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TaBLE I
Recrys- Analyses, % b
tallized® Caled. Found
Compound No from M.p., °C. C H N C H N
1-Methyl-1,2,3-triazole-4,5-dicarboxylic acid 1 W 179-180 L. .. 24.56 L .. 24 .30°
1-Butyl-1,2,3-triazole-4,5-dicarboxylic acid 2 W 136-136.5d. 45.07 5.20 .. 45.18 5.23 d
1-Benzyl-1,2,3-triazole-4-carboxaldehyde 3 E-W 89-90 22 .45 22.33
1-Benzyl-4,5-bis-(1-hydroxy-1-methylethyl)-
1,2,3-triazole 4 A 151--153 65.45 7.69 15.26 66.43 7.78 15.37
B-4-(1-Methyl-1,2 3-triazolyl)-acrylic acid 5 W 218-220 47.05 4.60 47.09 4.71 ¢
B-4-(1-Benzyl-1,2,3-triazolyl)-acrylic acid 6 E 216-219 62.87 4.84 62.72 4.93 4
1,2,3-Triazole-4-carboxaldehyde oxime 7 W 207-209 32.14 3.59 32.41 3.85
1,2,3-Triazole-4-carboxaldehyde 2,4-dinitro-
phenylhydrazone 8 E-A 270-271 38.99 2.54 S 39.28 2.60 Lo
1,2,3-Triazole-4-carboxaldehyde phenylhydrazone 9 E-W  160-162 . .. 37.39 37.25
1-Benzyl-1,2,3-triazole-4-carboxaldehyde 2,4-
dinitrophenylhydrazone 10 E 228-230 .. 26.70 .. 26.70
W, Water; E, ethanol; A, ethyl acctate. ® C, H and N analyses by Micro Tech Laboratories, Skokie, Ill. ¢ Neut.

equiv.: caled. 171, found 169.
/ Neut. equiv.: caled. 229, found 226.

and 6, were prepared by the condensation of the
triazolecarboxaldehydes with malonic acid. The
aldehyde derivatives, compounds 7, 8, 9 and 10,
were prepared by standard methods from the alde-

hydes. Attempts to prepare a pure thiosemicar-
bazone of 1,2,3-triazole-4-carboxaldehyde were
unsuccessful.

The first compound listed has been reported re-
cently?! as an oxidation product of 1-methylbenzo-
triazole. The other compounds have not been de-
scribed previously in the literature.

The benzyl azide,? methyl azide® and 1,2,3-tria-
zole-4-carboxaldehyde* were made by literature
methods; the butyl azide from butyl iodide and
sodium azide. The 2,5-dimethyl-3-hexyne-2,5-diol
was generously supplied by Air Reduction Chemical
Company and the acetylenedicarboxylic acid was
generously supplied by the National Aniline Divi-
sion of Allied Chemical and Dye Corp. All other
reactants were purchased from commercial sources,
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The Synthesis of the Six Isomeric 10-Dimethyl-
phenyl-1,2-benzanthracenes!?

By FRANK A. VINGIELLO AND ALEXEJ BORKOVEC
RECEIVED FEBRUARY 2, 1955

Bradsher’s method of aromatic cyclodehydration?®
for the preparation of hydrocarbons was introduced

(1) Presented before the Section of Organic Chemistry at the Sixth
Sontheastern Regional Meeting of the American Chemical Society,
Birmingham, Alabama, October, 1954.

(2) This paper has been abstracted in part from the Masters thesis
presented to the Virginia Polytechnic Institute by Alexej Borkovec in
1953,

(3) C. K. Bradsher, THIS JOURNAL, 62, 486 (1940).

