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Further Extension of the
Base-Catalyzed Cyclization

C. K. BRADSHER AND SiDNEY T. WEBSTER!
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In an earlier communication? it was shown that
o-benzylbenzoic acid (I) will react with an excess
of phenyllithium to afford a 709, yield of 9-
phenylanthracene (II). In the interest of learning
more about the limits of this novel cyclization, the
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action of phenyllithium on some substituted ben-
zylbenzoic acids has been investigated.

With o-(4-methylbenzyl)benzoic acid (III) a
429, yield of the known®—% 2.methyl-9-phenylan-
thracene (IV) was obtained. In one experiment in
which an excess of a lithium metal was present,
none of the 2-methyl-9-phenylanthracene (IV) was
isolated as such, and the principal product was a
new, well-defined molecular eompound, containing
2-methyl-9-phenyl-9,10-dihydroanthracene in com-
bination with the fully aromatic analog (IV).

The reaction of o0-(3,4-dimethylbenzyl)benzoic
acid (V) with an excess of phenyllithium gave a
419, yield of what is believed to be 2,3-dimethyl-
9-phenylanthracene (VI).

With o-(1-naphthylmethyl)benzoic acid (VII)
cyclization takes place into the 2-position pro-
ducing the known® 10-phenyl-1,2-benzanthracene
(VIIT) in 589 yield. These observations eliminate
the somewhat remote possibility that the entering
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phenyl group is introduced at the methylene bridge,
and is further confirmation for the reaction mech-
anism proposed earlier.?

EXPERIMENTAL

Spectroscopic data. All ultraviolet absorption spectra were
obtained in 959, ethanol solution using a Warren Spectra-
cord spectrophotometer and 1-cm. quartz cells. All infra-
red spectra were determined in carbon tetrachloride solu-
tion a Perkin-Elmer Model 21 double beam spectrophotom-
eter with 1.0-mm. sodium chloride cells.

Phenyllithium. Except as noted phenyllithium was pre-
pared by the action of 31.4 g. of bromobenzene on 2.78 g.
lithium in 350 ml. of dry ether, the procedure being carried
out under a nitrogen atmosphere. An additional 3-4 ml. of
bromobenzene was added to react with any remaining
lithium and stirring continued for one hour.

2-Methyl-9-phenylanthracene (IV), To an ether solution
of phenyllithium a solution containing 5 g. of o-(4-methyl-
benzyl)benzoic acid® in 150 ml. of dry ether was added
gradually with stirring over a period of 30 min. The dark
reaction mixture was stirred for 15 hr. at room temperature
and then about 200 ml. of ice water was added dropwise
with cooling and stirring. The ether layer was separated,
washed with water until neutral and finally dried over
sodium sulfate. The ether was removed on the steam bath
and the residue dissolved in 50 ml. of dry benzene and
chromatographed by passing it through a 2.5 X 35 cm.
column carefully packed with 125 g. of alumina (Merck
and Co.). Benzene was used for elution of the hydrocarbon
fraction. Since no crystalline product was obtained, the
chromatographic process was repeated, the benzene solu-
tion was concentrated and the fluorescent residue crystal-
lized from ethanol. The granular light yellow crystals were
collected, 2.48 g. (429,), m.p. 120°® (lit.? ¢ 119°). A mixed
melting point with an authentic sample!! of 2-methyl-9-
phenylanthracene gave no depression. Ultravioclet absorp-
tion maxima were observed at 227, 257, (316), 333, 348, and
366 mu. These maxima correspond closely to those reported
for a 9-phenylanthracene system.!?

Products obtained with excess lithium metal. When the
above reaction was carried out as described but using 4.1 g.
instead of 2.78 g. of lithium metal, and only a total of 31.4
g. of bromobenzene, the hydrocarbon fraction amounted
to 2.13 g. (489,) of white crystals of what is believed to be
a molecular compound between 2-methyl-9-phenyl-9,10-
dihydroanthracene and 2-methyl-9-phenylanthracene (IV).
The analytical sample, crystallized from ethanol, melted
at 87-88°; ultraviolet absorption maxima occurred at 257,
(271), 316, 333, 348, and 366 my.

Anal. Caled. for CoHis-CoHyg:'8 C, 93.64; H, 6.36. Found:
C, 93.92; H, 6.01,
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A sample of the molecular compound was dehydro-
genated in the presence of 10% palladium-charcoal catalyst
at a temperature of 220-310°, affording a 70% yield of
2-methyl-9-phenylanthracene (IV), m.p. 120.5-122°. This
material gave no depression of melting point when mixed
with an authentic sample.’

