
organic papers

o1954 Shan, Wang, Hu and Xu � C13H10N4O4 doi: 10.1107/S1600536804024572 Acta Cryst. (2004). E60, o1954±o1956

Acta Crystallographica Section E

Structure Reports
Online

ISSN 1600-5368

2-Nitrobenzaldehyde 4-nitrophenylhydrazone

Shang Shan,a* Xiao-Juan Wang,a

Wei-Xiao Hua and Duan-Jun Xub

aCollege of Chemical and Materials Engineering,

Zhejiang University of Technology, People's

Republic of China, and bDepartment of

Chemistry, Zhejiang University, People's

Republic of China

Correspondence e-mail:

shanshang@mail.hz.zj.cn

Key indicators

Single-crystal X-ray study

T = 295 K

Mean �(C±C) = 0.002 AÊ

R factor = 0.038

wR factor = 0.101

Data-to-parameter ratio = 12.2

For details of how these key indicators were

automatically derived from the article, see

http://journals.iucr.org/e.

# 2004 International Union of Crystallography

Printed in Great Britain ± all rights reserved

Crystals of the title compound, C13H10N4O4, were obtained

from a condensation reaction of 2-nitrobenzaldehyde and 4-

nitrophenylhydrazine. Signi®cantly different CÐN(nitro) and

NÐO bond distances are observed for the o- and p-nitro

groups. The aromatic CÐC bonds close to the imino group are

longer than the others in the same benzene ring. The

overlapped arrangement of nearly parallel benzene rings

from neighboring molecules and centroid-to-centroid distance

of 3.9370 (9) AÊ suggest �±� stacking.

Comment

Phenylhydrazone has recently attracted our attention as its

derivatives show potential application in the ®eld of bio-

chemistry (Okabe et al., 1993). A series of phenylhydrazones

formed by nitrophenylhydrazine and various aldehydes were

prepared in Shan's laboratory (Shan et al., 2003). Recently, the

title phenylhydrazone, (I), containing two nitrophenyl groups,

has been prepared and its structure is presented here for

comparison with those reported previously.

The molecular structure of (I) is shown in Fig. 1. The mol-

ecule of (I) is planar except for the N4-nitro group. Two

nitrophenyl groups are in the molecule of (I). Signi®cantly

different geometrical parameters are observed in the two nitro

groups. The CÐN(nitro) bond in the o-nitro group is longer
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Figure 1
The molecular structure of (I) with 40% probability displacement
ellipsoids. The dashed line indicates an intramolecular hydrogen bond.



than that in p-nitro group by 0.031 (3) AÊ (Table 1). Corres-

pondingly the NÐO bonds in the o-nitro group are signi®-

cantly shorter than those in the p-nitro group. The longer

N4ÐC9 bond implies typical single-bond character and is

consistent with the larger dihedral angle of 23.72 (19)�

between the N4-nitro plane and the C8-benzene plane. The tilt

of the N4-nitro group with respect to the C8-benzene plane

may be due to the weak intramolecular C7ÐH7� � �O3

hydrogen bonding (Table 2).

The CÐN(imino) bond is appreciably shorter than the CÐ

N(nitro) bonds and suggests a partial double bond between

the imino N atom and the benzene ring. The C1ÐC2 and C1Ð

C6 bonds, both close to the imino group, are appreciably

longer than other aromatic CÐC bonds in the same benzene

ring. This agrees with the situation found in a 4-nitrophenyl-

hydrazone (Shan et al., 2003) and in a 2,4-dinitrophenyl-

hydrazone reported previously (Bolte & Dill, 1998; Ohba,

1996; Borwick et al., 1997; Naidu et al., 1996; Fan et al., 2004).

The molecules are linked to each other via an inter-

molecular NÐH� � �O hydrogen bond between the imino and

nitro groups to form a supramolecular chain, extending along

the [101] direction, as shown in Fig. 2.

The partially overlapped arrangement of nearly parallel C1-

benzene and C8iii-benzene rings is illustrated in Fig. 3. The

dihedral angle and centroid-to-centroid distance between the

C1-benzene and C8iii-benzene rings are 7.49 (7)� and

3.9397 (9) AÊ , respectively [symmetry code: (iii) 1 ÿ x, 1 ÿ y,

1 ÿ z]. The distances of C13iii to the C1-benzene plane and

C4iii to the C8-benzene plane are 3.5887 (17) and

3.4640 (16) AÊ , respectively. These ®ndings suggest the exis-

tence of �±� stacking between the benzene rings in the crystal

structure.

