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Experimental

CsHsN,03-H,O

A commercial sample of the title compound (Sigma Chemi-
cals) was recrystallized from aqueous solution by slow evap-
oration of the solvent at room temperature.

Crystal data

CsHsN,O;-H,0O
M, = 174.156
Orthorhombic
P2:2:2, .
a = 7.756 (6) An
b=17.1072) A

c=6.090(2) A
V = 808.1 (6) A’
Z=4

D, = 1431 Mgm™>
D,, not measured

Data collection

Rigaku AFC-5R diffractom-
eter

w/26 scans

Absorption correction:
i-scan (North et al.,
1968)
Twin = 0.97, Trax = 1.00

1120 measured reflections

1120 independent reflections

Refinement

Refinement on F°
R(F) = 0.060
wR(F?) = 0.107
S=14

1100 refiections
117 parameters

H atoms: see below
w = 4F2[?(F2)

Mo Ka radiation

A =0.71069 A

Cell parameters from 25
reflections

6 = 18.25-22.15°

e =0.113 mm™'

T =296 K

Plate

0.4 x 0.3 x 0.1 mm

Colourless

1100 reflections with
I1>0

Omax = 27.5°

h=0—-9

k=0— 22

I=0—17

3 standard reflections
every 150 reflections
intensity decay: 0.73%

(A/0)max < 0.001

Apmax = 0.38 ¢ A:3

Apmin =-020e [\_3

Extinction correction: none

Scattering factors from Inter-
national Tables for X-ray
Crystallography (Vol. 1V)

Table 1. Selected bond lengths (A)

01—C8 1.244 (3)
02—C8 1.246 (3)
03—C7 1410(3)
NI—C2 1314 (4)
N1—C5 1.364 (4)
N3—C2 1.330 (3)

N3—C4 1.366 (4)
C4—C5 1.357 (4)
C4—C6 1.488 (4)
C6—C7 1.533(4)
C7—C8 1.541 (4)

Table 2. Hydrogen-bonding geometry (A, °)

D—H---A D-H H.A D-A D—H-.A
N1—H1.--01" 0.947 1.818 2.677(3) 149.4 (2)
N3—H3. - -02" 0.949 1.780 2.716 (3) 169.0 (2)
0O3—HS---04 0.925 1.812 2.734(4) 174.6 (1)
04—H9- - .01 098(3) 1793  2751(3) 166 (3)
04—HI10- - -02" 0.79 (4) 1.97 (4) 2.760 (3) 176 (4)
Symmetry codes: (i) —x, { +y,3 — z (i) x,y,z — 15 (iii) =4 — x,
2=-yl+zG) -~ —-x,-2—-y,z— 4.

H atoms were fixed, except for those on H,O, which were
freely refined.

Data collection: MSC/AFC Diffractometer Control Soft-
ware (Molecular Structure Corporation, 1988). Cell refine-
ment: MSC/AFC Diffractometer Control Software. Data reduc-
tion: TEXSAN (Molecular Structure Corporation, 1985). Pro-
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gram(s) used to solve structure: MITHRIL (Gilmore, 1984) and
DIRDIF (Beurskens, 1984). Program(s) used to refine struc-
ture: TEXSAN.

Supplementary data for this paper are available from the IUCr
electronic archives (Reference: CF1254). Services for accessing these
data are described at the back of the journal.

References

Beurskens, P. T. (1984). DIRDIF. Direct Methods for Difference
Structures — an Automatic Procedure for Phase Extension and Re-
finement of Difference Structure Factors. Technical Report 1984/1.
Crystallography Laboratory, Toernooiveld, 6525 ED Nijmegen, The
Netherlands.

Donohue, J., Lavine, L. R. & Rollett, J. S. (1956). Acta Cryst. 9,
655-662.

Dubovsky, J. & Dubovska, E. (1965). Clin. Chim. Acta, 12, 360-362.

Gilmore, C. 1. (1984). J. Appl. Cryst. 17, 42-46.

Johnson, C. K. (1976). ORTEPIIL. Report ORNL-5138. Oak Ridge
National Laboratory, Tennessee, USA.

Kurocochi, Y., Fukui, Y. & Adachi, N. (1956). Jpn J. Pharmacol. 5,
132-138.

Molecular Structure Corporation (1985). TEXSAN. TEXRAY Structure
Analysis Package. MSC. 3200 Research Forest Drive. The Wood-
lands, TX 77381, USA.

