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Abstract—The condensation of methyl (ethyl) phenylcarbamates with ninhydrin in concentrated sulfuric acid
gave dialkyl [1,3-dioxoindan-2,2-diyldi(4,1-phenylene)]biscarbamates. Treatment of the latter with hydrazine
hydrate resulted in the transformation of the indandione fragment into phthalazinone. Ninhydrin reacted with
methyl (hydroxyphenyl)carbamates in glacial acetic acid to produce dihydroxy derivative of oxotrihydro-
indeno[1,2-b][1]benzofuran possessing a carbamate group. Tandem reaction of ninhydrin with methyl (acetyl-
phenyl)carbamates on heating in boiling glacial acetic acid, followed by addition of hydrazine hydrate in
acetonitrile, afforded methyl (5-oxo-5H-indeno[1,2-c]pyridazin-3-yl)phenylcarbamates.

DOI: 10.1134/S1070428018100123

Ninhydrin [2,2-dihydroxy-1H-indene-1,3(2H)-di-
one] is an important intermediate product in the syn-
thesis of various five-membered N,O,S-heterocyclic
compounds, including pyrrole [1, 2], pyrrolidine, pyr-
rolizidine [3, 4], dihydropyrazole [5], imidazole, imid-
azolidine [6, 7], di- and tetrahydrofuran [8, 9], benzo-
furan [10], thiophene [11], oxazolidine [12], and
thiazolidine derivatives [13]. These heterocycles can
be obtained from ninhydrin via cycloaddition [3],
cyclocondensation [5], Wittig [7], Pictet—Spengler
[14], Baylis—Hillman [15], and other reactions [14].
Ninhydrin is frequently used in multicomponent
reactions [4]. Reactions of ninhydrin leading to the
formation of six-membered N,O,S-heterocycles are
also known; in particular syntheses of pyridines,
piperidines [14, 16], pyrimidines [17], piperazines,
pyrazines [14, 18], quinoxalines [19], phthalazines

[20], pyridazines [21], triazines [22], pyrans [23],
oxazines [24], and other compounds [14] have been
reported. Condensations of ninhydrin with some aro-
matic compounds were studied in [25]. However, we
have found no published data on reactions of ninhydrin
with alkyl phenylcarbamates 1 and 2.

The condensation of ninhydrin with methyl and
ethyl phenylcarbamates 1 and 2 in concentrated sul-
furic acid at 25°C gave the corresponding para,para’-
substituted bis-phenylcarbamates 3 and 4 in 94 and
97% yield with high regioselectivity (Scheme 1). The
structure of 3 and 4 was confirmed by IR and 'H NMR
spectra. Their '"H NMR spectra contained doublet
signals from 8 aromatic protons in the regions & 7.23—
7.24 and 7.33-7.34 ppm. 1,3-Dioxo-2,3-dihydro-1H-
indenes 3 and 4 containing phenylcarbamate fragments
in the 2-position attract considerable interest as sub-
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strates for subsequent heterocyclization. The condensa-
tion of 3 and 4 with hydrazine hydrate on heating for
15 min under reflux afforded phthalazinones S and 6 in
62 and 60% yield, respectively (Scheme 1). In the
'H NMR spectra of 5 and 6, the CH proton resonated
as a singlet at & 5.89-5.90 ppm, and the phthalazine
NH signal was located in a weaker field (6 10.80 ppm)
than the carbamate NH signal (8 9.85-9.87 ppm).

Presumably, the reaction involves initial nucleo-
philic addition of hydrazine to one carbonyl group of
ninhydrin with the formation of tetrahedral interme-
diate A. Heterolytic dissociation of C—C bond in the
five-membered ring of A gives intermediate B which
undergoes intramolecular heterocyclization via nucleo-
philic attack of the amino group on the carbonyl group.
Elimination of water molecule from intermediate C
yields final phthalazine 5 or 6 (Scheme 2).

