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PHOTOLYSIS OF CIS- AND TRANS-2-(3,5-DIMETHOXYPHENYL)CYCLOPENTYL - 

METHANESULFONATE. STEREOELECTRONIC REQUIREMENT FOR PHOTOSOLVOLYSIS 

David A. Jaeger* and Emily A. Bernhardt 

Department of Chemistry, University of Wyoming, Laramie, Wyoming 82071 

Abstract: On irradiation in methanol, trans-2-(3,5_dimethoxyphenyl)cyclopentyl methanesulfo- 
nate underwent photosolvolysis whereas the cis-isomer did not; thus, for photosolvolysis there 
exists atrans-requirement of excited aryl group and leaving group. 

There have been several reports of photosolvolysis of 2-arylalkyl and related systems. 
1 

In particular, we reported 
la 

that of la in aqueous methanol, - which yielded 2 and 2 as the - 

major products. With deuterated analogue 2, these products were produced with 100% scramb- 

ling of the labeled carbon between the l- and 2-positions of the ethyl group. A mechanism 

involving phenonium ion intermediate 4 was proposed based on these and other results. - 
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In order to define the stereoelectronic requirement for photosolvolysis of 2-arylalkyl 

systems such as 1, we have prepared and studied cis- (5J and trans-2-(3,5_dimethoxyphenyl)- - 

cyclopentyl methanesulfonate (5). Dehydration of l-(3,5-dimethoxyphenyl)cyclopentano12 with 

H2S04-CH3C02H yielded alkene lo. 
2 

Oxidation of 10 with IJ-C~C~H~CO~H in benzene yielded the - 

corresponding epoxide, which was converted to 2-(3,5-dimethoxypheny1)cyclopentanone2 with 

BF3*Et20 in benzene. Reduction of this ketone with &-Selectride (Aldrich) in tetrahydrofuran 

(THF) gave cis-2-(3,5-dimethoxyphenyl)cyclopentanol,2 which was converted3 to A2 with - 

CH3S02C1-Et3N in CH2C12. Hydroboration-oxidation of 10 in THF gave trans-2-(3,5-dimethoxy- 

phenyl)cyclopentanol, 
2 

which was converted to 6. 
2 - 

Irradiation of a degassed 4.45 x 10 
-3 - 

g solution4 of 5 in CH30H yielded the following 

products in the indicated amounts as determined by direct calibrated analysis of the reaction 

mixture by high performance liquid chromatography (HPLC).5'6 The identities of 7-12 were -- 

established by comparisons with samples synthesized independently, 2,7 and those of 13 and 14 -- 

on the basis of their spectral and chromatographic behavior. 
8 

Under essentially the same 

irradiation conditions cis-methanesulfonate 5 was inert. 
6 
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In contrast to the above photochemical results, thermal solvolysis of a 4.30 x 10d3 Msolu- 

tion of 2 in CH30H at reflux under N2 for 10 h yielded 11% 8 and 73% 10 as determined bydirect - - 

calibrated analysis of the reaction mixture by HPLC.5 Thermal solvolysis of a 3.93 x 10m3 5 

solution of 5 in CH30H under the same conditions gave 34% 5, 24% 1, 1% 8, 30% 2, and 7% 11. 

These results parallel those of Kim and Brown for the acetolyses of cis- and trans-2-arylcy- 

clopentyl ptoluenesulfonates. 
9 

For all of the cis and those trans systems similar to gwith - 

deactivating substituents, solvolysis proceeded without aryl participation. On the otherhand, 

solvolysis of trans systems with activating substituents (i.e., p-MeO) involved aryl partici- 

pation with the possible intervention of aryl-bridged ions. 

In the irradiations of 2 and 2, only the aryl chromophore absorbed. 
la 

Thus for 5, photo- 

solvolysis and other reactions must be the result of an interaction between the excited 3,5- 

dimethoxyphenyl group and the unexcited methanesulfonate leaving group. This interaction 

cannot involve simple energy transfer because the singlet energy of the latter is greater 

than that of the former, and it is assumed that the same relationship holds for the respective 

triplet states. Charge transfer within 5 from the excited aryl group to the methanesulfonate 

group is a possible energy transfer pathway 
10 

and is incorporated into the mechanistic scheme 

below. 
11 

Charge transfer species A results from the excited state of 5 and then yields bridged 

ion B, which is partitioned among several processes. Its capture by CH3S03 and CH30H gives 

starting material 5 and trans-ether 8, respectively, and its deprotonation by CH30H at a 

B-carbon atom yields 11, one of the major products. Ion g can also open to give ion C, whose 

capture by CH3S03 gives 5 and 5, and by CH30H, L and 8. - Deprotonation of C yields 10 and & - 

Rearrangement of ion 5 gives tertiary ion 2, 

tion E.12 

whose capture by CH30H yields 9_, and deprotona- 

The formation of 12 probably involves photoinduced ionization of 2 and/or proto- - 

nation of 10 followed by hydride abstraction from CH30H by the resultant excited carbonium 

ion g.13 - Compound 14 is most likely a secondary product arising from a photoinduced di-v- _ 

methane rearrangement of 11. The origin of proposed structure 13 is unknown. It is possible - - 
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that A gives C directly. However, the predominance of trans-ether 8 over cis-ether 1 and - 

formation of a relatively large amount of nonconjugated alkene 11 suggest the involvement - 
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In summary, the thermal and photochemical solvolytic properties of methanesulfonates 2 

and 5 differ markedly. A trans-relationship of the aryl group and methanesulfonate leaving 

group is necessary for photosolvolysis. Such a trans- or anti-activation has been reported -- 

previously for several benso- and dibenso-polycyclic systems. 
lb,c 
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For an example of an analogous proposed charge transfer process, see ref. lb. 

The results of sensitization with benzene imply the involvement of the triplet state. 

If formed by capture of g by CH3S03-, l-(3,5-dimethoxyphenyl)cyclopentyl methanesulfonate 

would have thermally decomposed. 

For demonstration of analogous processes in the study of A, see ref. la. 
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