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 Molecular Structure of Mono-
chloromethyl Chloroformate 

       By Minoru KASHIMA 

        (Received January 21, 1952) 

 The molecular structure of monochloromethyl 
chloroformate molecule in the gas phase was 
determined by electron diffraction studies. The 
sample was prepared by passing a mixture of 
methylformate vapour and chlorine through a 
silica tube exposed to the light from a mercury

lamp, and redistilled at 52.5-53° under 100

mm.Hg. The photographs were taken in the 

usual way with an electron wave lengh of about 

0.06A. and a camera distance of 8.5cm. 

 The interatomic distances and valence angles 

determined are as follows:

ClOOOCH2Cl.

An angle between and plane

is 0° ～90°, and the chlorine atom in the-CH2Cl

group is trans to the carboxyl carbon atom. 

 The carboxyl C-O bond in this molecule is 
about 0.03A. shorter than the normal bond, 
corresponding about 5% of Pauling double bond 
character and thus in fair agreement with its 
non-planar constellation. J. M. O. Gorman et 
al. reported the structures of the methyl formate, 
methyl acetate and methyl chloroformate mole-
cules by means of electron diffraction.(1) 
According to their investigation, all these mole-
cules have approximately planar configurations 
with the ester methyl group cis to the carbonyl 
oxygen atom, and they have shorter carboxyl 
C-O distance (1.35-1.37A.), and longer me-
thoxyl C-O distance (1.46-1.47A.), than the 
normal bond. The contrasting results for these 
esters are in agreement with the conclusions 
from dipole-moment studies for aliphatic car-
boxylic esters(2), ((4) but not for methyl car-
bonate and methyl and ethyl chloroformates, 
these molecules according to the dipole stud-
ies(5),(6) having rather large amplitudes of 
libration. However, the dipole moment data 
are not incompatible with a mainly planar 
structure, either cis or trans, with considerable 
libration and considerable resonance, the vari-
ous, possibly large, resonance moment contri-
butions having been neglected. (5), (6) Accord-
ingly, the carboxylic C-O bond seems to have 
less double bond character and hindrance to
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libration in methyl chloroformate than in the 
simple esters, but more than in chloromethyl 
chloroformate; correspondingly, chlorine in 
either position probably diminishes the net 
contribution of the C-O (carboxyl) structures

such as I, perhaps by giving rise

predominantly to competing structures such

as II, and III,

as well as by the destabilizing (inductive) effect 
of the chloromethyl dipole on structure I. 
Structure III would also account for the 
shortening of methoxyl C-O in monochloro-
methyl chloroformate. 
 The details of this research will be published 

elsewhere. 
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