
282Shigeyoshi KATAGIRI, Ichiro MURATA, Yoshio KITAHARA and Hiroshi AzuMI[Vol. 38, No. 2

The Dipole Moments of Some Sesquifulvalene Quinones and 
Related Compounds 

By Shigeyoshi KATAGIRI, Ichiro MURATA,* Yoshio KITAHARA* 
and Hiroshi AZUMI 

(Received August 7, 1964)

Although it is considered probable, from 
theoretical considerations, that sesquifulvalene 
is a highly polar molecule due to a charge 
transfer from the electron-donating seven-
membered ring towards the electron-accepting 
five-membered ring, experimental evidence for 
this conclusion has not yet been provided 
because sesquifulvalene is not stable and easily 
polymerizes.1-4) Recently Kitahara et al.5) 
have synthesized some stable quinone deriva-
tives of sesquifulvalene-sesquifulvalene-1, 4-
quinone (VII) and 2, 3-benzosesquifulvalene-
1, 4-quinone (VIII). Each of these quinones has 
two electron-withdrawing carbonyl groups in 
the five-membered ring, so that a considerable 
amount of charge transfer should be expected 
between the two rings. Accordingly, their 
dipole moments should provide some informa-
tion with respect to this charge transfer. In 
order to obtain more detailed information, 
however, an investigation of the dipole moments 
of some diones related to the above quinones 
must also be undertaken. Therefore, besides 
those for the sesquifulvalene quinones, the 
dipole moments were measured for several 
compounds not having a heptafulvene struc-
ture-cyclopentene-3, 5-dione, indane-1, 3-dione, 
and their halogeno and tropyl derivatives. 

Experimental

The following samples were used:cyclopentene-

3,5-dione(I), m. p.37-38℃,6)4,4-ditropylcyclo-

pentene-3,5-dione(II), m. p.121-122℃,5)1,2-di-

chlorocyclopentene-3,5-dione(III), m. p.163℃C,7)

1,2-dichloro-4,4-ditropylcyclopentene-3,5-dione(IV),

m.p.103-104℃5), indane-1,3-dione(V),m. p.132-

133℃,8)2,2-ditropylindane-1,3-dione(VI), m. p.

167.5-168℃5)[reported m. p.173-174℃9)]), ses-

quifnlvalene-1,4-quinone(VII), m. p.179-180℃,5)

2,3-benzosesquifulvalene-i,4-quinone(VIII), m. p.

244-245℃,5)and 2,3-dichlorosesquifulvalene-1,4-

qujnone(IX), m. p.263℃(decomp.),5)

The dipole moments of these substances were

measured in benzene at 25℃ using a high-inpedance

a. c. bridge method described previously.10) The 

benzene was purified as before.10) The dipole 
moments were calculated using the method and 
equation of Halverstadt and Kumler :11)

The plots of ε12 versus w2 and v2 versus w2 were

straight lines within the limits of experimental

error. The values of ε1 and v, were obtained by

the method of least squares. The molar refractions, 
RD, were calculated from the bond refraction data.12) 

For 1, 2-dichlorocyclopentene-3, 5-dione and 1, 2-
dichloro-4, 4-ditropylcyclopentene-3, 5-dione, how-
ever, because of their low dipole moments, the 
refractive indices at the D-line were measured 

using a Purflich refractometer, and the molar re-
fractions were obtained from the following equa-
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TABLE I. THE DIPOLE MOMENT DATA IN BENZENE AT 25℃

* The moment values in parentheses were obtained using the RD value calculated from bond 

refraction data.
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tion, which is similar to Halverstadt and Kum-
ler's :

Whereγis the slope of n12 against w2. The values

of n12 and γ were also obtained by the method of

least squares. The molar refractions thus obtained 

were in substantial agreement with the calculated
values. The data are shown in Table I. The 
dipole moments of the diones and sesquifulvalene 

quinones are listed in Tables II and III respectively. 

