mechanism of the
photochemical reaction, and we recognize that the mechanism
proposed, although consistent with the data, with theory, and
with the general chemistry of the complex cation Ia, is only
one of a number of such possible mechanisms.

Experimental Section

IR spectra were recorded with a Beckman 4250 spectrophotometer,
UV-visible spectra with a Cary 118 spectrophotometer, and NMR
spectra with a Varian XL100 spectrometer. Chemical shifts are quoted
with respect to Me,Si (‘H) or trimethyl phosphate (*'P). Analysis
for H, by gas chromatography was carried out using a Varian Model
1420 gas chromatograph with a Molecular Sieve 5A column (6 ft
X !/ in.) and isotope analysis using a Varian MAT 311A mass
spectrometer.

[Pt,D,(u-D){u-dppm),JPF,]. This was prepared by a modification
of the method used for [Pt,H,(u-H)(u-dppm);] {PF¢].!* Solid Na[BD,]
(0.5 g) was added slowly (2 h) in small portions (0.01 g) to a stirred
suspension of [PtCl,(dppm)] (1.0 g) in MeOD (20 mL) in a flask
flushed with N,, and the resulting mixture was stirred for 1 h. The
mixture was filtered, the solid was extracted with CH,Cl, (10 mL),
and the filtered solution was added to a solution of NH,[PF] (0.36
g) in CH,0D (20 mL). The volume was reduced to 15 mL with use
of a rotary evaporator, and the white crystals of [Pt,D,(u-D)(u-
dppm),] [PF] that formed were filtered, washed with pentane, and
dried under vacuum. IR (Nujol): »(PtD) 1537 cm™; »(PtH) absent;
cf. for Ia, »(PtH) 2100 cm™*.

UV-visible spectrum of Ia: Apg, 348 nm, € 4.90 X 10° L mol™!
cm™ (pyridine solution); Ap,, 349 nm, ¢ 4.09 X 10° L mol™! cm™!
(MeCN solution). NMR data for Ia in CD,;CN: §(PtH) -6.9,
LJ(PtH) = 1152 Hz, 2J(PtH) = 112 Hz; (Pt,(u-H)) -5.85, IJ(PtH)
= 546 Hz; 5(*'P) 17.9, !J(PtP) = 2755 Hz, 2J(PtP) = 6 Hz, 2J(PP)
= 64 Hz, *J(PP) = 17 Hz. NMR data for Ia in CsDsN (0 °C):
3(PtH) —6.7, 'J(PtH) = 1146 Hz; 8(Pty(u-H)) -5.9, 'J(PtH) = 545
Hz; 6(*'P) 17.3, \J(PtP) = 2760 Hz, 2J(PtP) = 20 Hz, 2J(PP) = 59
Hz, 3J(PP) = 19 Hz.

[Pt,H(py)(u-dppm),IPF¢]. A solution of Ia (0.2 g) in pyridine (2
mL) contained in a Pyrex tube (10 mL) was deoxygenated by bubbling
pure N, for 45 min. The sample was photolyzed, with a 150-W xenon
lamp placed 25 cm from the sample, for 40 min at 0 °C. Water and
Corning O-52 filters were used to remove IR and wavelengths shorter
than 360 nm, respectively. The yellow solution obtained was added
to petroleum ether (bp 30—60 °C, 5 mL), when the product precipitated
as a yellow oily solid. The solvents were decanted off, and the product
was dried under vacuum, giving a yellow solid. IR (Nujol or pyridine
solution): »(PtH) 2000 cm™. NMR (CsDsN): 8(PtH) -7.66, \J(PtH)
= 938 Hz, 2J(PtH) = 66 Hz, 2J(PH) = 16 Hz, *J(PH) = 5 Hz;
3(CH,P,) 5.4 (m); 6(*'P) 17.2, \J(PtP) = 3480 Hz, and 7.7, !J(PtP)
= 2890 Hz, 2J(PAP?) = 59 Hz, “J(PAP¥) = 31 Hz. Anal. Calcd
for CssHsoFgNPPty: C, 47.7; H, 3.6; N, 1.0. Found: C, 47.8; H,
3.6; N, 1.3.

[Pt,H(MeCN) (u-dppm),IPF¢]. A solution of Ia (0.11 g) in MeCN
(15 mL) contained in a Pyrex flask (25-mL capacity) was deoxy-
genated by three freeze-pump—thaw cycles. The irradiation was
effected using a focused beam from a 150-W xenon lamp 25 cm from
the sample, filtered as in the previous experiment. When reaction
was complete (~20-min irradiation), the solution was cooled to 0 °C
and the solvent was removed under high vacuum, leaving the product
as an orange solid in analytically pure form. IR: Nujol, »(PtH) 2030
cm™'; MeCN solution, »(PtH) 2020 cm™. NMR (CD;CN): 8(PtH)
-9.0, WJ(PtH) = 963 Hz, 2J(PtH) = 76 Hz, 2J(PH) = 15 Hz, *J(PH)

(29) For example, we note that if eq 4 applies and if ky(H) =~ k4(D), then
the ratios k,(H) { k(D) = 5 (CH,CN) and 2.5 (py) can be calculated.
If, as expected,!? ky(H) 2= ky(D), these should be minimum values for
k.(H)/k (D), but if eq 4 does not apply, this interpretation is invalid.
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= § Hz; 5(CH,P,) 4.5, 2J(Pt*H) = 71 Hz, 2J(Pt®H) = 52 Hz, J(PH)
= 9 Hz; 6(*'P) 15.6, \J(PtP) = 3522 Hz, and 6.4, 'J(PtP) = 2840
Hz. Anal. Caled for C,,HF{NPsPty: C, 46.4; H, 3.6; N, 1.0. Found:
C, 46.3; H, 3.6; N, 1.1.

