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Abstract

The present work examines the photochemistny-tifydrido-tetrakis(ethylphosphine)diplatinum complexeas-transmonohydrido-
bridged [(PE$)>HPt(w-H)PtH(PES),][BPhs] (1) andtrans—cis dihydrido-bridged [(PE£),HPt(w-H2)Pt(PE%)2][BPh4] (2). The primary
photoprocess of these complexes is homolysis of their Pt—Pt bonds. Interesting consequences of Pt—Pt bond dissociation include cleavage
of Pt(u-H)Pt and Pt{.-H)Pt yielding the reactive complexes [(REPtH,] (3) and [(PE$)2PtH(S)][BPh] (4) (S: solvent). Depending
on experimental conditions, photoproduBtand4 can undergo a multiplicity of reactions. In acetone photoproddetsd4 undergo
a thermal coupling reaction forming theans—cis isomer2. Selective photolysis o8 and4 gives elimination of H and solvent with
generation of reactive intermediates [(B)zPt] (5) and [(PEt),PtH]" (6). Photogeneratel and 6 fragments react cleanly with CO to
form 18 electron compounds [(PPt(COY] (7) and [(PE$).Pt(H)(CO)I" (8). In CHyCly, the photoproducts and 6 could abstract
halide from the solvent to form as the only final products [@PHRt(CI)CHCI] (9) and [(PE%).Pt(H)CI] (10). The photoreactions are
interpreted in terms of excited state decay channels. © 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction 2. Results and discussion

Binuclear complexes containing bridging hydride ligands The dlnucl_ear P'.[(ll) complexesand?2 exhibit absorpt|9ns
are common in organometallic chemistry [1]. These hy- inthe UY—VIS region (Table 1) and these can be attrllbuted
dride complexes are critical to many transition-metal photo- 0 transitions between metal-metal bonding and antibond-
assisted or catalyzed organic transformations [2]. ing orbitals. In _reallty molecu_lar orbital d_|agrar_ns couple_d

Among the group of compounds containing the M—H-M With an analysis of the bonding and antibonding energies
unit, the following binuclear trihydridodiplatinum com- indicate that the LUMO energy level in these complexes

plexes are known: has antibonding metal Q—Qrbital 'characteristi'cs [3-5]. Thus
) ] one would expect irradiation using 336 nm light to lead to
Monohydrido-bridgedrans-trans complexes (1). the HOMO-LUMO transition not only with the cleavage

Trans—cis dihydrido-bridged complexes (2). of Pt—Pt bond but also with a significant weakening of the

This paper reports the photochemistry of complexes of ~ Ptlu-H)Pt Q”d Pt-H2)Pt bridges. .
and2 (Scheme 1) demonstrating the potential of photoirra-  Photolysis(i. = 336 nm of degassed acetone solution of
diation as a means of preparing: (i) dihydrido mononuclear 1 and2 induces a gradual disappearance of the absorption

platinum(ll) intermediate [(PB)2PtHy] (3) and (i) Pt(Il) at 340nm due to the starting materials with a concomitant

solvent). Quantum yields of 0.50 and 0.48 are determined, respec-
The photoproduct8 and 4 afford a rich chemistry de-  tively, for the disappearance of complexeand2. _

pending on reactions conditionsec, solvent used, and the When the irradiated solution is kept in the dark, the orig-

presence of donor ligands) and their reactivity constitute a inal absorption at 340 nm is re-established. Photochemical
versatile entry point in the organometallic chemistry of the and thermal reactions can be cycled several times without

Pt(Il) phosphine complexes. causing the complexes to decompose.
Irradiation of1in NMR tube gives rise tdH NMR spectra

* Corresponding author. Tek:39-532-291-158; fax439-532-240-709.  Which are much richer in lines than the original system. The
E-mail address: tr2@unife.it (O. Traverso). relative intensity of the observed peaks strongly depends on
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the time of observation after irradiation has been stopped
and the temperature at which the sample is maintained dur-
ing NMR observations. Even with the utmost speed, there is
always some return to the originbhbkpecies. In order to keep
this back reaction under control, the temperature and time for
NMR measurements were rigorously controlled. Thus the
photolysis ofl at room temperature, followed by quenching
at 195K and observation of the NMR spectra within 5 min,
results in a gradual loss of its characteristit NMR reso-
nance at-8.20 ppméy; and at—6.428y, and emergence of
peaks at-3.00(t) and—14.2(m) ppm assigned to complexes
[(PE)2PtHy] (3) and [(PE%).PtH(S)IT (4), respectively.

