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Photochemistry of Ruthenium Complexes. Ligand 
Isomerization via Orbitally Different Excited States 

Sir: 

Recently there has been considerable interest in 
the role, lifetime, and nature of metastable excited 
states in the photochemistry of transition metal com
plexes.1-4 Organic molecules having more than one 
low-lying excited state show wavelength effects in their 
solution photochemistry only in exceptional cases.5 8 

Transition-metal complex photochemistry is frequently 
wavelength dependent; however, most complexes show
ing this dependence undergo bond breakage which 
frequently can be related to the transition involved in 
initial excitation.1-37 There has been concern over 
whether caged radical pairs or excited states are re
sponsible for these photodissociations.1-3'8 Although 
excitation wavelength independent emission from various 
types of excited states (ligand, metal, and mixed) has 
been observed from several complexes,9-11 most photo-
chemically active transition metal complexes with un
filled orbitals neither emit nor survive long enough 
in solution to be detected by flash spectroscopy or by 
energy transfer to low-energy acceptors. In the present 
paper we report an investigation of the photochemistry 
of two ruthenium complexes of 4-stilbazole: bis(2,2'-
bipyridine)-bis(/rarcs-4-stilbazole)ruthenium(II) fluoro
borate (1) and bis(2,2'-bipyridine)-bis(m-4-stilbazole)-
ruthenium(II) fluoroborate (2). These complexes do 
not photodissociate but undergo cis-trans isomeriza
tion of the ligand as their only photoreaction. By 
using isomerization of the 4-stilbazole ligand in direct 
and sensitized reactions as a probe, we demonstrate 
the probable reactivity of excited states of different 
orbital origin. Interestingly we find that interconver-
sion of the different excited states is evidently slow 
compared with isomerization of the ligand and non-
radiative decay of the excited complex. 

Complexes 1 and 2 were prepared by refluxing Ru-
(2,2'-bipyridine)2Cl2-2H2012 with trans- and ds-4-stil-
bazole, respectively, in 50% methanol. Addition of 
NaBF4 with subsequent removal of methanol pre
cipitated the crystalline complexes.13 Complexes 1 
and 2 are stable at room temperature in the crystalline 
state and in solution; they are also substitution inert. 
The ruthenium complexes can be decomposed to lib-
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erate free 4-stilbazole without cis-trans isomerization 
by refluxing with excess triphenylphosphine. Analysis 
for cis-trans isomerization was by vpc.14 

The absorption spectra of the two ruthenium com
plexes show transitions typical of related ruthenium 
compounds.10'15 The lower energy transitions (340-
500 nm) are identified as charge transfer-ligand (CTTL) 
d -*• ir* transitions.16 The 4-stilbazole w -*• TT* transi
tions have Xmax ca. 315 nm, slightly reduced in intensity, 
near the wavelength where uncomplexed olefin ab
sorbs.14 The bipyridine iv -*• w* band has Xmax 293 
nm. No luminescence was detected from room tem
perature solutions of 1 and 2 in butyronitrile at wave
lengths where 4-stilbazole fluoresces14 or where tris-
(2,2'-bipyridine)ruthenium(II) chloride emits.17 No 
emission could be detected from 1 or 2 in EPA glass 
at 770K under conditions where fairly strong lu
minescence from tris(2,2-bipyridine)ruthenium(II) chlo
ride and other ruthenium complexes is observed.10 

Direct irradiation of the ruthenium complexes in 
purified butyronitrile led to cis-trans isomerization 
of the 4-stilbazole ligand as the only detectable re
action. 18- 2 2 Analysis of irradiated solutions indicated a 
pronounced wavelength effect; irradiation of 2 with 
visible light caused efficient and nearly complete con
version to 1. In contrast, irradiation of 1 in the ul
traviolet (313 nm) produced efficient isomerization in 
the opposite direction. Stationary states and quantum 
yields obtained at various wavelengths are listed in 
Table I. To correct the photostationary states for 

Table I. Direct Isomerization of 4-Stilbazole in 
Ruthenium Complexes 1 and 2 

X, nm 

313 
366 

405, 436 
546 

Photostationary 
state, % 

trans" 

35 ± 2.3 
80 ± 0.3 

85 ± 1.5 
88 ± 2.3 

Quantum 
yields 

0 t ^ c = 0.15 
f 0 t - c = 0.05 
\0c-»t = 0.15 

<£c-t = 0.51 

Decay 
factor6 

0.96 
0.14 

0.10 
0.004 

° Measured from both directions. b See text. 

spectral differences in 1 and 2 at various wavelengths, 
we introduce the cis-trans decay factor, Dc/t = ([cis]/ 
[trans])pSS(eCi5/€trans). 
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Table II. Sensitized Ligand Isomerization in 1 and 2° 

