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We presently report some quantitative results on the photochemistry of bi-2,4,6_cycloheptatrien- 

l-y1 (ditropyl). I. The isomerisation does not proceed to an excited state of the product. u. 

We have established the 1,7 sigmatropic hydrogen migration for this system as a singlet reaction. 

Two reports 132 have appeared on the photochemistry of systems containing two cycloheptatriene 

rings fused at the saturated carbon (I and II). Both report that the only isomerisation product 

isolated was the result of two 1,7 hydrogen shifts (III and IV, respectively). If these are the 

primary products of the photochemical reaction, then an intriguing question arises concerning the 

rearrangement pathway. In order to undergo two 1,7 shifts from the same initially excited mole- 

cule, the first 1,7 hydrogen migration must proceed along a pathway to an electronically excited 

product. Before demotion occurs to the electronic ground state a second 1,7 migration in the 

other tropilidene ring must ensue, leading to the double migration product (III or IV). This 

would be a double reaction per quantum process. Such rearrangements proceeding through the ex- 

cited state of the product are rare. On the other hand, if demotion to a thermally excited ground 

state occurred at some stage prior to the second migration, one would expect the synnsetry allowed 

1.5 migration' product instead of.the observed 1,7 migration. 

Irradiation of solutions of ditropy14 with a 450-watt Hanovia lamp in a variety of solvents 

(benzene, hexane, ether, r-butyl alcohol and ethanol) led to two detectable products. Examination 

of the mixture at low conversion revealed the presence of only one product which upon further ir- 

radiation built up to a maximum, finally giving way to the second product. Upon extended irradia- 
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tion, only the second product and some polymer could be detected. 

By working up the reaction mixture at an intermediate stage, the two products could be iso- 

lated in good yield. This required removal of the solvent, chromatography of the crude mixture 

on alumina (Woelm, activity I) with hexane to separate the remaining ditropyl from the two pro- 

ducts. The two could then be separated by an additional chromatography on 3& silver nitrate on 

silica gel. Eluting with 5s ether in hexane, the first product from the column was obtained as a 

yellow oil with nmr absorption at (CC14) T 3.6-4.0, m, 8 H; 4.45-4.9, d of d, 2 H; 7.45, d, 

-1 
(J = 7cps) 4 H: ir absorption at (Ccl,) 3050, 1440, 1370, 1290 and 705 cm : uv absorption at 

A ::I 340 (E 104) and 262 mp (E 4.0 x 103): and a molecular ion peak at m/e 182. This data is 

consistent only with 1-(1,3,5-cycloheptatrienyl)-l,3,5-cycloheptatriene (III). The nmr and ir 

spectra of this compound are identical to those of the second product detected in the irradiation. 

Further evidence for the structure was provided by the hydrogenation of III which took up 6 mole- 

equivalents and yielded bicycloheptyl as the only detectable product. 

The second compound, eluted with 10s ether in hexane, showed nmr absorption at r 3.3-3.6 m, 

4 H; 3.7-3.9, m, 4 H; 4.5-5.0, m, 3 H; 7.4-7.7, a doublet (J = 7cps) superimposed on a multiplet, 

3 H: ir absorption at 3025, 1625 w, 1475, 1370 w and 700 cm-': uv absorption at )i :ET 262 mp 

(E 6.2 x 10~): and a molecular ion peak at m/e 182. Hydrogenation on Pd/C required 6 mole-equi- 

valents and yielded bicycloheptyl. These results are consistent with l-(2,4,6_cycloheptatrienyl)- 

1,3,5_cycloheptatriene (V), the intermediate in the double 1,7 hydrogen migration to compound III. 

I H v 

Thus the evidence is against the excited state of 1 as being the initial product' (A, 

1.a I*, I* + v* ---+ III). 

Mechanistic Studies 

Information was desired concerning the multiplicity of the excited state leading to the 1,7 

hydrogen migration. Since the triplet energy of the cycloheptatriene ring system is unknown, the 

quencher chosen was di-t-butylnitroxide, a paramagnetic triplet quencher. 697 In a similar manner 

triplet sensitizers were selected on the basis of their high triplet energies (acetophenone, 74 

kcal/mole and benzophenone, 68 kcal/mole8) in order to attempt efficient triplet energy transfer. 

The results of several runs are listed in the table. 
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Additivea Concentration Ditropyl 0 Ditropyl 

(M) Concentration Disappearance 
(M) 

Noneb 2 x 10-z 0.14 

Di-t-butyl nitroxideb 0.08 2 x 10-2 0.14 

Benzophenoneb 1.0 2 x 10-z 0.0 

BenzophenoneC 0.3 2 x 10-2 0.0 

AcetophenoneC 0.004 2 x 10-a 0.0 

a. All Runs were in benzene using Pyrex sample compartments. The samples were degassed with 
nitrogen and irradiated in a "merry-go-round" apparatus. 
b. Light Source: RPR-3000, Southern New England Ultraviolet Company. 
C. Light Source: RPR-3503. 

That the triplet energy of benzophendne was transferred to ditropyl was shown to be the 

case by separate experiments using ditropyl as a quencher in the photoreduction of benzophenone 

by benzohydrol in benzene. 9 Excellent agreement with the Stern-Volmer relationship was obtained 

and demonstrated a diffusion controlled quenching efficiency greater than that of naphthalene. 
10 

The Stern-Volmer Plot of the Quenching 
Of Benzophenone Photoreduction by Energy Transfer to Ditropyl 
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These results establish the nature of the excited state leading to hydrogen migration as 

being the singlet. The triplet of ditropyl does not undergo any reaction leading to detectable 

products and must return toground state through some energy dissipating process. Since the 

triplet and the singlet both undergo very inefficient chemical transformation (as= 0.14 and 

$,X).0) the mechanism for energy dissipation remains uncertain. There is evidence that excited 

ditropyl undergoes 

this photochemical 

ways for the decay 
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