4 Neut. equiv.: caled. 106.8, found 107 .4.

¢ Neut. equiv.; caled. 153.1, found 156.8.

in 1940. Later publications extended the useful-
ness of this synthesis. So for example Bradsher and
Vingiello* prepared a series of 9-(p-monosubsti-
tuted phenyl)-anthracenes and Vingiello and Botko-
vec® recently prepared 10-phenyl-1,2-benzanthra-
cene and the three isomeric 10-monomethylphenyl-
1,2-benzanthracenes.  We now have extended
Bradsher’s aromatic cyclohydration reaction to the
preparation of dimethyl substituted hydrocarbons.
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Treatment of 1-(o-cyanobenzyl)-naphthalene with
the appropriate Grignard reagents led to the corre-
sponding ketimines, isolated as the hydrochlorides
I, usually in high yield. The salts were hydrolyzed
to the corresponding ketones II by refluxing with
259, sulfuric acid. In the case of the 2,6-dimethyl
compound (II, 2,6-dimethyl), hydrolysis could not
be effected under the specified conditions, but

(4) C. K. Bradsher and F. A, Vingiello, bid., T1, 1434 (1949).

(3) F. A, Vingiello and A. Botkovec, presented before the Division

of Organic Chemistry at the 126th Meeting of the American Chemical
Society, New York, N. Y., September 1954,
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heating with 409, sulfuric acid in a sealed tube at
180° was successful.

The hydrocarbons were prepared by cyclizing
either the corresponding ketimine hydrochloride
or the ketone using the usual’ acid mixture but at
high temperatures.

The ultraviolet spectra of the new hydrocarbons
are shown in Table III. As found in earlier work®
it seems that the 10-phenyl group is not coplanar
with the benzanthracene nucleus and that the pic-
rates are difficult to prepare. If the 10-phenyl
group were coplanar with the benzanthracene sys-
tem we would expect the spectra of these com-
pounds to be different from the spectrum of benzan-
thracene itself due to the participation of the 10-
phenyl group in the resonance of the benzanthracene
system. Since the spectra are similar, we assume
that the 10-phenyl group is not coplanar with the
benzanthracene system. This also is suggested by
the model of the molecule made with the Fisher—
Hisrchfelder—Taylor kit.

Acknowledgment.—This work was sponsored by
the Office of Ordnance Research, U. S. Army.

Experimental’

2-(1-Naphthylmethy!l)-2’,5’-dimethy! Diphenylketimine
Hydrochloride (I, 2/,5'-Dimethyl).—A Grignard reagent
was prepared from 3.5 g. (0.15 mole) of magnesium, 28.0 g.
(0.15 mole) of 1-bromo-2,5-dimethylbenzene and 150 ml. of
ether. The mixture was stirred under reflux for one hour
and a solution of 12.2 g. (0.05 mole )8 of 2-(1-naphthylmeth-
y1)-benzonitriles in 250 ml. of dry toluene was added drop-
wise. During the addition the flask was heated gently,
and the ether was slowly distilled away. When the tem-
perature of the vapor reached 105°, and all the nitrile had
been added, the solution was heated under reflux for 18 hours
with stirring and then decomposed with 209, ammonium
chloride solution. The clear red liquid was separated and
the residue® in the flask was washed twice with benzene.
The combined benzene and toluene solutions were washed
with water and acidified with concentrated hydrochloric
acid. After the walls of the flask had been scratched with a
glass rod, the crude ketimine hydrochloride crystallized, was
separated, washed with water and boiled for one hour with
a 209% sodium hydroxide solution. The free imine was ex-
tracted with benzene, washed with water and again precipi-
tated with concentrated hydrochloric acid; vield 13.5 g.

(70%). The analytical sample was prepared by again de-
TABLE I
New KeTiMINE HYDROCHLORIDES® T

Methyl Analyses,b 9 Found

groups at  Yield, 9 M.p., °C. Carbon Hydrogen
2,3 92 185° ¢
2,4 62 179 81.05 6.38
2,5 70 176 80.72 6.53
2,6 76 182 80.49 6.42
3,4 58 180 e
3,5 75 185 4

2 Calculated for CpsH2aNCl1: C, 80.91; H, 6.27; N, 3.63.
b All analyses were carried out by the Micro-Tech Labora-
tories, Skokie, Ill. ¢ All melted with decomposition.
¢ Found: N, 3.91. ¢ Found: N, 3.50. 7 Found: N, 3.92.