The formation of3 and 4 as principal products in the
photolysis of1 is confirmed by following additional spec-
troscopic evidence:

1. The hydride resonance at3.00 ppm is a 1:2:1 triplet

(2 Jpt

20H2 arising from coupling to two P

atomstrans to a hydride. ThelJpry is 792 Hz. These

Table 1

Electronic absorption spectral band maxima for trinydridodiplatinumphos-
phine complexes in acetone at°ZD

Complex

Aabs (NM)

[(PEG)2HPt(u-H)PtH(Pet),] 340

[BPh] (1)

300 (sh)

[(PE®)2HPt(u-H2)Pt(PEE)2] 341

[BPhy] (2)

300 (sh)

@ Absorption maximum.
b Molar absorption coefficient.
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6730 Fig. 1. Electronic spectral changes during= 336 nm photolysis of

9x10~° M solution of [(PEg)2HPt(w-H)PtH(PES).][BPh4] (1) in acetone.

Band maxima and molar absorptivity are given in Table 1. Curves 0-4
correspond to 0, 1, 2, 4, 6 min and curve 5-10 min of irradiation.
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parameters resemble very closely to those reported for ~ 7 B 7]
the trans form of 3 [6]. PEt; PEt; "
The signal at—14.2 ppm with the usual®>Pt satel- | |
lites exhibits the following parametéripr = 1215 Hz;
2 Jo—Htrans = 198 Hz as expected for cationic monohy- H—Pt —H + | S—Pt —H
dride Pt(ll) complexes [7]. | |
2. Phosphorous’P{H}NMR spectra, recorded at 223K,

shows: PEt; PEt,
o Complete, post-photolysis disappearance of the central L — —
multiplet §p 20.1 ppm of complex. 3 Donor 4 Acceptor

e A new signal at 28 ppm (S/pp = 2758 Hz) for3
and at—12.7 ppm (s1Jpp = 2545 Hz) for4.

The ratio of3 and4 photoproducts monitored 5P NMR _ _
depends on the solvent: in GDN it is 1:1. The photochem- Et; PEt, B
istry of complex2, under the same conditions described for T H |
complex1, gave UV-Vis and NMR spectral changes like / \
those described above for complix = Pt\/Pt S

Taken together, the electronic and NM&H(and 31P) ’ - |
spectral changes, demonstrate that the principal result of the
excited state decay is an efficient cleavage of the Pt—Pt bond, PEt; PEt,
implying that rapid rupture of the Rt¢H)Pt and Ptg-H2)Pt - -
bridges in the complexe$ and 2, respectively, occurs to 2
give the dihydrido comple8 and the monohydrido solvent
complex4 (Scheme 1).

In the dark or upon irradiation df and2 for 1 h, the orig-
inal absorption at 340nm is re-established, indicating the (7) and [(PE%).Pt(H)(CO)]" (8) in a ratio of 1:1. GC/MS
high reactivity of the product8 and4. Monitoring the pho- studies of the gas phase of the irradiated solutions showed
tolyzed solution (in NMR tube) byH NMR spectroscopy  that Q4 & 0.1 mol of H, was formed for each mole df or
at 298 K, there is clear evidence only of signals of complex 2 photolyzed. None of these reactions occur thermally and
2. These results indicated that the generated intermediates light is essential to induce Hand solvent displacement from
and4 recombine thermally according to the donor—acceptor the parent complexe3 and 4 formed in the photolysis of
formalism [8] illustrated in Scheme 2. That compl&x complexesl or 2.
is preferentially formed is consistent with the observed  The following sequence of reactions for the formation of
high thermodynamic stability of complex@svs. complex 7 and8 are proposed:

1[1].

