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cis-[Ru(PMe3)4(H)2] (1) reacts by two distinct photochem-
ical pathways resulting in the formation of [Ru(PMe3)4] and
[Ru(PMe3)3(H)2]; derivatives of these intermediates are
generated in the presence of CO and Ph2SiH2.

Photochemical loss of H2 from cis-metal dihydride complexes
is a general phenomenon widely employed to generate reactive
unsaturated species.1 We have demonstrated by laser flash
photolysis, matrix isolation and steady state photolysis of the
complexes [Ru(R2PCH2CH2PR2)2H2] (R = Me, Et, Ph, C2F5)
that irradiation induces efficient loss of H2 and formation of
square-planar [Ru(R2PCH2CH2PR2)2] intermediates.2 It is
therefore puzzling that UV irradiation of cis-[Ru(PMe3)4(H)2]
(1) in the presence of R3SiH (R = Me, Ph) results in
quantitative loss of PMe3 and formation of [Ru(PMe3)3-
(SiR3)(H)3].3,4 Here we present an investigation of the low-
temperature matrix, transient-solution and steady-state photo-
chemistry of 1. We show that the reaction with R3SiH creates
the illusion of a single pathway. Our evidence reveals two
photochemical pathways involving 16-electron intermediates,
one gives rise to [Ru(PMe3)4] (2) and the other to [Ru-
(PMe3)3(H)2] (3).

When 1 was irradiated under CO in [2H6]benzene (or [2H8]-
toluene), two monocarbonyls cis, mer-[Ru(PMe3)3(CO)(H)2]
(4)5 and [Ru(PMe3)4(CO)] (5)6 and two dicarbonyls [Ru-
(PMe3)2(CO)2(H)2] (6)7 and [Ru(PMe3)3(CO)2] (7),8,9 were
identified by their characteristic 1H and 31P NMR as well as
their solution IR spectra (ESI†). The number of CO groups in
each species was counted via the 31P NMR spectrum with 13CO
labelled material.10 The identity of the products obtained by
steady-state solution photolysis suggests the occurrence of
photochemical loss of H2 in competition with the loss of PMe3
established previously.3,4 In order to test this hypothesis, we
turned to matrix isolation in conjunction with time-resolved
spectroscopy in solution.

Complex 1 was isolated in an Ar matrix at 12 K.11 After UV
irradiation (17 min, 273 < l < 400 nm), the originally
colourless matrix turned purple and the area of the n(Ru–H)
bands (1820 cm21) decreased by 11%. A weak new band in the
n(Ru–H) region was observed at ca. 1790 cm21. The UV–VIS
spectrum showed new bands at 543 and ca. 304 nm (Fig. 1).
Subsequent selective photolysis (l > 520 nm) depleted the
principal initial photoproduct leaving bands of another species
with lmax = 503, ca. 610 nm. UV irradiation (273 < l < 400
nm, 30 min) of 1 in an Ar + 1.5% CO matrix, resulted in new
bands in the n(CO) region assigned to 4, 5 and 7 (Table 1,
ESI†).

Laser flash photolysis (308 nm)12 of 1 in cyclohexane
solution under argon generated a transient within the in-
strumental response time, which decayed by second order
kinetics (k2/el = 2.9 3 105 s21). The spectrum under 400 Torr
of H2 recorded by this method (lmax = 550 ± 5 nm) greatly

resembled the one obtained after photolysis in inert matrices
(Fig. 1). The transient reacted with a variety of reagents giving
pseudo-first order rate constants which varied linearly with the
concentration of added quencher (Fig. S1, ESI†). The resulting
second order rate constants are: k(CO) = (8.9 ± 0.4) 3 108 >
k(H2) = (5.6 ± 0.4) 3 108 > k(Et2SiH2) = (2.2 ± 0.1) 3 107

> k(PMe3) = (1.1 ± 0.1) 3 106 > k(Et3SiH) = (2.8 ± 0.1) 3
105 > k(PEt3) = (2.7 ± 0.8) 3 105 > k(C2H4) = (1.8 ± 0.1) 3
105 dm3 mol21 s21.13

When the decay of the transient generated under H2 was
complete, no net change in absorbance was observed at any
wavelength from 350 to 800 nm. In contrast, a high net change
in absorbance at 350 nm in the presence of PMe3 ( < 0.1
mol dm23) implicated a longer-lived photoproduct.14 This
behaviour can be understood if the extinction coefficient in the
visible region of 2 greatly exceeds that of 3. The principal
transient species observed by UV–VIS spectroscopy is then 2.
Reaction of 2 with H2 would regenerate 1, while treatment with
PMe3 would result in [Ru(PMe3)5] (probably unstable).

