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The asymmetric unit of the title compound, C;3HgCLL,N,Oy,
contains two independent but similar and almost planar
molecules. An intramolecular N—H- - -O hydrogen bond is
observed in each molecule.

Related literature
For background, see: Okabe et al. (1993); Ohba (1996).

cl NO,

Cl CH=—=NNH NO,

Experimental

Crystal data

C1;HsCLN,O,
M, = 355.14

Monoclinic, P2, /c
a=13.3814 (7) A

b =28.9980 (13) A
c=17399 (3) A

B =92422 (4

V =2868.7 (2) A’
z=3

Data collection

Bruker SMART APEX CCD
diffractometer

Absorption correction: multi-scan
(SADABS; Bruker, 1998)
Tmin = 0.927, Tiax = 0.958

Refinement

R[F? > 26(F?)] = 0.061
wR(F?) = 0.187
S=102

Mo Ko radiation
=048 mm™"
T=291(2)K

0.16 x 0.11 x 0.09 mm

21827 measured reflections
5060 independent reflections
2794 reflections with I > 20(1)
Rine = 0.092

415 parameters
H-atom parameters constrained
APmax =070 e A3

5060 reflections Appin = —0.36 ¢ A3

Table 1

Hydrogen-bond geometry (A, °).

D—H---A D—H H---A D---A D—H---A
N6—H6A---03 0.86 2.05 2.645 (5) 126
N8—HB8A---08 0.86 2.03 2.627 (5) 126

Data collection: SMART (Bruker, 1998); cell refinement: SAINT
(Bruker, 1998); data reduction: SAINT; program(s) used to solve
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine
structure: SHELXL97 (Sheldrick, 2008); molecular graphics:
SHELXTL (Sheldrick, 2008); software used to prepare material for
publication: SHELXTL.

Supplementary data and figures for this paper are available from the
IUCr electronic archives (Reference: HB2743).
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2,4-Dichlorobenzaldehyde 2,4-dinitrophenylhydrazone

F. Bao

Comment

Several phenylhydrazone derivatives have been shown to be potentially DNA-damaging and are mutagenic agents (Okabe et

al.,1993). As part of our work in this area, we have synthesized the title compound, (I), and we report its crystal structure here.

The two molecules in the asymmetric unit of (I) are almost planar, the dihedral angles between the the dichlorobenzene
ring and the dinitrobenzene ring are 4.4 (2)° and 3.7 (2)°, in the C1 and C14 molecules, respectively. Otherwise, bond lengths
and angles agree with those of other dinitrophenylhydrazone derivatives (Ohba, 1996). Intramolecular N—H---O hydrogen
bonds (Fig. 1, Table 1) help to establish these molecular conformations.

Experimental

2,4-Dinitrophenylhydrazine (1 mmol, 0.198 g) was dissolved in anhydrous methanol, H»SO4 (98% 0.5 ml) was added to
this, the mixture was stirred for several minitutes at 351 K, then 2,4-dichlorobenzyaldehyde (1 mmol, 0.175 g) in methanol
(8 ml) was added dropwise and the mixture was stirred at refluxing temperature for 2 h. The product was isolated and
recrystallized from DMF, yielding brown blocks of (I) after 6 d.

Refinement

All H atoms were placed in calculated positions (C—H = 0.93 A, N—H = 0.86A) and refined as riding with Ujso(H) =
1.2Ueq(carrier).

Figures

Fig. 1. The molecular structure of (I) with displacement ellipsoids drawn at the 30% probab-
ility level (arbitrary spheres for the H atoms). The hydrogen bonds are indicated by dashed
lines.

