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We have found that cis-bieyclo[5.l.O]octenones in which the cyclopropyl ring may be - 

either flanked by the carbonyl group and the double bond, viz, la, or positioned in terminaI 

conjugation with the enone system, s, 2a, are subject to bond-switching rearrangements upon 

3 
photolysis. We describe here details of the photoreactivity of methylene analogs &&and G 

which are particularly significant since these molecules lack n - s* excited states. 

la: R = 0; b = CH2 2s, R = 0; b 

Reaction of 1,4,4-trimethyl-cis-bicyclo[5.1.0]oct-5-en-2-one - 

= CH2 

(SY with methylenetri- 

4 
phenylphosphorane gave g in gay0 yield as a colorless liquid: bp 72-75' (1 mm); n 24D 1.4887; 

EtOH 
vrz,"" 1665, 1650, 1605, 1470, 1445, 905, 880, and 750 cm-i; h,, strong end absorption; 

Clxl, 
gTMS 0.64-1.2 (broad multiplet, 3H, cyclopropyl protons), 0.98, 1.0, and 1.21 (singlets, 3H 

each, methyl groups), 2.18 (AB quartet, JAB = 13 HZ, AA, = 18 Hz, allylic methylene group), 

5.00 (doublet, J = 12.0 Hz, Hm), 5.55 (doublet of doublets, J = 12.0 and 4.5 Hz, He), 4.82 

and 5.03 (multiplets, 1H each, =M,). Direct irradiation of l& in pentane or methanol (A > 

220 I&I, Vycor filter) yielded an isomeric hydrocarbon4 as the major volatile photoproduct (24% 

and 5@, respectively, after 10 hr irradiation). There was also formed l-3$ of an unidenti- 

fied product. 
CDCle 

In addition to the elemental analysis, the infrared and nmr spectra [6TMS 

0.88, 0.96, and 1.25 (singlets, 3H each, methyl groups), 2.04 (multiplet, 2H, methylene group 

999 
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at Ca), 2.30 (multiplet, 3H. methylene group at Ca and methine proton at Cs)] of the primary 

rearrangement product were conristent ?Jith structure 1. Corrobxative evidence for this for- 

hu 

& - 

H2 
> 

Rh/C 

mulation gas ultimately derived by selective hydrogenation of 2 over % rhcjdi!rl i?rl carb,x and 

ozonization Jf the resulting dihydro derivative 4 _" to the cyclopentan?ne 5 (vEtax 174: cm-').4 

3 
This compound was identical in all respects to the product of hydrogenation of ket,>ne 6. It 

xas observed that irradiation of lb in dilute acetone Tolution through either Vyror or Pyrex - 

optics afforded only minute amounts of 2; exten::ive polymerization wa:‘ noted. A similar re- 

sult was obtained when we sought to generate the triplet of g by benzophewne cencitization 

(t-butyl alcohol solution) under conditions where the ketone abrorbed over 97;; of the inci- 

dent radiation. The efficiency of the triplet transfer vas unequivocally establi:-bed in the 

latter series of experiments by effective quenching of benT?pinacnl formation by j_Q x.hen 

benzhydrol was added. Since 2 was independently follnd to be stable under these ph_t:lyris 

conditions, the polymerization cannat be construed as arising from the excited triplet state 

of 2. 

In striking contrast, hydrxarbon & Lbp 68-70' (20 m~);~ vz:,"" 1640. i590, 1025, 885. 

isooctane 
850, and 780 cm-i; hmax 

ccl, 
237 ;r, (E 1'7,030); ~TMS 0.22 (multiplet. lo, cy-lopropyl proti.n), 

0.6-2.7 (broad absorption, 7H) 4.84 and 5.88 (singlets. C-H each, vinyl proton-)], prepared 

in an analogws manner from cis-bicyzlo[5.1.0]oct-2-en-4-one (g), 
3 

- xa:‘ found to be tran-- 

formed in high yield (95u;b, vpc analysis, cyclooctane er internal standard) into a single 

photoproduct Upon irradiation in dilute acetone Folution (Pyrex). The colorless oil thus 

produced was readily identified as I4 by virtue of its spectral characteristics and unequi- 
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vocal synthesis from ketone s5 via the Wittig reaction. -- When pentsne was employed as sol- 

vent (Vycor filter), the process was more complex; hicyclic diene 1 was again formed as the 

major product (539 yield), but four additional minor components (not characterized) were also 

(332 
0 

hv 
( c~H~)~P=cH~ 

0 - 

cd * 

/ 

a5 

, 

1 8 
y” 

zbeerved. A separate experiment clearly showed that these lesser products were not derived 

from 1 since, except for 9 small amount of polymer formation, the latter methylene analog 

the irradiation conditions. Since the triplet-sensitized process afforded only 

products, the occurrence of singlet transfer to 2 in acetone solution is very 

was stable t3 

1 and no side 

remote. 

We can conclude that two fundamentally different mechanisms are operative in the photoly- 

sis of the two hydrocarbons. Thus, in the case of divinylcyclopropsne I& there is a marked 

reluctance of the hydrocarbon triplet state to rearrange to 2. Since inter-system crossing of 

Si - Ti is not generally observed in olefinic systems it appears that, in the case of 3, S1 

leads to rearrangement but the triplet only slowly polymerizes. This gross behavior in fact 

3 
parallels the photochemistry of the structurally related ketone. Most remarkable is the 

ease with which 2b rearranges to 7 under triplet csnditions. - This reactivity profile lies in 

marked contrast to the photochemical behavior which has been displayed by I&, two conjugated 

ea,b 6C 
methylenecyclohexenes, and a l-methylene-2,5-cyclohexadiene derivative. In these lat- 

ter examples, there is seen a cznplete absence .of monomeric products in the sensitized experi- 

ments. A possible explanation for this differing behavior may be that the energy of the tri- 

plet A - n* excitation of 2b is heavily concentrated in the ccnjugated diene moiety, a phenom- -- 

enon hhich is expected to facilitate migration zf the stereoelectronically favored internal 

cyclopropyl bond. Reaction products which are to be expected from bicyclobutane intermediate 

7 
2 were carefully swght but could nX be found when 2b was irradiated directly in methanol. - 
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Therefore, the cyclopropyl function appears to exert a .,ignificant influence on the re- 

activity of the transoid diene moiety in the excited states of ". 

The highly stereoselective course of the conversion of b to 1 is significant and is 

comprehensible if rearrangement of the 1,7-bond is concerted or nearly PO. The allowed 

symmetry of such a photoinduced sigmatropic shift of order [1,3] has been discussed earlier 

8 
by Woodward and Hoffmann. However, since the excited reactive species has triplet mul- 

tiplicity, it may be argued that a concerted bond migration is improbable. More recently. 

Hoffmanns has reasoned that, in intramolecular rearrangements of this type, it is very 

likely that the orbital symmetry considerations which are operative in the excited state 

impose upon the molecule one set of motion? which are facile and a second -et of motions 

which are difficult. Since there exists no necessity to attain the excited state of product. 

the more favorable symmetry-allowed motions thus initiated could theoretically lead to the 

10 
ground state product with emission of attendant radiationless energy. Investigations 

relating to this phenomenon are continuing. 
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