Studies of Hydrogen Evolution. A solution of Ia (0.065 g, 4.9 X
105 mol) in MeCN (25 mL) was deoxygenated by bubbling N, for
45 min. The reaction vessel was a flat-sided Pyrex flask, fitted with
a side arm with a 1-mm quartz cuvette attached to allow monitoring
of the course of the reaction by UV-visible spectroscopy. The solution
was irradiated with use of a 400-W mercury lamp placed 15 cm from
the sample, and H,O and Corning O-52 filters were used. The
photolysis was monitored by UV-visible spectroscopy. The reaction
was stopped before completion and, from the optical density change
at 333 nm, it was calculated that 3.7 X 10~* mol of Ia had reacted.
A sample of the gas phase (1.0 mL) was taken through a septum with
a gas syringe and the H, determined by GC (after a preliminary
calibration was made). The total H, formed was (3.7 ® 0.3) X 1073
mol.

For isotope analyses, a sample (0.05 g of Ia, Ib, or a mixture) was
placed in a small reaction vessel (~ 10 mL) fitted with a stopcock,
and the solvent CH;CN (2 mL) was condensed into the vessel at 77
K under vacuum. The solution was warmed to room temperature
and photolyzed as above. The vessel was then attached to the gas
inlet system of the mass spectrometer, the solution was cooled to 77
K, and the gas phase was admitted to the mass spectrometer.

Quantum Yield Determinations. Irradiations were carried out with
a Jasco CRM-FA Spectroirradiator equipped with a counter. The
light used had wavelength centered at 362 nm (bandwidth 7 nm),
and the light flux and counter were calibrated by using ferrioxalate
actinometry.3

In a typical experiment, a solution of Ia in MeCN (5 mL, 4.16
X 107* M) was degassed by three freeze-pump-thaw cycles, pumping
each time to a residual pressure of 5 X 107 torr at 77 K. The solution
was then flame sealed in a 1-cm quartz cuvette. The reaction was
monitored by the change in optical density of the solution at 333 nm,
since the greatest changes were observed at this wavelength. Asa
result, the experiments were not carried out in the usual way since
less than 90% of the incident light at 362 nm was absorbed (Figure

(30) Hatchard, C. G.; Parker, C. A. Proc. R. Soc. London, Ser. A 1986, 235,
518.
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1). After each irradiation the concentrations of both Ia and IIc were
calculated from the absorbance at 333 nm. The average concentrations
over the irradiation period and hence the percent light absorbed by
each species were then calculated. Linear plots of (Ia] vs. quanta
absorbed by Ia were obtained (correlation coefficients >0.99), and
the quantum yields were calculated from the slopes of these lines.

The quantum yields determined were 0.81 (Ia in MeCN), 0.45 (Ib
in MeCN), 0.57 (la in pyridine), and 0.35 (Ib in pyridine).

Singlet Sensitization. In a typical experiment, a solution of Ia in
MeCN (5 mL, 6.16 X 107 M) was added to triphenylene (0.0153
g). The IR spectrum of the resulting solution was recorded (NaCl
plates, 1-mm pathlength) from 2200 to 2000 cm™. The sample
contained in the IR cell was then irradiated with light from a Model
UVS-11 Mineralight Lamp (A = 254 nm) placed 5 cm from the
sample. A |-cm quartz cuvette containing aqueous KI (9.8 X 1073
M)-1I, (3.1 X 107> M) was used as a filter. After 5 min of irradiation,
the IR spectrum (2200-2000 cm™') was recorded, and the above
process was repeated three times. The extent of reaction was monitored
from the changes in absorbance at 2098 ¢cm™., corresponding to the
maximum absorbance due to »(PtH) of Ia. The experiment was also
carried out on the initial solution without triphenylene.

This procedure was repeated with a Pyrex plate interposed between
the light source and the filter solution in order to remove the 254-nm
line. Repeated determinations gave an estimate of the error to be
attributed to light from the source with A > 300 nm. Again, the
solutions of Ia in MeCN both with and without triphenylene were
studied.

Triplet Sensitization. Michler’s ketone (0.040 g) was added to a
solution of Ia in MeCN (5 mL, 1.61 X 1073 M). The solution was
then irradiated and the reaction monitored as for the singlet-sensitized
reaction. No change in absorbance at 2098 cm™ was detected on
prolonged irradiation of the solution containing the ketone.
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