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2,3,6,7-Naphthalenetetracarboxylic Dianhydride.—2,3-
6,7-Naphthalenetetracarboxylic acid (0.50 g., 0.0017 mole)
was dissolved in 100 ml. of acetic anhydride. The mixture
was heated under reflux for 1 hr., and then most of the acetic
anhydride was removed by evaporation. The solid that
formed on cooling was recrystallized from acetic anhydride
to give 0.12 g. of naphthalene dianhydride. The anhydride
darkens on heating to 400° but does not melt.

Anal. Caled. for C HQs: C, 62.70; H, 1.50; neut.

equiv., 67.1. Found: C, 63.21; H, 1.71; neut. equiv.,
65.0.
Ultraviolet absorption of water solutions of the anhydride:
Amax 252 mu (e 6.56 X 10¢), 285 mu (e 8.56 X 10?), 346 mu
(€2.41 X 10%). Infrared absorption: 3085 and 3040 cm. ™!
(aromatic CH), and multiple absorption at the 1820-em.!
region (cyclic anhydride).

Reaction of 6,7,14,15,17,19,22,24-Octahydro-5,8,13,16-
hexacenetetrone (I) with Bromine.—A mixture of the octa-
hydronaphthalenet (3.3 g., 0.008 mole} in 75 ml. of 1,2,4-
trichlorobenzene was heated under reflux (210-215°)
and to it was added bromine (6 g., 0.037 mole) dropwise over
a period of 1 hr. Hydrogen bromide evolved, and a brown
precipitate formed in the reaction mixture. Heating was
continued 2 hr. longer, and then the mixture was allowed to
cool to room temperature. The yellow-brown product that
separated weighed 3 g. It was insoluble in dimethylform-
amide, tetramethylene sulfone, acetone, and ethyl acetate.
It was purified by trituration with hot trichlorobenzene.

Anal. Caled. for CiH20,: C, 80.5; H, 3.06. Found:
C, 79.98; H, 3.26.

Identity of this product as 5,8,13,16-hexacenetetrone (1I)
was confirmed by its infrared spectrum: 3080 (w) (aro-
matic CH), 1680 (&) (carbonyl), 1590 (s) (aromatic C=C),
1395 (s), 1320 (s), 1275 (vs), 1205 (m), 1165 (m), 1145 (m),
1125 (m), 953 (s), 715 em.~! (s). For comparison, the
infrared spectrum of I has bands at: 3060 (w), 2880 (m),
2840 (m), 1690 (s), 1590 (s), 1445 (m), 1365 (m), 1340 (m),
1280(s), 1245 (s), 1205 (m), 1070 (m), 993 (m), 944 (m),
806 (m), 780 (m), 739 (s), 712 (m), 690 cm.~! (m).
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2-Phenyl-4-benzoylfuran (I) has been shown to
be extremely susceptible to ring cleavage by alka-
line reagents.? Treatment with dilute sodium
hydroxide or with potassium carbonate led to ring
opening. Ammonia or aniline converted the furan
into the corresponding pyrrole. This behavior is
predictable for a compound that is vinylogous with
an ester of benzoic acid. Grignard reagents, there-
fore, might also be expected to cause opening of the
ring. ~ Experiments with phenylmagnesium bro-
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mide, however, led to unexpected results. The
product was neither the open-chain compound nor
the carbinol resulting from 1,2-addition to the car-
bonyl group; it corresponded, instead, to the com-
pound to be expected from 1,4-addition followed
by 1,2-addition. What appeared to be the primary
product was the carbinol, 1.
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The over-all change is similar to that observed when
duryl phenyl ketone is condensed with benzyl- and
p-chlorobenzylmagnesium chloride.* The alcohol
was easily dehydrated to the olefin, III; in fact, in
most experiments the aleohol was dehydrated dur-
ing the work-up, and the olefin was isolated directly.

