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DIRADICALS IN 'IHE VINYLCYCLOPROPANE REARRANGEMENT OF 

BICYCLO[3.1.O]HEXANE DERIVATIVES 

G.W. Klumpp and M. Schakel 

Scheikundig Laboratorium der Vrije Universiteit, Amsterdam, The Netherlands 

Abstract Product ratios and their insensitivity to steric effects indicate the title reactions 

to occur through diradicals with limited rotational freedom. 

Tne mechanism of the thermal vinylcyclopropane rearrangement is still a matter of 

contr0versy.l The absence of steric effects that might be caused by substituents R of differing 

size has led us to suggest that diradicals 3a-c are intermediates in the rearrangement of 1 

via 2 to 4 (see Schems 1).2 
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a: R= D;b: R = Me; c: R = c~clo-C II 3 5; 5ooOc; 1-2 set 

Scheme 1 

In order to narrow down the scope of such behaviour we have studied the 

of 5 (Scheme 2). Diradicals 8 derived from these - - 

fore concerted rearrangement might take over and 

substrates are less stable than 3 

manifest itself by substituent dependent stereo- 

thermolyses 

and there- 

selectivity. For further reference 6b and 10 were studied, - - too. The results are given in Table 1. 

At 325-350°C 5a-c rearrange to a 2O:l mixture of 7a-c and 9a-c (see entries l-3). -- 
Geometric isomerisation to 6a-c is the fastest reaction of 5a_c; 7a-c arise from 6a-c by homo- 

[1,5] hydrogen shift. It was proven3 that under the conditions of thermolysis the latter reac- 

tion quantitatively removes 6a-c. The minor products 9a-c must therefore be formed from 5a-c. At 

500°C 9b was also obtained from 6b (see entry 5). - The value endo/exo was the same as observed for - 
5b (entry 4), - indicating that at 500°C 5 and 6 interconvert rapidly and that the Curtin-Hammett - - 
principle applies. In order to supplement our earlier work the system of Scheme 1 was extended 

by using the trans-divinylcyclopropane 10 as the starting material. - At 325'~ (l-2 set) the main 

product was lb resulting from geometric isomerisation of 10 to 2b followed by Cope-rearrangement. - -- 
It was accompanied by a very small amount4 of 4b in an endo/exo ratio that was closer to one than - 
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the one observed with lb-' _ -& at 500°C (see entries 6 and 7). Most probably reactions at 500°c 

are under Curtin-Hammett control, whereas at 325OC equilibrium between 2b and 10 is not esta- -- 
blished due to the irreversible conversion of 2b to lb - -* 

a: R = D; b: R = Me; c: R = i-Pr; 325-350'; lh 

Scheme 2 

Table I Thermolysis products of l&, 5a-c, 6b and 1Oa -- - 

Entry Substrate Temp. OC time Products % e&o/es0 

1 Sa 350 lh - 7a 95 
- 

9a 5 2.5/l - 

2 5b 350 lh - 7h 95 
- 

9b 5 2.6/l - 

3 SC 325 lh - 7c 95 
- 

9c 5 3.8/l - 

4 5h 500 l-2 75 set 2 
- 

9b 25 2.1/l - 

5 6h 500 l-2 92 set z 
- 

9b 8 2.0/l - 

6 lo 325 1-2 secb AQ >99.5 

4b co.5 l/1.2 - 

7 lb 500 1-2 set 4b 100 l/2.3 - 

a: Entries l-3: carried out in the gas phase in evacuated ampoules; 

entries 4-l: carried out in a flow system, as described elsewhere.' 

b: Under these conditions lb is stable - 
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The near invariance of the stereoselectivity of the rearrangement 5a-c -+ 9a-c when R is 

changed from deuterium to isopropyl (Table 1, entries l-3) indicates transition states which 

are little susceptible to the size of R. Diradicals 8 which would close to endo- and exe-2 Via 

reactant-like transition states satisfy this condition.Product formation Via competing concer- 

ted [1,3] carbon shifts is expected to show a decrease of endo/exo upon increase of the size 

of R (the sr transition state leading to endo- being more sensitive to steric hindrance by R - 

than the ar transition state leading to ezo+J6 

The moderate, yet nearly substituent-independent stereoselectivity of 8a-c is in line 

with the principle of least nuclear motion (PLNM). In Scheme 3 the operation of the PLNM is 

illustrated for the formation of 9b from two conformations, A and B, of 8b. Assuming that - - 

k 
PLNM : k of both A and B be greater than 1 the values of en&/ero (Table 1, entries l-3) in- 

dicate that the mole fraction of 2 formed from&must be greater than 0.5 for any ratio 

(k PLNM : kJA : (k,,,, : k)B.7 Thus it appears that the majority of diradicals Q& arising from 

2 collapse to 9 before they can complete a rotation of more than 90'. [Homolysis of 5 with anti- - 

clockwise internal rotation (of the diradicals as depicted in Scheme 3) is not expected to 

yield 2 but to result in geometric isomerisation, exclusively].8ag The partial conservation 

of optical activity observed for the rearrangement of (+)-(lS,2S)-truns-1-(trczns-l-propenyl)- 

-2-methylcyclopropane (11) by Andrews and Baldwin" has led these authors to propose that the 

four possible modes of concerted [1,3] carbon shift compete in this reaction. 

5b 
11 

em-9b 
3R,45-tram12 

5b.9b (,” = 0 

11,12: X=Me,Y=H 

Conformations A and B of diradicals involved in vinylcyclo- 
propans rearrangements. A and B are viewed down the C1C2 bond 
axis shown in the starting cyclopropane. For the sake of clarity 
the circle denoting the rear atom in conventional Newman repre- 
sentation is omitted. The circle between H and X portrays the 2p 
orbital on C3. 
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However, their results can also be accommodated by a scheme analogous to the one proposed 

for 2. In fact, the ratio of products that can be ascribed to PLNM controlled ring closure of 

diradicals A and B is very similar for 5b [(endo-9b : erc-~)3500 = 2.61 and 11 - - 

[(3S,4S-cis-12 : 3R,4S-t~'anS-~)2~~ 5o = 2.751. PLNM controlled five-membered ring formation - 

competitive with internal rotation has been implied for orthogonal 2,2'-bis(allylmethane) 

formed on thermolysis of 1,3_dimethylene cyclopentane.11 
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(m+l) (n-1-N) , y 

(N+l) (n-l-m) A 
= mole fraction of product derived from A; 

m = (kpLNM : k)A; n = (k 
PLNM 

: k)B; N = ([en&-a : [e3eo-~])overall. 
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in their allylic side chain. 
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