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KINETIC DEUTERIUH ISOTOPE EFFECTS OPERATIVE DURING TRIPLET-SENSITIZED [2+21 

PHOTOCYCLIZATIoN OF syn- AND m-SESWI~ORNATRIENES 

Leo A. Paquette,* Hermann Kiinzer, 1 and Liladhar Waykole 

EYUSChemicalLaboratoriest l&_e Qhip S.&& Yoiversiti Columbus. Qhin &ZlQ 

Abstract: Triplet-sensitized excitation of 1 and 2 leads under kinetic control to 

quadricyclanes 3-6 where the valence isomers possessing olefinic-bound deuterium dominate 

by a factor of 1.11-1.16. 

Considerable theoretical interest' has recently been directed toward the contrasting 

pyramidalization tendencies observed crystallographically for=- and anti-sesquinor- 

bornene and their derivatives.2c'3 Whereas members of the syn series give evidence of 

possessing a pi bond rigidly constrained in the endo direction, those sesquinorbornenes 

with anti stereochemistry partake most often, though not always, of planar geometry. 

This significantly attenuated bending is seemingly consonant with computational assess- 

ments of relative deformation energies.2e'f In this context, the Bartlett observation 

that photochemically generated m-sesquinorbornene triplets undergo reduction with endo 

delivery of hydrogen is particularly striking.2a A reversed (exe) bending of the central 

double bond has been suggested to occur during triplet excitation.2a'e 

With our recent acquisition of the monodeuterated trienes 1 and Z4 has come an 

interest in evaluating the kinetic isotope effects that arise during their intramolecular 

triplet-sensitized C2+21 cyclization to quadricyclane valence isomers. Is the D atom 

capable of exerting positional control (olefinic- versus cyclopropyl-bound) in the 

competitive ring closure? If so, to what extent? Whereas the orbital alignment in 3 and 

4 appears rather ill-suited for possible photoequilibrationr that present in 5 and 6 is 

not. Attention must accordingly also be given to determining whether the k+& values 

are the end result of a kinetic or equilibrium process. 

5803 



$e \ / 
D 

w D 
2 

e-4 
CH,CI, \ 

w / 
3 D 

k, ko=l.ll / 

w 0 \ 

6 

Thoroughly degassed dichloromethane solutions of 1 and 2 containing small amounts 

of benzophenone were sealed in NMR tubes and Irradiated with a 450 W Hanovla lamp con- 

tained in a Pyrex immersion well. The intact reaction mixtures were analyzed in turn by 

expanded-scale proton-decoupled *H NMR spectroscopy as recorded by a Bruker 500-MHz 

instrument5 Integration of the signal at 6.05 ppm due to 3 revealed Its area to domi- 

nate over that attributable to 4 and located at 1.20 ppm by the ratio of 1.11 (+0.05).6 

Similarly, the oleflnlc-bound deuterium signal for 5 at 5.63 ppm exceeded in intensity 

the absorption due to 6 (1.20 ppm) by the margin of 1.16 (+0.05).6 These entirely similar 

kH/kD values indicate that deuterlum is positioned preferentially at an olefinic site in 

the quadricyclane, irrespective of the particular structural geometry. 

Evidence that the predescribed excited-state cyclizations are kinetically controlled 

was gained by independent preparation of pure samples of 3 and 5 and demonstration that 

these speciflcally labelled hydrocarbons fail to undergo quadricyclane-quadricyclane 

rearrangement, i.e., 3 +4 and 5+ 6. under the present (and several other) reaction 

conditions. Isomers 4 and 6 are assumed to be equally incapable of triplet energy 

transfer and deuterlum scrambling. 

The present isotopic fractionation factors contrast in magnitude and direction to 
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those observed during valence isomerization of 7 (K8,g = l.08L7 Furthermore, it has 

long been known that deuterium, under equilibrium conditions, prefers attachment to 

differently hybridized carbon atoms in the order Csp3 (aliphatic) > C (cyclopropyl) > 

S 
sP 

2 (olefinic). The higher zero point energies of C-H and C-D bond energies at cyclo- 

propyl sites that are responsible for the ground-state imbalances can be approximated by 

the Bigeleisen equation or force field calculations.8 At the experimental level, the 

semibullvalene 1OaFTlla (K250C = 1.11)' and barbaralone lOb*llb" examples nicely 

illustrate these influences." 

The excited triplet states of 1 and 2 clearly 

respond in a manner contrary to the preceding expecta- 

tions. The cause of this phenomenon likely resides in 

the well recognized capability of deuterium to reduce 

rate constants for radiationless conversion to ground 

state.12 Franck-Condon factors account for the major 

portion of this decrease because they are dependent 

upon overlap of the vibrational wave function for the 

lowest vibrational level of the initial electron state 

with an isoenergetic high vibrational level of the 

ground state and this overlap generally decreases with 

increasing vibrational quantum number. Since the high 

energy C-H stretching vibrations are dominant in ac- 

quiring the vibrational energy in the radiationless transition, cascade from the triplet 

hypersurfaces to the respective quadricyclane So states will preferably involve the 

flanking olefinic bond that is undeuterated. In either case, a concerted [2+21 cycload- 

dition probably operates. In fact, the data suggest that the present mechanism differs 

fundamentally from that associated with the di-V-methane rearrangement of benzonorborna- 

diene-2-d (121, where the intervention of biradicals 13 and 14 (and not aryl-vinyl 

bridging) allows for much greater partitioning between 15 and 16 (k13/16 = l.37).13 
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