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A STUDY OF 1,2, 3,4-TETRAHYDRO-4-AZAFLUORENE-3, 9- DIONES

Yu. E. Pelcher, A. K. Aren, Z. A. Bomika, and G. Ya. Vanag

Khimiya Geterotsiklicheskikh Soedinenii,
UDC 547.665'678.3:822.3:543.422.4.6

Intramolecular cyclization of the diamides and N, N'-dimethylamides
of a-[indan-1, 3-dion-2-yljbenzylmalonic acids (I) has given 1-aryl-
2~carbamoyl-1, 2, 3, 4-tetrahydro- 4~ azafluorene- 3, 9-diones and
1-aryl-4-methyl- 2-methylcarbamoyl-1, 2, 3, 4-tetrahydro- 4- aza-
fluorene- 3, 9-diones (Il). The structure of compounds II was shown by
chemical methods: bromination, xanthylation, and hydrolysis in
alkaline and acid media, and also by a study of IR and UV spectra.

Continuing investigations [1-3] on the synthesis and
reactivity of amide derivatives of cyclic g~diketones,
we set ourselves the aim of studying the intramolecular
reaction of the amide group NH with the carbonyl group
of derivatives of indan-1, 3-dione. For this purpose
we selected the diamides of ¢ -[indan-1, 3~dion-2-yl]
benzylmalonic acids (Ia—g), which are formed by the
addition of malondiamides to 2-arylideneindan-1, 3-
diones [3].

In an acid medium, the intramolecular condensa-
tion of the carbonyl group of the indandione and an NH
group of the malondiamide residue of compounds [a—

g takes place. This gives rise to derivatives of a new
nitrogen~containing heterocycle, 1,2, 3, 4-tetrahydro-
4~azafluorene- 3, 9-diones (ITla—g).

We first showed the possibility of this condensation
with compounds Ia-d [4].
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Condensation is favored by the spatially suitable ar-
rangement of the two groups and also by the possibility
of the formation of an unstrained six-membered ring.
However, the decisive roleinthe condensation is played
by the pH of the medium. In a neutral medium no con-
densation takes place when Iais subjectedto prolonged
heating in ethanol. Instead of this, a retro-Michael
cleavage of Ia into benzylideneindan-1, 3-dione and
malondiamide takes place. It is known that condensa-
tions of NH groups with carbonyl groups are catalyzed
by acids [2,5—9], and with a decrease in the nucleo-
philicity of the attacking agent, a decrease in the pH
of the medium is necessary [9]. The condensation of
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compounds I to form compounds Il takes place normally
only in an acid medium, the rate of the reaction de-
pending on the strength of the acid. In acetic acid,
cyclization requires heating for several hours. The
addition of p-toluenesulfonic acid accelerates the reac-
tion considerably. In concentrated hydrochloric acid,
condensation takes place even at room temperature.

Compounds Ila—g are also formed by the prolonged
heating of the 2-arylideneindan-1, 3-diones with malon-
diamide and N, N'-dimethylmalondiamide in acetic acid.
Evidently, the addition of the malondiamide to the
double bond of the 2-arylideneindan-1, 3-diones takes
place first, with the subsequent cyclization of the I
formed into II. A similar simultaneous addition and
cyclization has been shown in the reaction of 2-aryli-
dene-1, 3-diones with aminovinylcarbonyl compounds
[10].

The mechanism of this intramolecular condensa-
tion of compound I is a nucleophilic addition of the
amide NH group to the carbonyl group, with the sub~
sequent splitting out of water and the formation of II.

The nucleophilicity of the nitrogen atom plays an
important part in the condensation. Alkyl substituents
on the nitrogen, having a positive inductive effect, in-
crease the electron density on the nitrogen and favor
the condensation. Conversely, the introduction of a
phenyl radical (I,R = H, Cl, NOy; R' = CgH;) decreases
the electron density on the nitrogen to such an extent
that condensation does not take place under the con-
ditions given.

The derivatives of tetrahydro-4-azafluorene-3, 9-
diones (I[) obtained, in contrast to the colorlessinitial
diamides (I), are red-orange crystalline substances
with high melting points (Table 1). The lowering of the
melting point for the N-methyl derivatives Ile-g as
compared with those for compounds Ila~d, unsub-
stituted on the nitrogen atom, shows the strong intra-
molecular association of the latter. Compounds II
dissolve in concentrated sulfuric acid with an intense
blue coloration, which is not given by 1-aminoind-2-
en-3-ones [11]. This color reactionis anew qualitative
reaction for compounds containing the tetrahydro-4-
azafluorenedione system. The coloration is evidently
connected with the protonation of the molecule and
the formation of a conjugated cation. When the sulfuric
acid solutions are diluted, compounds II are recovered
unchanged. Compounds I[Ta—d possess some acidic
properties. They dissolve in aqueous and alcoholic
alkalis with the formation of violet-red solutions.

In acetic acid solution, compounds II undergo bro-
mination. Even when an excess of bromine is used,
only the monobromo derivative III is formed; its struc-
ture being confirmed by IR spectra.
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Table 2

Infrared Spectra of the Substituted 1, 2, 3, 4~Tetrahydro-4-azafluorene~
3,9-diones
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sorption of the NH groups of the lactams (VII, Ila-d)
and of the secondary amides (ITa-g).