(6) J. B. Culbertson’s results in a study on the factors affecting the
rates of hydrolysis of substituted diphenylketimines, THiS JOURNAL,
73, 4818 (1951), clearly imply that the difficulty is dite to steric hin-
drance.

(7) All melting points are corrected.

(8) A three molar excess of Grignard reagent was used in most cases;
however, it was observed in later experiments that a 1.5 molar excess
gave equally good yields.

(9) The hard residue was completely soluble in dil. HCI, which was a
satisfactory check that all of the ketimiine bad been extracted
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composing the ketimine hydrochloride with sodium hydrox-
ide, precipitating with hvdrochloric acid and recrystallizing
the solid from a mixture of one part of ethanol and nine parts
of acetone. The resulting white crystals melted at 176-
179° dec.

The other ketimine hyvdrochlorides were prepared in a
similar way.

2-(1-Naphthylmethy!)-2’,5’-dimethylbenzophenone (II,

2’,5'-Dimethyl).—A mixture of 2 g. of the ketimine hydro-
chloride, 40 ml. of 259, sulfuric acid and 33 ml. of toluene
was heated under reflux for 3 hours. The organic layer was
separated, washed three times with water, and dried with
calcium chloride; after filtration of the solution through
charcoal, the toluene was replaced by 30-60° petroleum
ether. The solution then was chromatographed on a column
(12 mm. X 300 mm.) packed with Fisher Alumina (80-200
mesh) using a mixture of seven parts of 30-60° petroleum
ether and three parts of carbon tetrachloride as the eluent.
On evaporation of the solvent from the percolate the ketone
was obtained as a colorless, very viscous oil; vield 1.6 g.
(88%). Our attempts to crvstallize this oil failed.

The other ketones were prepared in a similar way.

TaBLE 11
NEw KETONES" 11

Methy! Yield, Analyses, ¢, Found
groups at % M.p., °C. Carbon Hydrogen

2.3 64 72.5-73.5" 88.77 6.38
2.4 93 65-66" 89.07 6.29
2,5 88 c 89.02 6.66
2,6 77 124.5-125¢ 89.47 6.39
3,4 88 03.5-94° 89 .00 6.49
3,5 87 93-94° 88.74 6.20

e Calculated for Cy;H2O: C, 89.10; H, 6.33. ?Recrys-

tallized from ethanol. ¢ A viscous oil. ¢ Obtained by heat-
ing the ketimine hydrochloride with 409, H2SO, for 6 hr. in
a Carius tube at 180°, chromatographing in the usual way
and recrystallizing from ethanol.

10-(2’,5’-Dimethylphenyl)-1,2-benzanthracene (IV, 2/,5'-
Dimethyl).—A mixture of 2 g. of the corresponding ketimine
hydrochloride, 30 ml. of glacial acetic acid and 15 ml. of
489%, hydrobromic acid was sealed in a glass tube and heated
in a Carius furnace for 5 hours at 180°. The green, viscous
oil which appeared on top of the solution was separated,
dissolved in benzene, washed with water and dried over cal-
cium chloride. The benzene was replaced with 30-60° pe-

TaBLE III

New HyDROCARBONS™ I11

Methy! Yield, Analyses, % Found
groups at % M.p., °C. Carbon Hydrogen
2,3 41 175-176° 94 .04 6.27
2,4 59 116-118¢ 93.79 6.01
2,5 53 116-117 83.70 6.15
2,6 32 135.5-136.5° 93.57 6.07
3,47 ik 126-127 93.99 6.37
3,5 96 118-120 93.95 6.23

