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Abstract-1-Nitro-9,10-anthraquinone-2-carboxylic acid reacts with 2-aminoethanol to give 1-(2-hydroxy-
ethylamino)-9,10-anthraquinone-2-carboxylic acid which undergoes intramolecular cyclization to 1,2,3,5,8,13-
hexahydroanthra[1,2-e][1,4]oxazepine-5,8,13-trione on heating in acetic acid. Reactions of the cyclization
product with amines result in cleavage of the seven-membered heteroring.

Some 1-(2-hydroxyethylamino)anthraquinones are
known to exhibit antitumor activity [1]. Therefore,
it seems reasonable to synthesize derivatives of such
compounds having a substituent in position2. By
reaction of 1-nitro-9,10-anthraquinone-2-carboxylic
acid with 2-aminoethanol in dimethylformamide at
40350oC we have synthesized 1-(2-hydroxyethyl-
amino)-9,10-anthraquinone-2-carboxylic acid (I ). At
higher temperature the reaction was accompanied by
formation of other products. On heating in boiling

acetic acid compoundI was converted into a product
which, according to the1H NMR and mass spectra,
had the structure of 1,2,3,5,8,13-hexahydroanthra-
[1,2-e][1,4]oxazepine-5,8,13-trione (II ) (Scheme 1).

The 1H NMR spectrum of II differed from the
spectrum of acidI by the absence of signals from
the hydroxy and carboxy protons, which indicates the
occurrence of condensation. In the mass spectrum of
II a strong peak from the molecular ion was present
(m/z 293), which counts in favor of the lactone

Scheme 1.

Scheme 2.

III , X = CH2 (a), O (b).
____________
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Yields, melting points, and elemental analyses of 1,2,3,5,8,13-hexahydroanthra[1,2-e][1,4]oxazepine-5,8,13-trione (II ) and
1-(2-hydroxyethylamino)-9,10-anthraquinone-2-carboxamidesIIIa , IIIb , and IV
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Comp.
³

Yield, %
³

mp, oC
³ Found, % ³

Formula
³ Calculated, %

³ ³ ÃÄÄÄÄÄÄÂÄÄÄÄÄÄÂÄÄÄÄÄÄ´ ÃÄÄÄÄÄÄÂÄÄÄÄÄÄÂÄÄÄÄÄÄ
no.

³ ³ ³ C ³ H ³ N ³ ³ C ³ H ³ N
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II ³ 86 ³ 2383240 ³ 69.18 ³ 3.61 ³ 4.51 ³ C17H11NO4 ³ 69.62 ³ 3.78 ³ 4.78
IIIa ³ 77 ³ 2323234 ³ 69.39 ³ 5.71 ³ 6.96 ³ C22H22N2O4 ³ 69.83 ³ 5.86 ³ 7.40
IIIb ³ 78 ³ 2353237 ³ 65.80 ³ 5.40 ³ 6.90 ³ C21H10N2O5 ³ 66.31 ³ 5.30 ³ 7.36
IV ³ 72 ³ 2023204 ³ 70.01 ³ 5.78 ³ 6.84 ³ C23H24N2O4 ³ 70.39 ³ 6.16 ³ 7.14
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structure. OxazepineII can be modified by conversion
into 1-(2-hydroxyethylamino)-9,10-anthraquinone-2-
carboxamides. AmidesIIIa , IIIb , and IV were syn-
thesized by heating ofII with morpholine, piperidine,
and cyclohexylamine, respectively (Scheme 2).

The structure of the products was proved by ele-
mental analyses (see table) and1H NMR spectra.

EXPERIMENTAL

The 1H NMR spectra were recorded on a Bruker
DRX-500 spectrometer (500 MHz) using DMSO-d6 as
solvent and TMS as internal reference. The progress
of reactions was monitored, and the purity of products
was checked, by TLC on Silufol UV-254 plates.

1-(2-Hydroxyethylamino)-9,10-anthraquinone-
2-carboxylic acid (I). To a solution of 2.98 g
(0.01 mol) of 1-nitro-9,10-anthraquinone-2-carboxylic
acid in 20 ml of DMF we added 3 ml (0.05 mol) of
2-aminoethanol, and the mixture was stirred for 5 h
at 50360oC. It was then cooled and poured into water
acidified with hydrochloric acid to a slightly acidic
reaction. The precipitate was filtered off and washed
with ethanol. Yield 2.83 g (91%). mp 1803182oC
(from ethanol). 1H NMR spectrum,d, ppm: 3.25 t
(2H, OCH2), 3.63 t (2H, NCH2), 4.88 br.s (1H,
CH2OH), 7.4538.23 m (6H, Harom), 10.24 s (1H, NH),
13.25 br.s (1H, COOH).

1,2,3,5,8,13-Hexahydroanthra[1,2-e][1,4]oxaze-
pine-5,8,13-trione (II). A solution of 1 g (0.003 mol)
of acid I in 100 ml of acetic acid was refluxed for
60390 min. The mixture was cooled, and the precip-
itate was filtered off, washed with water, and recrys-
tallized from acetic acid.1H NMR spectrum,d, ppm:

3.95 t (2H, CH2), 4.58 t (2H, CH2), 7.4438.27 m (6H,
Harom), 10.89 s (1H, NH). Mass spectrum,m/z (Irel,
%): 293 (100) [M]+, 294 (22), 295 (2.5), 278 (5.8),
264 (21), 263 (93), 249 (5.7), 235 (95), 208 (74).

1-(2-Hydroxyethylamino)-9,10-anthraquinone-2-
carboxamides IIIa, IIIb, and IV. A solution of 0.4 g
(1.3 mmol) of compoundII in 3.534 ml (~0.04 mol)
of morpholine, piperidine, or cyclohexylamine was
refluxed for 334 h. The mixture was cooled, and the
precipitate was filtered off and recrystallized from
ethanol or toluene.

1-(2-Hydroxyethylamino)-2-piperidinocarbonyl-
9,10-anthraquinone (IIIa). 1H NMR spectrum,d,
ppm: 1.4531.70 m [6H, (CH2)3], 3.2533.85 m [8H,
CON(CH2)2, NHCH2, CH2OH], 4.82 br.s (1H,
CH2OH), 7.4338.25 m (6H, Harom), 10.31 s (1H, NH).

1-(2-Hydroxyethylamino)-2-morpholinocar-
bonyl-9,10-anthraquinone (IIIb). 1H NMR spec-
trum, d, ppm: 3.3233.75 m [12H, CON(CH2CH2)2O,
NHCH2, CH2OH], 4.83 br.s (1H, CH2OH), 7.483
8.27 m (6H, Harom), 10.28 s (1H, NH).

2-Cyclohexylaminocarbonyl-1-(2-hydroxyethyl-
amino)-9,10-anthraquinone (IV).1H NMR spectrum,
d, ppm: 1.1531.87 m [10H, (CH2)5], 3.38 t (2H,
CH2OH), 3.63 t (2H, NHCH2), 3.72 m (1H, NHCH),
4.82 s (1H, CH2OH), 7.4538.28 m (6H, Harom), 8.36 d
(1H, CONH), 10.38 s (1H, NHCH2).
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