It is known that ninhydrin reacts with phenols to
give benzofuran derivatives [26]. We reacted isomeric
methyl (hydroxyphenyl)carbamates 7—9 with ninhydrin
in boiling glacial acetic acid and obtained 63—65% of
fused benzofuran derivatives 10—12 (Scheme 3). The
structure of 10-12 was confirmed by IR and '"H NMR
spectra. The '"H NMR spectrum of 12 in CDCl;
displayed a triplet at § 7.57 ppm, a multiplet at & 7.76—
7.80 ppm, and a doublet at & 8.01 ppm due to four aro-
matic protons of the ninhydrin fragment, and protons
of the two hydroxy groups resonated as two singlets at
0 3.93 and 4.75 ppm. According to spectral data, cyclic
benzofuran structures 10—12 in solution exist in
equilibrium with minor open isomers 10'—12' [27].

With a view to further functionalization of com-
pounds 10—12, ninhydrin was brought into reaction

with hydroxyphenylcarbamates 7-9 in boiling glacial
acetic acid, followed by addition of urea. The products
of this reaction were methyl N-[3(4,3)-(3,5-dioxo-2,5-
dihydro-3H-imidazo[5,1-a]isoindol-1-yl)-2(3,4)-hy-
droxyphenyl]carbamates 13-15 (yield 67-72%;
Scheme 4). The structure of 13—15 was confirmed by
IR and 'H NMR spectra, as well as by *C NMR spec-
trum of 15. In the '"H NMR spectra of 13-15, NH
proton of the imidazole fragment resonated as a broad-
ened singlet at 6 10.64-10.65 ppm, whereas the
carbamate NH signal appeared in a stronger field
(8 9.75-9.76 ppm). The *C NMR spectrum of 15
contained signals of aromatic carbons and carbon
atoms of the carbamate group, two carbonyl carbon
signals at d¢ 152.31 and 157.62 ppm, and a signal at
8¢ 111.64 ppm due to the C' atom of the imidazole
fragment.

Scheme 5 illustrates a probable mechanism of this
reaction. Nucleophilic attack of the urea amino group
on the carbonyl carbon atom of 10'—12' is accom-
panied by opening of the five-membered ring with
formation of intermediate A which undergoes hetero-
cyclization as a result of intramolecular nucleophilic
attack of the NH nitrogen atom on the other carbonyl
group. Intermediate B thus formed is converted to
structure C via subsequent heterocyclization involving
the NH, group and electrophilic carbon atom.
Elimination of water molecule from C yields final
compound 13-15.

We also studied the condensation of ninhydrin with
methyl (acetylphenyl)carbamates 16—18 on heating in
boiling glacial acetic acid, followed by addition of
hydrazine hydrate in acetonitrile. This reaction
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afforded indeno[1,2-c]pyridazines 19-21 in 85-89%
yield Scheme 6). The 'H NMR spectra of 19-21
showed signals from protons of the indene and phenyl-
carbamate fragments, as well as a signal at 6 7.74—
7.81 ppm, which was assigned to the 4-H proton
(pyridazine fragment); the position of the 4-H signal
was consistent with the data for structurally related
indeno[1,2-c]pyridazine derivatives [28]. The reaction
is likely to involve aldolization—crotonization to give
intermediate A which undergoes heterocyclization
with hydrazine.

EXPERIMENTAL
The 'H NMR spectra were recorded on a Bruker

DRX 500 spectrometer at 500.13 MHz using tetra-
methylsilane as internal standard. The *C NMR spec-

trum of a solution of 15 in DMSO-dgs was obtained on
the same instrument at 126 MHz with complete de-
coupling from protons. The IR spectra were measured
on an InfraLUM FT-02 spectrometer from samples
prepared as KBr discs or thin films. The purity of the
isolated compounds was checked by TLC on Silufol
UV-254 plates; spots were visualized by treatment with
iodine vapor.