« Calculated for CyHu: C, 93.93; H, 6.07. * The ultra-

violet spectra of the hvdrocarbons were determined with a
Beckman spectrophotometer (model DU, 1 cm. silica cell)
at a concn. of 10 mg./l. using 959, EtOH as the solvent.
The curves for all six hvdrocarbons are practically identical.
The optical density values at the wave length maxima for
1II where the methyl groups are at the 3’- and 4’-positions
are: A 222 mgy, 1.60; X 259 my, 0.92; A 271 mu, 1.15; A
281 mu, 1.83; A 292 myu, 2.21; X 321 mgu, 0.13; X 336
my, 0.22; A 351 mu, 0.28; A 366 myu, 0.22. ° Sublimes.
¢ Two polymorphic forms grew from solution: first, small
needles, m.p. 107.5-108.5°; second, large prism, m.p.
116-118°. A composite sample was taken for analysis.
¢ This value is included ounly to complete the table. The
hvdrocarbon could not be prepared as were its isomers but
was successfully cyvelized by a new method currently being
investigated. 7 Only these two hvdrocurbons gave a red
color with coned. snlfurie acid,
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troleum ether and the solution chromatographed®® on a
column (12 mm. X 300 mm.) packed with Fisher Alumina
(80-200 mesh) using 30~-60° petroleum ether as the eluent.
On evaporation of the solvent from the percolate the hy-
drocarbon was obtained as a slightly yellow strongly fluores-
cent oil which was crystallized from a mixture of ethanol
ether and water.!? The crystals which formed were colorless
prisms, m.p. 116-117°,

The other hydrocarbons except for the 2,6-isomer, were
prepared in a similar way.

10-(3',4'-Dimethylphenyl)-1,2-benzanthracene (IV, 3',4'-
D1methy1) —A mixture of 2 g. of the ketone, 15 ml. of 48%
hydrobromic acid and 30 ml. of glacial acetic acid was sealed
in a Carius tube and heated in a Carius furnace for 6 hours
at 180°. The whole was extracted with benzene, washed
in water and dried over calcium chloride. The benzene then
was replaced with a solution of ethanol containing a small
amount of acetone. When this was seeded with a few crys-
tals of the hydrocarbon (obtained from cyclizing the ketimine
hydrochloride as described above) there was obtained a
first crop of crystals weighing 1.3 g. and a second crop of 0.2
g.; total yield 1.5 g. (79%), m.p. 122-126°,

(10) Since the hydrocarbons are sensitive toward light, the chroma-
tography is best performed in the absence of stronglight, The progress
of the hydrocarbon down the column is observed easily by illuminating
the column with ultraviolet light from time to time.

(11) The oil was dissolved in a minimum volume of boiling ether,
twice this volume of ethanol was added and the solution brought to a
boil again. Water was then added dropwise until the turbidity which
immediately formed just disappeared.
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Reversible Dimerization of 2,6-Dibenzylidenecyclo-
hexanone

By P. Y. Yry, C. T. CHEN, S. Y. Ro anvp C. H. Waxe
RECEIVED JANUARY 5, 1955

In the course of a study of the aromatization of
2,6-dibenzylidenecyclohexanone (I), to be pub-
lished later, colorless fiber-like crystals (hereafter
called ‘‘2,6-dibenzylidenecyclohexanone dimer”’)
were obtained, having a molecular weight twice
that of 2,6-dibenzylidenecyclohexanone. This com-
pound reverted to 2,6-dibenzylidenecyclohexanone
when its ethanolic solution was refluxed.

As far as we know, the dimerization of ketones
containing a Ph—C:?—CO—CZQ—Ph system

has been studied only starting from dibenzylidene-
acetone,! and the structure of a dimer has been re-
ported as (II).'t

2,6-Dibenzylidenecyclohexanone dimer gave a
dioxime and, furthermore, a tetrahydro derivative
upon catalytic hydrogenation. When 2,6-diben-
zylidenecyclohexanone was oxidized with perman-
ganate, benzoic and glutaric acids (the latter iso-
lated in the form of its diphenacyl ester) were ob-
tained. In contrast, a similar treatment of the
dimer did not yield either of the two acids men-
tioned. This shows the absence of the PhCH=
group in the dimer, The location of the spectral
maximum of the dimer (e 42,500 at 293 my, in
ethanol) is very close to that of 2 -benzylidenecyclo-
hexanone (III) (e 11,200 at 290 mg, in ethanol)? and
differs from that of 2 6-dibenzylidenecyclohexanone

(1) (a) G. Ciamician and P. Silber, Ber., 43,
Praetorins amnd F. Korn, ¢bid., 43, 2744 (1010).

