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Finally, 4.5 g. of 2,4,6-collidine was recovered from the
aqueous mother liguor.

Anal. of the carbinol. Caled. for C;;HiON: C, 79.26; H,
7.54. Found: C, 78.62; H, 7.63.

Mercuric chloride-hydrochloride salt, m.p. 98-99° (re-
ported!! m.p. 99-100°); platinum tetrachloride-hydrochlo-
ride salt, m.p. 126-129°( reported! m.p. 125-130°); hydro-
chloride, m.p., 208-209° (reported!* m.p. 209-211°).

Preparation of 2-styryl-4,6-dimethylpyridine. The collidyl-
phenylearbinol was dehydrated to the corresponding stilba-
zole by refluxing with an excess of acetic anhydride for 1 hr.
The product was not purified but several derivatives were
made. Mercuric chloride~hydrochloride salt, m.p. 231-232°
(reported, m.p. 218-219°,11 220-222°17); picrate, m.p. 256°
(reported, m.p. 240-241°,11 240-242°17); auric chloride-
hydrochloride salt, m.p. 188-189° (reported, m.p. 189-191°,1t
192-193°17),
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The crude stilbazole was oxidized with potassium per-
manganate in acetone to 4,6-dimethylpicolinic acid. The
product was purified by precipitation of the copper salt
from aqueous solution and removal of the copper with hy-
drogen sulfide. After recrystallization from alcohol the acid
melted at 157-158° (reported,'” m.p. 155-156°); hydrazide,
m.p. 74-75° (reported,¥” m.p. 77°).

The second fraction from the mercuric chloride purifica~
tion was dehydrated with acetic anhydride. Several deriva-
tives were made and their melting points and mixed melt-
ing points with the corresponding derivative of the 2-
stilbazole are as follows: mercuric chloride-hydrochloride
salt, m.p. 220-222° and 224-225°; platinum tetrachloride-
hydrochloride salt, m.p. 241-242° and 242-243°; picrate,
m.p. 242-244° and 249-250°,
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Molecular orbital caleulations indicate a resonance energy of 2.99 8 for 1,2-diaza-3,5,7-cyclooctatriene (1), and 4.76 3 for
the 5,6-benzo derivative (Ilc). Compounds of structure I1Ia and I1Ib, which differ from derivatives of II only by the posi-
tions of double bonds, were synthesized. The failure of these derivatives of III to rearrange to the corresponding derivatives
of Il in the presence of a hydrogenation catalyst was noted. The calculated resonance energy of I, although large, is inter-

preted as being consistent with a lack of aromatic character in a ring system such as I.

According to the simple molecular orbital
theory,*® if cyclooctatetraene were planar it would
have a significantly lower resonance energy than
benzene (1.66 8 vs. 2.00 B). In its simplest form the
theory also predicts that a planar cyclooctatetraene
would have a triplet ground state. Energy would
be required to enlarge the interior natural angles of
the tub form of cyclooctatetraene to force it into
a planar configuration, and the resonance that
could be gained is insufficient to bring this about.
The molecule consequently exists in the tub form 57
and has very little resonance energy.

From the molecular orbital point of view, 1,2-
diaza-3,5,7-cyclooctatriene (I) is essentially a
cyclooctatetraene containing 10 electrons. It there-
fore satisfies Hiickel’s rule (4n+2 = electrons)® and
might be expected to be aromatic. It therefore
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seemed that the synthesis of such a system might
be carried out, and more detailed molecular orbital
calculations might be made and compared with
experiment.
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The molecular orbital calculations were carried
out for I with the usual assumptions®s: (a) a
planar system with exchange integrals all equal
to 8 for adjacent atoms and zero otherwise, (b)
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Coulomb integrals of « for carbon and « 4+ 0.5 8
for nitrogen, and (¢) neglecting overlap. The energy
levels are given in Table I. The total 7 energy was
found to be 10.99 3, and the resonance energy (rela-
tive to a single Kekule form) is 2.99 3.

For synthetic reasons, a study of the system II
appeared to offer certain advantages. The calcula-
tions were therefore repeated for IIc. The total =
energy found for this compound was 16.76 8,
and this yields a resonance energy of 4.76 B.
Since a benzene ring has a calculated resonance
energy of 2.0 3, the additional resonance of the
system (2.76 8) is a measure of the resonance of
the heterocyclic ring, and differs little from the
value calculated for the monocyelic compound.
The energy levels are listed in Table 1.