In the IR spectra, strong absorption at about 250

nm which shifts bathochromically to 265 nm in an
alkaline medium is characteristic for compounds II.
The color of the substances is due to the comparatively
low maximum in the 430-~480 nm region.
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IV. Identical compounds are formed by the more pro-
longed heating of the noncyclic diamides I with xanthy-
drol in acetic acid solution. Obviously, during the
reaction both the cyclization of I to II and xanthenyla-
tion take place.

The structure of the compounds synthesized was
confirmed by their IR and UV spectra. The IR spectra
of compounds II (Table 2) differ strongly in the 6 u
region from the 4-azafluoren-9-ones [12] and thel, 4-
dihydro-4-azafluoren-9-ones [13]. In the latter, par-
ticularly those containing a bis(ketovinyl)amine group,
the absorption frequency of the individual groups is
low and they are difficult to identify. In the derivatives
of 1,2, 3, 4-tetrahydro-4-azafluorene-3, 9-diones, the
chain of conjugation is shorter and they are closer in
structure to the cyclic acylaminoindenones [14]. In the
6 u region, compounds II absorb inthe 1702—1701 cm™}
region, which corresponds to the stretching vibrations
of the carbony! group of indenone [15]. The absorption
in the 1688—1771 cm™! region relates to the frequen-
cies of the carbonyl group of a cyclic six-membered
lactam [16]. Amide carbony! groups absorb atlower
frequencies, in the 1668—1656 cm™! region {17]. What
has been said is confirmed by the spectrum of VII, in
which absorption is lacking in the region of amide
carbonyls, while the bands of the lactam carbonyl
remain unchanged. In some cases, the frequencies
of the absorption of the carbonyl groups of the lactam
and amide groups overlap. In compounds II the fre-
quency of the double bond of the five-membered ring
of the indenone and those of the aromatic rings also
appear in the 6 y region. Compound IIb also has the
characteristic absorption of the nitro group. The free
and associated vibrations of an NH group appear in
the 3 i region. We ascribe the highest frequencies
at about 3400 cm™! to the NH frequencies of the un~-
substituted exocyclic amide group of compounds, Ila—d
and III. The remaining frequencies are due to the ab-

a Ar=Ciit.; b Ar:p—NOQCbH“ ¢ Ar = p-CIC H,

In contrast to the 4-azafluoren~-9-ones [18], the
1,2, 3, 4-tetrahydro-4-azafluorene-3, 9-diones are
readily hydrolyzed by alkalis. The hydrolysis of com-
pounds II in 1N caustic soda solution takes place with
the cleavage of the lactam ring and the formation of
the monoamide of a-{1-aminoind-2~en-3-on-2-yl]ben-
zylmalonic acid (V). The resulting monoamide V hy-
drolyzes further in an alkaline medium to a-[1-amino-
ind-2-en- 3-on-2~ylibenzylmalonic acid (VI), which is
the final product of the alkaline hydrolysis of II. The
acid VI is also formed directly from II on more pro-
longed heating in alkali. The hydrolysis of the lactam
ring of II at the 3—4 bond is confirmed by IR specira,
in which, in addition to the carbonyl frequencies of the
acid, the characteristic absorption of the aminoinden-
ones [14] appears. The dibasicity of the acid VI was
established by potentiometric titration.-

The hydrolysis of compounds II in an acid medium
takes place more slowly and leads to the formation of
nitrogen-free compounds. The final product of the
acid hydrolysis of II is S-(indan-1, 3-dion-2-yl)pro-
pionic acid (IX). The acid IX is also formed from V
and VI under the conditions of acid hydrolysis. The
presence of two labile hydrogen atoms (enolic and car-
boxylic) in the molecule of IX was established by
potentiometric titration.

On being heated in inert solvents, the dicarboxylic
acid VI decarboxylates. Intramolecular acylation of
the free amino group by the carboxyl group and ring
closure take place simultaneously. The 1-phenyl-1, 2,
3, 4-tetrahydro-4-azafluorene-3, 9-dione (VII) formed’
resembles compounds II in structure and properties
but differs from them by the absence of an amide group
in position II. Closure of the lactam ring is confirmed
by the IR spectra and the formation of a blue colora-
tion when VII is dissolved in concentrated sulfuric
acid, which is characteristic for derivatives of 1, 2, 3,
4-tetrahydro-4-azafluorene-3, 9~dione. Compound VII
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contains a lactam ring and is readily hydrolyzed by
alkalis, In acids, the g-[1-aminoinden-2-en-3-on-
2-yl]-B-phenylpropionic acid (VIII) obtained by alkaline
hydrolysis, hydrolyzes further to IX. For the com-
plete identification of the acid IX, its ethyl ester X
was prepared.

The characteristics of the compounds synthesized
are given in Table 1.

