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The title compound, C21H13NO4, was prepared by the reaction

of anthrone and 4-hydroxy-3-nitrobenzaldehyde catalysed by

anhydrous hydrogen chloride. In the molecule, the anthraqui-

none fragment is non-planar; the central six-membered ring

adopts an asymmetric boat conformation, while the two outer

rings make a dihedral angle of 36.0 (1)�. Weak intermolecular

C—H� � �O hydrogen bonds link the molecules into centro-

symmetric dimers.

Comment

10-Substituted benzylideneanthrones are widely used as

functional and disperse dyes (Day, 1963). Recently, high

antitumor activity has been reported (Paull et al., 1992; Helge

et al., 2003) for some of these compounds. As a result of our

interest in this area, we have prepared a series of 10-substi-

tuted benzylideneanthrones and evaluated their anticancer

activity. Our study of structure–activity relationships (SAR)

showed that the substitutent on the phenyl ring of the mol-

ecule affects its antitumor activity (Hu & Zhou, 2004). In a

continuation of our SAR investigations, we present here the

crystal structure of the title compound, (I).

In (I) (Fig. 1), the three rings of the anthraquinone fragment

are not coplanar. The central six-membered ring adopts an

asymmetric boat conformation, with atoms C5 and C10

deviating from the C11–C14 mean plane [r.m.s. deviation =

0.017 (1) Å] by 0.352 (4) and 0.253 (4) Å, respectively. The

two outer rings make a dihedral angle of 36.0 (1)�. The mean

planes C1–C5/C11/C14 and C15–C21 make a dihedral angle of

42.83 (9)�. The hydroxy group is involved in the formation of

an intramolecular O—H� � �O hydrogen bond (Table 1).



In the crystal structure (Fig. 2), weak intermolecular C—

H� � �O hydrogen bonds (Table 1) link the molecules into

centrosymmetric dimers.

Experimental

Through a mixture of anthrone (1.6 g, 8.2 mmol) and 4-hydroxy-3-

nitrobenzaldehyde (1.4 g, 8.4 mmol) in 25 ml absolute alcohol was

slowly bubbled anhydrous hydrogen chloride. The reaction mixture

was heated at 343 K until thin-layer chromatography showed that the

reaction was complete. The precipitate was then filtered off, washed

with absolute ethanol, and recrystallized from absolute ethanol to

give orange crystals of the compound (yield 2.7 g, 93.4%; m.p. 467–

469 K). Since these crystals were of poor quality, a number of them

were dissolved in absolute ethanol, which was evaporated slowly to

give orange crystals of (I) suitable for X-ray diffraction.

Crystal data

C21H13NO4

Mr = 343.32
Monoclinic, P21=c
a = 8.545 (4) Å
b = 14.588 (3) Å
c = 13.916 (4) Å
� = 116.22 (2)�

V = 1556.3 (9) Å3

Z = 4
Dx = 1.465 Mg m�3

Mo K� radiation
� = 0.10 mm�1

T = 293 (2) K
Prism, orange
0.50 � 0.30 � 0.20 mm

Data collection

Enraf–Nonius CAD-4
diffractometer

!/2� scans
Absorption correction:  scan

(North et al., 1968)
Tmin = 0.951, Tmax = 0.980

3238 measured reflections

2790 independent reflections
1590 reflections with I > 2�(I)
Rint = 0.041
�max = 25.2�

3 standard reflections
frequency: 60 min
intensity decay: none

Refinement

Refinement on F 2

R[F 2 > 2�(F 2)] = 0.045
wR(F 2) = 0.137
S = 1.04
2790 reflections
240 parameters
H atoms treated by a mixture of

independent and constrained
refinement

w = 1/[�2(Fo
2) + (0.067P)2

+ 0.1995P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max < 0.001
��max = 0.18 e Å�3

��min = �0.20 e Å�3

Extinction correction: SHELXL97
Extinction coefficient: 0.011 (2)

Table 1
Hydrogen-bond geometry (Å, �).

D—H� � �A D—H H� � �A D� � �A D—H� � �A

O2—H2X� � �O3 0.86 (4) 1.78 (3) 2.569 (3) 153 (4)
C21—H21� � �O4i 0.93 2.56 3.314 (3) 138

Symmetry code: (i) �x þ 1;�y� 1;�zþ 2.

C-bound H atoms were placed at calculated positions and refined

using a riding model, with C—H = 0.93 Å and Uiso(H) = 1.2Ueq(C).

The hydroxy H atom was located in a difference map and refined

isotropically with the restraint O–H = 0.85 (2) Å.

Data collection: CAD-4 EXPRESS (Enraf–Nonius, 1994); cell

refinement: CAD-4 EXPRESS; data reduction: XCAD4 (Harms &

Wocadlo, 1995); program(s) used to solve structure: SHELXS97

(Sheldrick, 1997); program(s) used to refine structure: SHELXL97

(Sheldrick, 1997); molecular graphics: ORTEP-3 for Windows

(Version 1.05; Farrugia, 1997); software used to prepare material for

publication: SHELXL97.
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Figure 1
The molecular structure of (I), shown with 30% probability displacement
ellipsoids.

Figure 2
A packing diagram, viewed along the a axis, showing the hydrogen bonds
as dashed lines. For clarity, H atoms have been omitted unless involved in
hydrogen bonding.
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