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Results from previous studies pertaining to the stereochemical course of the singlet and tri- 

plet di-x-methane rearrangement of unconstrained 1,4-dienas have been obtained and discussed in 

terms of orbital topology and least motion control. l-3 
4 

In more recent investigations, we have 

shown how structure influences the stereochemistry of the singlet reaction and efficiency of the 

triplet process. These observations, when combined, indicate that the singlet rearrangement of 

1,4-dienes to vinylcyclopropanes is concerted and possesses two possible, low energy transition 

states, having the syn and anti-disrotatory orbital geometries. In addition, an interesting inter- 

dependence of di-x--methane structure , excited state multiplicity and reaction efficiency has been 

noted. 3 Zimmerman and Pratt 2a have offered a rationale for the lack of di-s-methane reactivity of 

triplet acyclic 1,4-dienee in terms of the competitive and efficient free-rotor deactivation from 

bridged cyclopropyldicarbinyl triplet diradicals. 

Our continuing interests in this area of photochemistry are focused on these aspects of the 

rearrangement. The study of the photochemistry of the isomeric 1,3-dimethyl-3-(S-styryl)cyclo- 

hexenes (lc and It), reported below, has yielded results which pertain to the influence of di-r- -- .,I 

methane conformation on the singlet rearrangement stereochemistry, and the nature of the structure- 

multiplicity-rearrangement efficiency relationship. 

The styrylcyclohexenes, 4 and It, required for this study were prepared from 2-methylcyclo- _.. 

hexanone by the general route we have employed earlier.' The isomeric dienes, obtained from a 

final Wittig reaction of benzylidetm! triphenylphosphorane with 1.3-dimethylcyclohexene-3-carbox- 

aldehyde, were cleanly separated by silica gel chromatography. Strnctrual and stereochemical 

assignments to the pure isomers (>96%) were made on the basis of spectral and analytical data.' 

Direct irradiation (3.6 mM, acetonitrile, corex filter) of 1. and it, independently, gave raar- 
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rangement to two photoproducts along with cis-trans isomerisation to a mixture of the stereoiso- 

merit dienes. The relative ratio of the two rearrangement products, identified (vide infra) as -- 

the exo- and endo-isomers of 3,7-dimethyl-8-phenylbicyclo[5.l.O]oct-2-enes (2ex and 2en), was 
__- II_ 

found to be a sensitive function of irradiation time (28% recovered lc, 7% IL, 31% F_c and 29% 
__ 

2ex for 45 min from lc; 21% recovered It, 9% lc, 32% 2en and 18% 2ex for 45 min from lt),6 a re- 
. ..__ __ __ __ W__ __.., _I 

sult of rapid cis-trans isomerization of the starting materials. In order to determine if the di- 

rect irradiation reactions of lc and It are stereoselective, low conversion irradiations were con- 
_.. I_ 

ducted using flint glass filtered light. Interestingly, at 25X.conversion of lc the exo to endo 
-0. 

product ratio was 10:2.6,7 while at up to 50% conversion of It only the endo product is present 
II 

in the reaction mixture. Triplet sensitized photolyses of lc and It, using a host of triplet sen- __ _.., 

sitizers 
8 

of triplet energy >57 kcal/mol led only to cis-trans isomerisation of the reactants. 

Assignment of structure and stereochemistry to both of the photoproducts, 2ex and 2en, was 
___ .--.._ 

made on the basis of their analytical and spectral properties. The relative chemical shifts of 

the C-7 methyl and C-l methine protons were of particular utility. 
8 

In 2ex the phenyl substituent 
. .._... 

at C-8 should exist predominantly in a conformation having the plane of aromatic ring tilted to 

the C-l proton side of the bisected geometry in order to minimize the nonbonded interactions be- 

tween phenyl and methyl. As a result the C-l proton is located in the deshielding region of the 

aromatic ring and has the unusual chemical shift of 3.47 ppm. This effect also explains the rela- 

tive chemical shifts of 0.79 and 1.25 ppm for the G7methyl protons in 2ex and 2en, respectively. 
___ _..,_ 

&~~+~~-&h8 

2 
sing 

It trip sing 
en lc 2 ex 

The triplet photochemistry of lc and It, in comparison to that of a close structural analog, __ I_ 

1-phenyl-3-methyl-3-(1-cis-propenyl)cyclohexene (z),l which undergoes di-v-methane rearrangement - 

from its triplet, seems particularly interesting in light of earlier observations on the nature 

of free-rotor deactivation of 1,4-diene systems. Since the triplets of both 1 and 3 appear equal- 
.., - 

ly capable of forming their corresponding bridged cyclopropyldicarbinyl diradicals 4 and 5 and, I I 

yet display differing reactivities, free-rotor deactivation from this type of triplet diradical 

does not appear to account for the lack of triplet rearrangement of acyclic 1,4-dienes. Thus, the 

ilPportant feature in controlling the di-n-methane triplet reactivity of 1,4-dienes is perhaps only 

the structural contraints placed on the a-chromophore of lowest triplet energy.' Accordingly, when 
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the lowest triplet energy chromophore is unconstrained, di-x-methane rearrangement is inefficient 

-1 al 

due to the rapid and efficient free-rotor deactivation by a-bond isomerization. The results and 

conclusions nicely parallel those of Hixson 
10 

on aromatic analogs. 

Another interesting aspect of the observations presented above concerns the stereoselectivi- 

ties of the singlet reactions of lc and It, which yield 2ex and 2en, respectively, and their in- 
__ __ __a _I_ 

terpretation in terms of the effect of 1,4-diene conformation on the stereochemical mode chosen 

for the reaction. Although much is known about the effect of conformation on the stereochemistry 

of the cyclohexadiene-hexatriene photointerconversion, 
11 little attention has been given to con- 

formational control of the di-r-methane reaction. In lc, for example, two low energy conformations 
P...., 

(s-cis (ICC) and s-trans (let)), which place the styryl moiety in correct alignment for migration 
12 

.-._W .._- 

of the endocyclic vinyl moiety, are possible. Clearly, the lower energy of the two is ICC, due to 
m-5 

its minimization of repulsive interactions between the C-4 axial hydrogen and the styryl moiety 

H 

H 

H3 
H3 

CH3 
let .- 1 cc 

Reaction of this conformer" by a concerted anti-disrotatory pathway would be prevented by its con- 

version to a high energy trans-fused bicyclo[5.l.OJhexane system. Additionally, anti- and syn-dis- 

rotatory modes in reaction of the s-trans conformer, let, would generate 2en and another highly 
NW... 

strained bicyclic octene, respectively. Thus, the selective formation of 2ex from lc appears to 
-_- -_ 

indicate that the reaction occurs predominantly from the lower energy conformer, ICC, and through 
--_ 

the syn-disrotatory transition state orbital geometry, 6. + A similar analysis of the reaction of 

the trans-isomer It shows that rearrangement to 2en is again from the s-cis conformation and via __ __- - 

the syn-disrotatory mode. These observations demonstrate that 1,4-diena conformation is important 

in controlling the stereochemistry of the di-x-methane rearrangement. Also, they suggest that the 

inherent energy differences between the syn- and anti-disrotatory concerted modes must be small 
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enough such that interactions, which control conformation, are of overriding importance. 
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