EXPERIMENTAL

4-Methyl-2-methylcarbamoyl-1-p-nittophenyl-1, 2, 8, 4-tetra-
hydro- 4- azafluorene- 8, 9-dione (IIf). When 5 g of If was suspended in
concentrated hydrochloric acid, it gradually dissolved with the forma-
tion of a dark red solution. After several hours, the solution was poured
into water. The orange precipitate of IIf was separated off and crystal-
lized from ethanol to give 3.5 g of IIf,

1-p-Chlorophenyl-4-methyl-2-methylcarbamoyl-1, 2, 3, 4-tetra-
hydro- 4- azafluorene- 3, 9-dione (IIg). In a similar manner to the
preparation of Ilf, 5 g of Ig yielded 3.6 g of Ig.

2-Bromo-2-carbamoyl-1-phenyl-1, 2, 3, 4-tetrahydro- 4- azafluo-
rene-3, 9~dione (Il), When 0.6 ml (11.4 mM) of bromine was added
to a suspension of 1,2 g (3.8 mM) of Ha in 30 ml of acetic acid, the
solid material dissolved. A precipitate slowly crystallized from the
red solution and this was separated off and recrystallized from acetic
acid, giving 1.3 g of INl.

1-Phenyl-2-xanthenylcarbamoyl-1, 2, 8, 4-tetrahydro- 4~ azafluo-
rene-3, 9-dione (IV). a) A suspension of 2 g (6.3 mM) of Ila, 1.25 g
(6.3 mM) of xanthydrol, and 30 ml of acetic acid was heated in the
water bath. After cooling, the dark solution deposited a yellow pre-
cipitate, which was separated off and crystallized from dimethylfor-
mamide, giving 2.1 g of IV.

b) A suspension of 2 g (6 mm) of Ia and 1.2 g (6 mM) of xanthy-
drol in 50 ml of acetic acid was heated in an air bath. As boiling
proceeded, a precipitate was formed which was separated off. After
crystallization from dimethylformamide, 1.8 g of IV was obtained.

Monocamide of a-[1-aminoind-2-en-3-on-2-yllbenzylmalonic
acid (V). Two grams of lla was added to 1IN NaOH, forming, a violet-
red solution, After some time, the solution becamered. It was filtered
and acidified. The orange precipitate was separated off and crystal-
lized from ethanol giving 1 g of V.

o-[1- Aminoind- 2-en- 8-on-2-yllbenzylmalonic acid (VIa). Three
grams of Ila was suspended in 1N NaOH, and the suspension was left
overnight, ammonia being evolved. The resulting solution was filtered
and acidified, and the red precipitate was separated off. On recrystal-
lization, prolonged boiling had to be avoided in order to prevent
possible transformation of the product. This gave 2.2 g of VIa, IR
spectrum (em™Y, v 1740, 1690, 1665; vom 1620; vy 3439,
3348, 3296, The acid VIa can also be obtained by a previous pro-
cedure [14].

€~[1- Aminoind-2-en- 8-on-2-ylJ- p-nitrobenzylmalonic acid (VIb).
As for the preparation of VIa, 2 g of Ib yielded 1.3 g of VIb.

o-[1- Aminoind- 2-en~3-on~ 2-y1J- p~ chlorobenzylmalonic acid
(VIc). As for the preparation of Vla, 2 g of Ilc yielded 1.2 g of Vic.

1-Phenyl-1,2, 3, 4-tetrahydro- 4- azafluorene- 3, 9- dione (VIla).
This was obtained by the procedwre developed earlier [141.

1-(p-Nitrophenyl)-1, 2, 8, 4-tetrahydro-4- azafluorene-3, 8- dione
(VIIb). A suspension of 1 g of VIb in 30 ml of diethyleneglycol was
heated at 120-130° C until the evolution of carbon dioxide had ceased.
The reaction mixture became thicker. The precipitate was separated

off and washed with ether. After recrystallization from ethanol,
0.3 g of VIIb was obtained.

8-[1-Aminoind-2-en-38-on-2-yl]-g-~phenylpropionic acid (VIII).
A suspension of 1 g of VIIa in IN NaOH was heated in a hot water
bath. A violet-red solution was formed which gradually became red.
The solution was filtered and acidified, and the precipitate was sepa-
rated off. After crystallization from dilute ethanol, 1.1 g of VII was
obtained.

8-[Indan-1, 3-dion-2-yi]~g~phenylpropionic acid (IX). A suspension
of 3 g of Ila in concentrated hydrochloric acid was boiled. The solid
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matter gradually became decolorized, and it was separated off and
purified by recrystallization from bicarbonate solution. Crystallization
from dilute acetic acid yielded 1.4 g of white crystals of IX with mp
171-173% C (according to the literature [19], mp 173° C). Compound
IX was obtained in a similar manner from V, VIa, and VIII.

Ethyl B-[indan-1, 3~dfon-2-yl}- B~phenylpropionate (X). A few
drops of concentrated HzSO,4 was added to a suspension of 0.5 g of IX
in absolute ethanol, and it was heated in the water bath. After cool-
ing, it was poured into water and the precipitate was separated off to
give 0.3 g of colorless crystals of X (mp 110~111°C, from ethanol;
according to the literature [20], mp 109° C),
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