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3,5-Lutidinium—2-chloro-4-nitrobenzoate—

2-chloro-4-nitrobenzoic acid (1/1/1)

The title compound, C;H;(N"-C;H;CINO, -C,H,CINQ,,
consists of a 3,5-lutidinium (3,5-dimethylpyridinium) cation,
a 2-chloro-4-nitrobenzoate anion and 2-chloro-4-nitrobenzoic
acid. The anion is linked to the cation and the acid,
respectively, by N—H:.-O and O—H---O hydrogen bonds.
There are three C—H- - -O hydrogen bonds which connect the
lutidinium-benzoate-benzoic acid units, forming a molecular
tape.

Comment

The title compound, (I), was investigated as part of a study on
D—H- - -A hydrogen bonding (D =N, O or C; A =N, O or Cl)
in chloro- and nitro-substituted benzoic acid—amine systems
(Ishida et al., 2001a,b,c,d,e, 2002a,b,c). These systems are of
interest in crystal engineering for the formation of chiral two-
component molecular crystals (Koshima et al., 1996; Ishida et
al., 2001b,e; Sugiyama et al, 2002a,b). Furthermore, the
systems are interesting candidates for a *>Cl NQR relaxation
study of proton transfer in hydrogen-bonded systems (Nihei et
al., 2000a,b). The present compound, (I), was accidentally
obtained in the course of the preparation of the 3,5-lutidine—2-
chloro-4-nitrobenzoic acid (1/1) complex, which was reported
to represent the critical (inversion) point at 50% proton
transfer in the O—H- - -N hydrogen bond (Habeeb & Awad,
1995; Awad & Habeeb, 1996).

co,” CO,H
N cl cl
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In (I), the asymmetric unit is composed of three moieties,
viz. C;HoN*, C;H;CINO,~ and C;H,CINO, (Fig. 1). The
benzoate anion is linked to the lutidinium cation and the
benzoic acid, respectively, by N—H---O and O—H:.-O
hydrogen bonds (Table 2). An acid-base interaction involving
a proton transfer is observed between the cation and the
anion; the critical point is not found in the present compound.
The lutidinium-benzoate-benzoic acid units are linked by C—
H---O hydrogen bonds (C15—H9---0O6, C17—HI10-.--03"
and C20—H13.--06'; see Table 2 for details and symmetry
codes) to form a molecular tape running in the [111] direction
(Fig. 2). A short contact [CI2- - -O1' = 3.120 (3) A] is observed
between the units. Neighboring tapes related by an inversion
center are linked by a m—m stacking interaction between the
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Figure 1

An ORTEP-3 (Farrugia, 1997) drawing of (I), with the atom-labeling.
Displacement ellipsoids of non-H atoms are drawn at the 50% probability
level. N—H- - -O and O—H- - -O hydrogen bonds are indicated by dashed
lines.

aromatic C1—C6 rings of benzoate ions (Fig. 3). The inter-
planar and centroid—centroid separations are 3.515 (2) and
3.658 (2) A, respectively. The carboxylate group is twisted out
of the plane of the benzene ring, probably due to the N—
H...O and O—H---O hydrogen bonds; the dihedral angle
between them is 49.45 (19)°. This may cause a close contact
[O1-- N1V = 2.853 (4) A, symmetry code: (iv) —x, —y, 2 — 7]
between the two tapes (Fig. 3). A similar non-hydrogen-
bonding contact [O---N = 2.832 (3) A] has been observed in
benzimidazolium 2-chloro-4-nitrobenzoate (Ishida et al.,

2002¢).

Experimental

Figure 2

Packing diagram showing a molecular tape formed via N—H---O, O—
H---O and C—H---O hydrogen bonds (shown as dashed lines).
[Symmetry codes: (i) 1 —x, —y, 1 —2z; (ii)) 1+x, 1+y, z—1; (iii)
2—x,1—y, —z]

Crystals of (I) were obtained by slow evaporation of an acetonitrile

solution of 3,5-lutidine with 2-chloro-4-nitrobenzoic acid in a 1:1

molar ratio.

