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On the Conformation of 1,4-Cyclohexanedione 

Sir: 

The outstanding example of a simple six-membered 
ring which is considered to exist either predominantly,1>2 

or in some part,3-7 in a boat or polar nonchair confor
mation is 1,4-cyclohexanedione. The basis for this 
belief has rested largely on the observation of a dipole 
moment of ca. 1.3 D.2a'3,6"8 The view that the mole
cule exists predominantly in a flexible nonchair con
formation is a reinterpretation1 of dipole moment data 
which were originally interpreted3|6'6 in terms of an 
equilibrium between chair and boat in favor of the 
chair. Recent X-ray structure analyses2 have also 
yielded a twist boat structure for which the calculated 
dipole moment is in good agreement with the value 
measured in benzene solution. Theoretical studies1'4,9 

support the experimental findings. Infrared, Ra
man, la 'b and nmr spectroscopiclc,d studies have been 
brought to bear on this problem. 

We have found that 1,4-cyclohexanedione is a non-
polar molecule in the gas phase, using the molecular 
beam electric deflection method,10 i.e., the deflection 
(defocussing) of a beam of this molecule in an inhomo-
genous electric field (quadrupole focusser). Mass 112 
was monitored and no refocussed beam was observed 
at 293, 374, 396, and 478 0K (Table I). 

These data are incompatible with the molecule having 
a 1.3-D dipole moment and indicate that there is a 
negligible amount of polar molecules present in the tem-
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Table I. 1,4-Cyclohexanedione Defocussing as a 
Function of Temperature 

Temp, 
0K 

293 
374 
396 
478 

Sensitivity 

0.34 
0.30 
0.32 
0.31 

25/0' 

0.06 
0.08 
0.08 
0.12 

0/25^ 

0.06 
0.08 
0.07 
0.14 

25/25« 

0.00 
0.00 
0.02 
0.14 

" Scattered beam as per cent of straight-through beam. b Ex
pressed as per cent of straight-through beam. c 25 kV on the A-
field focusser. d 25 kV on the B field. • 25 kV on the A and B 
fields. Other samples run at room temperature did not show the 
small increase in signal at this voltage setting. 

perature range studied. Although X-ray results2 may 
result from intermolecular forces in the crystal11 (rea
sons for this behavior are probably quite complex), 
our results are in direct contradiction to the dipole 
moment measurements in solution and in the gas phase. 

The experimental results can be interpreted in terms 
of a nonpolar chair I or fully extended twist boat II. 

I O E 
Also, complicated tunneling behavior connecting the 
various polar boat forms could occur. However, re-
focussing should be observed in the latter case if the 
potential energy barrier for the motion is not too low 
(i.e., if the molecule is not completely "flexible"). As 
an example, ammonia, which has roughly analogous 
"inversion" behavior, refocusses strongly12 from the 
vibrational states below the potential barrier (i.e., the 
inversion doublets). Thus, it would seem reasonable 
that our results imply a chair or fully extended twist-
boat conformation for the molecule. Our experiments 
cannot distinguish between these two possibilities. 
However, the relationship between the carbonyl group 
and the adjacent methylenes in the chair form is much 
more like that established for acetaldehyde,13 which has 
eclipsed C = O and C—H bonds, than it is in the fully ex
tended twist boat. The chair conformation would thus 
seem to be the most likely ground state for 1,4-cyclo
hexanedione in the gas phase. 
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