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SUMMARY: The title compound is photolyzed in methanol to give good yields (ca. 50%) of 
diphenylmethane indicating that the C-C bond undergoes a formal heterolytic cleavage from the 
excited state as predicted from the measured redox potentials of the two ions. 

The photosolvolysis of organic molecules is a well documented reaction which involves 

the formal heterolysis of a bond between a carbon atom and a heteroatom such as halogen, 

oxygen or sulfur. 2-5 In many of these reactions a significant fraction of the products is 

derived from homolysis of the C-X bond even though the homolytic cleavage may be as much as 

20-30 kcal mol-l less energetically favorable. l&h work has been devoted to understanding 

the factors which influence the competition between the homolytic and heterolytic pro- 

cesses.3-4 Recently a semi-quantitative scale of leaving group abilities (photofugacities) 

for these reactions has been proposed. 
3a 

Heterolytic photocleavage of a C-C bond is rmch less common and, to cur knowledge, the 

only examples reported in the literature have been in aqueous solutions and were extremely pH 

dependent. 5a We now report results from the photolysis of N,N-dimethyl-2,2-diphenylethyl- 

amine ($6 which, in methanol, leads to the formation of significant amounts of diphenyl- 

methane (ca. 50%). These results are consistent with a mechanism in which the C-C bond 

undergoes a formal heterolysis. 

The overall thermochemistry for homolysie versus heterolysis of a C-C bond can be 

calculated if the oxidation and reduction potentials of the radicals are known. The free 

energy difference between the radical pair and the ion pair is simply the difference between 

the oxidation potential of the donor (Eox(donor)) and the reduction potential of the acceptor 

(Ered (acceptor)) eq. 
1) where F is the Faraday (23.06 lccal mol" er"). 

AG(ion pair - radical pair) - F(Eox(donor) - Ered(acceptor)) (1) 

Recently, we have reported the measurement of the oxidation and reduction potentials of 

several carbon centered free radicals. 
7 
The requirement for the energetically favorable 

heterolysis would be a system in which the oxidation potential of one radical was actually 

more negative than the reduction potential of the other. While this is almost always the 

case for a bond between a carbon atom and a heteroatom, it is seldom the case for C-C bonds. 

We have chosen to study the photochemical behaviour of I., tsking advantage of the fact that 

the N,N-dimethylaminomethyl radical is an excellent reducing agent (Eox--1.03 V vs SCE in 
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acetonitrilebb) and that the diphenylmethyl radical is quite readily reduced 

(Ered 
m-1.14 V vs SCE6a'b). In this case the ion pair and the radical pair will have approxi- 

mately the same energy. 

The products obtained from the photolysis of ; in methanol and in cyclohexane are given 

in Table 1. In methanol, the major product was the solvolysis product, diphenylmethane (2.). 

Other products which were identified were 1,1,2,2_tetraphenylethane (i), as well as a 

rearrangement product, 4-(N,N-dimethylamino)diphenylmethane ($) and l-(N,N-dimethylamino)- 

2,2-diphenylethene (5_).8 In cyclohexane, the major product was 2 as expected from the 

homolytic fragmentation of L in this nonpolar solvent. Prolonged irradiation of this mixture 

led ultimately to the destruction of 2 since this compound is also photolabile. 9 The forma- 

tion of i was expected from the photo-Fries type rearrangement of l_ after the fission of the 

C-C bond. No evidence for the formation of the ortho-derivative was found. The presence of 

2 is likely the result of a small amount of hydrogen atom abstraction from k by one of the 

free radical intermediates. 

Table 1. Products from the photolysis of L. a,b 

solvent conversion (X) ; (X) ;2 (%) f? (X) !. (X) 

methanol 65 45 4 9 2 

cyclohexane 62 4 36 8 2 

aPhotolysis of 1 (1.0 x 10D2 M) at 254 nm. 
b Isolated yields after 

chloroform:methanol) 

preparative layer chromatography (9:l 

The proof that 2 was formed by a heterolytic fragmentation was straight forward. 