Dimethyl [(1,3-diox0-2,3-dihydro-1H-indene-2,2-
diyl)di(4,1-phenylene)|biscarbamate (3). A mixture
0f 0.997 g (5.6 mmol) of ninhydrin, 1.69 g
(11.2 mmol) of methyl phenylcarbamate (1), and
10 mL of concentrated sulfuric acid was stirred for 8 h
at 25°C. The mixture was poured onto 10-20 g of ice
and extracted with chloroform. The extract was
washed twice with water (50 mL) and 10% aqueous
sodium chloride and dried over anhydrous magnesium

Scheme 6.
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sulfate, the solvent was distilled off, and the residue
was recrystallized from chloroform. Yield 2.34 g
(94%), colorless crystals, mp 109-110°C. IR spectrum,
v, em : 3310 (NH), 1715, 1700 (C=0), 1610, 1578,
1565 (C=Cjrom). '"H NMR spectrum (CDCl;), 5, ppm:
3.71 s (6H, OMe), 7.23 d (4H, Huyom, J = 8.7 Hz),
7.34 d (4H, Huom, J = 8.7 Hz), 7.87-7.90 m (2H,
Harom), 8.06-8.09 m (2H, H,,om), 9.86 br.s (2H, NH).
Found, %: C 6741, H 454, N 6.10. C25H20N206.
Calculated, %: C 67.57; H4.51; N 6.31.

Diethyl [(1,3-diox0-2,3-dihydro-1H-indene-2,2-
diyl)di(4,1-phenylene)|biscarbamate (4) was synthe-
sized in a similar way. Yield 2.56 g (97%), colorless
crystals, mp 114-115°C. IR spectrum, v, cm ': 3310
(NH), 1714, 1700 (C=0), 1610, 1575, 1560 (C=C,om)-
'"H NMR spectrum (CDCls), 8, ppm: 1.23 t (6H,
CH,CHs;, J = 7.1 Hz), 4.07 q (4H, OCH,, J = 7.1 Hz),
7.24 d (4H, Haom, J = 8.7 Hz), 7.33 d (4H, Harom,
J = 8.7 Hz), 7.86-7.89 m (2H, Hyom), 8.05-8.08 m
(2H, Huom), 9.87 br.s (2H, NH). Found, %: C 68.53;
H 4.94; N 5.79. C,;H,4N,Og. Calculated, %: C 68.64;
H 5.09; N 5.93.

Dimethyl [(4-0x0-3,4-dihydrophthalazin-1-yl)-
methylenedi(4,1-phenylene)]biscarbamate (5).
A mixture of 0.62 g (1.4 mmol) of bis-carbamate 3 and
10 mL of 99% hydrazine hydrate was refluxed for
15 min. The mixture was cooled and acidified with 6 N
aqueous HCI to pH 6. The precipitate was filtered off
and treated with chloroform, the solvent was removed,
and the residue was recrystallized from chloroform—
petroleum ether (1:2). Yield 0.39 g (62%)), light yellow
crystals, mp 167-169°C. IR spectrum, v, em 3308,
3174 (NH), 1710, 1658 (C=0), 1596, 1580 (C=Com).
'"H NMR spectrum (DMSO-dg), 8, ppm: 3.71 s (6H,
OMe), 5.89 s (1H, CH), 7.13 d (4H, Hyom, J = 8.6 Hz),
7.30 d (4H, Hyrom, J = 8.6 Hz), 7.70-7.74 m (3H,
Harom), 8.44-8.46 m (1H, H,om), 9.85 br.s (2H,
NHCO;,;Me), 10.80 br.s (1H, NNH). Found, %:
C 65.64; H 4.54; N 12.12. C,5sH,,N,4Os. Calculated, %:
C 65.50; H 4.80; N 12.23.

Diethyl [(4-0x0-3,4-dihydrophthalazin-1-yl)-
methylenedi(4,1-phenylene)]biscarbamate (6) was
synthesized in a similar way from 0.644 g (1.4 mmol)
of compound 4. Yield 0.4 g (60%), light yellow
crystals, mp 155-158°C (from chloroform—petroleum
ether, 1:2). IR spectrum, v, cm 'z 3310, 3190 (NH),
1710, 1659 (C=0), 1595, 1577 (C=Cyrom). 'H NMR
spectrum (DMSO-dg), o, ppm: 1.25 t (6H, CH,CH3,
J=7.0Hz), 4.17 q (4H, OCH,, J=7.0 Hz), 5.90 s
(1H, CH), 7.13 d (4H, Hyom, J = 8.6 Hz), 7.29 d (4H,
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Harom, J = 8.6 Hz), 7.70-7.74 m (3H, Haom), 8.45—
8.47 m (1H, Huom, J = 8.1 Hz), 9.87 br.s (2H,
NHCO,;Me), 10.80 br.s (1H, NNH). Found, %:
C 66.48; H 4.98; N 11.39. C,7H»¢N,4Os. Calculated, %:
C 66.67; H5.35; N 11.52.