TABLE I
ENERGY LEVELS FOR THE 1,2-D1424-3,5,7-CYCLOOCTATRIENES
I IIe

-1.917 —2.269
—1.384 —1.589
:1 193 —1.494
+0.104 —1.135
+0.150 —0.89%4
+1.460 0.000
+1.590 +0.244
+2.190 +0.949

4-1.316

+1.544

+2.000

+2.329

A value for 8 of about 20 keal./mole is generally
accepted,® and would yield delocalization energies
of 59.8 and 55.2 keal./mole for the planar systems
I and the heterocyclic ring of Ilc respectively.
From the appropriate bending frequency of ethyl-
ene® the energy required to distort the bond
angles sufficiently to flatten out the tub can be
calculated to be 31.5 kcal./mole. Clearly then,
simple theory predicts planar systems will be more
stable than the tub forms by 28.3 and 23.7 keal./
mole respectively for both I and II. It is possible
to improve the values of the exchange and overlap
integrals without too much labor,*® but such
improvements appear to have negligible effect on
the total caleulated energies and on the conclusions
as to the presence or absence of aromaticity in
other cases studied.!! Electron correlation and con-
figuration interaction are more difficult to treat,!?
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and might be rather important here because of the
relatively high electron density. No attempt has
been made to pursue the theoretical calculations
beyond this point, however, for reasons given
below.

Compound IITa, an isomer of Ila, was first
prepared as outlined on the flow sheet. The known
o-phenylenediacetic acid was converted wvia the
acid chloride to diketone VIIa. This compound
was allowed to react with hydrazine under high
dilution conditions,'® and gave IIla in low yield.
The structure of Illa was established by analysis
and molecular weight, and by the absence of any
N—H stretching absorption in the infrared spec-
trum.

If the isomerization of an imine to a vinyl amine
is endothermic by 3-6 kcal./mole, which are the
values found for enolization of ketones,!* the planar
structure Ile would appear to be at least 11.7 keal./
mole more stable than the nonplanar I1le, and it
would appear that the reaction IIlec—IIc should
proceed. However, prolonged treatment of IIla
with palladium-on-charcoal in refluxing xylene
brought about no isomerization. There appeared
therefore to be a conflict between the predicted
and observed results. For simplification, the effect
of the aromatic substituents had been ignored in
the calculations. Since these substituents were
conjugated with the azine system, the possibility
existed that this conjugation tended to stabilize
the azine arrangement and to prevent the isomeri-
zation. It is well known that the two rings in bi-
phenyl can be forced from co-planarity by the
presence of ortho-groups, and therefore the syn-
thesis of IIIb was undertaken. This synthesis
paralleled the earlier one, although the cyclization
step had to be modified somewhat to obtain the
desired product. It was found that IIIb was simi-
larly reluctant to isomerize to the desired form
(I1b).

It seems difficult to escape the conclusion that
in this case the simple molecular orbital theory
appears to fail to predict that which is experi-
mentally found. Other apparent failures of the
theory in predicting aromaticity have been re-
ported in the past.’® It may be noted, however,
that although the predicted resonance energy of
I (2.99 B) appears large relative to that of benzene
(2.00 B8), when other effects are taken into account,
the predicted isomerization energy for Ille~—Ilc
amounts to only 12 keal./mole, so that a lack of
aromaticity in II cannot be considered alarming.
Since the simple form of the molecular orbital
theory appears to suffer from some basic difficulties
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which are at present the subject of considerable
discussion,'® it does not seem profitable to pursue
this matter further at the present time.

EXPERIMENTAL

o-Phenylenediacetic acid (IV). A mixture of o-phenylene-
diacetonitrile,' 70 g., and 700 ml. of 6N hydrochloric acid
was refluxed until a homogeneous solution was obtained.
Five hundred milliliters of the solution was then distilled,
and the remaining solution was cooled. The solid which
separated was filtered and recrystallized from water to give
81 g. (93%) of product in the form of colorless needles, m.p.
149-150° (lit., m.p. 149-150°).

o-Phenylenediacetophenone (Va). Ten grams of diacid IV
were converted to the corresponding acid ehloride by heating
at 70° with 15.3 g. of thionyl chloride for 6 hr. The excess
thionyl chloride was then removed under reduced pressure
and the acid chloride was dissolved in 30 ml. of benzene.
The resulting solution was added over 30 min. to a stirred
mixture of 16 g. of anhydrous aluminum chloride in 80 ml.
of benzene. Stirring was continued for 2 hr. and the mixture
wag then poured onto a mixture of ice and hydrochloric acid.
The aqueous layer was separated and extracted with ben~
zene. The combined benzene layers were washed with dilute
sodium carbonate solution, and then with water. The ben-
zene solution was then concentrated to a volume of 100 ml.,
and deposited colorless orystals upon cooling, Two recrys-
tallizations from benzene gave the diketone as needles,
wt. 11.9 g. (74%), m.p. 181.5-182°.

Anal. Caled. for CpoHisOs: C, 84.02; H, 5.77. Found: C,
84.30; H, 5.84.

2-Phenyl-3-benzoylindene. In another run, which was
carried out in essentially an identical manner to that de-
scribed, the isolation procedure gave a viscous black residue
instead of the desired product. Distillation gave 409, yield
of a material, b.p. 240~290° (4 mm.), which partially solidi-
fied. Upon recrystallization from dioxane the compound was
obtained as colorless plates, m.p. 164~165°. The infrared
spectrum showed absorption at 6.02 u.

Anal. Caled. for C:H;60;C, 89.14;H, 5.44. Found: C, 88.92;
H, 5.46.

