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Additional chloroform solution, 110 ml.,, containing 6.6 g.
(0.048 mole) of peroxybenzoic acid was added. After 4 hr.
at room temperature, 0.044 mole of peracid was still present.
The chloroform solution was then washed repeatedly with
sodium carbonate solution and dried over anhydrous sodium
sulfate. The chloroform was removed at atmospheric pres-
sure and the residual oil was distilled to yield 12.0 g. (80%)
of IV as a colorless oil, b.p. 50-51.5° (0.7 mm.), »%® 1.5031.
Anal. Caled. for CiHiO: C, 80.0; H, 9.39. Found: C,
80.0; H, 9.50.
The infrared spectrum of IV showed a characteristic 1,2-
epoxide peak at 11.84 u. 10
ex0-6,6-Cyclopentano-exo-2-norborneol (octahydro-exo-4,7-
methanoinden-exo-5-0ol, VI). Lithium aluminum hydride,
3.8 g. (0.1 mole) was dispersed in 50 ml. of tetrahydrofuran
by refluxing with stirring, 5.0 g. (0.033 mole) of epoxide IV
was added, and the reaction mixture was heated at reflux
for 5 days. The excess lithium aluminum hydride was
destroyed with 10 ml. of ethyl acetate and the complex was
decomposed with 100 ml. of water. Extraction of both the
solid and liquid phases with pentane, drying and evaporation
of the solvents, and, finally, distillation yielded 1.15 g. of a
forerun, b.p. 50-73° (0.5 mm.), which was about 65%
cpoxide by infrared analysis, and 3.14 g. (629%) of impure
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aleohol VI, b.p. 75-79° (0.7 mm.), which solidified, m.p.
37-48°.

The acid phthalate derivative was prepared by heating
1.0 g. (6.6 mmoles) of the reduction product with 1.27 g.
(8.6 mmoles) of phthalic anhydride in 15 ml. of pyridine on
the steam bath. Water and 6N hydrochloric acid were
added and the precipitated oil was taken up in ether. The
ethereal solution was dried over anhydrous sodium sulfate
and the solvent was evaporated to yield 1.9 g. (969%) of
product, m.p. 151-153.5°. Crystallization from acetone
gave 0.81 g. of pure acid phthalate, m.p, 157.5-158°; mixed
m.p., 157.5-158° with the acid phthalate of authentic
VI.lyGJ

Treatment of 0.5 g. (3.3 mmoles) of the alcohol with 0.73
g. (3.9 mmoles) of p-nitrobenzoyl chloride in 5 ml. of pyridine
vielded 0.6 g. (60%) of crude product, m.p. 86-90°. Two
crystallizations from hexane gave 0.25 g. of p-nitrobenzoate,
m.p. 91.5~93°; mixed m.p. 93.5-94° with the p-nitrobenzoate
of authentic VI¢ (m.p. 94-94.5°).

Acknowledgments. The authors are indebted
to Paul Saliman for elemental analyses and to
Glen Pollard for infrared spectra.
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Carbon monoxide reacts with aromatic hydrocarbons in the presence of molar quantities of aluminum chloride at 60° and
a pressure of 50 p.s.i. to give substituted anthracenes. Toluene gives a dimethylanthracene, diphenylmethane gives a di-
benzylanthracene, and p-xylene yields 1,4,5,8-tetramethylanthracene. Diphenyl ether forms xanthydrol at 80°.

Aromatic aldehydes, benzyl aleohol, and benz-
hydrol are cleaved in the presence of excess alumi-
num chloride to give carbon monoxide. If an aryl
hydrocarbon is present, polynuclear systems are
formed.?~7 Carbon monoxide should then react
with aromatic hydrocarbons to form derivatives of
anthracene.

In the present investigation, carbon monoxide
under 50 p.s.i. pressure was shaken with various
aromatic hydrocarbons and diphenyl ether in the
presence of aluminum chloride over a period of
12-18 hours. Pressure drops of 5-15 pounds were
noted in most cases.

At 60°, toluene reacts with carbon monoxide to
form a mixture of dimethylanthracenes which is
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(6) H. E. Ungnade and E. W. Crandall, J. Am. Chem.
Soc., 71, 3009 (1949).

