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Partial photolysis (25 % conversion) of 1,3-bis(a-diazobenzyl)- 

benzene (1) in 2-propanol/ether (8:1, v/v) at ambient temperature 

gave a series of products due to monodiazomonocarbene in addition 

to unreacted ,1, excluding the possibility of the one-photon 

cleavage of two nitrogen molecules from 1 under these conditions. 

Photochemical decomposition of 1,3-bis(a-diazobenzyl)benzene (1) 

oriented in a single crystal of benzophenone leads to the formation of 

m-phenylenebis(phenylmethylene) (2) in the ground quintet state. 1 Recently, 

Itoh and coworkers examined the kinetic behavior of these processes in 

benzophenone crystals and in rigid glasses at 4.2 and 77 K, and found that 

the quintet ESR signals were observable as soon as the uv irradiation was 

started. 
2 

The rate of formation of the quintet species showed a linear 

dependence on the light intensity. An isosbestic point was observed when 

photolysis of 1 in rigid glasses was monitored by uv absorption spectroscopy. 3 

It is concluded from these findings that quintet 2 is formed directly from 1 

by the one-photon process. Since diazodiphenylmethane is known not to undergo 

induced decomposition in solution unless decomposed in high concentration to 

give a large amount of benzophenone azine,4 the above conclusion raises the 

question whether the two diazo groups in 1 are cleaved by one photon even in 

fluid solution. We would like to furnish a negative answer obtained by the 

product analyses of the photolytic reactions in solution. 5 
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Photolysis of 1 in 2-propanol/ether (8: 1, v/v) at room temperature with a 

low pressure mercury lamp gave the bis(isopropoxy), monoisopropoxymonomethylene 

and bis(methylene) derivatives (3, 4 and 5, respectively) in a molar ratio of 

32 : 9 :16 
_ _ 

H OCHMe2 H OCHMe2 HOCHMe2 HH HH HH 

q- (jt) (5) 

It is well established that photolysis of diazodiphenylmethane in 2-propanol 

gives diphenylmethyl isopropyl ether and diphenylmethane through the reaction 

of diphenylcarbene in the singlet and triplet states, respectively, with the 

solvent molecule. 
7 Thus products 3, 4 and 5 could be formed by either one of 

the following two mechanisms. One is the formation of singlet carbene 2 by the 

one-photon process as observed in crystals and matrices, followed by the 

reaction with 2-propanol in competition with intersystem crossing of 2 to the 

triplet and quintet states. 
5 

Alternatively, the products can be obtained by a 

successive removal of nitrogen molecules with the intermediacy of monodiazo- 

monocarbene (6) in the two-photon process. In the latter case, the two sites 

are considered to react independently. Products 3, 4 and 5 are ascribed to 

the doubly singlet (S,S), singlet, triplet (S,T), and doubly triplet (T,T) 

reactions. If we assume the singlet vs. triplet reactivity ratio 
8 at each 

carbenic center to be 5.5 : 1, the product ratio of 3 : 4 : 5,’ namely, (S,S) : 

(S,T) : (T,T) should be expressed by (5.5 : l)‘= 30 : :1:-l, which turns out to be 

close to the observed ratio. 

In order to distinguish between the two mechanisms, a partial photolysis 

of 1 in solution was carried out. A conversion of the reaction in 2-propanol/ 

ether (8:1, v/v) was monitored by a decrease in absorbance at 520 nm and the 

irradiation was stopped at 25 % conversion. The unreacted diazo group was 

allowed to react with p-nitrobenzoic acid in rcfluxing benzene after evaporation 

of the original solvent in vacua in the dark. 
9 Gel permeation chromatography 

10 

of the reaction mixture gave three p-nitrobenzoates 1, 8 and 9. Ethers 3 and 4 

were not found. 
9 Diester 7 (52 %) is undoubtedly due to unphotolyzed 1. 



hv (254 nm) p-N02C6H4C02H (=PNBOH) 

Me2CHOH/Et20 in C6H6 in the dark 

H ~PNB H OPNB H OCHMe2 H 'OPNB HH H OPNB 

(7) (8) (9) 

Monoesters 8 and 9 (in a 6 : 1 molar ratio) are derived from 6 which in turn is 

obtained by the cleavage of only one nitrogen molecule from 1. The product 

ratio stands for the singlet vs. triplet reactivity of monocarbene 6 and fits 

reasonably well with the previously assumed value of 5.5 : 1. Thus the 

photolysis of 1 in fluid solution is concluded to proceed through 6 and require 

a second photon for the subsequent reaction to give 2. 

How can 

behavior of 1 

matrix ? When 

we rationalize the different photolytic 

in fluid solution vs. in crystal and 

the molecule of 1 absorbs a photon (h 

= 254 nm), the photoexcited state is attained which is 

more than 100 kcalmol -'higher in energy than the 
N2 

ground state. Since removal of a nitrogen molecule is 
(6) 

-1 11 estimated to use the energy not higher than 30 kcalmol , 

initially generated 6 will still be in the excited state. In the course of the 

internal conversion, there could be a chance of the excess energy being 

transferred to the vibrational mode of the second diazo group to eliminate the 

remaining N2. In fluid solution, the excess energy in 6 can be dissipated by 

translational and overall rotational modes. Collision with solvent molecules 

allows 6 to react to give the monodiazomonosubstituted products (the precursors 

to 8 and 9). Thus the chance of the nitrogen molecule to leave from 6 would be 

low in solution. The lifetime of 6 is now estimated to be longer than the 

reciprocal of its reaction rate with 2-propanol (a few ns at ambient 

temperature) 12 and shorter than the detection limit of the CW ESR method (a 

few ms at cryogenic temperature). 
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