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A photoinduced electron-transfer reaction of benzhydrylidenenorbornene 1 as an electron donor gives the radical 
cation I+., which could be captured chemically by methanol or by the intramolecular hydroxy group, indicating the 
existence of a strong homoconjugative interaction between the exocyclic double bond and the C(2)-C(3) double bond. 

7-Methylidenenorbornene and its derivatives have been inves- 
tigated as models of homoconjugative interactions. The 
orbital splitting due to interaction between the exocyclic 
double bond and the C(2)-C(3) double bond of 7-isopropyl- 
idenenorbornene was confirmed by photoelectron spectro- 
scopy,l and this homoconjugation causes the polarization of 
the exocyclic double bond observed by 13C NMR spectro- 
scopy2 and the electronic control of stereoselective addition of 
singlet oxygen.3 The chemistry of the radical cation of 
7-methylidenenorbornene is also expected to be controlled by 
this homoc~njugation.~ Especially, the cationic nature of this 
radical ion will be similar to those of 7-norbornenyl cation, 
which has been widely investigated as the nonclassical ion, 
experimentally5 and theoretically.6 In this paper, we report 
highly stereoselective nucleophilic addition and intramole- 
cular addition to the novel radical cation of 7-benzhydryl- 
idenenorbornene 1 generated by a photoinduced electron- 
transfer reaction, indicating the existence of a strong homo- 
conjugative interaction. 

Upon 1,4-dicyanonaphthalene (DCN, E1/Zred - 1.28 V vs. 
SCE) (saturated calomel electrode) sensitized irradiation (hv 
b 334 nm) of 1 (map. 68-69"C, EpoX 1.50 V vs. SCE) in 
acetonitrile containing 10% of methanol under argon,t the 

t Oxidation potentials were measured by cyclic voltammetry in 
acetonitrile with tetraethylammonium perchlorate (0.1 mol 1-1) as 
electrolyte. 

anti methanol adduct 2$ was obtained accompanied with the 
diphenylmethane, and we could not obtain any syn methanol 

Ph -,Ph 

+ Ph2CH2 
1,4-Dicyanonaphthalene 

MeCN-MeOH (9:l) 

1 2 

$ Selected spectroscopic data for 2: 1H NMR (270 MHz, CDC13) 6 
7.15-7.41(m,10H),6.14(m,2H),4.84(s,1H),2.81(s,3H),2.73(m, 
2H), 1.82-1.98 (AA'XX', 2H), 0.88-1.05 (AA'XX', 2H); mlz 290 
(M+, O S ) ,  165 (13), 123 (loo), 91 (15). 

4: lHNMR (270 MHz, CDC13) 6 7.14-7.41 (m, lOH), 6.08 (m, 2H), 
4.79 (brs, lH), 2.50 (m, 2H), 1.90-2.06 (AA'XX', 2H), 1.70 (br s, 
lH), 0.87-1.03 (AA'XX', 2H); mlz 276 (M+, 0.9), 168 (48), 167 (89), 
165 (28), 109 (loo), 81 (51). 

6: lH NMR (270 MHz, CDC13) 6 7.12-7.43 (m, lOH), 6.10 (dd, J 
5.7,3.0Hz, 1H), 6.06(ddd,J5.7,3.0, 1.4Hz, lH),4.42(s, 1H),4.08 
(d,J6.6Hz, lH), 3.81 (brd,J6.6Hz, lH),3.41 (dd,J11,7Hz, 1H), 
3.37(dd,J11,8Hz,1H),2.87(m,1H),2.60(m,1H),2.31(ddd,J8.1, 
8.1, 5.1 Hz, lH), 1.83 (br s, lH), 1.41 (OH); mlz 318 (M+, 26), 196 
(25), 167 (72) ,  165 (40), 152 (32), 151 (loo), 104 (50), 91 (29). 
7: 'H NMR (270 MHz, CDC13) 6 7.10-7.34 (m, lOH), 4.49 (dd, J 