1388 (1909); (b) P
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(I) (e 25,100 at 330 muy, in ethanol),? and from that
of cis- or trans-stilbene.?

On the basis of the above ohservations we believe
that the dimer (colorless) contains two —CO—
C=C groups which are not conjugated with each
other, in contrast to the structure of the yellow 2,6-
dibenzylid enecyclohexanone (I).

The strong bands (1695, 1608, 754 and 697
cm.~!) in the infrared spectrum of the dimer (in
carbon disulfide) also show the presence of «,3- (or
a,B,v,8)-unsaturated carbonyl group and monosub-
stituted phenyl group.*

A possible structure for the dimer that satisfies
all experimental findings is IV, 7.e., 2,3,9,10-tetra-
phenyltricyclo - (9,3,1,148) - 15,16 - diketohexadeca-

l,R-diene.
PhCH@-CHPh O .CHPh /O\Ph
l .
o

O
Ph

”\ _— Ph

N
PhCH=CHCOCH—CHPh

j H
II  PhCH—CHCOCH—CHPh

According to Fawecett,5 bicyclo(x,y,z)alkene
structures containing a double bond at a ‘‘bridge-
head’¢ are strainless when x + y + z = 11 which is
the case in IV,

v

Experimental
2,6-Dibenzylidenecyclohexanone Dimer (IV).—An eth-
anol (400 ml.) solution of 2,6-dibenzylidenecyclohexanone
(10 g.) was refluxed for 120 hours. After cooling the crys-
tals thus obtained were recrystallized fromi ethanol; color-
less fiber-like crystals, m.p. 187-188° (cor.); vield 9 g.,
90%.

Anal. Caled. for CoHy0.: C, 87.56; H, 6.61; mol. wt.,
549. Found: C, 87.15; H, 6.52; mol. wt., 545 (cryo-
scopically in benzene).

Dioxime.—A solution of the dimer (0.55 g.) and hydroxyl-
amine hydrochloride (0.28 g.) in 100 ml. of ethanol was re-
fluxed for 24 hours, then concentrated to half its volume and
diluted with 600 ml. of 0.5% sodium carbonate. The pre-
cipitate was recrystallized from ethanol; colorless needles,
m.p. 197-198°, yield 0.08 g.

Anal. Caled. for CyHapN:O,:
Found: C, 82.65; H, 6.34.

Tetrahydro Derivative of the Dimer.—A solution of 0.55
g. of the dimer in 300 ml. of ethanol absorbed, in the pres-
ence of 0.02 g. of Adams platinum oxide, 43.2 ml. of hy-
drogen (0°, 760 mm., corrected). Caled. for 2 double bonds
44.8 ml, The filtrate was concentrated to about 50 ml.
and the crystals thus obtained recrystallized from ethanol;
colorless needles; m.p. 217-218°; vield, 0.44 g.

Anal. Caled. for C4HyO»: C, 86.93; H, 7.30. Found:
C,86.73; H, 7.21.

Oxidation of 2,6-Dibenzylidenecyclohexanone (I) with
Permanganate.—To a solution of 3 g. of I in 60 ml, of chloro-
form a solution of 9 g. of potassium permanganate in 500
ml. of water was added dropwise at 5° with mechanical
stirring. After 4 hours the manganese dioxide was filtered
off and extracted with boiling water; this extract was com-

C, 83.01; H, 6.62.
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(1953).
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