(7) H. E. Ungnade, E. F. Cline, and E. W. Crandall,
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regarded as a eutectic mixture of the 2,6- and 2,7-
isomers.® Diphenylmethane gives a dibenzylan-
thracene, while p-xylene gives a tetramethylanthra-
cene, probably the 1,4,5,8 isomer.*

The dimethyl and dibenzylanthracenes were
analytically and spectroscopically identical with
the produets obtained from the reactions of benz-
aldehyde with toluene and diphenylmethane.?4¢
Each is regarded as a mixture of the 2,6- and 2,7-
isomers?®.

The reaction is temperature dependent. At
30°, toluene reacts to give some p-tolualdehyde
along with dimethylanthracene. At 40°, only a
trace of aldehyde is observed. The yield of dimethyl-
anthracene increases to a maximum at 60° (Table
I). A comparison of this reaction with the Gatter-
mann-Koch reaction was carried out.® Toluene,
saturated with dry hydrogen chloride, failed to
give increased yields of dimethylanthracene at
60°.

Diphenyl! ether is unique in that the carbon mon-
oxide bridges the ortho- positions to give xanthydrol.

(8) C. T. Morgan and E. A. Coulson, J. Chem. Soc., 255
(1929).
(9) N. N. Crounse, Org. Reactions, V, 290 (1949).
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TABLE I Anal. Caled. for CyuHyo: C, 93.85; H, 6.15. Found: C,
ErrEcT OoF TEMPERATURE ON YIE DIMETHYLAN! . 93.61;H,6.00.
CENES LD OF DIMETHYLANTHRA Dribenzoylanthraguinone. Oxidation of 1 g. of the dibenzyl-
anthracene with 4 g. of chromic anhydride, 28 ml. of glacial
Temperature.  p-Tolualdehyde,  Dimethylanthracene, acetic acid, and 4 ml. of water gave 1.09 g. (98.1%,) of di-
°C. g g benzoylanthraquinone which melted at 241-242° (from
30 3.86 0.7 959 ethanol).
’ ’ Anal, Caled. for CuHisO4: C, 80.70; H, 3.85. Found:
40 0.10 2.1 ) '
C, 80.47; H, 3.61.
50 0.10 2.7 . , .
60 0.10 3.0 The reaction of toluene with carbon monoxide and hydrogen
~chloride in the presence of aluminum chloride at 60°. Toluene
2 60 ml. toluene; 12 hours. (60 ml.) was saturated for 1 hr. with dry hydrogen chloride
TABLE II
ULTRAVIOLET DaTA
me IOg € Xmax 10g € Xmgx IOg € Amax log € Amax log €
Anthracene 252 5.30 322 3.50 338 3.80 355 4.00 375 3.90
Dimethylanthracene 257 5.10 340 3.60 359 3.71 378 3.60
Tetramethylanthracene 259 5.38 343 3.69 359 3.79 380 3.69
Dibenzylanthracene 253 5.46 324 3.75 339 4.06 356 4.24 375 4.20
Xanthydrol 249 3.75 284 3.33

Diphenyl ether has been reported’ previously to
react with benzaldehyde and aluminum chloride
to give 9-phenylxanthydrol.

As evidence that the anthracenes are substituted
on the benzenoid positions, the dimethyl- and di-
benzylanthracenes were oxidized to the correspond-
ing anthraquinones. In each case the disubsti-
tuted anthraquinone was obtained, indicating that
the groups could not be on the 9 or 10 position.

EXPERIMENTAL

The reaction of toluene and carbon monoxide in the presence
of aluminum chloride. Toluene (60 ml., 0.65 mol.) and 25 g.
(0.2 mol.) of aluminum chloride were placed in the reaction
flask of a Parr hydrogenation apparatus. The system was
filled with carbon monoxide to 50 p.s.i. The reaction mix-
ture was agitated and allowed to react for 12 hr. at 60°.
The reaction mixture was then decomposed with ice and
hydrochloric acid and steam distilled.

The solid residue from the steam distillation was removed
by filtration and dried by azeotroping with benzene and
sublimed under vacuum (1 mm.). Crystallization of this
product from ligroin (b.p. 60-90°) gave 2.1 g. of a dimethyl-
anthracene which melted at 223-225°.

Anal. Caled. for CisHiy: C, 93.10; H, 6.80. Found: C,
92.87; H, 6.69.

