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Hitherto we studied the dipole moments of 
tropolone (or cycloheptatriene-ol-2-one-1) and 
its derivatives.(1-5) The characteristic feature 
of the molecules of these compounds is that 
the electronic structures with a negative charge 
at the carbonyl oxygen and a positive charge 
at one of the carbon atoms in the ring con-
tribute appreciably to the normal state. The 
same situation is expected(6-8) for tropone (or 
cycloheptatrienone), one of the simplest and 
the most fundamental compounds with a 
cycloheptatriene ring. The determination of 
the dipole moment of tropone made in the 
present investigation will throw light on the 
theory of the n-electron problem as applied 
to the charge distribution in this molecule.

We have also carried out measurements on the 
dipole moments of eleven of its derivatives. 
All the compounds studied were synthesized* 
and purified by one of us (T.N.) and his colla-
borators at the laboratory of organic chemis-
try, Tohoku University. 

Experimental Method and Results 

All the measurements were made in benzene
solution at 25° except in one case(compound

VII) for which the temperature was varied from
20°to 40°. The apparatus and the method of

measurement were the same as used in our 

earlier works. The Halverstadt-Kumler's method 

was employed throughout. The moment of trop-
olone was remeasured, in view of its importance,. 

to get more accurate value from data at various 
concentrations. The results are shown in Tables 
1 and 2, where the same notations are used as 

those in the previous reports. 

Discussion of Results 

Tropone.-The value 4.17 D for the moment 

of tropone is in fair agreement with that of 

Giacomo and Smyth, 4.30D.(10) The large
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Table 1

Dielectric Constant and Density Increments,25°
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increase, about 1.11), in the moment of this 

molecule over that of cycloheptanone , 3.04D,(11) 
indicates the importance of the contribution 

of polar structure B.

fiutton(t2) pointed out that the moments of

various unsaturated ketones and aldehydes 
with conjugated C=C double bonds fit in well 
with calculated values, if we give mesomeric 
moments of 0.1 D and 0.2 D respectively to 
C-C bonds adjacent to the carbonyl group 
and to the next C = C bonds, each lying along 
its respective bond. The correction of meso-
meric effect can only partly explain the in-
crease of moment of tropone over that of 
cycloheptanone. The calculated value is 3.5D, 
still smaller than the observed value by an . 
amount of 0.7 D. This may be attributed to 
an additional effect due to the formation of 
cycloheptatrienone ring. In fact, the difference

(11) Hs. H. Giinthard and T. Q5umann, Hele. Chim. 
Ada., 34, 39 (1961).
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Table 2

Dipole Moments of Tropone and Related Compounds in Benzene Solution at 25°

(a) RD observed is 33.9 cc.(8) 

(b) RD observed is 37.46 cc. and the value extrapolated to infinite wavelength is 34.30cc.(9) 
* Apparent moments .

of 0.7 D is very close to the moment of 0.85D 

calculated theoretically for heptafulvene.(13) 

The magnetic susceptibility measurements by 

Maruha and Hazato(14) also indicate the im-

portance of the electronic structures of the 
type B.* If we assume that the structure A 

has a moment 3.0 D and the structure B has 

16.8D, the contribution x of the polar form 

B can be calculated from

as x=0.082. There are six individual structures 
for B. Hence the contribution of each polar 
structure is 0.014, giving an effective positive 
charge 0.014 e to each of the six ring carbon 
atoms. Brown(15) in his molecular orbital 
treatment gave an effective charge of 0.06-
0.11 e. This is not surprising, since the neglect 
of mutual repulsion between electrons, made 
in simple molecular orbital method, will always 

give too high value for the theoretical moment. 

2-Phenyltropone and its derivatives.-
The moment of 2-phenyl-tropone is smaller 
than that of tropone, clue to the induction 
effect. Presumably the benzene ring is nearly 

perpendicular to the plane of cycloheptatriene 
ring to minimize steric hin(Irance. The absorp-

tion spectra studied by Tsuboi(16) also indicate 
that the degree of conjugation between the 
two rings is not great. With the assumption 
that the cycloheptatriene ring has a regular 
heptagon form, that the moment of 2-phenyl-
tropone, 3.82 D in magnitude, lies along the 
C=O bond direction and that the value of C-
Br bond moment is 1.5 D, the moment of 4-
bromo-2-phenyltropone was calculated to be 
2.61), a little lower than the observed value 
of 2.73D. Actually owing to induction effect, 
the moment of 2-phenyltropone makes an 
angle of a few degrees with the C = O direction 
towards phenyl-group. This with C-Br 
moment gives a greater resultant moment in 
agreement with experiment. The moment 
calculated for 3, 7-dibromophenyltropone in a 
similar manner is 4.4D to be compared with 
the observed value of 3.671). The difference 
of this order of magnitude may be attributed 
to the induction and steric effects. 