The results reported above indicate that it would be worth
investigating the photoreactivity of such organometallic
complexes a8 and4 since they are promising candidates
for the formation of electron-rich fragments due to their
high energy, high intensity electronic charge-transfer exci-
tations associated with high absorption at 300 nm. Indeed
promotion of the parent molecules to different regions of
the electronically excited manyfold may lead to dissocia-
tion channels that result indfvolution from3 and solvent
displacement from. The correlations between the excited
states and the observed intermediates were demonstrated
by the photoreactions df and2 at 300 nm in the presence
of CO or using CHCI, as solvent.

Scheme 2.

1. After photoexcitation of or 2 with 300 nm light, species
3 and4 are formed.

2. Intermediate8 also has near-UV absorption and irradia-
tion in this region could produce an excited state in which
cis-[(PE®)2PtHy] (3) is formed. A secondary photoly-
sis of 3’ could produce the 14e species [(PEPt] (5)
and loss of H. The NMR spectral data obtained in the
first stage of photoreactions indicate that the complex
[(PE)2PtH,] (3), in these experimental conditions, is
formed in an equilibrium mixture ofis and trans iso-
mers. This result show thieans—cis isomerization of3
occurs before reductive elimination obH

3. Efficient interception of the transient 14e species
[(PEt)2Pt] (5) by CO with formation of the final product

2.1. Photoreaction in acetonitrile under £

a CO atmosphere Several groups have been established precedents for the
reactions postulated here showing thatgthotoevolution in
Photolysis(2 = 300 nm) of a degassed acetonitrile solu- transition metal hydrides occurs from this form, forming
tions of 1 or 2 under a CO atmosphere led to CO uptake in situ electronically and coordinatively unsaturated species
and the production of carbonyl complexes [(PEPt(CO)] [8,9].
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Another type of reaction involves the solvent compfex 4 can also be viewed as a reactive species whose reaction
which, in the presence of CO, givBsMost likely, after sol- with CHzCl; is expected to give [(PERPtHCI] (10) upon
vent photodissociation, the coordinatively unsaturated frag- continuous photolysis, according to Egs. (4) and (5).
ment [(PE%)2Pt(H)]™ (6) is formed. Lastly, the latter is ex-

pected to react with CO forming the final prodict [(PEB)2PtH(S)][BPhg4] %[(PEb)zptH][BPM] 4)
4 - 6
2.2. Photolysis of 1and2 in dichloromethane
CHoClp
Markedly different behavior was observed in the pro- [(PE%)ZP(;[H][BPM] - [(PE%)l%PtHCI]—’_ HBPHy,
longed photolysigA = 300 nn) of 1 or 2 in CHxClo. The +radical-derived products (5)

primary photoevent is always Pt—Pt bond dissociation. This
process is followed by the cleavage of Pt-H—Pt bonds with The acid HBPh could not be detected directly, presumably
the formation of complexe3 and4. because it is very unstable and rapidly decomposes into ben-
The IH NMR spectral data obtained in the first stage of zene and BPH[S].
photoreaction, indicate that the complex [(B)&PtH] (3) The results presented demonstrate that the type of sol-
in these experimental conditions is formed in an equilib- vent used or the presence of CO exerts great control over
rium mixture of cis and trans isomers. During this time  the binuclear forming reactions illustrated in Scheme 2. The
no appreciable amount of Hwas generated, indicating CO atmosphere as well as the use of Ch as solvent
that trans—cis isomerization occurs before reductive elim- thus suppress the recombination between the photoproducts
ination of hydrogen frontis-[(PER)2PtH] (3') (Eq. (4)). [(PE)2PtH,] andtrans-[(PE),PtH(S)] and enables obser-
Gas chromatographic analysis of the gas phase after comwvation of the reactions presented in Sections 2.1 and 2.2.
plete photolysis showed the presence of £ 0.1 mol of The informations obtained in this study will prove helpful
H2. The expected product of the reductive elimination of in construction of reaction coordinates for complex platinum
H2 [(PEt)2Pt] (5) was not isolated but rather the Pt(ll) hydrides reactions, providing a basis for understanding the
complexes [(PE)2Pt(CI)CHCI] 9 and [(PE$)PtHCI] (10) primary photochemical reactions and the chemistry of the
were obtained. The complex8sand10 are the products of  resulting reactive intermediates which are of great impor-
the oxidative addition of C—Cl bond of the solvent &H, tance in catalytic systems.
to the reactive intermediatés and 6, respectively. To as-
sess the mechanism of C—Cl bond activation of,CH by
the platinum fragment [(PEXPt], an ESR spin-trapping
study was performed. Thus, photolysislobr 2 in CH,Cl;
containing the radical scavenger PhCH(NO)GM®@BN)

