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We bave already measured the dipole mo-
ments of tropolone and some of its derivatives
in benzene golution.( The high moments of
tropolone were explained adequately by taking
into account the contribution of various reso-
nance structures with a formal positive charge
at the ring carbon atoms. The resonance was
supposed to give a certain amount of double
bond character to each bond in' the ring,
resulting in a coplanar hepiagon configura-
tion. The supposition was still too indirect to
allow a definite conclusion and hence we
undertook an electron diffraction experiment
on tropolone to get more direct evidence in
support of a regular heptagon ring. After the
experiment was complete, an experiment simi-
lar to ours was published by Heilbronner and
Hedberg® and X-ray study by Robertson(®
on the copper complex of tropolone. Though
our resulis were essentially the same as those
of Heilbronner and Hedberg, we think it worth-
while to report them in detail, because we could
explain the appearance of a peak in the radial
distribution function which they failed to as-
sign o any possible distance, and in addiiion
we could dezl with the two C-O distances in
more extensive manner, the resulis of which
will be of much interesé concerning the pos-
sible symmetry of this molecule.

Material and Experimental Method.—The trop-
olone sample (m. p. 50~51°) was synthesized
and purified at the laboratory of organic chemis-
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try, Tohoku University.®> It was evaporated at
a temperature several degrees higher than its
melting point, and was led through a high tem-
perature nozzle into a vacuum chamber to inter-
fere with an electron beam of 0.05~6 A, wave-
length calibrated with a gold foil. Tne diffrac-
tion photographs were prepared in the usual
way.® The camera distance was 11 ¢m,

Experimental Results.—The visual intevsity
curve obtained is shown in Fig. 1 (",)* The ¢
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Fig. 1.—Visual curve and thie radial distribu-
tion function of tropolone

(=10s/x) values for the maxima and minima of
diffraction halos are given in Table L.
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% The dotted portion was obtained from the theoret-
jcal intensity curve calculated for the molecular etructnre
inferred from the preliminary radial distribution function,
which was derived from the full line part of the visual

intensity curve.
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Table 1

The ¢ values for the maxima and
minima of diffraction halos

Max. Min. ¢ Max. Min. ¢
1 10.06 9 49.04
2 12.10 9 51.59
2 14.68 10 54.23
3 16.62 10 58.74
3 19.10 11 62.61
4 21.78 11 65.18
4 24.10 12 68.20
5 26.13 12 72.82
5 28.43 13 75.89
6 31.04 13 79.60
6 33.91 14 85.00
7 37.39 14 89.03
7 40.89 15 92.99
8 43.70 15 96.51
8 46.47

The radial distribution function,
rD0)= 3, I,exp (—ag? sin (_q‘ qr)
a=1 10

calculated from the visual intensity curve ¥ is
shown in Fig.1 (RD,). Here notations have their
usual significances and the constant @ was chosen
so that exp (—ag®=0.1 at gmax. The peaks at
1.39 and 3.13 A, are sharp and hence the values
are accurate. Those at 3.59 and 4.38 A, are dis-
tinet but broad, presumably due to the close
proximity of two different distances.* The humps
at 110, 2,30 and 2.48 A. are less distinct and are
not suitable for obtaining accurate values for the
distance. Of the thres weak maxima at 175,
2,80 and 4.02 A,, the latter two seem to be insig-
nificant, while the first one corresponds evidently
to the fairly conspicuous peak at 1.73 A, of Heil-
bronner and Hedberg., These peaks and humps
can be explained properly except ibe three weak
maxima as shown in Table 2 (3rd and 4th
columns) with the following two assumptions. (1)
The tropolone ring has a plane regular heptagon
form shown in Fig. 2 with edges 1.89 A. long. (2)
Each of the C-O bonds of 130A. in length lie
along a line bisecting ihe respective / CCC angle.

The C-O distance of 1.30 A., 0-O distance of
252 A, and C-H distance of 2.13 A. will be mask-
ed respectively by peaks at 1.39, 2,51 and 2.28
A. The flat peak at 1,75 A. less obvious than
that of Heilbronner and Hedberg does not cor-
respond to any possible distance, We suspected
that the appearance of this psak might be due
to the inaccuracy of intensity estimation by visual
method on the 1st, 2nd, 4th, 7th and 9th maxima.
We therefore tried to modify the visual curve ¥y

. * Another explanation that this is due to the vibra-
tional motion of atoms is less likely, because we should
then expect similar broadening for the peak at 3.13 A as
will be clear in later paragraphs.
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Table 2
Interatomic distances in tropolone
Interatomic distance, A.

