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Abstract

The photodissociations of S,5-dialkyl and S§,S-alkanediyl derivatives of bis(,2-
etheneditliolato)metal complexes to give unusually leng-lived metal-complex-radicals are
discussed. In the photoreaction of S,S-dibenzyl derivative of bis(1,2-diphenyl-
1,2-ethenedithiolato)nickel, an excited triplet state of the adduct eliminates on~ benzyl radical
and a pair, of a metal-complex-radical and a benzyl radical, is formed. The nickel-complex-
radical has a lifetime of 1500 s and decomposes thermally to the free nickeladithiolene and
a benzyl radical. In the photodissociation of S.S-butane-1.4-diyl derivative of
bis(1,2-diphenyl-1_2-ethenedithiolato)nickel, two kinds of long-lived nickel-complex-radicals
participate. Radical I (presumably a biradical) undergoes three types of reaction: radical
recombination to regenerate the butanediyl derivative, dissociation to give the free dithiolato
complex, and transformation to another radical species, Radical II. Radica! II dissociates
more slowly to give the free dithiolato complex. © 1997 Elsevier Science S.A.
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1. Introduction

A metalladithiolene ring consisting of one metal atom, two coordinated sulfur atoms,
and two unsaturated carbon atoms is a very interesting ring system [1]. A variety of
addition and elimination (especially photochemically induced) reactions have been
found to occur on the metalladithiolene rings. Such reactions have been found in
metalladithiolene rings in (n’-cyclopentadienyl)(1,2-ethenedithiolato)metal(III) com-
plexes (metal=Co and Rh). Dimethyl acetylenedicarboxylate inserts between metal
and sulfur [2]. Diazo compounds add between metal and sulfur accompanying the
elimination of dinitrogen to form a three-membered metallathiirane ring [3].
Quadricyclane also adds to metalladithiolenes accompanying ring opening and
rearrangement [4]. Some of these addition products undergo elimination reactions,
when they are irradiated with UV-visible light. In the previous report, we reviewed
several photochemical elimination reactions which occur in metalladithiolene rings in
(m’-cyclopentadienyl ) (1,2-ethenedithiolato)cobalt complexes [5]. Another type of met-
alladithiolene complex, which contains only dithiolato as ligand, also shows addition
and elimination reactions. The sulfur atoms are the reactive site of this type of
metalladithiolene ring. The chemistry of this type of metalladithiolene has been devel-
oped by the group of Schrauzer in the 1960s. Schrauzer et al. reported the formation
of a 1:1 adduct between bis(1,2-diphenyl-1,2-ethenedithiolato)nickel and norborna-
diene [6]. In the adduct, a norbornene-5,6-diyl group bridges between two sulfur
atoms. They also mentioned that the adduct decomposes at room temperature, when
it is exposed to daylight. We found that quadricyclane reacts much more rapidly with
bis(1,2-diphenyl-1,2-ethenedithiolato)metal (metal=Ni, Pd, and Pt) than norborna-
diene and studied the photochemical behavior of the adducts in more detail [7]. Upon
irradiation with light of 254436 nm, these adducts dissociate selectively to the free
bis(1,2-diphenyl-1,2-cthenedithiolato)metal and norbornadiene. The quantum yields of
the photodissociation are wavelength-dependent. The order of the photoreactivity is
platinum complex > palladium complex >nickel complex. Schrauzer et al. reported
S,S" dialkyl derivatives of bis(1,2-diphenyl-1,2-ethenedithiolato)metal (metal=Ni, Pd,
and Pt) [8]. Schrauzer ei al. found recently that the dialkyl derivative consists of some
stereo isomers and the interconversion occurs easily at room temperature [9]. The
predominant isomers are trans-anti and trans-syn isomers [10].

Their photodissociation has been described by Schrauzer et al. But the mechanism
of the photodissociation has not been presented, although the possible existence of
radical species was suggested [9]. We found that the mechanism of the photodissociation
is a very interesting one in which some extraordinarily long-lived radical species
participate. In this paper we discuss the photodissociation of the S,5-dialkyl and S,S"
alkanediyl derivatives of bis(1,2-diphenyl-1,2-ethenedithiolato)metal complexes.

