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A New Mechanism for the Formation of Cyclogropane Derivatives in the 
Thermolysis of Pyrazolines 
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Summai/y Evidence is presented for a mechanism in which 
ionisation of a pyrazoline permits a ring expansion and 
then extrusion of nitrogen in an electrocyclic process 
consistent with retention of stereochemistry by the 
resulting cyclopropane. 

THE thermolysis of Al-pyrazolines (1) with an electro- 
negative substituent X a t  position 3 presents several 
puzzling features.1-3 It is agreed4+ that collapse as 
indicated in (1) is determined by conformational factors and 
is under strict stereochemical control, but the alkenes (2) so 

We studied pyrazolines in the series's (5a-e) with two 
electronegative substituents a t  the 3-position in order to 
magnify ionic effects, if any, in cyclopropane formation. 
The configuration shown was determined for (5a) by X-ray 
crystallography and assigned to the rest on the basis of 
n.m.r. spectroscopy. Thermolysis of (5a) gave alkenes as 
in process (1) and one cyclopropane which was assigned 
structure and configuration (6a) by X-ray crystallography. 
Other cyclopropanes were assigned the same configuration 
by n.m.r. methods except for (6c) in which the two t-butyl 
groups cause distortions and which was therefore assigned 
its configuration by the X-ray method. Each pyrazoline ( 5 )  
gave the corresponding single cyclopropane (6) with 
retention at  both 3- and 5-positions. In general, pyra- 
zolines with other configurations were not available, but the 
residues from the preparation of (6d) clearly contained an 
epimer and gave as the major cyclopropane that with con- 
figuration (7). Hence double retention was observed here 
also, though it may not have been complete. 

Our pyrazolines are fairly stable in cold hydrocarbons but 
are rapidly decomposed by polar solvents, especially 
alcohols. Moreover, polar solvents strongly favour cyclo- 

formed are Often cYcloProPane derivatives propane formation Over alkene (Table). Again, i t  is the 
(3) which may even be the main products. I t  is required to 
explain how the product (alkene vs. cyclopropane) is 
determined, and why some reactions giving cyclopropanes 
are highly stereospecific, others only partly so, and yet 
others not a t  all, A mechanism is required that will 
account for the fact that, when cyclopropanes are formed 
stereospecifically in the thermal reaction, retention at  both 
the 3- and 5-positions is found,2 just as in (unsensitized) 
photolyses. Loss of stereospecificity may be incurred by 
inversion at either position or at  both.2 Earlier it had been 
suggested that a preliminary ionisation may give a zwitter- 
ion (4) in which rotation may invert the 3-position while 
backside attack may invert the 5-position as indicated.l 
However, there is no clear evidence for ionization and the 
hypothesis is incapable of explaining double retention unless 
unusually strained transition states are implicated.6 
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TABLE. Effect of solvent polarity upon the product ratio in the 
thermolysis of the pyrazoline (5d). 

Products (%) 
Dielectric Cyclopropane 

Solvent constant ( 6 4  Alkenes 
C6H6 2.3 19 81 
EtOH 22 47 53 
HCONMe, 28 56 34 
MeCN 32 4s 52 

more electronegative substituents that favour cyclopro- 
panes ; for example, 3-acetylcoumarin with diazomethanc 
yields a pyrazoline that instantly collapses to 3-acetyl-4- 
methylc~umarin~b whereas 3-nitrocoumarin yields only the 
cyclopropane (a claim that the product is a 4-methyl- 
coumarin has been withdrawn8). 

Thus ionisation is important for the formation of cyclo- 
propanes but is under strict stereochemical control leading 
to double retention. We suggest that ionisation does not 
lead immediately to the zwitterion (4) by dissociation, b u t  
only to a tight ion pair or a charge transfer complex in 
which migration can occur until a new covalent bond can be 
formed giving the ring system (8). Electrocyclic elimina- 
tion of nitrogen as indicated in (8)  now affords a cyclo- 
propane with retention at  positions 3 and 5 as required. 
Theoretically the elimination could occur earlier, in the ion 
pair, but the argument is presented in terms of (8) since 
models can be made of it. 
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pointing inwards. Being linear, the cyano group cannot 
fulfil the conditions; accordingly, i t  does not favour cyclo- 
propane formation by itselfg or in conjunction with a 
carbonyl group that cannot take up the correct disposition.10 
In  the structural unit (9) the carbonyl group is badly 
placed and the extent of cyclopropane formation is small a t  
best;ll in contrast, the carbonyl group is well placed in 
structural unit (10) which usually affords cyclopropanes in 
high yield and very rapidly.12 

The mechanism also explains most of the detailed stereo- 
chemical results obtained by McGreer and McKinley, 
which will be more fully discussed at a later date. These 
workers noted inversions a t  the 5-position (up to 26%) 
when stereochemical control was poor. Our views do not 

(9) 

Independent support for this mechanism, even if applied 
to pyrazolines (1) with only one activating group, comes 
from its ability to link cyclopropane formation not only with 
the nature of the activation but also the configuration and 
conformation of the pyrazoline. The migration giving (8) 
will be easy only when the acetyl group (or equivalent) can 
readily occupy a pseudoaxial site with the oxygen atom 

account for this directly. However, it would be expected 
that, when the partial ionisation we invoke leads to no very 
favourable conformation, ion separation may occur in which 
case the zwitterion (4) would be produced and inversion a t  
position 5 would result as envisaged previously. 
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