Isomerization of the olefin by transfer of the exo-
cyclic double bond to the ring, although expected
to occur readily, proved to be fairly difficult to
effect. It was necessary to heat the olefin at re-
flux in ethanol with a small amount of hydrochloric
acid to bring about this conversion. The product,
2,5-diphenyl-3-benzohydrylfuran (IV), was sub-
sequently synthesized by an independent route.
Cyclization of 1,4-diphenyl-1,4-butanedione with
polyphosphoric acid gave 2,5-diphenylfuran in
good yield; alkylation of this furan by means of
benzohydrol and polyphosphoric acid yielded a
compound that was identical in all respects to the
furan obtained by isomerization of the olefin, ITI.

An attempt was made to form a benzoyl deriva-
tive by adding benzoyl chloride to the reaction mix-
ture produced by condensation of phenylmagne-
sium bromide with ketone I; only furan IV was
obtained. In a similar way the reaction mixture
was treated with carbon dioxide, but no acid could
be isolated; olefin III was formed in the usual
vield. Attempts to prepare a mono-adduect by
limiting the amount of Grignard reagent failed.
The usual diaddition products were formed when
at least 2.5 moles of the reagent were employed for
each mole of ketone; when less than this amount of
Grignard reagent was used, starting material was
recovered.

3- Benzoyl - 2,5 - diphenylfuran reacted with:
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phenylmagnesium bromide, taken in excess, to give
only the 1,2-addition product, V.

Experimental

Reaction of 2-Phenyl-4-benzoylfuran with Phenylmagne-
sium Bromide.—To a solution of phenylmagnesium bromide
in ether, prepared from 1.0 g. (0.042 g.-atom) of magnesium
turnings and 6.9 g. (0.044 mole) of bromobenzene, was added,
with stirring, 4.0 g. (0.016 mole) of 2-phenyl-4-benzoylfuran
over a period of 1 hr. The mixture was stirred at reflux for
an additional hour and then cooled with an ice bath while 35
ml. of a saturated solution of ammonium chloride was added
slowly. After this mixture had been stirred for 20 min., the
organic layer was removed, washed with water, and dried
over anhydrous sodium sulfate; the solvent was then re-
moved under vacuum. The yellow, oily residue was dis-
solved in a mixture of ether and petroleum ether and allowed
to stand in a refrigerator for several days. The diphenyl-
(2,5-diphenyl-2,3-dihydro-3-furyl)earbinol (II) erystallized
in yellow plates, which became colorless when washed with
ether, yield 3.9 g. (609;). An analytical sample, recrystal-
lized twice from ether—petroleum ether, melted at 135-136°.
Dehydration occurred at the melting point; the sample be-
came yellow in eolor, and bubble formation was observed.

Anal. Caled. for CyHyO.: C, 86.11; H, 5.98. Found:
C, 85.81; H, 6.14.

The infrared spectrum of the alcohol contained a sharp
band at 3600 cm. ~1 (hydroxyl group). When the alcohol was
heated on a hot plate at its melting point for 30 min., it
underwent dehydration to give the olefin, III, in 759, yield.
It erystallized from a mixture of ether and ethanol as yellow
prisms melting at 148-149°,

Anal. Caled. for CyeHyO: C, 90.12; H, 5.74. Found:
C, 90.28; H, 5.91.

The infrared spectrum had no absorption bands assignable
to a carbonyl or an alcohol function.

Isomerization of 2,5-Diphenyl-3-diphenylmethylene-2,3-
dihydrofuran (III).—A mixture of 0.1 g. of the olefin, 25 ml.
of 959 ethanol, and 5 ml. of concentrated hydrochloric acid
was heated at reflux for 12 hr. during which time the yellow
color disappeared completely. Water was then added drop-
wise until a faint, permanent turbidity was produced. When
the mixture was cooled in a refrigerator, 0.08 g. of a white,
fluffy solid separated. One recrystallization from ethanol-
benzene gave 2,5-diphenyl-3-benzohydrylfuran, m.p. 178-
179°.

Anal. Caled. for CupHz0: C, 90.12; H, 5.74. Found:
C, 90.09; H, 5.81.