2,4-Dichlorobenzaldehyde 2,4-dinitrophenylhydrazone

Crystal data
C]3H8C12N404 F()oo = 1440
M, =355.14 Dx=1.645Mgm >

Monoclinic, P2;/c Mo Ko radiation

1=0.71073 A
Hall symbol: -P 2ybc Cell parameters from 721 reflections
a=133814 (MDA 0 =2.5-20.6°
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b=28.9980 (13) A
c=17.3996 (3) A
B=92.422 (4)
V=2868.7 (2) A’
Z=3

Data collection

Bruker SMART APEX CCD
diffractometer

Radiation source: sealed tube
Monochromator: graphite
T=29112)K

® scans

Absorption correction: multi-scan
(SADABS; Bruker, 1998)

Tmin = 0.927, Tnax = 0.958

21827 measured reflections

Refinement

Refinement on F2
Least-squares matrix: full
R[F? > 206(F%)] = 0.061
WR(F?) =0.187

S=1.02
5060 reflections

415 parameters

Primary atom site location: structure-invariant direct
methods

Special details

w=0.48 mm '
T=291(2)K

Block, brown

0.16 x 0.11 x 0.09 mm

5060 independent reflections

2794 reflections with /> 26([)
Rine=0.093

Omax = 25.0°

Omin = 1.4°

h=-15—15

k=—34-34
/=-8-8

Secondary atom site location: difference Fourier map

Hydrogen site location: inferred from neighbouring
sites

H-atom parameters constrained
w = 1/[62(Fy2) + (0.0939P)’]

where P = (F,> + 2F2)/3

(A/6)max = 0.018

Apmax =0.70 ¢ A3

Apmin=-0.36 ¢ A3

Extinction correction: none

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two Ls. planes) are estimated using the full covariance mat-

rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes.

Refinement. Refinement of 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F° 2, convention-
al R-factors R are based on F, with F set to zero for negative F2. The threshold expression of F> G(FZ) is used only for calculating R-

factors(gt) efc. and is not relevant to the choice of reflections for refinement. R-factors based on F? are statistically about twice as large

as those based on F, and R- factors based on ALL data will be even larger.

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (/fz )

X y z Uiso™/ Ugq
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Cl1

C2
H2A
C3

C4
H4A
C5
H5A
C6
C7
H7A
C8
C9
H9A
C10
H10A
Cl11
Cl12
HI12A
Cl13
Cl14
Cl15
HI15A
Cl6
C17
H17A
CI18
HI18A
C19
C20
H20A
C21
C22
C23
H23A
C24
C25
H25A
C26
H26A
N1
N2
N3
N4
N5
N6
Ho6A
N7
N8

0.5169 (3)
0.4504 (4)
0.4681
0.3594 (4)
0.3307 (4)
0.2670
0.3956 (4)
0.3755
0.4926 (4)
0.5828 (4)
0.6458
0.5499 (3)
0.4563 (3)
0.4151
0.4222 (3)
0.3595
0.4836 (4)
0.5769 (3)
0.6181
0.6078 (3)
0.0562 (3)
~0.0068 (3)
0.0142
~0.1000 (3)
~0.1325 (4)
~0.1972
~0.0705 (4)
~0.0930
0.0269 (3)
0.1045 (4)
0.1681
0.0647 (3)
0.1187 (3)
0.0818 (4)
0.1193
~0.0113 (4)
~0.0668 (4)
~0.1296
~0.0283 (4)
~0.0657
0.1514 (3)
~0.1667 (3)
0.2910 (3)
0.6139 (3)
0.5238 (3)
0.5553 (3)
0.6134
0.0487 (3)
0.0870 (3)

0.79565 (15)
0.76034 (15)
0.7299
0.77030 (16)
0.81536 (17)
0.8217
0.85013 (17)
0.8802
0.84239 (14)
0.95479 (14)
0.9503
1.00103 (14)
1.00735 (15)
0.9818
1.05004 (15)
1.0534
1.08737 (14)
1.08302 (15)
1.1086
1.03998 (14)
0.40012 (14)
0.43582 (15)
0.4662
0.42650 (15)
0.38143 (16)
0.3754
0.34611 (16)
0.3160
0.35334 (14)
0.23951 (15)
0.2440
0.19295 (14)
0.15381 (15)
0.10936 (14)
0.0836
0.10474 (15)
0.14258 (16)
0.1388
0.18613 (15)
0.2116
0.41294 (14)
0.46460 (16)
0.73221 (16)
0.78294 (14)
0.92107 (12)
0.87810 (12)
0.8742
0.27372 (12)
0.31688 (11)