3. Experimental details

yielded ESR signalsafy = 1546 G,ay = 1.6 G) that can
be attributed to the PBICH,Cl spin adduct [10]. This
points to the formation of CH,CI radicals in the overall
process. No evidence for thermal Cl-atom abstraction can

3.1. General procedure

All operations were performed under nitrogen using
conventional Schlenk-line techniques. All solvents were

. . . . freshly distilled from standard drying agents and de-
bﬁg?g?ﬁgﬁiavlvr;fn d1(2u;':?an?e}?enég:?lo:Oztrr:o.iet#;edda;ﬂ tz\egassed by three freeze—-thaw cycles before use. All NMR
photc ' udi etiux Nl . " °" solvents were dried and distilled before use. Sample
possible sequence of reactions of the intermediates pro-

: . ) . preparation was carried out under dry oxygen-free ni-
duc_ed in the photo_lysys @ n CHoCl Wlth.respect to the trogen using standard inert atmosphere techniques. Both
platinum products is given in Egs. (1)—(3):

[(PE&)2HPt(u-H)PtH(PES)-][BPhs] (1) and [(PE%)2
HPt(w-H2)Pt(PES)2][BPhy] (2) were prepared according to

ho .
transr[(PE@)thHz] _V)C'S'[(PE?)ZPIHZ] the procedure in literature [1].

@)

hv
~[(PE) ZEI,D t+H. 3.2. Photochemical reactions

The photochemical reactions were performed with the
output of a 500 W ORIEL Hg lamp fitted with an IR block-
ing filter and a water filter to remove excess heat. An ap-
plied photophysics f34 monochromator was used to ob-
The C-CI bond activation could take place through an tain the irradiation wavelength. The progress of the photore-
electron-transfer process (Eq. (2)) similar to the one pro- actions was monitored by UV-Vis spectral measurements.
posed for alkyl halide addition to Ir(l) and Pt(0) complexes For the quantum-yield determination, the conversions to
[11]. The hydrido intermediate [(PE&PtH]T (6) which re- products were kept below 10%, and over this period, plots
sults from the primary solvent displacement from complex of conversions vs. time were linear. Potassium ferrioxalate

[(PEt)2Pt] + CH2Cly — [(PER)2PtCI*~CH,CI™*]  (2)
5

[(PEg),PtCIt*—CH,Cl~*] — [(PE®)2Pt(CI)CH,CI] (3)
9



R. Boaretto et al./Journal of Photochemistry and Photobiology A: Chemistry 144 (2001) 101-106

105

actinometry was used to determine the radiation intensity atthe triplet pattern expected for theans-isomer 3, with

the wavelength of irradiation.
3.3. Instrumentation

UV-Vis spectra were recorded on a JASCO Uvidec-650
spectrophotometetH and 3P NMR were recorded on a
BRUKER AC 200 spectrometer operating at 200.13 MHz
for 1H and at 81.0 MHz foP!P. The chemical shift scales
are relative to internal TMS fokH and the external §POy
for 31P NMR. FT-IR spectra were recorded with a Bruker
IFS 88 spectrophotometer.

