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Photoreduction of Aromatic Hydrocarbons by Tri-n-butyltin Hydride 
By D. R. G. BRIMAGE and R. S. DAVIDSON* 

(Department of Chemistry, The University, Leicester LE 1 7RH) 

Summary The triplet states of acenaphthylene, benz [a]- 
anthracene, and phenanthrene abstract hydrogen from 
tri-n-butyltin hydride to give dihydro-compounds and 
the rate constants for the reactions with benz [alaiithra- 
cene and phenanthrene have been determined. 

THERE have been previous reports of the photoreduction of 
benzenoid compounds,l polycyclic aromatic hydrocarbons,2 
and olefins3 by amines and in the case of the polycyclic 
hydrocarbons it was concluded that the singlet state of the 
hydrocarbon was the reactive excited state. The recent 
findings that 1, 1-diphen~lethylene,~ 9,9’-bifl~orenylidene,~ 
and 1,2-di-(4-pyridyl) ethylene* are photoreduced by iso- 
propyl alcohol suggested that the triplet states of aromatic 
hydrocarbons may be susceptible to reduction.’ Tri-n- 
butyltin hydride was chosen as a hydrogen donor in view 
of its known reactivity towards excited states.* 

Irradiation of benzene solutions of naphthalene, perylene, 
and pyrene containing tri-n-butyltin hydride lead to no 
detectable reduction. Under similar irradiation conditions 
acenaphthylene gave acenaphthene, benz[a]anthracene 
gave 7,12-dihydrobenz [alanthracene, and phenanthrene 
gave 9,lO-dihydrophenanthrene. 

The reductions of benz [alanthracene and phenanthrene 
were found to be quenched by perylene. Since the con- 
centration of the quencher was low enough to discount 
deactivation by singlet-singlet energy transfer, i t  was 
surmised that the quencher was deactivating the triplet 
state of the hydrocarbons. The quantum yields for 
reduction of the hydrocarbons by the hydride in the 
presence of perylene a t  different concentrations were 
determined. By means of the Stern-Volmer equation 

a = quantum yield for triplet formation; k d  = rate constant 
for decay of the excited state of the hydrocarbon; kr = rate 
constant for hydrogen abstraction; k p  = birnolecular rate 
constant for triplet quenching; [RH] = concentration of tri-n- 
butyltin hydride ; [Q] = concentration of perylene. 

(equation 1)9 values for k k were obtained.l* Using a 
value of 5 x 109~-1 s-l for i:,: gave kr  values 1.8 x 1WM-l 
s-l and 4.7 x ~ W M - ~ S - ~  for the reductions of benz[a]- 
anthracene and phenanthrene, respectively. The quantum 
yields for reduction of these hydrocarbons in the presence 
of the hydride at a variety of concentrations were also 
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determined From these data values for k d / k r  u ere obtained 1 07 x lo4 s-l The closeness of these values to those for 
Substitution of the values for kr determined in the quenching the excited state involved in the reduction reactions 
experiments gave the rate constants for the decay of the establishes that these reactions occur vza the triplet state of 
excited states of benz [alanthracene and phenanthrene as the hydrocarbon 
9 8 x lo3 s-1 and 5 6 x lo4 s-1 respectively Porter and We acknowledge the award of a University of Leicester 
Wilkinsonl2 have determined the decay constants of triplet Scholarship to D R G B 
benz [alanthracene (in benzene) and phenanthrene (in 
heuane) at room temperature to be 6 3 x 103s-1 and (Recezved, January 14th 1971, COPH 066 ) 
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