0.8938 (6)
0.8543 (6)
0.8798
0.7782 (6)
0.7419 (7)
0.6926
0.7786 (6)
0.7532
0.8539 (6)
0.8532 (6)
0.9085
0.7955 (5)
0.7104 (6)
0.6913
0.6533 (6)
0.5959
0.6836 (6)
0.7673 (6)
0.7848
0.8247 (6)
0.2229 (5)
0.1708 (6)
0.1854
0.0978 (6)
0.0780 (6)
0.0330
0.1240 (6)
0.1062
0.1980 (5)
0.2590 (6)
0.3117
0.2269 (5)
0.2772 (5)
0.2470 (6)
0.2818
0.1644 (6)
0.1099 (6)
0.0528
0.1409 (6)
0.1031
0.3070 (5)
0.0431 (5)
0.7304 (6)
0.9750 (6)
0.8261 (5)
0.8820 (5)
0.9336
0.2123 (5)
0.2431 (5)

0.0525 (11)
0.0568 (12)
0.068*
0.0567 (12)
0.0649 (13)
0.078*
0.0630 (13)
0.076*
0.0508 (11)
0.0522 (11)
0.063*
0.0483 (11)
0.0526 (11)
0.063*
0.0535 (11)
0.064*
0.0495 (11)
0.0519 (11)
0.062*
0.0496 (11)
0.0453 (10)
0.0501 (11)
0.060*
0.0509 (11)
0.0572 (12)
0.069*
0.0590 (12)
0.071*
0.0479 (11)
0.0535 (12)
0.064*
0.0472 (11)
0.0506 (11)
0.0517 (11)
0.062*
0.0513 (11)
0.0588 (12)
0.071*
0.0552 (12)
0.066*
0.0577 (10)
0.0612 (11)
0.0708 (12)
0.0659 (11)
0.0546 (10)
0.0541 (10)
0.065*
0.0529 (10)
0.0532 (9)
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H8A
0O1
02
03
04
05
06
o7
08
Cll1
Cl2
CI3
Cl4

0.1465
0.2127 3)
0.3142 (3)
0.6762 (3)
0.6286 (3)
~0.1387 (3)
~0.2487 (3)
0.1687 (3)
0.2111 (3)
0.44331 (10)
~0.05792 (11)
0.23487 (9)
0.72292 (10)

0.3208
0.74172 (14)
0.69353 (13)
0.81245 (11)
0.74302 (14)
0.50380 (12)
0.45419 (12)
0.45318 (12)
0.38253 (11)
1.14207 (4)
0.04957 (4)
0.15728 (4)
1.03677 (4)

Atomic displacement parameters (142 )

Cl1
C2
C3
C4
C5
C6
C7
C8
C9
C10
Cl11
C12
Cl13
Cl14
Cl15
Cl16
C17
CI18
C19
C20
C21
C22
C23
C24
C25
C26
N1
N2
N3
N4
N5

Ull

0.054 (3)
0.061 (3)
0.055 (3)
0.054 (3)
0.066 (3)
0.061 (3)
0.058 (3)
0.050 (3)
0.055 (3)
0.050 (3)
0.060 (3)
0.054 (3)
0.048 (3)
0.051 (3)
0.055 (3)
0.052 (3)
0.051 (3)
0.063 (3)
0.053 (3)
0.062 (3)
0.056 (3)
0.054 (3)
0.059 (3)
0.058 (3)
0.058 (3)
0.066 (3)
0.058 (3)
0.057 (3)
0.059 (3)
0.069 (3)
0.068 (3)

U22

0.047 (3)
0.041 (3)
0.052 (3)
0.060 (3)
0.049 (3)
0.038 (3)
0.045 (3)
0.047 (3)
0.048 (3)
0.055 (3)
0.039 (2)
0.045 (3)
0.048 (3)
0.044 (2)
0.044 (3)
0.048 (3)
0.058 (3)
0.048 (3)
0.046 (3)
0.047 (3)
0.044 (3)
0.055 (3)
0.042 (3)
0.051 (3)
0.064 (3)
0.045 (3)
0.049 (3)
0.063 (3)
0.064 (3)
0.039 (2)
0.035 (2)

