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none and the stable tautomer II can be converted
into the same derivatives, but the acidic substance
has not been reconverted into the quinone. Hy-
droxybenzalnaphthone (II) enters into various
reactions involving a primary addition to the ends
of the conjugated system. S-Naphthohydro-
quinone adds to give the condensation product
I; an alcohol reacts to give a hydroquinone III,
which is converted by air oxidation to the corre-
sponding orthoquinone. The addition of acetic
anhydride results in the formation of 1,2,a-tri-
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acetoxy-4-benzylnaphthalene, and the same prod-
uct is obtained from 4-benzyl-1,2-naphthoqui-
nomne, evidently through tautomerism to II. Itis
suggested that a similar reaction is respomnsible
for the abnormal acetylation of lapachol leading
to the formation of a derivative of the substance
characterized by Hooker as dehydro-a-lapachone
(Paternd’s “‘isolapachone’’).
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The Diphenylnaphthalenes!

By H. MARJORIE CRAWFORD

There has heen reported only one of the four
possible diphenylnaphthalenes in which the phenyl
groups are in the same ring. Franssen? reported
the melting point of 1,4-diphenylnaphthalene as
308°, but it has since been shown by Weiss,
Abeles and Knapp? to melt at 135-137° and by
Allen and Gilman* to melt at 134-136°.

This paper reports the preparation of 1,2-, 1,3-
and 2,3-diphenylnaphthalenes which were needed
as reference compounds in connection with an-
other problem. The series of reactions used in
the preparation of these compounds is shown,
followed by the descriptions of the procedures.
The compounds whose melting points are indi-

1,2-DIPHENYLNAPHTHALENE
CsHs

HCN i H,S0,
CeH;COCH=CHC;H; ——> C.H;COCH,CHCN —H—6> CeH;COCH,CHCOOH
2

CeHs OH

CcH B CeH H,SO. ’
l\ )L ‘ 5 CeHsMg r . \ﬁj § 2 t‘ C¢H;CH,CH,CHCOOH
hea

98—99° 79-80°
1
CeHj
/ CaHs Se {/ { \CaHs
260—280 N J
76 5-77° 109.5-110°

(1) Reported at the fall meeting of The American Chemical
Society at Milwaukee, Wis., in September, 1938.

(2) Franssen, Bull. soc. chim., 37, 902 (1925).

(8) Weiss, Abeles and Knapp, Monatsh., 61, 162 (1932),

(4) Allen and Gilman, Tris JourNAL, §8, 937 (1836).

cated in the equations are described for the first
time,

a-Phenyl-8-benzoylpropionitrile was made in 909, yields
by the addition of hydrocyanic acid to benzalaceto-
phenone.?

a-Phenyl-8-benzoylpropionic acid was prepared in
95%, yields by the hydrolysis of the nitrile with sulfuric
acid.® Thirty to forty grams of the nitrile was hydrolyzed
at one time.

a,v-Diphenylbutyric acid was made by a Clemmensen
reduction of the keto acid. Twenty grams of the keto acid
was boiled for eighteen hours with 200 g. of amalgamated
zinc and 260 cc. of coned. hydrochloric acid. The hydro-
chloric acid was added in several portions. Extraction of
the cooled mixture with petroleum ether and evaporation
of the solvent gave 14.5 g. (76%) of the saturated acid.
It melted at 75° as reported by
Kohler and Kimball’ and not at
110° as reported by Ali, Desai,
Hunter and Muhammad.®

1-Oxo0-2-phenyl-1,2,3,4-tetrahy-
dronaphthalene was prepared by
heating 10 g. of a.v-diphenylbu-
tyric acid with 42 cc. of concd.
sulfuric acid and 14 cc. of glacial
acetic acid on the steam-batly for
one and one-half hours. The mix-
ture was stirred mechanically.
After cooling, the mixture was ex-
tracted with ether. The ether so-
lution was then extracted with a
solution of potassium hydroxide to
remove unchanged acid. Evapo-
ration of the ether solution gave

CeHs

Zn-Hg { HCl

CeHs

(8) Org. Syntheses, 10, 80 (1930).

(8) Lapworth and Wechsler, J. Chem. Soc., 97, 42 (1910).

(7) Kohler and Kimball, Tris Jour~NaL, 85, 4637 (1933).

(8) Ali, Desai, Hunter and Mubammad, J. Chem. Soc.,
(1937).
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1,3-DIPHENYLNAPHTHALENE
— CeH;
goy CHHs—C=CH NaOBr ]
CsH;COCOC¢H; 4+ CH,COCH; ——> C=0 ——> CH;COC=CHCOOH
CeHs—‘lC—CHz
OH HI|P

HCl

136°

5.3 g. (57%,) of 1-oxo-2-phenyl-1,2,3,4-tetrahydronaphtha-
lene, After two crystallizations from alcohol it separated
in colorless leaflets melting at 79-80°.

