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Thirty-two new azomethine derivatives of fluorene have been prepared. Several catalysts not used previously for the prep-

aration of azomethines are reported.

Several series of fluorene compounds containing
one or two azomethine groups have been prepared.
The compounds, related to known careinogenic de-
rivatives of fluorene, are of potential biological in-
terest. Ome of them has shown borderline activity
in preliminary tests for inhibition of Sarcoma 180 in
mice.?

Starting with variously substituted fluorenones
and the appropriate arylamines, we have prepared
compounds using as catalysts zinc chloride®*
aluminum chloride, acetic acid, phenol, trifluoro-
acetic acid, or phosphonic acid ion exchange
resin.® The choice of the particular catalyst was dic-
tated by the yield and ease of purification of the
product.

Each of the catalysts used appeared to have an
optimum temperature range. Highest yields were
obtained with zinc chloride between 160-190°;
with aluminum chloride, between 120-130° (above
130°, the formation of tars increased). In the case
of acetic acid or phenol, best results were obtained
at reflux temperatures.

During the course of the preparation of the
phenylimino-nitro derivatives, it was found that,
when the molar ratio of aniline to nitroketone was
less than 2:1, the yield was essentially the same,
but the produet was difficult to purify. The same
effect was found when the ratio of zinc chloride to
ketone was greater than 1 g.:0.1 mole.

The phenylimino and p-fluorophenylimino com-
pounds are all moderately to extremely soluble in
chloroform and thus were readily separated from
the Lewis acid amine salt. With the exceptions of N-
(2-methylaminofluorenylidene)aniline (VIII) and
N-(2-trifluoroacetamidofluorenylidene)aniline (X),
all crystallized readily from chloroform, absolute
ethanol, or carbon tetrachloride. VIII crystallized
from chloroform-carbon tetrachloride after stand-

(1) Part of this work was presented at the American
Chemical Society meeting in Chicago in September, 1953.
This work was supported in part by a research grant (C-
1744) from the National Cancer Institute of the National
Institutes of Health, Public Health Service.

(2) Private communication from Division of Chemo-
therapy, Sloan-Kettering Institute.

(3) Reddelien, Ber., 43, 2476 (1910).

(4) Reddelien, Ann., 388, 165, 190 (1912).

(5) Duolite C-60, a phosphonic acid type resin, generously
supplied by the Chemical Process Company, Redwood,
California.
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ing in the refrigerator for one month. X appeared
to decompose slightly on recrystallization.

The bisnitrofluorenylidene compounds of p-
phenylenediamine and benzidine are insoluble in
the common organic solvents. In order to purify
them, they were extracted with solvents in which
unreacted starting materials were soluble. Thus
acetic acid and phenol were used in many of these
preparations because they served both as solvent
and catalyst, and were easily removed from the
product. N,N’-Di-(2,7-dinitrofluorenylidene)-p-
phenylenediamine could be crystallized from o-
nitrotoluene; a red-colored addition compound
crystallized out which decomposed at 113-114° to a
golden-colored azomethine and o-nitrotoluene. The
weight loss corresponded to a ratio of one N,N’-di-
(2,7-dinitrofluorenylidene)-p-phenylenediamine to
two o-nitrotoluene molecules.

The reaction time appears to affect the yield of
product regardless of whether zinc chloride, alu-
minum chloride, or acetic acid is used. When alu-
minum chloride and zinc chloride are the catalysts,
tar formation increases if the fusion time is much
greater than one hour, When glacial acetic acid is
used, the product forms quickly, but prolonged re-
flux splits the imine yielding ketone and acetylated
amine. This is illustrated by four preparations of
N,N’ - difluorenylidene - p - phenylenediamine.
All conditions were kept constant except the reflux
time. At 10 minutes, a 709, yield of product was ob-
tained; at 30 minutes, a 609, yield; at 60 minutes,
429, and at 180 minutes, 1.09%.