TABLE II. THE DIPOLE MOMENTS OF CYCLO-

PENTENE DIONE, INDANE DIONE AND SOME 

DERIVATIVES

Results and Discussion 

Cyclopentene- and Indane-diones.-The fact 
that the dipole moment of 1, 2-dichlorocyclo-
pentene-3, 5-diones is ca. 1 D. lower than that 
of unsubstituted cyclopentene-3, 5-dione evi-
dently indicates that the moment of cyclopen-
tene-3, 5-dione is directed towards the methyl-
enic carbon from the center of the ring, the 
same direction as the carbonyl resultant 
moment. 

In the case of cyclopentene-3, 5-dione, the 
substitution of two tropyl groups on the 
methylenic carbon results in a decrease of ca. 
0.1 D. (1.69 D. compared with 1.80 D.), whereas 
with its dichloro derivatives an increase of 
almost the same value is revealed (0.88 D. 
compared with 0.76 D.). This indicates that 
the tropyl resultant moment is in the same 
direction as the C-Cl resultant and that these 
two moments are in the direction opposite to 
that of the C=O resultant ; the moment of 1, 2-
dichlorocyclopentene-3, 5-dione is, therefore, 
directed towards the C-Cl resultant. The 
moment of the tropyl group, therefore, seems 
to be ca. 0.1 D. larger than the C-H moment 
when the positive pole of the C-H moment is

assumed to lie on the hydrogen atom. On the 
other hand, in the case of indane-1, 3-dione 
there is scarcely any change in the moment 
for a similar substitution of the tropyl groups 
(2.74 D. compared with 2.73 D.). 

If one assumes the five-membered ring to be 
a regular pentagon, the two C=O groups make an
angle of 144°, Using the bond momentsμc-H

=0 andμc=o=2,3 D,13)the moments of both

cyclopentene-3, 5-dione and indane-1, 3-dione 

are calculated to be 1.4 D. The observed 

moments are both larger than those calculated, 

the difference being 0.4 D. with the former 

molecule and 1.3 D. with the latter. Such an 

increase in the moment, called the mesomeric 

moment, may be attributed to the charge 

transfer brought about through the resonance 

interaction from the ethylene or benzene group 

to the C=O groups, such as:

These values are very close to the incremental 
moments in going from maleic anhydride 
(3.91 D.14)) to succinic anhydride (4.2 D.15)) and 
from the latter to phthalic anhydride (5.27 D.15)) 

Sesquifulvalene Quinone.-If a change transfer 
does not occur between the five- and seven-
membered rings, one would expect the dipole 
moments of sesquifulvalene-1, 4-quinone and 
its benzo derivative to be close to those of 
the corresponding diones which have been 
dealt with above. The experimental results 
for benzosesquifulvalene quinone seem nearly 
to bear this out, for it has a moment 
of 2.48D. compared to the moment of 2.73D. 
of indane-1,3-dione. On the contrary, the dipole 
moment of sesquifulvalene quinone is very 
high compared with that of cyclopentene dione, 
the difference in the moment being ca. 1 D. 
Thus these facts strongly suggest the possibility
of a charge transfer interaction between the 
two rings present in these quinones. Regard-
ing the direction of such a transfer, there are 
two possibilities to be considered, but one of 
them, transfer at the charge towards the seven-
membered ring, is evidently in contradiction 
with the experimental data, as can be seen 
from a comparison of the moment of benzo-
sesquifulvalene quinone with that of the 
corresponding indane dione. On the other 
hand, assuming that the transfer is oppositely
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directed towards the five-membered ring and 

that the moments due to it are 4.7 and 5.2 D. 