Anal. Caled. for CgH1O: C, 86.45: H, 6.34. Found:
C. 86.73: H, 6.49.

After this paper was submitted to the Journal, this com-
pound was described by Newman [THIs JOURNAL, 60, 2949,
(1938)] as melting at 76.2-77.0°.

1 - Hydroxy-1,2-diphenyl-1,2,3,4-tetrahydronaphthalene
was prepared by adding 0.03 mole of phenylmagnesium
bromide to 2.2 g. (0.01 mole) of 1l-oxo-2-phenyl-1,2,3.4-
tetrahydronaphthalene in ether. The ether boiled vigor-
ously and the yellow-white precipitate first formed dis-
solved toward the end of the reaction. After a few min-
utes, the mixture was decomposed with dilute hydro-
chloric acid and extracted with ether. Evaporation of the
solvent gave 1.6 g. (53%) of a white solid which melted
at 98-99° after recrystallization from alcohol,

Anal. Caled. for CppHyO: C, 87.96: H, 6.71.
C, 88.00; H, 6.84.

1,2-Diphenyl-3,4-dihydronaphthalene was obtained by
heating the alcohol solution of the carbinol with a few
drops of concd. hydrochloric acid. The hydrocarbon
separated immediately from the alcohol, in which it was
only slightly soluble, and was recrystallized from a mixture
of alcohol and ethyl acetate. It separated in stout
prisms melting at 76.5-77°.

Anal, Caled. for CaoHiyg:
C. 93.49: H, 6.53.

1,2-Diphenylnaphthalene was prepared by heating 1.2
g. of the dihydro compound with 1.5 g, of selenium for
twenty-eight hours at 260-280°. After cooling, the hydro-
carbon was dissolved in ether and filtered from selenium.
Evaporation of the ether gave a white solid which is only
slightly soluble in alcohol but very soluble in acetone, ethyl
acetate and benzene. It was recrystallized from a mixture
of alcohol and ethyl acetate from which it separated in clus-
ters of needles melting at 109.5-110°.

Anal. Caled. for CpH,e (280.3); C, 94.25: H, 5.75.
Found: C, 94.25; H, 5.90; mol, wt., 284.4,

Found:

C. 93.57: H, 6.42. Found:

Hs
Ce¢H;
_CHMeBr 4 \ S0 l
{ { CeH:CH,CHCH,COOH
C,H‘ CeHs heat

/s

/\(\ e / ﬁ
N\ /{\JCQHs 260-280° {\{ /C,Hs

70-71°

Anhydroacetonebenzil was made in 789, yield according
to the method of Japp and Lander.?

B-Benzoylcinnamic acid resulted in 449, yield by the
oxidation of anhydroacetonebenzil, 10

8,v-Diphenylbutyric acid was obtained in 549, yield by
reducing B-benzoylcinnamic acid with hydriodic acid and
red phosphorus,1?

1-Oxo0-3-phenyl-1,2,3,4-tetrahydronaphthalene resulted
when 10 g. of B8,y-diphenylbutyric acid was stirred and
warmed on the steam-bath with 42 cc. of coned. sulfuric
acid and 14 cc. of glacial acetic acid. The cooled mixture
was poured into water and the organic material extracted
with ether. Unchanged acid (about 0.1 g.) was extracted
with potassium hydroxide. Evaporation of the ether
solution gave 3.7 g, (40%) of the ketone melting at 65°.12

1,3-Diphenyl-3,4-dihydronaphthalene was prepared from
2.22 g. (0.01 mole) of 1-oxo-3-phenyl-1,2,3.4-tetrahydro-
naphthalene and 0.03 mole of phenylmagnesium bromide.
The white precipitate first formed turned dark and par-
tially dissolved in the excess of Grignard reagent. Ice and
ammonium chloride were used to decompose the metallic
compound and the solution was extracted with ether.
The ether solution gave a white compound. Several
solvents were tried for recrystallizing the carbinol, but
were not satisfactory. When an alcohol solution of the
carbinol was treated with a few drops of concd. hydro-
chloric acid there was an immediate precipitation of a
white compound which was only slightly soluble in al-
cohol. Recrystallization from a mixture of alcohol and
ethyl acetate gave a product melting at 136°, The yield
was 2.3 g. (819).

Anal. Caled. for CooHys:
C. 93.84: H. 6.57.

1,3-Diphenylnaphthalene was prepared by dehydrogen-
ating 1.4 g. of the dihydro compound by heating for
twenty-four hours at 260° with 1.5 g, of selenium. The
ether extract was filtered from unchanged selenium and al-
lowed to evaporate. The resulting solid crystallized from

(9) Japp and Lander, J, Chem. Soc., 71, 130 (1897).

(10) Japp and Lander, ébid., 71, 132 (1897).