3.4. Photolysis of the complex
[ (PEt3)2HPt(u-H)PtH(PEt3)2] [ BPhs] (1) in acetone

A solution of complext (0.15mmol) in acetone was ir-
radiated withA = 336 nm. After 1 h of irradiation a yel-
low precipitate was formed. The precipitate was collected
and identified by itsH and3!P NMR spectra agrans—cis
[(PEts)2HPt(u-H2) Pt(PES)2][BPhs] (2).

IH NMR: bridging hydride,sHp, ppm: —3.55¢ Jpipy =
361, 592Hz;%JpHwans = 106Hz); terminal hydride,
Sht, ppm: —4.92 L Jpy = 1316 Hz;%Jp—y = 13.31Hz;
2 Jpp = 192 Hz).

31p NMR (in acetone-): central multiplet,sp, ppm:
20.1¢ Jpp = 2580 Hz;2 Jprp = 18 Hz).

3.5. Photochemical experiments in the NMR tube
A typical analytical photolysis was carried out as follows:

an NMR tube with a vacuum line adapter was charged with
the complexl in acetone-g. After capping, the tube was

placed in a water-cooled quartz cuvette set before the fo-
cused photolysis beam. The reactions were monitored peri-
odically by examining the recognizable groups of the signals

in the NMR spectrum of complex at 193 K.

Upon photoexcitation at = 336 nm (3 min) there is, at
first, a depletion of the parent adsorptions in theand3!P
NMR spectra and a new series of peaks-&.00 ppm (t,
bt = 792Hz;%2Jp = 20Hz) and at—14.2 ppm (m,
Lot = 1215 HZ;2Jp—Htrans = 198 Hz) are observed. The
signals at—3.00 and—14.2 ppm were assigned to the pho-
toproductstrans-[(PEt)2PtH,] (3) and [(PE$)PtH(S)I"
(4), respectively. The relative abundance3atnd4, derived
from 3P NMR spectra, is found to be a ratio of 1:1. Af-
ter 30 min of irradiation at 336 nm, thkH and 3P NMR
spectra showed the resonance8 ahd4 as major products

195pt satellite fpry = 792Hz centered at-3.00 ppm);

(2) a complex resonance for theis-isomer 3’ upfield
centered at-3.8 ppm about a&%Pt satellite of thetrans
isomer; (3) a signal at-14.2 ppm (s,'Jprn = 1215Hz,

2 Jo—y = 198 Hz) assigned to the complex [(BEPtH]T 4.
Analogous results were obtained when com#exas pho-
tolyzed in the same experimental conditions. TheNMR
results of the bulk photolysis are reported in Sections 3.6
and 3.8.

3.6. Photochemical preparation of [ (PEt3)2Pt(CO),] (7)
and [(PEt3)2Pt(H)(CO)][BPhy] (8)

A solution of complexi (0.1 M) in acetonitrile was pre-
pared in a quartz cuvette where photochemical reaction
was to be carried out. The cuvette was sealed with a sep-
tum equipped with a suitable vent-hole. A slow stream of
CO was bubbled through the solution during irradiation at
300 nm (1 h, 20C). Removal of the solvent under vacuum
at room temperature gave a residue identified as a mixture
of [(PEt)2Pt(COY] (7) (FT-IR: v(CO) 1945, 1990 cm!
in THF), and [(PE$)2Pt(H)(CO)][BPh] (8) (FT-IR: v(CO)
1915cm ! in THF; v(Pt-H) 2210 cm?t) [12,13]. The same
products7 and8 were obtained using complex

The photoreactions df or 2 in the presence of CO were
complete within 1 h. Gas chromatographic analysis of the
gas phase (after a preliminary calibration) showed that the
total Hy evolved was @1+ 0.1 x 10~ mol.

3.7. ESRradical trapping experiments

Solutions ofl or 2 (10~2 M) in carefully purified CHCl
were introduced into a 4 mm cylindrical ESR tube containing
the spin trap phenytert butylnitrone (PBN) at concentration
of 2 x 10-3M. The degassed solutions prepared in the dark
did not show any ESR signals. Upon direct irradiati@n=
300 nm in the ESR cavity, the signals of [PB8IH,CI] spin
adduct was observed; (= 2.0060,ay = 154G, ay =
154 G) [11].