Crystal data

CH,(N*-C,H;CINO,~-C,H,CINO,

M, = 51028
Triclinic, P1
a=9517(3) A

b =9.9163 (19) A
c=13.194 (5) A
o =7530 (2)°

B =7012(3)

¥ = 80.030 (19)°
V =1127.5 (6) A®

Data collection

Rigaku AFC-5R diffractometer
@20 scans
Absorption correction: ¥ scan
(North et al., 1968)
Tonin = 0.846, Tax = 0.918
5486 measured reflections
5184 independent reflections
2574 reflections with I > 20(1)

Refinement

Refinement on F>
R[F? > 20(F%)] = 0.059
wR(F?) = 0.167
S=1.01

5184 reflections

317 parameters

H atoms treated by a mixture of

independent and constrained
refinement

Z=2

D, = 1.503 Mg m™>

Mo K radiation

Cell parameters from 25 &g
reflections

6 =10.1-12.3°

©n =034 mm~

T =29 K

Prism, colorless

0.40 x 0.30 x 0.25 mm

1

Rin = 0.038

Omax = 27.5°

h=-12—> 12

k=-12—-10

I=-17 — 16

3 standard reflections
every 97 reflections
intensity decay: 2.5%

w = 1/[0*(F,%) + (0.071P)*
+ 0.0055P]
where P = (F,” + 2F.2)/3
(AI6)max = 0.01
Apmax = 039¢ A7
Apmin = =034 ¢ A

Figure 3
Packing diagram showing m-m stacking and a close N---O contact
[symmetry code: (iv) —x, —y, 2 — z].
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Table 1 .

Selected geometric parameters (A, °).

Ccl—c2 1730 (3) N2—Cl1 1.480 (4)
Cl2—C9 1.726 (3) N3—C19 1.318 (4)
01-C7 1.236 (4) N3—CI5 1.329 (4)
02-C7 1.235 (4) C1—C7 1.531 (4)
05—Cl4 1311 (4) C8—Cl4 1.503 (4)
06—Cl4 1.193 (4) C16—C20 1.515 (5)
N1—C4 1.479 (4) C18—C21 1.506 (5)
01-C7-02 128.4 (3) C15—N3—-C19 123.1 (3)
05—C14—06 124.1 (3)

Table 2

Hydrogen-bonding geometry (A, °).

D—H---A D—H H---A D---A D—H---A
05—H7---02 0.87 (5) 170 (5) 2.542 (4) 163 (6)
N3—H8---01 0.91 (4) 177 (4) 2.658 (4) 166 (4)
CI5—H9---06' 0.93 241 3.266 (5) 153
C17—H10- --03" 0.93 2.48 3.350 (5) 156
C20—H13---06' 0.96 2.51 3.390 (5) 153

Symmetry codes: (i) 1 —x, —y, 1 —z; (ii)) 1 +x,1+y,z— 1.

H atoms attached to N and O atoms were refined isotropically.
Other H atoms were treated as riding atoms, with C—H = 0.96 A for
the methyl groups and C—H = 0.93 A for the benzene and pyridine
rings. Uj,o(H) values were set at 1.5U.4(C) for the methyl H atoms
and at 1.2U,4(C) for the other H atoms.

Data collection: MSC/AFC Diffractometer Control Software
(Molecular Structure Corporation, 1990); cell refinement: MSC/AFC
Diffractometer Control Software; data reduction: TEXSAN for
Windows (MSC, 1997-1999); program(s) used to solve structure:
SIR92 (Altomare et al., 1994); program(s) used to refine structure:
SHELXL97 (Sheldrick, 1997); molecular graphics: ORTEP-3

(Farrugia, 1997); software used to prepare material for publication:
PLATON (Spek, 2003).

X-ray measurements were made at the X-ray Laboratory of
Okayama University. This work was supported by a Grant-in-
Aid for Scientific Research (C) (No. 16550014) from the
Ministry of Education, Science, Sports and Culture of Japan.
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