
Tetrahedron Letters No. 41, pp 3681 - 3684, 1976. Pergamon Press. Printed in Great Britain. 

PHO’lDCHEMICAL TRANSFORMATIONS. XVI I. 

STEREOCHEMISTRY OF THE ACETONE-SENSITIZED PHO~CYCLIZATIONS 

CROTYL CHLCRIDRS TO ~-CRLCRO-~-MRTRY~CYCI~OPRCPANES~ 

Stanley J. Cristol* and Casmir S. Ilenda 

Department of Chemistry, University of Colorado 

OF THE 

Boulder, Colorado 80309 

(Received in USA 16 July 1976; received in UK for publication 22 August 1976) 

Photosensitized rearrangement of allylic chlorides to chlorocyclopropones 

has been shoivn 2,3,4 to be a general phenomenon. preliminary results3 on the 
conversion of isomers of 1,3-dichloropropene to isomers of 1,2-dichlorocyclopro- 

pane indicated that the photoreactions were stereoselective. However, these re- 
actions were run to high conversions, with attendant cis-trans and allylic -- 
isomerization of the reactants, so that the question of stereospecificity re- 

mained open. We decided, therefore, to look at the question of stereochemistry 
in somewhat more detail, choosing to work with crotyl chloride isomers 2 and g. 

Although these compounds photointerconvert 

CH3CHCH=CH* 

Al 
3 

Fcl A 
C&i CH3 Cl 

and photorearrange via a l,%sigma- 

tropic (allylic) rearrangement to a-methylallyl chloride (5) somewhat more 

rapidly than they photocyclize to 4, and 2, use of gas chromatography with flame- 

ionization'detection enabled us to study the initial portion of the photocgcli- 

zation reactions and thus to establish, within reasonable limits, the stereo- 

specificity and/or stereoselectivity, if any, of the photoprocesses. 

The photoreactions were studied using acetone (2.5 ma) as sensitizer, 0.5 g 

of L or $ as substrate, acetonitrile as solvent, nonane as internal standard, 

and GC analysis on a B,$-thio-bis-propionitrile column. 

was prepared from cis-crotyl alcohol 5 
e-Cytyl chloride (2) 

by the method of Meyers. As reported, 6 

this method gives replacement without substantial rearrangement. Our product 
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was a 
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mixture of 99% of g,, 0.9% of L and 0.1% of 3 (starting alcohol contained 

alcohol). trans-crotyl trans-Crotyl alcohol was prepared by lithium alumi- 

num hydride reduction of crotonaldehyde (98% trans, 2% u, Matheson, Coleman and 

Bell) and contained about 2% of the 9 alcohol. Conversion of the alcohol by 

Meyer~s n&hod gave a sample of & with about 3.5% of 2. The irradiations were 

carried out, after degaSSing the solutions by freeze-pump-thaw cycles, in Pyrex 

teat tubes Sealed under vacuum, in a 300-nm Rayonet reactor merry-go-round appa- 

ratus using cyclopentanone actinometry, 
7 

and using 9 = 0.37 for this reaction. 

Typical results are shown in Tables I and II. Average quantum yield values for 

production of g, 4, and 2 were 0.14, 0.015 and 0.008 respectively from 2 and 0.13, 

0.006 and 0.030 respectively from 2.8 Thus the ratio of the yield of $ to that 

of 5 from & is about 2, and within the limits of our experimental error, inde- 

pendent of reaction extent (<lo% conversion of &I, while the ratio of 4 to 5 _ n 
yields from g is about 0.2. Thus the reactions are not stereospecific, although 

they are fairly Stereoselective. 

The reactions haV8 b88n shown 2,314 to involve sensitization by triplet ace- 

tone and are thus apparently initiated by triplet excitation transfer. 
9 

It has 

previously been SUggeSted 2,3 that vibrationally excited ion pairs of type S 

could be intermediates in both the 1,3- and 1,2-migrations. Were this the case, 

ion pair z would be formed from 2 and g from g (while both I_ and 5 could form 

from 3_). 
H Cl 

CIIaCHX.,. CH$H-;HCHeCl . 

Cl6 Cl* ClQ 

5 7, 8, 9 L11 

The electronic ground-Stat8 ring opening of cyclopropyl derivatives to allylic 

derivatives is known to proceed stereosp8cifically in an anti-disrotatory 
faShion 10,11,12 I when the ally1 cation is formed concerted with departure of 

nucleofuge, and the principle of microscopic reversibility t8aCh8S that the co- 

ordination and ring ClOSUr8 of the reverse reaction should have the same stereo- 

chemistry. If this path is followed, the failure to observe stereospecificity 

makes it necessary to assume that the normal high stability" of allylic cations 

to geometric isomerism is partially lost when they are formed photochemically 

(i.e., with excess energy). 

Lack of stereoconvergence makes clear that the triplet excitation transfer 

leads neither to species (2) similar to the triplets produced from cis-trans 

olefin pairs by sensitization in solution, which are assumed 
13 -- 

to relax to more 

stable and identical "twist triplets," nor to long-lived triplet freely rotating 

1,3-biradicals 10. An alternative, of some attraction to us, conceives the 

formation of 11 directly by excitation of & and that of 12 from 2 (that is, 
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interaction of the cnlorine with the double bond at the time of excitation3). 

Intersystem crossing and C -C bond formation with inversion in the radical dis- 
y a 

placement at Ca would give $ from 11 and 2 from 12, in agreement with the princi- 

pal product observed. The interconversion of 11 and l-3, which requires a ro- 

tation around the CB-Cv bond, would mix the two systems and provide the mechanism 

for partial loss of stereospecificity. 
14 

Table I. Acetone-Photosensitized Conversion of trans-Crotyl Chloride (l-1 to 

a-Methylallyl Chloride (21, trans-(61 and e-2-Chloro-1-methylcyclopropane (2) 

(Solvent: acetonitrile, Cl],, = 0.5 ma, [acetone] = 2.5 b$ 

time %3 
(hrs) pres&t 

quantum yield 

3, 4 2 m+@ 5 

0 1.00 

3 1.35 0.14 0.010 

5 1.57 .13 .009 

7 1.79 .13 .012 .0048 2.5 

12 2.14 .ll ,012 .0059 2.0 

19 3.00 .13 .015 .0074 2.0 

39 5.79 -14 .019 .OlO 1.9 

Table II. Acetone-Photosensitized Conversion of cis-Crotyl Chloride (2_> to 

a-Methylallyl Chloride (3-1, --(4_) and a-2-Chloro-1-Methylcyclopropane (g) 

(Solvent: acetonitrile, C2]0 = 0.5 M, [acetone] = 2.5 I$ 

time $3 
(hrs) 

quantum yield 
present 3, 4 

.z. 
2 "516 

2 

0 0.20 

3 0.35 0.08 0.003 0.023 0.13 

5 0.53 -09 .004 .021 .19 

7 0.91 .15 .007 -046 .15 

12 1.31 .13 .005 .031 .16 

19 1.94 .13 ,006 ,030 -20 

39 3.7 .13 .007 .032 .22 
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