Experimental

4-Nitrophenylhydrazine (0.31 g, 2 mmol) was dissolved in ethanol

(10 ml), then acetic acid (0.2 ml) was added slowly to the ethanol

solution with stirring. The solution was heated at 333 K for several

minutes until the solution cleared. 2-Nitrobenzaldehyde (0.30 g,

2 mmol) was then dropped slowly into the solution, and the mixture

was kept at 333 K with continuous stirring for 30 min. After the

solution had cooled to room temperature, ®ne red crystals appeared

and were separated form the solution and washed with cold water.

Recrystallization twice, from ethanol and acetone, respectively, gave

well shaped single crystals.

Crystal data

C13H10N4O4

Mr = 286.25
Monoclinic, P21=n
a = 7.2570 (7) AÊ

b = 12.0869 (11) AÊ

c = 14.4455 (11) AÊ

� = 93.465 (2)�

V = 1264.77 (19) AÊ 3

Z = 4

Dx = 1.503 Mg mÿ3

Mo K� radiation
Cell parameters from 9018

re¯ections
� = 2.5±25.0�

� = 0.12 mmÿ1

T = 295 (2) K
Prism, red
0.31 � 0.30 � 0.20 mm

Data collection

Rigaku R-AXIS RAPID
diffractometer

! scans
Absorption correction: none
9588 measured re¯ections
2322 independent re¯ections

1936 re¯ections with I > 2�(I)
Rint = 0.020
�max = 25.5�

h = ÿ8! 8
k = ÿ14! 14
l = ÿ17! 17

Refinement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.038
wR(F 2) = 0.101
S = 1.06
2322 re¯ections
190 parameters
H-atom parameters constrained

w = 1/[�2(Fo
2) + (0.0518P)2

+ 0.2408P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max < 0.001
��max = 0.16 e AÊ ÿ3

��min = ÿ0.18 e AÊ ÿ3
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Figure 2
The hydrogen-bonded (dashed lines) supramolecular chain in the unit
cell. [Symmetry codes: (i) 1

2 + x, 1
2 ÿ y, 1

2 + z; (ii) x ÿ 1
2,

1
2 ÿ y, z ÿ 1

2].

Figure 3
The overlapped arrangement of nearly parallel benzene rings from
neighboring molecules, suggesting �±� stacking. [Symmetry code: (iii)
1 ÿ x, 1 ÿ y, 1 ÿ z].



Table 1
Selected bond lengths (AÊ ;).

O1ÐN3 1.2397 (16)
O2ÐN3 1.2217 (16)
O3ÐN4 1.2120 (17)
O4ÐN4 1.2145 (16)
N1ÐN2 1.3506 (16)
N2ÐC7 1.2750 (17)
N3ÐC4 1.4390 (17)

N4ÐC9 1.4706 (19)
C1ÐC2 1.398 (2)
C1ÐC6 1.4002 (19)
C2ÐC3 1.3680 (19)
C3ÐC4 1.386 (2)
C4ÐC5 1.383 (2)
C5ÐC6 1.367 (2)

Table 2
Hydrogen-bonding geometry (AÊ , �).

DÐH� � �A DÐH H� � �A D� � �A DÐH� � �A

N1ÐH1� � �O1i 0.86 2.10 2.9193 (16) 160
C7ÐH7� � �O3 0.93 2.27 2.787 (2) 114

Symmetry code: (i) 1
2� x; 1

2ÿ y; 1
2� z.

H atoms were placed in calculated positions, with CÐH = 0.93 AÊ

and NÐH = 0.86 AÊ , and included in the ®nal cycles of re®nement in

the riding-model approximation, with Uiso(H) = 1.2Ueq of the carrier

atoms.

Data collection: PROCESS-AUTO (Rigaku, 1998); cell re®ne-

ment: PROCESS-AUTO; data reduction: CrystalStructure (Rigaku/

MSC, 2002); program(s) used to solve structure: SIR92 (Altomare et

al., 1993); program(s) used to re®ne structure: SHELXL97 (Shel-

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

1997); software used to prepare material for publication: WinGX

(Farrugia, 1999).

The work was supported by the Zhejiang Provincial Natural

Science Foundation of China (M203027) and the Canal Cup

Foundation of Zhejiang University of Technology.
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