The reaction of benzidine with fluorenone in the
presence of zinc chloride yielded two products.
One was the same as that obtained when glacial
acetic acid was the catalyst (XXXII). The other
product was a yellow solid, m.p. 117-118° uncorr.
The compound reacted with bi-indan-1,3-dione
(“bindone”)®7 to give a red-purple solution whereas
N - fluorenylideneaniline and N,N’ - difluorenyli-
denebenzidine gave no color. The test with “bind-
one” indicated that a free amine group was present
in the molecule. An attempt is being made toidentify
the compound.

When 2,5-dinitrofluorenone was condensed with
either aniline or p-fluoroaniline, two compounds re-
sulted. The reactions yielded a mixture of red and

(6) Ionescu, Ber., 60, 1229 (1927).
(7) Wanag, Ber., 69, 189 (1936).
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vellow needles that were separated by repeated
crystallization from acetone, chloroform, and ben-
zene. In both cases the products gave the correct
elemental analysis for nitrogen. Further data con-
cerning these phenomena will be reported in a sub-
sequent publication.

EXPERIMENTALS®

The general procedure used for each catalyst is illustrated
below.

Aluminum chloride. Preparation of N-(2-nitrofluorenyl-
idene)aniline (I1). A mixture of 11.2 g. (0.05 mole) of 2-
nitrofluorenone, 10 ml. of freshly distilled aniline, and 0.2 g.
of aluminum chloride was fused at 125 =& 5°, A melt formed
that bubbled vigorously. The reaction was stopped 15
minutes after bubbling started. The melt crystallized when
cool. It then was dissolved in a small amount of hot chloro-
form and was filtered. The filtrate was concentrated to ca.
30 ml. from which solids crystallized. The first crop was un-
reacted 2-nitrofluorenone. Sueccessive crops were golden-
colored plates which were recrystallized from chloroform-
carbon tetrachloride solution, yielding 10.9 g. of produect,

(8) All melting points below 320° are corrected. Melting
points below 300° were taken on a Fisher-Johns block; over
300°, they were taken in a capillary in an aluminum block.
Some microanalyses were done by W. Manser, Herrliberg
(Zch), Switzerland; some, by the Schwarzkopf Micro-
analytical Laboratory, Woodside 77, New York, and others,
by one of us (M.E.T.).
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m.p. 135-141°. Further recrystallization raised the m.p.
to 142-143°.

Phenol.  Preparation of N,N’-di-(2-acetamidofluorenyl-
idene)benzidine (XXXVI). A mixture of 11.8 g. (0.05 mole)
of 2-acetamidofluorenone, 3.9 g. (0.021 mole) of benzidine,
and 9.4 g. (0.10 mole) of phenol was heated to gentle reflux.
The reaction was stopped 20 minutes after reflux began.
The solids from the reaction were crushed under ether and
were collected on the filter. The product then was extracted
with 150 ml. of boiling acetone, filtered, and dried, yielding
10.3 g. (799%) of yellow crystals, m.p. 377-378° (dec.).
Crystallization from nitrobenzene followed by boiling ace-
tone extraction gave 8.7 g. (669,) of bright vellow crystals,
m.p. 379-380° (dec.).

Glacial acetic acid. Preparation of N,N'-difluorenylidene-
p-phenylenediamine (XXVI). A solution of 11.0 g. (0.061
mole) of fluorenone and 3.0 g. (0.028 mole) of p-phenylene-
diamine in 25 ce. of glacial acetic acid was refluxed with
mechanical stirring for 10 minutes. The reaction mixture
was cooled, filtered, washed twice with 50 ml. of glacial
acetic acid, and dried, yielding 6.7 g. of product. Evapora-
tion of the filtrate to dryness and extraction with hot ethanol
yielded a further 2.2 g., which was combined and erystal-
lized from chloroform yielding 8.5 g. (70%) of red crystals,
m.p. 203-294°,

Trifluoroacetic acid or cation exchange resin.® The molar
ratio of catalyst to ketone to amine was 1:10:11.1. The work-
up of the product using the appropriate solvent was the
same as for the fusion reaction above.

Zinc chloride. The method used was that of Reddelien.s

Acknowledgment. The authors are indebted to
Mr. Moses J. Namkung for the preparation of some
of the ketones used.
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