Molecular Structure Corporation (1988). MSC/AFC Diffractometer
Control System. MSC, 3200 Research Forest Drive, The Woodlands
TX 77381, USA.

Murray, R. K., Granner, D. K., Mayes, P. A. & Rodwell, V. W. (1993).
Harper'’s Biochemistry, 23rd ed.. pp. 329-354. Tokyo: Maruzen
Asia.

North, A. C. T., Phillips, D. C. & Mathews. F. S. (1968). Acta Cryst.
A24, 351-359.

Acta Cryst. (1999). C55, 218-220

A 1:1 complex of 4-nitropyridine N-oxide
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Abstract

The title molecular complex, CsH4N,O3-C7HgO3, is
hydrogen bonded, the molecules being linked by an
O—H- - -O hydrogen bond between the phenol hydroxyl
group and the N-oxide O atom [O---O 2.642(2)Al].
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The 3- hydroxybenzoic acid molecules form hydrogen-
bonded pairs across centres of symmelry in the complex,
with an O- - -O distance of 2.628 (2) A. The interplanar
angle between the aromatic rings in the two components
is 63.86 (6)°.

Comment

This work is part of an ongoing study of several series
of molecular complexes obtained from 4-nitropyridine
N-oxide (NPNO) with diverse hydrogen-bond donors
(Moreno-Fuquen et al., 1996). Given that 3-hydroxy-
benzoic acid (MHBA) is a good hydrogen-bond donor,
the formation of the title complex with the NPNO mol-
ecule was undertaken. The crystal structure of MHBA
has been reported by Gridunova et al. (1982). The
relatively high melting point [475(1)K] of the title
complex strongly suggests the existence of dimers in the
crystal. Formation of cyclic hydrogen bond dimers is the
most common behaviour of carboxylic acid molecules
(Leiserowitz, 1976). The crystal and molecular structure
of the NPNO-MHBA system has been determined in
order to establish if this type of hydrogen bond is
formed in this particular complex, to study whether the
hydrogen-bonded cycle of the dimer is broken by the
formation of the complex, and to explore the possible
non-linear optical properties of the complex.

NO, oH
)
|

COOH
N

; Qw—2z

(0] MHBA

Fig. 1 shows the hydrogen-bonded complex of
NPNO-MHBA, with the adopted atom-numbering
scheme. The complex owes its formation to a moder-
ate intermolecular hydrogen bond (Emsley, 1984) be-
tween O1 of the N-oxide group of NPNO and O4 of the
hydroxyl group of MHBA, with an Ol - -O4 distance of
2.642(2) A and an Ol---HO4—O04 angle of 169 (3)°.
The O4—H4 and Ol---HO4 distances are 0.95 (3) and
1.71 (3) A, respectlvely The interplanar angle between
the aromatic rings in NPNO and MHBA in this complex
15 63.86 (6)°. The screw-related NPNO is almost parallel
to MHBA, with a dihedral angle of 4 (2)°. Bond lengths
and angles (Table 1) found in this study are similar to
those reported for the free NPNO molecule (Eichhorn,
1956; Wang et al., 1976). The parameters of MHBA in
the title complex may be compared with those of the free
structural modification I of 3-hydroxybenzoic acid, a
monoclinic structure which exists as a dimer (Gridunova
et al.,, 1982). The C11—04 q_istance of the hydroxyl
group changes from 1.359 (2) A in the title complex to
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1.388 (2) A in the free molecule. The C6—O6 and C6—
OS5 distances of 1.291 (2) and 1.246 (3) A respectively,
in the title complex may be compared with the values
of 1.260(2) and 1.269 (3)A respectively, in structural
modification 1. The C—O bond lengths of the carboxyl
group in structural modification I are therefore very
close; the greater difference in C—O bond lengths of the
carboxyl group in the title complex is as expected for
an ordered COOH group. The cyclic hydrogen-bonded
dimer is found even after the formation of the complex,
showing the following interactions: Q6- - 05' 2.628(2),
06—HO6 1.01 (3) and HO6. - -05' 1.62 (3) A, and 06—
HOG6- - -05' 176 (2)° [symmetry code: (i) 1 — x, —y,
1 — z]. This result coincides with the behaviour of ben-
zoic acid derivatives, typically self-assembled as cen-
trosymmetric dimers (Frankenbach & Etter, 1992). The
present complex forms an alternate stacking of NPNO
and MHBA, resulting in a herring-bone packing struc-
ture approximately in the [010] direction, with mean
interplanar distances between the overlapped rmgs of

3311 (2 A [for the molecule at (-- - x, 2 + Y, 2 )
and 3.111 (2) A [for the molecule at (-1 =x =Ly,
5 -]

Fig. 1. A ZORTEP plot (Zsolnai, 1995) of the title complex, with the
atomic labelling scheme. Displacement ellipsoids are plotied at the
50% probability level.

