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Copper(I) salts promote a large array of photoreactions of simple alkenes. Previous stud- 

ies have shown that five, six, and seven membered cycloalkenes undergo 2~ + 2a photocycloadd- 

itions, 
1 
methylenecyclopropanes undergo rearrangements and fragmentation, 

2 
and acyclic olefins 

as well as cyclooctene, cyclododecene, and 1,5,9-cyclododecatrienes undergo cis-trans isomer- 

ization upon photolysis in the presence of copper(I).3 However, synthetically interesting 

applications of copper(I) catalyzed photoreactions to functionally substituted olefins remain 

unexplored. We now report the first examples of copper(I) promoted photocycloadditions involv- 

ing (1) an acyclic alkene, and (2) a functionally substituted olefin. 

Since ally1 alcohol forms isolable complexes with CU(I),~ we explored the possibility that 

copper(I) trifluoromethanesulfonate5 (CuOTf) might promote photoreactions involving ally1 

alcohol. As observed previously with other acyclic olefins,3 ally1 alcohol does not dimerize - 

by 2x + 2~ cycloaddition upon photolysis in the presence of CuOTf. However, irradiation (254 

nm) of the 1:l complex 1 of norbornene and CuOTf in ally1 alcohol as solvent produces two 

epimeric cyclobutanes 1 and 2 (4:l) in 76% yield. The structures assigned are in accord with 
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the I-H nmr and mass spectra of 2 and 3. 6 The structure 2 assigned to the minor isomer was firm- 

ly established by unambiguous stereospecific synthesis from methyl e,xo-tricyclo[4.2.1.02'5]nona- 

3,7-diene-3-carboxylate (5). Catalytic hydrogenation to 5_, followed by reduction with LiAlH4 

gave 2: ill nmr (CDC13)63.67(dd,H,J = 8.5, 10.6&z), 3.55(dd,H,J = 6.8, 10.6H7.), 1.8-3.0(7H), 

0.9-1.7(78). A 0.12ppm difference in chemical shift is found for the diastereotopic hydrogens 

of the sterically congested hydroxymethyl group in 2. The corresponding protons in 2 appear as 

a simple doublet at 63.55(5 = 6.4Hz). 

COOMe 

"2 

- Pd/C 

4 

Photolysis of @.n&-dicyclopentadiene (5) in the presence of CuOTf with ally1 alcohol as 

solvent results in regiospecific cross-reaction between ally1 alcohol and the 8,9 double bond 

of 5. Two epimeric cyclobutanes 7 and 8 (4:l) are obtained in 96% yield. 638 The corresponding 

z’, R = OAc 8_‘, R = OAc 

acetates 1' and 8' were separated by glpc (2' x l/4" 10% DC710 on Chromosorb W). 
6 

The 'H nmr 

spectra (CC14) of the major and minor isomers (rel. retention times 1.00 and 1.15 respectively) 

have doublets at 63.94(5 = 6.5Hz) and 64.03(5 = 7Hz) respectively due to the acetoxymethyl CH2 

group, and both exhibit a multiplet at 65.5 corresponding to the vinyl hydrogens at positions 

3 and 4. A similar multiplet is found in the LH nmr spectrum of a. A vinylic hydrogen absorp- 

tion at 65.95 corresponding to the 8 and 9 hydrogens in 5 is absent in the spectra of I and S 

and the derived acetates. Thus, the 8, 9 double bond of 5 is not present in 1 and a. The @.X0 

configuration of the cyclobutane ring and the stereochemistry of the hydroxymethyl group in 1 

and S is assumed by analogy with 2 and 2. Photolysis of 5 in the presence of CuOTf, but in 

the absence of ally1 alcohol, results in intermolecular photocycloaddition which is also regio- 

specific, involving the 8,9 double bond, in spite of the intimate juxtaposition of the 3,4 and 

8,9 double bonds in $_. 
le 

Acetone sensitized photolysis of 5 gives intramolecular photocyclo- 
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addition.g The regiospecific reactivity of 5 in the copper(I) promoted reaction is explained 

by a preference for coordination of the 8,9 double bond of $-with copper, 
10 

and a requirement 
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for coordination to copper of both carbon-carbon double bonds undergoing photodimerisation. 
le 

In fact, 5 and CuOTf form an isolable 2:l complex 2. A mixed complex 10 is the pivotal inter- - 

mediate in the cross-reaction between ally1 alcohol and 5. It is reasonable that the equilib- 

2 10 6 - 

rium between 2 and 10 strongly favors the latter in ally1 alcohol as reaction solvent. This - 

results in the remarkable selectivity for cross-reaction even though ally1 alcohol cannot photo- 

cycloadd to itself. 

Cyclohexene photodimerizes in the presence of CuOTf. 
If 

In ally1 alcohol as reaction sol- 

vent, dimerization is blocked, but no cross-reaction is observed either. Apparently cyclohex- 

ene, which is a relatively poor ligand, cannot compete with ally1 alcohol for coordination 

sites on copper. The 2:l complex 12 of ally1 alcohol and CuOTf is strongly favored in ally1 - 

alcohol as reaction solvent over the mixed complex 11 required for cross-reaction. - 

In contrast, irradiation (254nm) of a solution of norbomadiene (13) in ally1 alcohol in - 

the presence of CuOTf 

cb \ \+ 
13 - 

results in addition of ally1 alcohol to afford the ethers 14 and 15 (7:3) -- 

HO- 
hv+./&@&" 

CuOTf 

14 15 - - 

Since the same products are obtained in high yield from therm81 reaction of qU8driCyCl8ne (16) - 

with ally1 alcohol in the presence of CuOTf, the photochemical reaction probably involves Cu(I) 



1370 IGO. 16 

catalyzed intramolecular photocycloaddition of 13 to give 16 followed by a dark reaction be- - - 

tween s and ally1 alcohol promoted by CuOTf. 11 Analogous reactions of 16 promoted by silver - 

salts are known. 
12 

hv H& 
13 - - ___, E+E 

CuOTf CuOTf 
16 - 
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