Dimethylanthraguinone. Dimethylanthracene (0.45 g.),
dissolved in 7 ml. of glacial acetic acid, was refluxed gently
over a low flame. A solution of 2.0 g. of chromic anhydride
in 2.0 ml. of water and 8 ml. of acetic acid was added during
1 hr. The solution was cooled, diluted with 200 ml. of water,
and filtered. The crude green solid was washed with water,
dilute aqueous sodium hydroxide, and again with water.
Crystallization from 959 ethanol gave yellow needles of
dimethylanthraquinone (0.41 g., 79%) which melted at
154-155°,

Anal. Caled. for CieH;205: C, 81.30; H, 5.08. Found:
C,81.04; H, 4.89.

The reaction of diphenylmethane and carbon monoxide with
aluminum chloride. Diphenylmethane (60 ml.) and aluminum
chloride (25 g.) when shaken with carbon monoxide at 50
p.s.i. for a period of 12 hr. at 60° gave, after decomposition,
10 g. of solid which was vacuum sublimed (1 mm.). Crys-
tallization from ligroin (b.p. 60-90°) gave 3 g. of a dibenzyl-
anthracene which melted at 191-192°.

gas. This toluene and 25 g. of aluminum chloride were
treated with carbon monoxide at 50 p.s.i. and 60°. The mix-
ture was agitated for 12 hr. The reaction mixture was
worked up in the usual way and gave no aldehyde. The solid
material weighed 4.7 g. from which 1.10 g. of dimethylan-
thracene were obtained.

The reaction of toluene with carbon monoxide in the presence
of aluminum chloride at 30°. Toluene (60 ml.) and 25 g. of
aluminum chloride were treated with carbon monoxide as
previously described. The reaction mixture was agitated for
12 hr. at 30°. The distillate from the steam distillation was
positive to the Schiff reagent. The organic layer was separ-
ated and treated with saturated aqueous sodium bisulfite.
The solid formed was removed by filtration, dried, and de-
composed with concentrated hydrochloric acid. p-Tolualde-
hyde (3.86 g., 0.032 mol.) was recovered. The 2,4-dinitro-
phenylhydrazone melted at 233-235°, lit.1* m.p. 232-234°.

The solid from the steam distillation was removed by
filtration, dried, and sublimed under vacuum (1 mm.).
Crystallization from ligroin gave 0.7 g. of dimethylanthra-
cene, m.p. 223-225°.

The same reaction carried out at 40° gave 0.1 g. of p-
tolualdehyde and 2.1 g. of dimethylanthracene. At 50°,
0.1 g. of aldehyde and 2.7 g. of dimethylanthracene were
obtained.

The reaction of diphenyl ether and carbon monozide with
aluminum chloride. Diphenyl ether (60 ml.) and aluminum
chloride (25 g.) were shaken at 80° for 16 hr. with carbon
monoxide at 50 p.s.i. Steam distillation gave first unchanged
diphenyl ether and later white crystals of xanthydrol. The
xanthydrol was removed by filtration and weighed 2.1 g.
It melted at 120-122°, 1it.1 m.p. 121°. The dixanthyl urea
derivative melted at 260-261°, lit.1* m.p. 260°.

The reaction of p-zylene and carbon monoxide with aluminum
chloride. p-Xylene (60 ml.) and aluminum chloride (25 g.)
were shaken at 60° for 16 hr. with carbon monoxide at 50
p.s.i. The solid remaining after steam distillation weighed
16.00 g. Vacuum sublimation gave 8.5 g. of a tetramethyl-
anthracene which melted at 268-269° (from ligroin b.p.
60-90°). Ellison and Hey* have prepared 1,4,5,8-tetramethyl-
anthracene, m.p. 270°.

Anal. Caled. for CigHjs: C, 92.37; H, 7.63. Found C,
92.16; H, 7.45.

Absorption spectra. The ultraviolet absorption spectra

(10) E. H Huntress and S. P. Mulliken, Identification of
Pure Organic Compounds, John Wiley & Sons, New York
(1946), p. 65.
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were carried out in spectra grade ecyclohexane with a Beck-
mann Model DU spectrophotometer.

The values for maxima and minima of the anthracenes are
in good agreement with the proposed effects of groups.n
The dimethyl and tetramethylanthracenes show a batho-
chromic effect with some loss of fine structure, with respect

(11) R. N. Jones, Chemical Revs., 41, 353 (1947).
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to anthracene. Dibenzylanthracene shows a fine structure
effect, with a hyperchromic shift, no loss in fine structure
and no bathochromie shift.