3.8. Photoreactions in dichloromethane

Photolysis(A» = 336 nn) of thoroughly degassed GBI,
solution of complexl gave the UV-Vis spectral changes
shown in Fig. 1. The extent of the reaction was determined
by monitoring the decrease in optical density at 340 nm

(>95%). In other cases, the NMR analysis was performed and, after correcting for the inner filter effects, a plot of

2h after the end of photolysis. Only theans-isomer 2
was detected.

Photochemical experiments with 300 nm light were mon-
itored by *H NMR using 0.1M CRCN (or CD;Cl,) so-

the degree of conversion vs. irradiation time proved linear.
The key result in these experiments was the changéslin
NMR spectra in CRCIl>, accompanying photolysis df in

the NMR tube. After 15min of photolysis, it is clear that

lutions of 1. Samples were photolyzed for 15 min. Spectra the complexes and4 were formed. Prolonged photolysis

were recorded at 3 min intervals. During this time, e
NMR spectrum of the irradiated solution &fshows: (1)

of 1 led to further changes in thtH NMR spectra, indi-
cating that the complexesand4 react undergo secondary



106 R. Boaretto et al./Journal of Photochemistry and Photobiology A: Chemistry 144 (2001) 101-106

photolysis forming the complexes [(PEtPt(CI)CD,CI] (9') References

and [(PE3)2Pt(D)(CI)] (10'). Completely analogous results

are obtained when compléxwas photolyzed in CECl, at [1] S. Chaloupka, L.M. Venanzi, Inorg. Syn. 27 (1990) 30.

300 nm. [2] A. Dedieu, Transition Metal Hydrides, VCH, New York, 1992.

[3] A. Dedieu, T.A. Albright, R. Hoffman, J. Am. Chem. Soc. 101

(1979) 3141.

3.9. Bulk photolysis [4] G.L. Geoffroy, M.S. Wrighton, Organometallic Photochemistry,
Academic Press, New York, 1979.

Solutions 0.1 M ofl or 2 in CH,Cl, were photolyzed [5] P. Bergamini, S. Sostero, O. Traverso, L.M. Venanzi, Inorg. Chem.
to completion as monitored byH NMR. The solvent 29 (1990) 4376.

- . . - . [6] D.L. Packett, W. Trogler, Inorg. Chem. 27 (1988) 1768.
was removed in vacuo and the white residue identi- (7] u. Belluco (Ed.), Organometallic and Coordination Chemistry of

fied as a mixture of [(PE)J2Pt(CI)CHCI] (9) (*H NMR Platinum, Academic Press, London, 1974.

in CD.Cly: 8(CHp), 3.46ppm; dd, ZJPt—H = 45Hz; [8] L.M. Venanzi, Coord. Chem. Rev. 43 (1982) 251.

3 _ 1 [9] D.C. Daniel, A. Veillard, Theoretical studies of the photochemistry

iH]PE:PE)_ZHCg 285'32'[) lj)nd [g_F;Eg);E:T(}H%S?)_]H(lO) (123%“&3 of transition metal hydrides, in: A. Dedieu (Ed.),Transition Metal
’ — [ . ’ t = )

2 Hydride, VCH, Weinheim, 1992 (Chapter 7), and references quoted
Jp+ = 14Hz). herein.
[10] S. Sostero, D. Remorek, E. Polo, O. Traverso, Inorg. Chim. Acta
209 (1993) 171.
Acknowledgements [11] C. Bartocci, S. Sostero, O. Traverso, J. Organomet. Chem. 253 (1983)
253.
. . . [12] S. Paonessa, W.C. Trogler, J. Am. Chem. Soc. 104 (1982) 1138.
Financial support from the CNR and MURST is gratefully [13] c. Eischembroich, A. Salzer, Organometallics, VCH, Weinheim,

acknowledged. 1992.