Experimental

The synthesis of the title complex was carried out by slow
evaporation from an equimolar solution of NPNO and MHBA
in acetonitrile.

Crystal data
CsHiN>0O3-C7He O3 Mo Ko radiation
M, = 278.22 A=071073 A
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Monoclinic

P21 /n
a=65453(6) A
b=15995(8) A
c=248553) A

B = 9546 (2)°
V=1230.7(2) A}
Z=4

Dy = 1502 Mg m~3
D,, not measured

Data collection

Enraf-Nonius CAD-4
diffractometer
w/20 scans
Absorption correction: none
2719 measured reflections
2495 independent reflections
1613 reflections with
I > 20(D)

Refinement

Refinement on F2
RIF? > 20(F?)] = 0.038
wR(F?) = 0.117
S=1.114
2493 reflections
188 parameters
H atoms: see below
w = 1/(c*(F2) + (0.0306P)*
+ 0.6014P)
where P = (F2 + 2F2)/3
(A/U)max < 0.001

CsH4N,03-C7HeO3

Cell parameters from 25
reflections

6 =99-182°
p =012 mm™!
T=293K
Prism

0.15 x 0.12 x 0.10 mm
Pale yellow

R = 0.019
Omax = 26.29°
h=0-—-28
k=-9—-0
l=-30 - 30

3 standard reflections
frequency: 120 min
intensity decay: 0.70%

Apm = 0221 e A7

Aprin = —0.167 e A™?

Extinction correction:
SHELXL93 (Sheldrick,
1993)

Extinction coefficient:
0.054 (3)

Scattering factors from
International Tables for
Crystallography (Vol. C)

Table 1. Selected geometric parameters {/i, °)

Ol1—NI 1.310(2)
N1—C5 1.353 (3)
N1—Cl 1.354 (3)
N2—C3 1.467 (3)
04—Cl11 1.359 (2)
04—HO4 0.95(3)
05—C6 1.246 (3)
O1—NI1—C5 119.8 (2)
O1—N1—ClI 119.8 (2)
C5—NI1—Cl1 1204 (2)
C6—06—HO6 113.7(15)
05—C6—06 122.6 (2)
05—C6—C7 120.9 (2)
06—C6—C7 116.5 (2)

06—C6 1.291 (2)
06—HO6 1.01(3)

C6—C7 1.478 (3)
C1—CI2 1.389 (3)
C71—C8 1.390 (3)
C10—Cl11 1.391 (3)
Cl1—C12 1.383 (3)
C12—C7—C8 120.3(2)
C12—C7—C6 119.0 (2
C8—C7—C6 120.7 (2)
04—C11—C12 117.6 (2)
04—C11—C10 122.4(2)
C12—C11—C10 119.9(2)

The ring H atoms were added at calculated positions and
refined using a riding model with SHELXL93 (Sheldrick, 1993)
defaults (C—H 0.93 A). A B, value of 6.0 A” was assigned to
all H atoms. Atom HO4 was located from a difference Fourier
map and its coordinates were refined.

Data collection: CAD-4 Software (Enraf-Nonius, 1989).
Cell refinement: CAD-4 Software. Data reduction: SDP
(Frenz, 1978). Program(s) used to solve structure: SHELXS86
(Sheldrick, 1985). Program(s) used to refine structure:
SHELXIL.93. Molecular graphics: ZORTEP (Zsolnai, 1995).
Software used to prepare material for publication: SDP.
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Supplementary data for this paper are available from the IUCr
electronic archives (Reference: FR1126). Services for accessing these
data are described at the back of the journal.
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Abstract

In the title compound, (CH3);CNHCSNH(CsH4N)
(or C10H15N3S), the endo-N---imino-N distance of
2.668 (2) A is indicative of intramolecular hydrogen
bonding. The pyridyl ring and the thiourea plane are
inclined at an angle of 13.29(9)°. The molecules are
dimerized through a pair of hydrogen bonds of the type

—§...H—N.
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