Acknowledgment. The work of Mr. Horn was
supported by a grant from Research Corporation
to whom the authors wish to express their gratitude.

PrrrsBurg, Kan.

[CONTRIBUTION FROM THE RESEARCH LLABORATORIES OF THE PAINT DIvistoN oF THE PrrrsBURGH PLATE Grass CoMPaNY]
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Nitriles are readily N-alkylated under mild conditions with primary alcohols related to benzyl aleohol and with glycols of
the di(hydroxymethyl)benzene type to give good yields of N-aralkylamides and N,N’-bisaralkylamides, respectively.

In the reaction of nitriles with olefins and alco-
hols,%3 ethers,* esters,® and halides,® the alkylating
compound is ordinarily restricted to those which
can form a secondary or tertiary carbonium ion in
an acidic medium.” An exception may be noted in
the case of the primary halides which are known to
form N-substituted nitrilium complexes with ni-
triles in the presence of Lewis acids.® Recently,
Lora-Tamayo, Madronero, and Munoz reported
that nitriles may be alkylated with S-phenylethyl
chloride in the presence of stannic chloride to give
derivatives of dihydroisoquinoline.® However, it
has been asserted that primary aleohols are unreac-
tive toward nitriles notwithstanding recourse to
prolonged reaction times, elevated temperatures,
and the nse of fuming sulfuric acid as catalyst.3¢

It was therefore noteworthy to observe in this
laboratory that primary alcohols and glycols of
the aralkyl type were condensed smoothly with

(1) Portion of a paper presented at the Meeting-in-
Miniature of the Central Pennsylvania Section, American
Chemical Society, Pennsylvania State University, State
College, Pa., March 15, 1958,
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70, 4045 (1948). (b) J. J. Ritter and J. Kalish, J. Am.
Chem. Soc., 70, 4048 (1948). (¢) F. R. Benson and J. L.
Ritter, J. Am. Chem. Soc., 71, 4128 (1949). (d) L. W.
Hartzell and J. J. Ritter, J. Am. Chem. Soc., 71, 4130
(1949). (e) R. M. Lusskin and J. J. Ritter, J. Am. Chem.
Soc., 72, 5577 (1950). (f) H. Plaut and J. J. Ritter, J. Am.
Chem. Soc., 73,4076 (1951),
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hydrogen cyanide and nitriles, ¢f. F. Miiller in Houben-
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nitriles under mild conditions to give N-aralkly-
amides and N,N’'-bisaralkylamides in good yields.
Thus, careful addition of benzyl alcohol to a large
excess of acetonitrile containing substantial pro-
portions of sulfuric acid resulted in a spontaneous
reaction at 5-30° which afforded N-benzylacet-
amide® (Ia) in good yield. N-Benzylacrylamide!!
(Ib) was prepared from aerylonitrile, and, in similar
manner, N-(4-methylbenzyl)acetamide!? (II), N-
(2,4-dimethylbenzyl)acetamide!® (III), and N-(4-
(methoxybenzyl)acetamide!* (IV) were prepared

QCH,OH + RCN — @CH;NHCOR
I

CH,NHCOCH; CH,NHCOCH; CH,NHCOCH,
@C’* @
CH; CH, OCHj,
11t 11 v
R
a. CHa
b. CH=CH
C. CsHs

from the corresponding alcohols (Table I), The reac-
tion was readily extended to glycols of the arenedi-
methanol type to produce several new difunctional
amides. The reaction of 4,6-dimethyl-1,3-di(hy-
droxymethyl)-benzene with excess acetonitrile af-
forded N,N’-diacetyl-4,6-dimethyl-1,3-di(amino-

(10) (a)J. Strakosch, Ber., 5,692 (1872). (b) C. Rudolph,
Ber., 12, 1297 (1879). (¢) H. Amsel and A. W. Hofmann,
Ber., 19, 1284 (1886). (d) W. H. Carothers and G. A. Jones,
J. Am. Chem. Soc., 47, 3051 (1925).
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Ber., 28, 2988 (1895).

(13) D. V. Nightingale and O. G. Shanholzer, J. Org.
Chem., 7,6 (1942),

(14) (a) H. Goldschmidt and N. Polonowska, Ber., 20,
2407 (1887). (b) W. H. Carothers, C. F. Bickford, and G. J.
Hurwitz, J. Am. Chem. Soc., 49, 2908 (1927).