3,8-Diphenyl-1,2-diaza-5,6-benzo-2,5,8-cyclooctatriene

(1I1a). The procedure used was adapted from that described
by Overberger and Lapkin!® for a similar cyclization. A
warm solution of 6.28 g. of the diketone (V) in 110 ml. of
dimethylformamide was mixed with a warm solution of 2.26
g. of hydrazine hydrobromide in 70 ml. of dimethylforma-
mide. The resulting solution was allowed to stand for 2 days,
and then was diluted with 400 ml. of absolute ethanol and
added to 1500 ml. of absolute ethanol containing 60 ml. of
pyridine under high dilution conditions over a period of 24
hr. The resulting mixture was then heated under reflux for
3 days, and concentrated under vacuum to a volume of 300
ml. This solution was poured into ice water. The yellow solid
which separated was collected, wt. 6 g. A portion of this
material was recrystallized twice from aqueous acetone and
furnished large pale yellow needles, m.p. 157.5-158.5°, and a
small amount of small golden plates, m.p. 244~244.5°, which

(16) (a) M. J. 8. Dewar and A. N. Schmeising, Tetra-
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2066 (1923).
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were not further investigated. Recrystallization of the large
needles from acetone gave colorless plates, m.p. 157.5—
158.5°. The infrared spectrum showed absorption at 6.2,
6.3, 6.65, and 6.85 u, quite like the absorption shown by
benzalazine. No N—H absorption was evident. The ultra-
violet spectrum showed a maximum at 267 mp with e 28,200
(959, ethanol).

Anal. Caled. for CpHisN,: C, 85.10; H, 5.84; N, 9.03; mol.
wt., 310. Found: C, 85.10; H, 5.92; N, 9.26; mol. wt., 307
(Rast).

Atitempted isomerization of I11a to Ila. A mixture of 0.1 g.
of IITa and 0.1 g. of 5% palladium-on-carbon in 25 ml. of
xylene was heated under reflux for 48 hr. The solution was
filtered and the xylene was evaporated. The residue was
identified as IIla by melting point, mixed melting point,
and ultraviolet spectrum. No other compound was found.

0-Xylylene di(2,4-zylyl) ketone (Vb). The Friedel-Crafts
reaction was carried out in a manner similar to that de-
scribed for the synthesis of Va. The product, after two
recrystallizations from petroleum ether, was obtained in
35% yield, m.p. 81-82°,

Anal. Caled. for CpeHaOq: C, 84.29; H, 7.07. Found: C,
84.17; H, 6.87.

3,8-Di(2,4~xylyl)-1,2-diaza-5 6-benzo-2,5 8-cyclooctatriene
(IIIb). The procedure was adopted from that described by
van der Zanden and DeVries.’® A solution of 18 g. of po-
tassium acetate in 68 ml. of boiling alcohol was added to a
hot solution of 9 g. of hydrazine dihydrochloride in 32 ml.
of water and 45 ml. of aleohol. After cooling the reaction
mixture, the solution was filtered and added to a suspen-
sion of 10 g. of Vb in 320 ml. of alcohol. The mixture was
heated under reflux for 6 hr. One half of the alcohol was dis-
tilled, and the remaining solution was diluted with water
and extracted with ether. The ether solution was washed
and dried, and the ether was evaporated. The residue was
a brown semisolid, wt, 10 g. Three grams of this material was
dissolved in 10 ml. of benzene and adsorbed on 100 g. of neu-
tral alumina. Elution of the column with 3:2 hexane-ether
gave pale yellow crystals which were recrvstallized from
ether-hexane, m.p. 156-157.5°, wt. 0.43 g. (14%.). For an-
alysis a sample was recrystallized and gave colorless needles,
m.p. 158~159°. The ultraviolet spectrum showed a maximum
at 260 mg, ¢ 19,200 (95% ethanol). The infrared spectrum
showed no bands in the N—H or C==0 regions.

Anal. Caled. for CysHoeNa: C, 85.21; H, 7.15; N, 7.65;
mol. wt. 366. Found: C, 84.97; H, 6.89; N, 7.46; mol. wt.,
384 (Rast).

Attempted isomerization of 3,8-di-(2,4-zylyl)-1,2-diaza-
&,6-benzo-2,5,8-cyclooctatriene (I1Ib). A mixture of 0.1 g. of
V and 0.1 g. of 5% palladium-on-charecoal in 25 ml. of xylene
was heated under reflux for 18 hr. Filtration and removal
of the solvent gave good recovery of V, identified by melting
point and mixed melting point. No other product was
found.

Molecular orbital calculations. In each case the matrix was
formulated from the integrals in the usual way*and diagonal-
ized with the aid of an IBM 650 computer using a standard
matrix diagonalization program. The total = energies and
resonance energies were calculated from the eigen values in
each case in the usual way. Since the physical systems of
interest if they existed, would very likely be nonplanar, cal-
culations of electron densities, bond orders, and free valence
did not seem meaningful, and were not carried out.
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(19) J. M. van der Zanden and G. DeVries, Rec. Trav.
Chim., 75,1159 (1956).