(11) Japp and Lander, ¢bid., 71, 156 (1897).
(12) Spring, sbid., 1334 (1934).

C. 93.57; H. 642. Found:
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alcohol and ethyl acetate in colorless needles melting at
70-71°; yield, 0.9 g. (609,). It is only slightly soluble in
alcohol but is quite soluble in acetone, ethyl acetate and
benzene,

Anal. Caled. for Cy,Hye (280.4): C, 94.25; H, 5.75.
Found: C, 94.26; H, 5.86; mol. wt., 274.7.

2,3-DIPHENYLNAPHTHALENE

CaHs CsHs CGHE CBHE

| i HC1 |
CeH;COCH——CHCOOH P CyH;CH,CH——CHCOOH
™

CeH,
) CsH;

g

7N chHs Se
/c,,HB 315°

86-87° 129-129.5°

«,B-Diphenyl-3-benzoylpropionic acid was made as de-
scribed previously!® and the lower melting racemic acid
was used as it was formed in much larger quantities,

a,8,v-Triphenylbutyric acid was prepared in 309 yields
by a Clemmensen reduction of the keto acid melting at
201°, The cooled mixture was extracted with ether and
the triphenylbutyric acid so obtained was recrystallized
from 759, alcohol, It then melted at 153-154° and was
apparently the same as the higher melting isomer obtained
by de Schuttenbach.!* It was very soluble in alcohol,
acetone, chloroform and ethyl acetate and insoluble in
water,

Anal. Caled, for CyHyeOs:
C. 83.49: H, 643,

1-0xo0-2,3-diphenyl-1,2,3,4-tetrahydronaphthalene was
made by cyclizing «,8,y-triphenylbutyric acid, Heating
with coned. sulfuric acid and glacial acetic acid gave a very
small yield (259%,) of the cyclic ketone. A better yield
(58%,) was obtained by transforming 7.5 g. of «.8.v-
triphenylbutyric acid to the acid chloride by means of
thionyl chloride. After removal of the excess thionyl
chloride by suction, the acid chloride was dissolved in car-
bon disulfide and treated with 5 g. of anhydrous aluminum
chloride. After the vigorous reaction had moderated, the
mixture was heated on the steam-bath for ten minutes,
cooled and decomposed with ice and coned. hydrochloric
acid. The organic material was extracted with ether and
the unchanged acid washed out with potassium hydroxide.
The ether layer gave 3.7 g. (58%) of white solid which,

C, 83.51; H,6.37. Found:

(13) Crawford, THis JoURNAL, 60, 3078 (1938).
(14) De Schuttenbach, Ann, chim., 6, 53 (1936).
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after recrystallization from ethyl acetate, melted at 146~
147°. 1t dissolved easily in warm acetone or ethyl ace-
tate, but only slightly in ether or alcohol,
Anal.  Caled. for CpoH;ys0: C, 88.56: H, 6.08. Found:
C.8844; H, 6.22.
2,3-Diphenyl-1,2,3,4-tetrahydronaphthalene was pre-
pared by a Clemmensen re-
o duction of the ketone. One
i gram of the ketone was boiled

SOCI, 2N Coll, for seven hours with 5 g, of

—_5 { amalgamated zinc, 10 cc, of
AlCl, N\ )CuHs alcohol, 10 cc. of coned, hy-

146-147° drochloric acid and 10 cc. of

water. The cooled mixture

Zn: Hg HCl was extracted with ether and

the zinc washed with ethyl
acetate. Evaporation of the
ether gave a white solid (0.5
g.. 50%) which crystallized
from alcohol and ethyl acetate in leaflets melting at 129-
129.5°,
Anal, Caled. for CgHgo:
C.92.75: H, 7.23,
2,3-Diphenylnaphthalene.—Dehydrogenation of the
tetrahydro compound with sulfur at 265° gave very dark
material from which there finally separated a white solid
which contained sulfur. Attempts to dehydrogenate
with selenium by heating for twenty-four hours at 260~
280° gave only unchanged starting material. When the
temperature was raised to 310-315° for twenty-four hours,
most of the compound decomposed and a dark, tarry prod-
uct resulted. Finally, a very small amount of crystalline
material was obtained. It melted at 86-87° after several
recrystallizations from alcohol and benzene. Although it
was still colored slightly yellow, the analyses showed that
it was 2,3-diphenylnaphthalene.
Anal. Caled, for CpHys: C, 94.25: H, 5.75, Found:
C,94.29: H, 5.87,

The author wishes to thank the University of
Minnesota for the courtesy shown her as an Hon-
orary Fellow of the University while on leave
from Vassar College in the spring of 1938.

C, 9291: H, 7.09. Found:

Summary
1,2, 1,3- and 2,3-Diphenylnaphthalene and
several intermediate compounds have been pre-
pared.
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