Methyl (4b,9b-dihydroxy-10-0x0-9b,10-dihydro-
4bH-indeno[1,2-b][1]benzofuran-6-yl)carbamate
(10). A mixture of 0.356 g (2 mmol) of ninhydrin and
0.334 g (2 mmol) of carbamate 7 in 5 mL of glacial
acetic acid was refluxed for 3 h. The mixture was
cooled and poured onto 50 g of ice, and the precipitate
was filtered off, washed with water (50 mL), dried in
air, and purified by recrystallization from chloroform—
hexane (1:2). Yield 0.39 g (60%), colorless crystals,
mp 135-138°C. IR spectrum, v, cm 3556, 3310 (OH,
NH), 1710, 1675 (C=0), 1610, 1590, 1575 (C=Com)-
'"H NMR spectrum (CDCl3), 8, ppm: 3.71 s (3H,
OCHs;), 3.94 s (1H, OH), 4.75 s (1H, OH), 6.78 d (1H,
Harom, J = 7.6 Hz), 7.21 t (1H, Hyrom, J = 7.6 Hz), 7.57 t
(1H, Harom, J = 7.1 Hz), 7.76—7.80 m (2H, Harom),
8.01 d (1H, Hyom, J = 6.9 Hz), 8.14 d (1H, Hyom, J =
7.9 Hz), 9.89 brs (1H, NH). Found, %: C 62.23;
H 3.84; N 3.96. C;7;H3NOg. Calculated, %: C 62.39;
H 3.98; N 4.28.

Compounds 11 and 12 were synthesized in a similar
way.

Methyl (4b,9b-dihydroxy-10-0x0-9b,10-dihydro-
4bH-indeno[1,2-b][1]benzofuran-7-yl)carbamate
(11). Yield 0.41 g (63%), colorless crystals, mp 152—
154°C. IR spectrum, v, cm': 3560, 3310 (OH, NH),
1710, 1686 (C=0), 1610, 1595, 1577 (C=Cgurom)-
'"H NMR spectrum (DMSO-dy), 6, ppm: 3.71 s (3H,
OCHs), 3.95 s (1H, OH), 4.76 s (1H, OH), 6.78 d (1H,
Harom» J = 7.9 Hz), 7.22 d (1H, Huyom, J = 7.9 Hz),
7.48 s (1H, Hyom), 7.57 t (1H, Hyrom, J = 7.1 Hz), 7.76—
7.80 m (2H, H.iom), 8.01 d (1H, Harom, J = 6.9 Hz),
9.87 br.s (1H, NH). Found, %: C 62.14; H 4.03; N 4.16.
C7H3NOg. Calculated, %: C 62.39; H 3.98; N 4.28.