Further kinetic information was obtained by time-resolved
infrared (TRIR) spectroscopy. A cyclohexane solution of 1
under CO was irradiated with a pulsed laser (266 nm) and the IR
spectrum measured in a point-by-point fashion.15 The TRIR
spectrum showed a well-defined band at 1929 cm21 due to 4
(Fig. 2). The second order rate constant for formation of 4 was
determined [p(CO) = 150 to 760 Torr] as k2 = (5.1 ± 0.6) 3
107 dm3 mol21 s21. Since this value is about 17 times smaller
than the rate constant for reaction of the UV–VIS transient with
CO (see above), we postulate that 2 is the only transient
observable by flash photolysis with UV–VIS detection.16

† Electronic supplementary information (ESI) available: IR spectral data for
4–7 (Table 1) and kinetic data (Fig. S1). See http://www.rsc.org/suppdata/
cc/b0/b002297g/

Fig. 1 (a) UV–VIS spectrum following photolysis of 1 in an argon matrix
at 12 K (17 min, 273 < l < 400 nm). (b) Point-by-point transient spectrum
at 300 K measured 100 ns after laser flash photolysis (308 nm) of 1 in
cyclohexane under 400 Torr H2.
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At this stage, we knew that laser flash photolysis of 1
generates 2 which reacts with Et3SiH, presumably to give
[Ru(PMe3)4(SiEt3)H]. In apparent contradiction, steady state
photolysis of 1 with Me3SiH or Ph3SiH only gives [Ru-
(PMe3)3(SiR3)(H)3] (R = Me, Ph), derived from loss of
PMe3.3,4 We therefore investigated the products of irradiating 1
with silanes by NMR spectroscopy. Low temperature photo-
lysis in [2H8]toluene at 195 K in the presence of HSiMe3 or
HSiEt3 generated the trihydrides but did not reveal the
anticipated H2-loss products. Reasoning that silanes with a
smaller cone angle would stabilise [Ru(PMe3)4(SiR3)H], we
irradiated 1 in the presence of dihydridosilanes. Photolysis of 1
with Ph2SiH2 yielded cis-[Ru(PMe3)4(SiPh2H)H] and [Ru(P-
Me3)3(SiPh2H)(H)3]17 with an initial ratio of quantum yields of
ca. 1+4.5 respectively.18 Similar results were obtained with
Et2SiH2, HSi(OMe)2(allyl) and HSiMe2(allyl).

Our evidence from a variety of methods now provides a
consistent view of the photochemistry of 1 (Scheme 1). Two
photochemical pathways act in competition: loss of PMe3
occurs with a quantum yield ca. 4.5 times that for loss of H2 in
solution. We postulate that the H2-loss products, cis-[Ru-
(PMe3)4(SiR3)H], are generated initially with all silanes, but if
the silane is bulky (R = Me, Et, Ph), these products are labile
and are converted to [Ru(PMe3)3(SiR3)(H)3]. Rapid displace-
ment of PMe3 by H2 from cis-[Ru(PMe3)4(SiR3)H] has also
been observed by Berry.19 Competitive photodissociation of

dihydrogen and phosphine has been encountered in the
tetrahydride system [Os(H)4(PMe2Ph)3],20 but H2 photodisso-
ciation is the sole pathway in [Ir(h5-C5Me5)(PMe3)(H)2].21
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Fig. 2 Growth of n(CO) band at 1929 cm21 of 4 measured by TRIR
spectroscopy after flash photolysis (266 nm) of 1 in cyclohexane under 300
Torr CO. Inset shows partial spectrum 23 ms after flash.

Scheme 1 The photoreactivity of 1 showing the reactions of the primary
photoproducts with CO and Ph2SiH2. The methods employed for detection
are indicated: MI = matrix isolation, FP = flash photolysis, TRIR = time
resolved IR, SSIR = IR spectroscopy following steady-state irradiation and
NMR = NMR spectroscopy following steady-state irradiation.
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