U33

0.057 (3)
0.069 (3)
0.064 (3)
0.080 (3)
0.073 (3)
0.053 (3)
0.053 (3)
0.048 (2)
0.055 (3)
0.055 (3)
0.050 (3)
0.057 (3)
0.052 (3)
0.041 (2)
0.051 (3)
0.053 (3)
0.062 (3)
0.066 (3)
0.045 (2)
0.052 (3)
0.042 (2)
0.043 (2)
0.054 (3)
0.044 (2)
0.053 (3)
0.054 (3)
0.065 (2)
0.062 (2)
0.089 (3)
0.088 (3)
0.060 (2)

0.2890
0.6467 (6)
0.7743 (6)
1.0089 (5)
1.0074 (8)
0.0700 (5)
~0.0264 (5)
0.3374 (6)
0.3504 (5)
0.61744 (18)
0.12777 (17)
0.38772 (18)
0.94132 (19)

U12

0.004 (2)
0.001 (2)
~0.006 (2)
0.007 (3)
0.002 (3)
0.000 (2)
0.001 (2)
0.001 (2)
-0.011 (2)
0.001 (2)
0.004 (2)
~0.002 (2)
~0.002 (2)
~0.003 (2)
~0.007 (2)
0.000 (2)
~0.008 (2)
-0.010 (2)
~0.006 (2)
-0.004 (2)
0.004 (2)
0.001 (2)
0.006 (2)
~0.006 (2)
~0.001 (3)
-0.004 (2)
~0.001 (2)
0.008 (2)
-0.011 (2)
0.008 (2)
0.0043 (19)

0.064*
0.0950 (13)
0.0985 (13)
0.0726 (10)
0.135 (2)
0.0796 (11)
0.0833 (11)
0.0913 (13)
0.0731 (10)
0.0689 (4)
0.0700 (4)
0.0705 (4)
0.0724 (4)

U13

0.000 (2)
0.002 (3)
0.004 (2)
~0.005 (3)
~0.005 (3)
0.005 (2)
0.004 (2)
0.003 (2)
~0.001 (2)
~0.002 (2)
0.003 (2)
0.003 (2)
~0.005 (2)
0.003 (2)
0.002 (2)
0.004 (2)
~0.007 (2)
~0.002 (3)
0.003 (2)
0.002 (2)
0.003 (2)
0.002 (2)
~0.002 (2)
~0.001 (2)
~0.008 (2)
~0.003 (2)
~0.007 (2)
~0.008 (2)
0.000 (3)
~0.014 (2)
0.0047 (19)

U23

~0.002 (2)
0.002 (2)
0.004 (2)
0.012 (3)
0.008 (2)
~0.0013 (19)
0.002 (2)
0.0021 (19)
0.000 (2)
0.008 (2)
0.0070 (19)
0.006 (2)
0.003 (2)
~0.0004 (18)
~0.003 (2)
0.003 (2)
~0.001 (2)
~0.002 (2)
0.0022 (19)
0.000 (2)
0.0053 (18)
~0.0008 (19)
0.006 (2)
0.001 (2)
0.003 (2)
0.003 (2)
~0.0022 (19)
0.007 (2)
0.002 (2)
0.006 (2)
0.0060 (17)
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N6 0.064 (3) 0.043 (2) 0.056 (2) 0.0031 (19) 0.0001 (19) 0.0027 (17)
N7 0.068 (3) 0.038 (2) 0.053 (2) ~0.0054 (19) 0.0012 (19) ~0.0002 (16)
N8 0.058 (2) 0.039 (2) 0.063 (2) ~0.0008 (18) ~0.0017 (19) 0.0015 (17)
ol 0.072 (3) 0.090 (3) 0.121 (3) ~0.011 (2) ~0.027 (3) 0.002 (2)

