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A Stereospecific Rearrangement of pp-Dichlorocyclobutanols to 
a-Chlorocyclopropane Carboxaldehydes 

By P. R. BROOK 
(Departwent of Organic Chemistry, The University, Leeds 2) 

THE addition of dichloroketen to olefines provides a 
useful source of ax-dichlorocyclobutanones.1-8 
The stereospecific rearrangement of cyclobutanols 
derived from one of these adducts, that from 
cyclopentadiene, is now reported. The reaction 
yields ar-chlorocyclopropane carboxaldehydes, and, 
apart from its general synthetic utility, is an 
example of conformation and stereoelectronic 
control in cyclobutane derivatives. 

The cyclobutanols were obtained by the reduc- 
tion of the adduct, 7,7-dichlorobicyclo [3,2,0]hept- 
2-en-6-oneJ2 with sodium borohydride. The 
mixture of the endo-alcohol (I; m.p. 34") and the 
em-alcohol (11; m.p. 81'), formed in the ratio of 
81 : 19, were separated by chromatography (Kiesel- 
gel G)* or by preparative g.1.c. Stereochemical 
assignments made were based on the n.m.r. spectra 
of the alcohols and their derivatives : t in particular 
the signal of the C-6 hydrogen atom was a t  a 

higher field in em-derivatives (shielding by the 
bonds of the five-membered ring), and the relative 
chemical shifts of the two hydrogen atoms on C-4 
were further apart in the endo-derivatives (greater 
deshielding of C-4 endo-hydrogen by the substi- 
tuent) . The larger proportion of endo-alcohol (I) 
is consistent with preferred approach of boro- 
hydride ion from the less hindered em-face of the 
bicyclic ketone. 

Catalytic reduction of the double bond in these 
bicyclic alcohols (Pt-H, in MeOAc) gave the 
dihydro-derivatives [dihydro-(I), m.p. 51'; dihydro- 
(11); m.p. 81'1. It was convenient to use the 
products of rearrangement of these saturated 
alcohols to prove the formation of the bicyclo- 
[3,1 ,O]hexane skeleton. For clarity, the stereo- 
chemistry of the reaction is assumed a t  this stage, 
although proof was only obtained by rearrangement 
of the unsaturated alcohols (I and 11; see below). 

R R' R R' R R' 
(I) OH H (111) C1 CHO (IX) C1 CHO 

(11) H OH (XI CHO C1 

Attempts to form the strained iodo-ether (NaHC0,-I,) failed with both ando- and exo-alcohols. In the former 
case the crude product was a cyclobutanone (vmax 1800 crn.-l), which suggested that no skeletal rearrangement had 
occurred in the reduction of the bicycloheptenone. 
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In the endo-series [dihydro-(I)], treatment with the results obtained in the unsaturated series. 
aqueous base (2N-NaOH) gave the exo-carboxalde- exo-Alcohol (11), when treated with base as above, 
hyde (111; 70%) which with silver oxide gave the gave exclusively the endo-carboxaldehyde (X, 
corresponding a-chloro-acid (V; m.p. 103-104°; 40%), having the correct analysis figures, but, from 
pKa in water, 3.05 f 0.1 1). Similarly, exo-alcohol its spectroscopic properties, clearly existing largely 

(-95%) as the valence bond tautomer (Xa).8 This 
equilibrium can only exist if the double bond and 
carboxaldehyde groups are on the same side of the 
cyclopropane ring. 1 

Similarly, the endo-alcohol (I) gave the exo- 
carboxaldehyde (IX ; no valence bond tautomer 
possible) and from this the corresponding exo- 
acid (XI ; m.p. 115"). When this acid was melted 
or crystallised from hot water a smooth conversion 
into benzoic acid ensued, by loss of the elements of 
hydrogen chloride. This strongly suggests that the 
chlorine atom in the acid (XI) has the endo- 

(1) endo-series 

H 

[dihydro-(11)] gave the endo-carboxaldehyde (IV) , 
and thence the related a-chloro-acid (VI; m.p. 
118-120"; pKa in water, 2.86 f 0.03). Reductive 
dechlorination of either chloro-acid (Na-liq. NH 3) 

gave the same mixture of known endo- and exo- 
bicyclo [3,1,O]hexane-6-carboxylic acids [respec- 
tively (VII) and (VIII) ; ratio 69 : 311. This shows 
that the same radical and/or carbanione is formed 
from either a-chloro-acid. The stability of such 
species is expected in view of the difficulty of the 
(predicted') conrotatory opening to a less strained 

(11) exo-series 

allylic isomer, and, in addition, the presence of the 
a-carboxylate anion. Preponderance of the endo- 
acid (VII) indicates preferential protonation of the 
carbanion from the less hindered exo-face. 

The relative configuration of the rearrangement 
products, assumed above, has been assigned from 

configuration, and the opening of the cyclopropane 
ring to the ally1 cation involves rearward attack by 
the electrons of the lJ5-bond on the C-6, C1 bond 
with disrotatory opening of the ring (C-1 and C-5 
outward). @ 

Proof that the rearrangement of the endo- 
alcohol (I) and its dihydro-derivative followed the 
same stereochemical course was obtained by reduc- 
tion of chloro-acid (XI) to its dihydro-derivative, 
identical with the acid (V) obtained from the 
saturated endo-alcohol [dihydro-(I)]. 

Ring contractions of cyclobutanes to cyclopro- 
pane derivatives usually involve non-classical 
bicyclobutonium ions.1° Wiberg has shown that 
when the cyclobutane is held in a non-planar 
conformation neighbouring group participation by 
a cyclobutane bond requires the leaving group to 
be pseudo-equatorial,11,12 This stereoelectronic 
requirement has been assumed in other cases of 
ring-opening13 or ring-contraction14 of cyclobutanes. 

In the present ring-contraction, there is some 
evidence that carbonium ions are not involved : the 
alcohols are unaffected by neutral aqueous silver 
ion, and strong base appears to be necessary for 
reaction. Development of partial positive charge a t  
C-7 by ionisation of one chloro-group would be 
discouraged by the inductive effect of the second 
one. It is suggested that a concerted reaction 
occurs as in equations (1) and (2), with the 'push' 
of the cyclobutoxide ion providing a greater driving 
force than the 'pull' of the chlorine atom. Parti- 
cipation by the cyclobutane 5,6-bond requires the 
hydroxyl group and the chlorine atom to be both 
pseudo-equatorial and trans to obtain maximum 
orbital overlap in the rearrangement. The reaction 

3 It is noteworthy that the equilibrium in this case is in favour of the 2-oxabicyclo[3,2,l]octa-3,6-diene (Xa) , whereas 
the compound without the chlorine (ref. 8) exists mainly as the bicyclo[3,Z,l]hex-2-en-6-endo-carboxaldehyde (70%). 
The chlorine atom would be expected to destabilise the carboxaldehyde (X) by inductive effect (cf. chloral) and stabilise 
the form (Xa) by extra resonance as a vinylic chloride. 
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can be compared with the conversion of trans-2- 
chlorocyclohexanol into cyclopentane carbox- however). 

aldehyde1& (which has a different driving force, 
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