7.3, 5.1 Hz, lH), 3.90 (dd, J 8.1, 4.0 Hz, lH), 3.84 (d, J 8.1 Hz, lH), 
3.44-3.58(m,2H),3.11(brdd,J5,5Hz,1H),2.61(d,J3.7Hz,1H), 
2.22 (m, lH), 2.00 (ddd, J 13.2, 7.3, 3.7 Hz, lH), 1.71 (td, J7.1, 2.2 
Hz, lH), 1.52 (OH), 1.40 (d, J 13.2 Hz, 1H); mlz 319 (M+ + 1, 25), 
318 (M+, loo), 243 (40), 215 (33), 167 (53), 165 (54), 91 (51). 
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Scheme 1 

adduct. Prolonged irradiation gave diphenylmethane as the 
major product along with the consumption of 2, indicating that 
diphenylmethane was the secondary product of the photo- 
reaction of 2. The stereochemistry of the methoxy group of 2 
could be confirmed by NMR spectroscopy using the shift 
reagent [Eu(fod)3]. The fluorescence of DCN was efficiently 
quenched by 1 at the rate of kq = 1.3 x 1010 mol-1 1 s-1 in 
acetonitrile. With direct irradition (hv 254 nm) of 1 under the 
same conditions, however, no methanol addition could be 
observed and 4-benzhydrylidenebicyclo[3.2.0] hept-2-ene 3 
was obtained as the major product. These results suggest that 
the formation of 2 under DCN-sensitized photoreaction of 1 
proceeds via the radical cation 1+* generated by an electron- 
transfer process. Since the ether 2 (Epox 1.70 V vs. SCE) is also 
a good electron donor, the secondary electron-transfer 
reaction of 2 proceeds to give diphenylmethane, which is 
similar to the photoinduced electron-transfer reaction of 
2,2-diphenylethyl ether derivatives reported by Arn01d.~ 

The phenanthrene (mediator) sensitized irradiation of 1 in 
the presence of 1,4-dicyanobenzene (DCB) in similar condi- 
tions improved the yield of methanol adduct 2 ( 8 5 % ) ,  
although 1 was completely recovered in the absence of 
methanol, which shows the radical cation 1+* to be the stable 
intermediate under these conditions. Similar photolysis of 1 in 
the presence of water gave anti alcohol 43 stereoselectivity in 
70% yield. The formation of these adducts was not observed 
in the absence of DCB. To obtain mechanistic information, 
the same photoreaction of 1 in the presence of MeOD was 
carried out to give the adduct [2H]2, which possessed 
deuterium at C(8) exclusively, indicating that the hydroxy 
group of methanol was the proton source. This together with 
the fact that DCB is the effective quencher of the phenan- 
threne excited single state and that the oxidation potential of 1 
is lower than that of phenanthlene ( E p  1.58 V vs. SCE) 
support the mechanism proposed as shown in Scheme 1. 
Because product 2 has a higher EOX value than that of 
phenanthrene, secondary reaction of 2 was suppressed under 
these conditions. 

The anti-Markovnikov formation of the alcohol adduct 2 
matches with the known nucleophilic trapping of the 1,l- 
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diarylethylene radical cation with alcoho1,s and the observed 
highly stereoselective formation of the anti adduct indicates 
the existence of unequivocal homoconjugative overlap 
between the 7-benzhydrylidene group and the C(2)-C(3) 
double bond of l+*. For supporting evidence of this homocon- 
jugation, we investigated the intramolecular hydroxy addition 
reaction of diol5. Under phenanthrene-sensitized irradiation 
of 5 in the presence of DCB in acetonitrile under argon, two 
cyclized ethers 65 and 75 were obtained in 42 and 19% yields, 
respectively. The generation of ether 7 accompanied by the 
anti-Markovnikov addition product 6 indicated clearly that 
the cationic nature of radical cation 5+' was delocalized on the 
C( 2)-C( 3) double bond. 

In conclusion, this work demonstrates the anti-stereoselec- 
tive capture of radical cation of 7-benzhydrylidenenorbornene 
by methanol as well as its intramolecular hydroxy group 
addition reaction. The formation of each product provides for 
the first time the direct confirmation of the existence of 
homoconjugative interaction between the ex0 methylene 
double bond and the C(2)-C(3) double bond of the radical 
cation 1+*,  possessing a nonclassical cation character. 
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