02 0.085 (3) 0.053 (2) 0.157 (4) ~0.008 (2) ~0.013 (3) 0.006 (2)

03 0.069 (2) 0.052 (2) 0.096 (3) ~0.0040 (18) ~0.019 (2) ~0.0004 (17)
04 0.094 (3) 0.048 (3) 0.256 (6) 0.001 (2) ~0.075 (4) 0.023 (3)

05 0.087 (3) 0.046 (2) 0.105 (3) 0.0062 (19) ~0.012 (2) 0.0089 (19)
06 0.066 (3) 0.084 (3) 0.098 (3) 0.005 (2) ~0.016 (2) 0.007 (2)

07 0.081 (3) 0.047 (2) 0.142 (4) ~0.0054 (19) ~0.036 (3) -0.012 (2)
08 0.070 (2) 0.053 (2) 0.095 (3) 0.0059 (18) ~0.019 (2) ~0.0025 (18)
cll 0.0721 (9) 0.0489 (7) 0.0843 (9) 0.0067 (6) ~0.0118 (7) 0.0137 (6)
cR 0.0824 (10) 0.0512 (7) 0.0750 (8) ~0.0133 (6) ~0.0150 (7) ~0.0007 (6)
cB3 0.0564 (8) 0.0704 (9) 0.0833 (9) ~0.0032 (6) ~0.0139 (7) ~0.0004 (6)
Cl4 0.0567 (8) 0.0676 (8) 0.0911 (9) ~0.0022 (6) ~0.0189 (7) 0.0157 (7)

Geometric parameters (4, °)

Cl—C2 1.379 (6) C16—N2 1.467 (6)
Cl1—C6 1.422 (6) C17—CI18 1.352 (6)
Cl1—N4 1.455 (6) C17—HI17A 0.9300

C2—C3 1.352 (6) C18—C19 1.408 (6)
C2—H2A 0.9300 C18—HISA 0.9300

c3—C4 1.385 (6) C19—N8 1.361 (5)
C3—N3 1.468 (6) C20—N7 1.280 (5)
C4—C5 1.351 (7) C20—C21 1.467 (6)
C4—H4A 0.9300 C20—H20A 0.9300

C5—C6 1.409 (7) C21—C26 1.388 (6)
C5—H5A 0.9300 C21—C22 1.388 (6)
C6—N6 1.343 (5) C22—C23 1.395 (6)
C7—N5 1.267 (5) C22—CI3 1.728 (5)
C7—C8 1.469 (6) C23—C24 1.371 (6)
C7—HTA 0.9300 C23—H23A 0.9300

Cc8—Cl13 1.381 (6) C24—C25 1.376 (6)
C8—C9 1.390 (6) C24—CI2 1.734 (4)
C9—C10 1.379 (6) C25—C26 1.380 (6)
C9—H9A 0.9300 C25—H25A 0.9300

C10—Cl11 1.372 (6) C26—H26A 0.9300

C10—HI10A 0.9300 N1—07 1.209 (4)
Cl1—Cl12 1.375 (6) N1—08 1.224 (5)
cl1—Cl1 1.739 (4) N2—O05 1.211 (5)
Cl12—C13 1.376 (6) N2—06 1.229 (5)
Cl2—HI2A 0.9300 N3—02 1.204 (5)
C13—Cl4 1.736 (5) N3—O01 1.226 (5)
Cl4—Cl5 1.379 (6) N4—04 1.197 (5)
Cl4—C19 1.422 (6) N4—O03 1.213 (5)
Cl4—N1 1.443 (6) N5—NG6 1.373 (5)
C15—Cl6 1.365 (6) N6—H6A 0.8600