The infrared spectrum showed no absorption in the car-
bonyl or hydroxyl regions.

2,5-Diphenyl-3-benzohydrylfuran.—2,5-Diphenylfuran
was prepared according to the procedure of Nowlin® To
10 g. of 1,4-diphenyl-1,4-butanedione was added 40 g. of
polyphosphoric acid, and the mixture was heated at 135°
for 1.5 hr. with efficient stirring. The mixture was cooled to
70°, and 10 g. of polyphosphoric acid was added; stirring
was continued while 3.8 g. of benzohydrol was introduced in
small portions over a 30-min. period. The reaction mixture
was heated at 50° for 1 hr. after addition was complete.
The dark brown mixture was then poured on cracked ice;
recrystallization of the product from ethanol-benzene gave
colorless needles melting at 178-179°, yield 3.0 g. A mixture
melting point with the furan IV showed no depression; the
infrared spectra of the two compounds were identical:

Reaction of 3-Benzoyl-2,5-diphenylfuran with Phenyl-
magnesium Bromide.—To a Grignard reagent prepared
from 1.2 g. (0.05 g.-atom) of magnesium and 7.8 g. (0.05
mole) of bromobenzene was added, over a period of 45 min.,
3.5 g. (0.012 mole) of 3-benzoyl-2,5-diphenylfuran in 50 ml.
of ether. The reaction mixture was then heated and stirred
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under reflux for 5 hr. At the end of this period it was treated
with 50 ml. of a saturated solution of ammonium chloride.
The yellow organic layer was washed with water and dried
with anhydrous sodium sulfate. Removal of the solvent left
a pale yellow solid. Recrystallization from ether to give 3.3
g. (769) of carbinol V, m.p. 175-178°. An analytical sam-
ple, recrystallized three times from ether, melted at 181-
181.5°.

Anal. Caled. for CyHaO,: C, 86.54; H, 5.51.
C, 86.16; H, 5.55.

The infrared spectrum of the carbinol had a sharp band
at 3550 em. 1. When the carbinol V was reduced with zine
dust in glacial acetic acid at 65°, furan IV was obtained in
739 yield; this material was identical in all respects to an
authentic sample of the furan.

Reaction of 2-Phenyl-4-benzoylfuran with Phenylmagne-
sium Bromide. Addition of Benzoyl Chloride to the Reac-
tion Mixture.—The reaction of the furan with the Grignard
reagent was carried out as described above; the Grignard
reagent was prepared from 0.84 g. (0.035 g.-atom) of magne-
sium and 5.8 g. (0.037 mole) of bromobenzene. The furan
(2.5 g., 0.01 mole) was added dropwise over a 1-hr. period,
and the mixture was heated at gentle reflux for 9 hr., freshly
distilled benzoyl chloride (4.9 g., 0.035 mole) was then added
slowly, and stirring was continued for 1 hr. Hydrolysis was
effected by stirring the reaction mixture with 20 ml. of a
saturated solution of ammonium chloride containing a small
amount of concentrated hydrochloric acid. The organic
layer was washed with water until neutral and dried over
sodium sulfate. Removal of the solvent left a black oil,
which was chromatographed on alumina. The major prod-
uet, eluted with cyclohexane, was furan IV; yield 1.8 g.

Several attempts were made to isolate a carbonation prod-
uet; in each of these cases olefin IIT was obtained in approx-
imately the usual yield.
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Recent investigations! of the base-catalyzed de-
composition of sulphonhydrazones (the Bamford-
Stevens reaction) have led the Oxford and Ohio
State workers to propose that the protonating
ability of the solvent employed was of major im-
portance in determining the mode of decomposition
of the presumed diazo intermediate. Whiting and
Powell supported this view by showing that diazo-
camphane prepared in an independent unambigu-
ous manner decomposed in 2-ethoxyethanol solu-
tions to give mixtures rich in eamphene, whereas
etherela solutions were known? to decompose to
tricyclene.

A subsequent study® of the mercuric oxide oxi-
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