3777 

Sensitizer Er, kcal/mol 4>\K 

Photostationary 
state, % trans Quantum yields 

Michler's ketone 

Zinc etioporphyrin I 

Etioporphyrin I 

616 

41 

40 

1.016 

0.9= 

65 ± 2.1 

96 ± 2.9 

93 ± 1.0 

/</>t-c = 0.03 
' 0 c - * = 0.04 
</,t—c = 0.001 

\ 0 c - t = 0.02 

a Butyronitrile solution, T - 25°. 6 N . J. Turro, "Molecular Photochemistry," W. A. Benjamin, New York, N. Y., 1967, p 131. 
Dzhagarov, Opt. Spektrosk., 28, 66 (1970). 

Photosensitization experiments with 1 and 2 as ac
ceptors and various donors (Table II) also led to cis-
trans isomerization of the 4-stilbazole as the only 
detectable reaction. The intense absorption of 1 and 2 
at most wavelengths in the uv and visible limited 
the number of sensitizers that could be used without 
risk of singlet sensitization.23'24 The porphyrins proved 
to be good sensitizers since their fluorescence was 
unquenched by 1 and 2 while their triplets were quenched 
(measured by flash spectroscopy) at rates (ky = 1.8 X 
109 and k2 = 2.4 X 1091. mob1 sec-1) close to diffusion 
controlled. Although acceptor concentrations were 
high enough (1.5 X 10-3 M) to ensure that all sensitizer 
triplets were quenched for each of the sensitizers listed 
in Table II, quantum yields for isomerization were very 
low. Since triplets of 1 and 2 are not spectroscopically 
detectable, it is uncertain whether quenching is accom
panied by efficient energy transfer. 

The large variation in Dc/t and the quantum yields 
with wavelengths on direct irradiation suggests that two 
or more isomerizable exited states are involved in the 
photochemistry of 1 and 2.25 Irradiation at 313 nm, 
where initial excitation is predominantly into the 4-
stilbazole Tr-Tr* transition, yields Dc/t = 0.96, a value 
fairly close to the value of 1.36 obtained in the direct 
isomerization of uncomplexed 4-stilbazole.26 As ir
radiation is shifted to longer wavelengths where ex
citation is predominantly into the CTTL bands, Dc/t de
creases. The value Dc/t = 0.004 at 546 nm, where no 
direct excitation of 4-stilbazole TT -*• TT* transitions occurs, 
is very close to the thermodynamic cis-trans ratio of 
0.006 determined by iodine-nitrobenzene equilibra
tion. 

We suggest that isomerization initiated by irradiation 
of 1 and 2 at 313 nm occurs via the 1Tr-Tr* state of the 
bound 4-stilbazole and that the isomerization initiated 
by longer wavelength irradiation arises from a lower 
energy charge-transfer state. The preferential cis -*» 
trans isomerization is reasonable for a charge-transfer 
state in which an electron has been transferred to an 
antibonding orbital of the 4-stilbazole.27'28 It is most 
interesting to find so little leakage between the different 
excited state pathways.2930 This cannot be due exclu-
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the present results could be accounted for in terms of wavelength 
varying efficiency of populating one common photoreactive state can
not be excluded. 
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study of a (r«ms-stilbenecarboxylato)cobalt(Hi)4a where extensive en-

sively to rapid formation of a twisted olefin state upon 
activation of the 4-stilbazole transitions since the 
quantum yields do not sum to unity. Nonradiative 
pathways that avoid the lower energy 1CTTL* state are 
evidently followed. It remains to be determined 
whether this is a consequence of unusually short ex
cited state lifetimes for the complex or of relatively slow 
rates for internal conversion between the 1Tr-Tr* and 
1CTTL* states. Further studies on the reactivity of 
related complexes are in progress. 
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The Facile Reaction of 5-AIkylboracyclanes with 
a,/3-Unsaturated Carbonyl Derivatives. Extension of 
the 1,4-Addition Reaction via Organoboranes to Highly 
Branched Secondary and Tertiary Alkyl Groups 

Sir: 
Certain readily synthesized 5-alkylboracyclanes 

undergo a facile reaction with methyl vinyl ketone and 
similar a,0-unsaturated carbonyl derivatives to transfer 
the 5-alkyl group from boron to carbon, especially 
readily when the £-alkyl group is secondary or tertiary 
(eq 1). This extension of the 1,4-addition reaction 

O 

R—B_) + C=C—C- HjO 

1 I I l ^ 

R—C—CH-C— + HO—EJ) (1) 

via organoboranes1 to highly branched secondary and 
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