Methyl (4b,9b-dihydroxy-10-0x0-9b,10-dihydro-
4bH-indeno[1,2-b][1]benzofuran-8-yl)carbamate
(12). Yield 0.42 g (65%), colorless crystals, mp 133—
135°C. IR spectrum, v, cm': 3580, 3310 (OH, NH),
1710, 1680 (C=0), 1610, 1595, 1577 (C=Cgrom)-
'"H NMR spectrum (CDCls), 8, ppm: 3.71 s (3H,
OCH3), 3.93 s (1H, OH), 4.75 s (1H, OH), 7.49 d (1H,
Harom, /= 8.3 Hz), 7.53 s (1H, Hurom), 7.57 t (1H, Harom,
J=17.1Hz), 7.73 d (1H, Huom, J = 8.3 Hz), 7.76—
7.80 m (2H, Haom), 8.01 d (1H, Hyrom, J = 6.9 Hz),
9.87 br.s (1H, NH). Found, %: C 62.21; H 3.95; N 4.20.
C17H5NOs. Calculated, %: C 62.39; H 3.98; N 4.28.
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Methyl [3-(3,5-dioxo-2,5-dihydro-3H-imidazo-
[5,1-a]isoindol-1-yl)-2-hydroxyphenyl]carbamate
(13). A mixture of 0.356 g (2 mmol) of ninhydrin and
0.334 g (2 mmol) of carbamate 7 in 6 mL of glacial
acetic acid was refluxed for 5 h. The mixture was
cooled to room temperature, 0.25 g (4.4 mmol) of urea
was added, and the mixture was refluxed for 2.5 h. The
mixture was cooled and poured into ice water, and the
precipitate was filtered off, washed with water
(25 mL), dried in air, and purified by recrystallization
from petroleum ether—ethyl acetate (2:1). Yield 0.51 g
(72%), yellow crystals, mp 168—170°C. IR spectrum,
v, cm ': 3360-3310 (OH, NH), 1721, 1710 (C=0),
1608, 1575, 1560 (C=Carom). 'H NMR spectrum
(DMSO-dy), 6, ppm: 3.71 s (3H, OMe), 4.17 s (1H,
OH), 7.27 t (1H, Haom, J = 8.0 Hz), 7.44-7.52 m (3H,
Harom), 7.96 d (1H, Hyom, J = 7.7 Hz), 8.31 d (1H,
Harom, J = 8.0 Hz), 8.37 d (1H, Hyom, J = 7.7 Hz),
9.75 br.s (1H, NHCO,Me), 10.65 s (1H, N’H). Found,
%: C 61.39; H 3.64; N 11.85. C;3H3N;0s. Calculated,
%: C 61.54; H3.70; N 11.97.

Compounds 14 and 15 were synthesized in a simi-
lar way.

Methyl [4-(3,5-diox0-2,5-dihydro-3H-imidazo-
[5,1-a]isoindol-1-yl)-3-hydroxyphenyl]carbamate
(14) was synthesized from 0.356 g (2 mmol) of nin-
hydrin, 0.334 g (2 mmol) of methyl (3-hydroxy-
phenyl)carbamate (8), and 0.25 g (4.4 mmol) of urea in
6 mL of glacial acetic acid. Yield 0.48 g (69%), yellow
crystals, mp 183—185°C. IR spectrum, v, cm ': 3340—
3310 (OH, NH), 1720, 1710 (C=0), 1610, 1575, 1560
(C=Crom)- '"H NMR spectrum (DMSO-dg), d, ppm:
3.71 s 3H, OMe), 4.71 s (1H, OH), 7.18-7.24 m (2H,
Harom), 7.49-7.54 m (2H, Hyrom), 7.67 d (1H, Hyom,
J=17.9 Hz), 7.92 d (1H, Hyom, J = 7.7 Hz), 8.41 d
(1H, Haom, J = 7.7 Hz), 9.75 br.s (1H, NHCO,Me),
10.64 br.s (1H, N*H). Found, %: C 61.47; H 3.58;
N 11.74. CsH3N30s. Calculated, %: C 61.54; H 3.70;
N 11.97.

Methyl [3-(3,5-dioxo0-2,5-dihydro-3H-imidazo-
[5,1-a]isoindol-1-yl)-4-hydroxyphenyl]carbamate
(15) was synthesized from 0.356 g (2 mmol) of nin-
hydrin, 0.334 g (2 mmol) of carbamate 9, and 0.25 g
(4.4 mmol) of urea in 6 mL of glacial acetic acid. Yield
0.48 g (67%), yellow crystals, mp 232-235°C. IR
spectrum, v, em ': 3330-3310 (OH, NH), 1720, 1710
(C=0), 1612, 1578, 1565 (C=Cirom). 'H NMR spec-
trum (DMSO-d;), 6, ppm: 3.71 s (3H, OMe), 4.70 s
(1H, OH), 7.17-7.23 m (2H, Haom), 7.51-7.53 m (2H,
Harom), 7.67 d (1H, Hyom, J = 7.9 Hz), 8.11 d (1H,
Harom, J = 7.7 Hz), 8.46 d (1H, Harom, J = 7.7 Hz),
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9.76 brs (1H, NHCO,Me), 10.65 brs (1H, N’H).
BC NMR spectrum, 8¢, ppm: 52.56 (OMe), 111.64
(Ch; 113.72, 116.35, 117.81, 122.22, 124.34, 126.40,
127.36, 127.62, 128.51, 129.42, 131.33, 144.74
(Carom); 152.31 (C), 155.85 (NHCO,Me), 157.62 (C).
Found, %: C 61.20; H 3.65; N 12.04. C;sH;3N;50:s.
Calculated, %: C 61.54; H 3.70; N 11.97.