Irrsdiation of L in methanol-OD led exclusively to the monodeuterated derivative of 2 as 

shrsm by mass spectrometry. Irradiation of 1,1,3,3-tetraphenyl-2-propanone in methanol-OD 

gave only 2 as product proving that the diphenylmethyl radical was not an intermediate in the 

formation of 2. It was tempting to determine the relative rates of heterolytic and homolytic 

cleavage reactions from the ratio of 2:%. For a system under thermodynamic control this 

ratio can be calculated from eq. 1. While this approach has been used successfully by 

Pincock and his coworkers in their studies of photocleavage reactions3 and by Arnold and his 

coworkers1o for the cleavage of radical cations, it is difficult in this case to apply such a 

treatment since the material balances were not high (ca. 50-60X). 

Further insight into the mechanism of the photosolvolysis of A could be obtained from 

fluorescence quenching studies. In acetonitrile, 1, fluoresces with a maximum at 405 nm 

(excitation maximum at 270 nm). In methanol no emission was observed. However, at concen- 

trations less than 0.8 M, methanol was unable to efficiently quench the fluorescence in 

acetonitrile. At higher concentrations the fluorescence could be quenched but the resulting 

Stern-Volmer plot was curved (Figure 1) indicative of a non-diffusional quenching process. 

Results from the dynamic quenching fell on the same curve (Figure 1). 11 Analysis of the 
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Figure 1. Stern-Volmer plot for the quenching of (J,)* by methanol. The closed circles are 
from the steady state quenching. lhe open circles are from the dynamic quenching. 

initial slope of the Stern-Volmer plot gave an upper limit for the reaction of methanol with 

the excited singlet of i of only 4 x lo6 ETls'l. 

It was also found that the emission maximum was solvent polarity dependent; in 

cyclohexane, diethylether and chloroform the emission maxima were at 320 nm, 355 nm and 360 

nm respectively. Analysis of these data using the Lippert equation 
12 

gave an estimate of the 

dipole moment of the excited state of L of ca. 20 D. The results of the product and emission 

studies, therefore, are consistent with a mechanism in which the highly polarized electroni- 

cally excited amine can react with solvent in competition with radical or ion pair collapse 

to give back the starting msterial and rearrangement products (Scheme 1). 

-[ 1 
* 

Ph,CHCH,NMe, ~ 
hv 

hv’ 
1 

Ph$HCHPh, 

3 

rearrangements Ph,CH, 

2 

scheme1 

ACKNOWLEDGEMENT. The authors thank Dr. D. Griller for helpful discussions. 



434 

REFERENCES 

1. Issued as NRCC No. 28184. 

2. S.J. Cristol, T.H. Bindel, Org. Photochem., x, 5, 327 and references cited therein. 

3. (a) B. Arnold, L. Donald, A. Jurgens, A.L. Pincock, 

B. Foster, B. Gaillard, N. Mathur, A.L. Pincock, C. Sehmbey, Can, J. Chem., m, 65, 

1599. 

4. G.R. S;pci,, G.B. Schuster, J. Org. Chem., 

5. (a) P. Wan, S. tiralidharan, Can. J. Chem., _1986, fi, 1949. (b) E. Krogh, P. Wan, & 

Lett., m, z, 823. (c) N.J. 'Rrrro, P. Wan, J. Photochem., m, 28, 93. (d) P. 

Wan, K. Yates, Royd, M.K., J. Org. Chem., , 2, 2881. (d) P. Wan, J. Org. Chem., 

m, 2, 2583. 

6. Synthesized by LAH reduction of the amide (Aldrich). B.E. Maryanoff, S.O. Nortey, J.F. 

Gardocki, J. Med. Chem., m, 2, 1067. 

7. (a) D.D.M. Wayner, D. Griller, J. Am. Chem. Sot., _19s5, 107, 7764. (b) D.D.M. Wayner, 

J.J. Dannenberg, D. Griller, Chem. Phye. I&t., 1986, 131, 189. (c) D.D.M. Wayner, 

D.J. McPhee, D.D.M. Griller, J. Am. Chem. Sot., in press. 

8. All products were identified by GC/MS by comparison to authentic samples. 

9. J.A. Ross, C. Schumann, D.B. Vashi, R.W. Binkley, Tet. L&t., 1971, 3283. 

10. A. (kamoto, M.S. Snow and D.R. Arnold, Tetrahedron, w, 42, 6175. 

11. The amine, 1, has a singlet lifetime of 20.2kO.5 ns in acetonitrile. Good single 

exponential fits of the decay curves were obtained at all methanol concentrations. 

12. J.R. Lakowicz, & "Principles of Fluorescence spectroscopy", Plenum Press, New York, 

m. 

(Received in USA 30 October 1987) 