The position of methoxy-group in 2-(p-
methoxyphenyl)-tropone has already been 
determined by us(17) from evidences in organic 
synthesis. Hoping to confirm the conclusion, 
we calculated the moment for p-position with 
reasonable assumptions. The calculated value 
of 3.9 D agrees fairly well with the observed 
value of 3.63 D. **
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reference (e) of Table 1. 
** The theoretical value is rather insensitive to the 

presumed position of methoxy-group (3.9 D for para, 3.9 
D for meta and 3.4 D for ortho-substitution). It is there-
fore impossible from the dipole moment data alone to 
determine the position.
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Table 3 

Dipole Moments of Methyl Ethers of Tropolone Derivatives

 Tropolone methyl ether and its deriva-
tives.-The moment of tropolone methyl ether 
was estimated from those of tropone and 
methoxy-group with due regard to the meso-
meric moments of O-C (ring) bond. The 
calculated moment is 3.1-3.91) for cis-con-
figuration, i, e., for methyl group near the 
oxygen atom of C=O in the ring plane, 5.1-
5.6D for trans- configuration and 4.2-4.81) 
for the structure in which the methoxy-group 
lies in a plane perpendicular to the ring. The 
possible explanation of the observed moment, 
4.72D, is either that the methoxy-group is 
out of the ring plane to minimize steric hin-
drance or that both cis- and trans-configurations 
are present to give an intermediate moment. 
A similar conclusion can also be derived for 
substituted methoxytropones as shown in 
Table 3. 

In particular, the moment of 3-bromo-2-
methoxytropone is very close to the theoretical 
value for cis-configuration. Probably the 
methoxy-group is repelled by the great steric 
repulsion of bromine atom at 3-position. This 
will render the molecule less stable than that 
of 7-bromo-2-methoxytropone in good agree-
ment with the fact that the former is more 
liable to aromatization than the latter.(18) Mills 
and Tyrell(19) in their preliminary measure-
menu gave for the moment of ma(β in their

notation) -methyltropolone methyl ether A the 
value of 4.9 D in agreement with ours. Sutton 
and Saxby(20) also measured the moment** of 
this compound and supported the constitutions 
proposed by Akroyd and others. 

The moment of tropolone methyl ether 
hydrate is independent of temperature and the

dependence of the dielectric constant and 

density of the solution upon concentration is 

normal. This fact suggests no association 

taking place. The observed apparent moment 

of 6.80D agrees within experimental errors 

with

Hence we conclude that in benzene solution 
the hydrate dissociates into three separate 
molecules. 

Summary 

The dipole moments of tropone, 2-phenyl-
tropone, tropolone methyl ether and their 
derivatives were measured in benzene solution
a,t 25°. The increase of moment of tropone

over that of cycloheptanone was adequately 
explained by mesomeric effect and an addi-
tional effect due to the formation of cyclo-
heptatriene ring. The latter effect was sup-

ported by the theoretical moment for hepta-
fulvene. The moments of various derivatives 
were compared with the theoretical data. The 
agreement between them confirmed the cor-
rectness of the position of substituents in these 
compounds already determined or inferred 
from the standpoint of organic syntheses. The 
apparent moment of tropolone methyl ether 
hydrate indicates that in benzene the hydrate 
dissociates into three separate molecules. 
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Kitahara and Mr. T. Mukai of Tohoku Univer-
sity for their collaboration in the syntheses of 
these compounds. - Our thanks are also due to 
the Ministry of Education in aid of this re-
search. 
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 * The position of isopropyl-group was determined by 
T. Nozoe, S. Seto, T. Ikemi and T. Sato from evidences in 
organic chemistry, the details of which will be published 
shortly. 
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