Oxidation. of the molecular compound: 3-methyl-10-phenyl-
10-hydroxyunthrone.t* One gram of the molecular com-
pound was dissolved in 3.5 ml. of acetic acid and oxidized by
dropwise addition of a water solution containing 1.87 g. of
chromic anhydride. After the mixture had been heated on
the steam bath for 1.5 hr., it was poured into water and
the product which separated was crystallized from ethanol,
yield 0.85 g. (759%) of granular crystals, m.p. 192-199°.
The analytical sample was obtained as colorless granular
crystals, m.p. 197.5-199.5° (lit.1# 198°).

Anal. Caled. for CpH;60,: C, 83.98; H, 5.37. Found: C,
83.70; H, 5.35.

The infrared absorption spectrum showed the charac-
teristic absorptions for hydroxyl and carboxyl at 2.79 and
5.98 u, respectively.!®

2- Methyl - 9 - phenyl - 9,10 - dihydroanthracene. From the
mother liquor from which the molecular compound had sepa-
rated, 0.12 g. of long white needles were obtained, m.p.
87-88°. Once recrystallized from ethanol the fine white
needles melted at 89.5-90.5°.

Anal. Caled. for CpHy: C, 93.29; H, 6.71. Found: C,
93.45; H, 6.72.

Ultraviolet absorption maxima were observed at 250,
(262), 267, 271, and 276 mp.

2,3-Dimethyl-9-phenylanthracene (VI). A solution con-
taining 5 g. of 0-(3,4-dimethylbenzyl)benzoic acid?? (V) in
dry ether was treated with phenyllithium and worked up
as in the preparation of 2-methyl-9-phenylanthracene (IV).
Recrystallization of the crude product from ethanol afforded
2.42 g. (41%,), m.p. 164-166°. The analytical sample crystal-
lized from sthanol as shiny yellow crystals, m.p. 171.5-
172.5°.

Anal. Caied. for CuHis: C, 93.57; H, 6.43. Found: C,
93.36; H, 6.31.

The ultraviolet absorption spectrum had maxima at 228,
259, (316), 832, 348, and 366 mu.

10-Phenyl-1,2-benzanthracene (VIII). Starting with 5 g. of
o-(1-naphthylmethylybenzoic acid (VII),”® and following
the procedure used in the case of the preparation of the
analogs (IV and VI), the benzene solution containing the
hydroearbon fraction from the chromatographic separation
was concentrated and the product erystallized by addition
of ethanol a3 light yellow plates, m.p. 182-185°, yield 4.06
g. (589,). A sample recrystallized from benzene-ethanol
melted at 184-186° (lit.® 183-184°) and did not depress
the melting point of an authentic sample.®

The ultraviolet absorption spectrum showed maxima at
222, 259, 271, 281, 291, (300), 320, 335, 351, and 366 mu.
This is in good agreement with the reported values.®
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Reports®™* on the synthesis of N-bromoaceta-
mide (NBA) mention its decomposition to form
bromine. Also bisacetamide hydrobromide has been
reported as a decomposition product® or as a by-
product from slow addition reactions of NBA.S
The present investigation involves quantitative
iodometric analysis and quantitative measurements
of hydrogen bromide formation during the decom-
position of NBA in chloroform—ethyl alecohol mix-
tures.

Both the NBA and any bromine formed during
decomposition would be expected to react with
excess potassium iodide to give triiodide ion. In
aqueous acetic acid one mole of NBA has beeu
reported to react with iodide ion to give two equiva-
lents of iodine.” This reaction has now been investi-
gated in water with and without acid present as
shown in Table I. With acid present these analytical
results show that two equivalents of iodine were
formed per mole of NBA while in the absence of
acid one equivalent of iodine was formed per mole
of NBA. The interaction of the acid with the NBA
before the potassium iodide was added caused some
loss of oxidizing capacity so that the results were
low and relatively unreliable as shown in the second
entry of Table I. The best analyses in an acid me-
dium were obtained when the acid was added with
the potassium iodide or after the potassium iodide.
The average value for the determinations with de-
layed acid addition was 1,996 = 0.011 where the
precision sets the 959, confidence limits of the
average.

These analytical results on NBA are consistent
with Equation 1 for the reaction in the absence of
acid. When acid was added after this reaction took
place further iodine was released according to
Equation 2 (see the last two entries of Table I).
When acid was added with the potassium iodide the
reaction given in Equation 3, which is the sum of
Equations 1 and 2, took place. No other equations
are consistent with the analytical results in the
presence of excess iodide ion. No reaction producing
hydrogen ion and iodate ion in the absence of
added acid can be considered because the reaction
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