Ratio of o
Bord  ZZiry “areroba, RD, obs. RDy
C,-0, 18 1.89 1.89 1.89
0,-C, 11 2.51 2.48 2.51
C,-C, 8 3.12 3.13 3.18
0,-Ca 8 2.28 2.30 2.82
C,-0, 7 1.80 — —
0,-Cs 5 3.61 3.59 3.60
0,-C, 4 4.40 4.38 4.39
0,-04 3 2.52 _ _
C-H 3 1.10 1.10 1.10
C..H 3 2.18 — 2.18

Fig. 2.

in such a way that the ghost disappears, The
resulting curve and the radial distribution func-
tion obtained from it are.shown in Fig. 1 (V5 and
RD,). The three ghosts in question disappear in
the radial distribution function. The curve Vg
is in conformity with the visual estimation ex-
cept that here the 2nd and 4th weak maxima in ¥V,
appear as inflection points, It is very hard to
determine accurately the intensity of such maxima
by wvisual method. In fact it is known that a
weak maximum observed by naked eyes, if ex-
amined by microphotometry on a diffraction’
phiotograph taken with a sector, turns out to be
an intlection point of the curve. Hence we believe
that }'2 rather than }7; is nearer the truth and
wish to point out that in view of the fact that
the whole visual curve affects the radial distri-
bution function, it is possible that small errors
in visual curve may give rise to fortuitous maxima
in radial distribution function. The interatomic
distances from the modified radial distribution
function RD,; are given in the last column of
Table 2, The agreement with the calculated values
is excellent.*

In order to determine C-O distance which was
masked by a very strong peak at 1.39 A, in the
radial distribution function, we calculated the
theoretical intensity curve

% Vertical bars in Fig ‘1 (RDs) indicate distances
calculated for the best model. The heights of the bar
are drawn proportional to £ 5/r;;.
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for various values of C;-0; and C,-O, distances

ranging from 118 {o 138 A. Here % and Z;

denote the atomic numbers of i- and j-atoms
respectively and r;; the distance between them.
The ring was assumed to have a regular heptagon
form with C-C distance equal to 1.39 A. The line
along the C-O bond was assumed to bisect /CCC
angle. The effect of hydrogen atom could be
neglectel. A part of the results are summarized
in Table 3 and Fig. 3.

Table 3

Various models for the theoretical
intensity curves

Model C,-0y J(&liatance, Cy-0, gis’fance.
1 1.26 1.26
2 1.30 1.30
3 1.34 1.34
4 1.22 1.3
5 1.22 1.38
6 1.26 1.54
7 1.30 1.38
3 [ e, 2ooM 15

Fig. 3—Theoretical intensity curve

The following experimental facts will serve as
a criterion to discard some of the presumed
values of C-0 distance., (1) The 10th and 11th
maxima in the visual intensity curve with nearly
equal intensity are broad. (2) The 12th and 13th
maxima have nearly equal strength and are sharp.
It was found that if the iwo C-O distances were

% The effect of vibration of atoms in the molecule,
which is not taken into account in this equation, did
not affect appreciably the position of maxims snd minima
and also the relative intensity of maxima lying close
together. This will be explained in detail later.
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assumed to have equal length (Cf. models 1~38),
a distance of 1.26 as well as 1.84 A, does not fit
the experiment, If the two C-O distances are
different, we have naturally a variety of choice,
though a distance less than 1.22A. or greater
than 1,40 A. (Cf. models 4 and 5) for one of the
two C-O bonds does not give any theoretical
intensity curve in agreement with the experiment.
If we take vibrational motion into account, the
theoratical intensity curve changes in such a way
that both the 10th and the 11th maxima become
a little flatter, the degree of change being greater
for the former than for the latter and that
the shelf at the lower right foot of the 13ih max-
imum becomes less obvious. These changes,
however, do not alter the conclusions derived for
the fixed model. After closer examination** we
found that the best fit with experiment could be
obtained for the model 6. The agreement of this
model with experiment and the broad peak at
3.60 and 4.39 A, in the radial distribution function
seem to imply that tropolone is a mobile tautomeric
system of unsymmetrical molecules with the
hydrogen atom not occupying a position midway
Letween the two oxygen atoms. The unsymmet-
rical structure was also favored by Dewar,®
Cook( and others'®> and by Nozoe.(®

Summary

The molecular structure of tropolone was
studied by the electron diffraction method.
The most plausible model was found to be a
plane regular heptagon form with C-C distance
1.39 A. long and C-H distance 1.10 A., having
two slightly different C-O distances, i.e., C-O
=1.84 A. and C=0=1.26 A.
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present investigation and to Prof. Morino of
Tokyo University for valuable discussions.
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%% It was found thst a deviation less than 5° of C-O
directions in or out of the ring plane does not affect
apprecisbly the theoretical intensity curve. The deviation
of this direction greater than about 5° is unlikely, though
it may afford another possibility of explanation for the
broadness of peaks at 8.60 and 4.39 A.
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