C15—HI5A 0.9300 N7—N8 1.368 (5)
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C16—C17
C2—C1—C6
C2—C1—N4
C6—C1—N4
C3—C2—C1
C3—C2—H2A
C1—C2—H2A
C2—C3—C4
C2—C3—N3
C4—C3—N3
C5—C4—C3
C5—C4—H4A
C3—C4—H4A
C4—C5—C6
C4—C5—HS5SA
C6—C5—HSA
N6—C6—C5
N6—C6—C1
C5—Co6—C1
N5—C7—C8
N5—C7—H7A
C8—C7—HT7A
C13—C8—C9
C13—C8—C7
CO—C8—C7
C10—C9—C8
C10—C9—H9%A
C8—C9—HOA
Co—C10—C11
C9—C10—H10A
C11—C10—H10A
C12—CI11—C10
Cl12—C11—Cl1
C10—C11—ClI1
C11—C12—C13
Cl11—C12—HI12A
CI13—CI12—H12A
C12—C13—C8
Cl12—C13—Cl4
C8—C13—Cl4
C15—C14—C19
C15—CI14—N1
C19—CI14—N1
Cl16—C15—Cl14
Cl16—C15—HI15A
Cl14—C15—H15A
C15—C16—C17
C15—C16—N2
C17—C16—N2

1.384 (6)

121.6 (4)
117.1 (4)
121.3 (4)
119.4 (4)
120.3
120.3
121.3 (4)
118.7 (4)
119.9 (5)
119.6 (5)
120.2
120.2
122.3 (4)
118.8
118.8
119.8 (4)
124.6 (4)
115.6 (4)
118.7 (4)
120.6
120.6
116.8 (4)
122.8 (4)
120.4 (4)
122.5 (4)
118.8
118.8
118.0 (4)
121.0
121.0
121.8 (4)
118.4 (3)
119.8 (4)
118.5 (4)
120.8
120.8
122.3 (4)
116.8 (3)
120.9 (3)
121.2 (4)
116.4 (4)
122.4 (4)
119.9 (4)
120.0
120.0
120.5 (4)
119.7 (4)
119.8 (4)

N8—HSA

C18—C17—HI17A
Cl16—C17—H17A
C17—C18—C19
C17—C18—H18A
C19—C18—H18A
N8§—C19—C18
N§—C19—C14
C18—C19—Cl14
N7—C20—C21
N7—C20—H20A
C21—C20—H20A
C26—C21—C22
C26—C21—C20
C22—C21—C20
C21—C22—C23
C21—C22—CI3
C23—C22—CI3
C24—C23—C22
C24—C23—H23A
C22—C23—H23A
C23—C24—C25
C23—C24—C12
C25—C24—C12
C24—C25—C26
C24—C25—H25A
C26—C25—H25A
C25—C26—C21
C25—C26—H26A
C21—C26—H26A
O7—N1—08
O07—N1—C14
08—N1—C14
05—N2—06
05—N2—C16
06—N2—C16
02—N3—O01
02—N3—C3
01—N3—C3
04—N4—03
04—N4—C1
03—N4—C1
C7—N5—N6
C6—N6—N5
C6—N6—HO6A
N5—N6—H6A
C20—N7—N8
C19—N8—N7
C19—N8—HBA

0.8600

119.9
119.9

122.2 (4)
118.9

118.9

120.5 (4)
123.5 (4)
116.0 (4)
117.8 (4)
121.1

121.1

116.9 (4)
121.2 (4)
121.9 (4)
122.4 (4)
121.8 (3)
115.8 (3)
118.1 (4)
120.9

120.9

121.5 (4)
118.3 (3)
120.2 (4)
119.2 (4)
120.4

120.4

121.9 (4)
119.0

119.0

121.9 (4)
119.2 (4)
118.8 (4)
124.3 (4)
118.7 (4)
116.9 (4)
123.4 (5)
119.0 (5)
117.6 (4)
122.3 (4)
117.7 (4)
120.0 (4)
118.1 (4)
118.1 (4)
120.9

120.9

117.0 (4)
117.2 (4)
121.4

sup-6



supplementary materials

C18—C17—C16

Hydrogen-bond geometry (4, ©)
D—H-4

N6—HO6A-03

N8—HS8A-0O8

120.1 (4)

0.86
0.86

N7—N8—HS8A

121.4

H-A DA D—H+A
2.05 2.645 (5) 126

2.03 2.627 (5) 126
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Fig. 1
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