2. Photodissociation of S,8'-diatkyl derivatives of
bis(1,2-diphenyl-1,2-ethenedithiolato) metal complexes [11,12)

The formation of S,S-dibenzyl derivatives and their photochemical dissociation
was reported by Schrauzer et al. as early as 1968 [9]. However, its mechanism has
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not yet been studied. With respect to the mechanism, the following questions should
be answered. (1) Are the alky! radicals formed photochemically? (2) Does the
elimination of two alkvl groups proceed in one step or stepwise? (3) Is the excited
state responsible for the dissociation singlet or triplet?

When a benzene solution of §,S-dialkyl derivaiive of bis(1,2-diphenyi-1,2-
ethenedithiolato)nickel was irradiated with a medium pressure mercury lamp,
the appearance of a deep blue color was observed. The absorption around
850 nm clearly indicates the formation of the free bis(1,2-diphenyl-1,2-
ethenedithiolato)nickei.

The formation of the benzyl radical was confirmed by trapping with TEMPO
(2,2,6.6-tetramethylpiperidine-N-oxyl). The formation of a radical pair was demon-
strated very clearly by time-resolved ESR. The ESR spectra taken at 1 ys after the
laser flash {308 nm) show two kinds of signal: one is the signal due to the benzyl
radical and the other is the signal due to the metal-complex-radical. The conven-
tional ESR spectrum obtained at 77K is assigned to a nickel-complex-radical
(analyzed as an S=1/2 system with g,=1.997, g,=2.035, and g;=2.088). The
spectra are similar to those of the [Ni(S,C,Ph,),]”, monoanion of the
bis(1,2-ethenedithiolato)nickel complex. This suggests that the electronic spin is
delocalized in the nickeladithiolene ring.

The most interesting observation was that the metal-complex-radical is long-lived
in a benzene solution at room temperature and decays very slowly with an order of
1000 s. The extraordinary long lifetime is due to the delocalization of the spin in the
pseudoaromatic metalladithiolene ring.
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The long lifetime of the metal-complex-radical enables the simultaneous measure-
ments of ESR and UV-visible spectra. By using an ESR apparatus equipped with a
rapid scan UV-visible spactrometer as shown in Fig. 1, we can follow the ESR and
UV-visible spectra simultaneously. The decay of ESR (due to the nickel-complex-
radical) correlates well with the formation of the free dithiolene. This shows that
the dissociation proceeds stepwise. The initial photoreaction gives rise a pair, a
benzy! radical and a metal-complex-radical. The metal-complex-radical decomposes
thermally to a benzyl radical and the free dithiolatometal complex. The process is
very slow. A kinetic analysis of the formation of the free nickeliadithiolene complex
using first-order kinetics gives a lifetime of about 1000 s.The existence of a back
reaction of a radical pair to regenerate the S,5"-dibenzyl derivative (1a) is demonstrated
from the following experimental result. The photodissociation of 1a is promoted by
TEMPO. The trapping of the benzyl radical by TEMPO inhibits the recombination
of the paired benzyl and the metal-complex radical 3a, resulting in the promotion of
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Fig. 1. Block diagram for simultancous measurement of ESR and UV-visible spectra.

the dissociation of 3a to 2a. The polarization of the ESR spectrum provides informa-
tion on the excited state responsibie for the dissociation. The polarization of the two
ESR signals are both absorptive. This shows that the excited state responsible for
dissociation is a triplet state. On the basis of the above results we propose a mechanism.
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An excited triplet state of the adduct eliminates one benzyl radical and a pair, a metal-
complex-radical and a benzyl radical, is formed. The metal-complex-radical
decomposes thermally to the free dithiolene and a benzyl radical.

The back reaction was confirmed by the radiation-induced reaction of the free
nickeladithiolene complex in toluene. In this system we have observed the formation
of the ditenzyl derivative (1a), although the G-value (radiation chemical yield, G=
number of product molecules formed/100 eV of radiation energy absorbed) is low
(0.03). The radiolysis of toluene gives a benzyl radical. The benzyl radical attacks
the dithiolene to give a long-lived metal-complex-radical. Its long lifetime enables
the attack of the second benzyl radical, and finally the dibenzyl derivative is formed.