Methyl [2-(5-0x0-5H-indeno[1,2-c]pyridazin-
3-y)phenyl]carbamate (19). A mixture of 0.69 g
(5 mmol) of ninhydrin and 0.965 g (5 mmol) of
carbamate 16 in 10 mL of glacial acetic acid was
refluxed for 4 h. The mixture was cooled and diluted
with 30 mL of acetonitrile, 0.37 mL (7.5 mmol) of
98% hydrazine hydrate was added, and the mixture
was stirred for 2 h at room temperature on a magnetic
stirrer. The yellow precipitate was filtered off and
recrystallized from chloroform—petroleum ether (1:3).
Yield 1.41 g (85%), light yellow crystals, mp 213—
215°C. IR spectrum, v, cm ;3315 (NH), 1718, 1705
(C=0), 1628, 1602, 1576, 1560 (C=Cyrom). 'H NMR
spectrum (DMSO-dg), 6, ppm: 3.71 s (3H, OMe),
6.98 t (1H, Hurom, J = 7.3 Hz), 7.42-7.45 m (1H, Hyrom),
7.50-7.58 m (2H, Hauom), 7.67 d (1H, Haurom, J =
7.3 Hz), 7.80 s (1H, 4-H), 7.83 d (1H, Hyom, J =
7.4 Hz), 7.93 d (1H, Hyom, J = 7.3 Hz), 8.40 d (1H,
Harom, J = 7.3 Hz), 9.87 br.s (1H, NH). Found, %:
C 69.01; H 3.87; N 12.49. C9H3N50;. Calculated, %:
C 68.88; H 3.93; N 12.69.

Compounds 20 and 21 were synthesized in a simi-
lar way.

Methyl [3-(5-0x0-5H-indeno[1,2-c]pyridazin-
3-yl)phenyl|carbamate (20) was synthesized from
0.965 g (5 mmol) of carbamate 17. Yield 1.44 g (87%),
light yellow crystals, mp 219-221°C. IR spectrum, v,
cm ' 3300 (NH), 1718, 1705 (C=0), 1615, 1583
(C=C.arom)- '"H NMR spectrum (DMSO-dg), o, ppm:
3.71 s (3H, OMe), 7.51-7.68 m (5H, Huom), 7.74 s
(IH, 4-H), 7.80 d (1H, H..om, J = 7.2 Hz), 8.32 d
(1H, Harom, J = 7.9 Hz), 8.79 s (1H, Haom), 9.84 br.s
(1H, NH). Found, %: C 69.00; H 3.85; N 12.51.
C19H3N303. Calculated, %: C 68.88; H 3.93; N 12.69.

Methyl [4-(5-0x0-5H-indeno[1,2-s]pyridazin-
3-yl)phenyl]carbamate (21) was synthesized from
0.965 g (5 mmol) of carbamate 18. Yield 1.47 g (89%),
light yellow crystals, mp 257-259°C. IR spectrum, v,
cm ': 3301 (NH), 1724 (C=0), 1602, 1564 (C=Com).
'"H NMR spectrum (DMSO-dy), 6, ppm: 3.71 s (3H,
OMe), 7.16 d (2H, Hyom, J = 8.5 Hz), 7.51-7.59 m
(2H, Harom), 7.68 d (1H, Hyrom, J = 7.3 Hz), 7.78 d (1H,
Harom, J = 7.4 Hz), 7.81 s (1H, 4-H), 8.42 d (2H, Haom,
J = 8.5 Hz), 9.85 br.s (1H, NH). Found, %: C 68.76;
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H 3.90; N 12.37. C;9H3N303. Calculated, %: C 68.88;
H 3.93; N 12.69.

This study was performed under financial support
by the Ministry of Education and Science of the
Russian Federation (project no. 4.9288.2017BCh).
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