respectively, values which are very large com-

pared with those of the diones, then the 
observed relationship between sesquifulvalene 

quinones and the corresponding diones may be 
satisfactorily explained. Accordingly, the de-

crease in the moment of sesquifulvalene qui-

none upon the addition of a fused benzene 

ring may be understood as being due to the 

increase in the moment opposed to the charge 

transfer from the seven-membered ring. If the 

above reasoning is correct, one would expect 

a very large moment for the 2, 3-dichloro di-

substituted derivative of sesquifulvalene qui-

none because the C-Cl resultant takes the same 

direction as the moment of sesquifulvalene 

quinone. Theoretical calculation predicts a 
moment of 4.95 D. for such a compound, using

the bond moment μc-ci=1.3 D. deduced from

the moment of o-dichlorobenzene (2.26 D.).14) 
In fact, a value of 4.91 D. was observed for 
this quinone, a value in good agreement with 
the predicted one. 

Thus one arrives at the conclusion that a 
remarkably large amount of charge transfer 
takes place from the seven-membered ring 
towards the five-membered ring in these ses-
quifulvalene quinones and that, consequently, 
their dipole moments are as a whole in the 
same direction as the charge transfer, and 
opposite to the C=O resultant. 

By making the reasonable assumption that 
the five-membered rings of these quinones 
have regular pentagonal structures, as in cyclo-

pentene dione and indane dione, the C=O 
resultant is calculated to have a value of 1.4 D., 
as before. Accordingly, the increase from this
value, Δ μ=μtotal-2μc=o, is calculated to be

4.3 D. for sesquifulvalene quinone and 3.9 D. 

for its benzo derivative by subtracting vecto-

rially the C-O resultant from each observed 

value; surprisingly, they are both very large 

and directed from the seven-membered ring 

towards the five-membered ring, the former 

being 1.1 times higher than the latter. These 

incremental moments may be ascribed to the 

contribution of such polar structures as :

When the inductive effects due to the C=O 

groups are disregarded, it follows that :

Even though various values, ranging from 1.5 D.

to 0.3 D.,1)have been estimated for the π-

moment of a C=O group(μ πc=o), it can only

be said that theπ-moment of sesquifulvalene。

1, 4-quinone should be greater than that of 

benzosesquifulvalene-1, 4-quinone. 

The charge transfer moment towards the five-

membered ring may be obtained as follows. 

Taking the moments opposed to it as equal to 

0.4 D. and 1.3 D., which have been found in 

the dione compounds, then the required trans-

fer moments turn out to be 4.7 D. for sesqui-

fulvalene quinone and 5.2 D. for its benzo 

derivative, the latter value being 1.1 times 

higher than the former. Although the above 

assumption regarding the magnitudes of the 

opposite moments is open to question, it seems 

very likely that the charge transfer from the 

seven-membered ring would be larger in benzo-

sesquifulvalene quinone. The greatest part 

of these transfer moments may, of course, be 

considered to be due to the migration to the 

C=O groups, as may be seen from the contri-

bution of the various polar structures. The 

charge migration in these sesquifulvalene 

quinones are also shown by the molecular 
orbital calculations. The electronic structures 

and the spectral data of these compounds will 

be discussed in detail later. 

Summary 

The dipole moments of some quinone deriv-

ative of sesquifulvalene, the corresponding 

dione compounds and their several derivatives
have been measured in benzene at 25℃. The

moments of cyclopentene-3, 5-dione and indane-
1, 3-dione are in the same direction as the 
carbonyl resultant, the mesomeric moments 
being 0.4 D. and 1.3 D. respectively. On the 
other hand, the direction of the moments of 
sesquifulvalene-1, 4-quinone and its 2, 3-benzo 
derivative is just reversed because of a large 
transfer from the seven-membered ring towards 
the five-membered ring, presumably towards 
the carbonyl groups. The incremental mo-
ments, the difference between the observed 
and the carbonyl resultant, in these quinones 
are 4.2 and 3.9D. respectively, while the 
moments due to the transfer from the seven-
membered ring are 4.7 and 5.2D., suggesting 
that such a charge transfer is greater in benzo-
sesquifulvalene quinone. 
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