The photodissociation is affected by the central metal atom and the groups
attached to sulfur. The palladium complex dissociates less efficiently than the nickel
complex, while the platinum complex dissociates ten times more efficiently than the
nickel complex. S,5-Dimethyl and diethyl derivatives dissociate 10 times less effi-
ciently than the dibenzyl derivative. p-Nitrobenzyl and p-methoxybenzyl derivatives
dissociate more efficiently than the unsubstituted benzyl derivative. The reactivity is
dependent on the stability of the organic radicals. The complexes which give more
stable organic radicals dissociate more efficiently.
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The metal-complex-radicals were detected by ESR and their fundamental proper-
ties and lifetimes were measured. The nickel-complex-radical (3a) has g=2.042 and
its lifetime is 1500s. The palladium-complex-radical (3b) has g=2.014 and
A=38x%16"%ecm™! and its lifetime is 5000s. The platinum-complex-radical (3¢)
has £=2.026 and 4= —48 x 10" “cm™?! and its lifetime is 1200 s.

3. Photodissociation of 5,5 -alkanediyl derivatives of
bis(1,2-diphenyl-1,2-ethenedithiolatc) metal complexes [13]

As an extension of this study, we discuss here the photoreactions of S,S-
bridged adducts.

The aim of the study is to clarify how the stability of the elimination products
affect the photochemical efficiencies of the dissociation and the behavior of the
metal-complex-radicals. S,5-Butanediyl and o-xylyl derivatives should give an unsta-
ble 1,4-biradical and o-quinonedimethane, respectively, while in the photodissocia-
tion of the norbornane-2,3-diyl derivative, we can expect the stable product,

norbornene.
Ph Ph Ph /ENPh Pho S, Ph N P
OO O "
P{}PM‘-‘ s/\§Pn Ng~p Ph
Hy, CHp H, CHp {6)
HyCHp

4a 4b 4c 4d

Butanediyl and o-xylyl derivatives dissociate 50 times less efficiently than S,S'-
dibenzyl derivatives. In contrast, the norbornanediyl and norbornenediy! derivatives
dissociate 10-100 times more efficiently than the dibenzy! derivative. With respect to
the metal-complex-radicals, we also observed a remarkable effects of the bridging
groups. In the photolysis of the butanediyl derivative, two kinds of metal-complex-
radicals were observed: one is short-lived and the other is long-lived. In the photolysis
of nerbornanediyl and norbornenediyl derivatives, only very weak ESR signals were
observed. Here the photoreaction of the butane-1,4-diyl derivative will be discussed
in more detail. The ESR signals obtained in the photoreaction of butanediyl de-
rivative is very similar to those observed in the case of the dibenzyl derivative. The
ESR spectra taken at 77K were analyzed as an S=1/2 system with
2:=1.997, g,=2.034, and g;=2.088. As in the case of dibenzyl derivatives, we could
follow the reaction of the radical by simultaneous measurements of ESR and rapid
scan UV-visible spectra. The most important result in the photolysis of the butanediyl
derivative is the participation of two kinds of long-lived metal-complex-radicals. A
logarithmic plot of the formation of the free nickeladithiolene complex after shutting
off the UV-irradiation obeys double exponential kinetics (Fig. 2).This clearly indi-
cates that the free nickeladithiolene complex 2a is formed from two kinds of long-
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Fig. 2. Logarithmic plot of appearance of free nickeladithiolene from the intermediates in the photolysis
of §,8-butane-1,4-diyl derivatives of bis(1,-2-diphenyl-1,2-cthenedithiolato)nickel.

lived metal-complex-radical. The rapid process occurs on a time scale of 100 s, and
the slower process occurs on a time scale of several hundred seconds. As such
intermediates, we postulate a biradical for the shorter-lived intermediate, and for
the longer-lived intermediate a metal-complex-radical which is formed by the
hydrogen abstraction of the biradical. Thus, we propose a mechanism for the photo-
dissociation of the bridged butanediyl derivative. UV-irradiation brings about the
formation of a biradical, Radical I. Radical I undergoes three types of reactions:
radical recombination to regenerate the butanedivl derivative, dissociation to give
the free dithiolato complex, and transformation to another radical species, Radical
I1. Radical II dissociates more slowly to give the free dithiolato complex.

Ph ! S\ PR mH Sy P )
X = T
Hy

Radical ! Radical §
{t ~ 100s) (r ~ 500s)
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The norbornanediyl and norbornenediyl adducts photodissociate much more effi-
ciently, about 10-100 times more efficiently than the dibenzyl adduct. No ESR
signals were observed for the norbornanediyl adduct during irradiation in a benzene
solution. However, irradiation in the crystailine state led to signals due to a metal-
complex-radical. This may suggest that the dissociation of norbornene proceeds not
in the concerted process but in a fast stepwise process.

The photoreactions of the adducts and the properties of the metal-complex-
radicals are summarized in Table 1.
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