
organic papers

Acta Cryst. (2005). E61, o4215–o4217 doi:10.1107/S1600536805037591 Tabuchi et al. � C6H6NO2
+
�C6HCl2O4

� o4215

Acta Crystallographica Section E

Structure Reports
Online

ISSN 1600-5368

2-Carboxypyridinium hydrogen chloranilate

Youhei Tabuchi,a Akiko

Takahashi,a Kazuma Gotoh,a

Haruo Akashib and

Hiroyuki Ishidaa*

aDepartment of Chemistry, Faculty of Science,

Okayama University, Okayama 700-8530,

Japan, and bResearch Institute of Natural

Sciences, Okayama University of Science,

Okayama 700-0005, Japan

Correspondence e-mail:

ishidah@cc.okayama-u.ac.jp

Key indicators

Single-crystal X-ray study

T = 295 K

Mean �(C–C) = 0.004 Å
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The title compound, C6H6NO2
+
�C6HCl2O4

�, is the salt of

chloranilic acid with nicotinic acid (2-carboxypiridine), where

an acid–base interaction involving a proton transfer is

observed from the chloranilic acid to the pyridine group of

nicotinic acid. In the crystal structure, the hydrogen chlor-

anilate anion and the 2-carboxypridinium cation are linked by

N—H� � �O and O—H� � �O hydrogen bonds to form a zigzag

chain. The chains are further linked by O—H� � �O hydrogen

bonds to form a three-dimensional hydrogen-bond network.

Comment

The title compound, (I), was prepared in order to extend our

study on D—H� � �A hydrogen bonding (D = N, O or C; A = N,

O or Cl) in chloranilic acid–amine 1:1 and 1:2 systems

(Fukunaga & Ishida, 2003; Fukunaga et al., 2003; Ishida,

2004a,b,c,d,e). Chloranilic acid (2,5-dichloro-3,6-dihydroxy-

1,4-benzoquinone) is a strong dibasic acid endowed with

hydrogen-bond donor and acceptor groups, and appears

particularly attractive as a template for generating tightly

bound self-assemblies with polarizable bases (Ishida &

Kashino, 1999a,b,c, 2000, 2001, 2002; Zaman et al., 1999, 2000),

as well as a model compound for investigating proton-transfer

motions in intermolecular hydrogen bonds by 1H NMR and
35Cl NQR techniques (Nihei et al., 2000a,b; Ikeda et al., 2005).

In (I), the asymmetric unit is composed of

C6H6NO2
+
�C6HCl2O4

�; an acid–base interaction involving a

proton transfer is observed between chloranilic acid and

nicotinic acid (Fig. 1). The cations and anions are stacked in

columns along the b axis. The two components are linked by a

bifurcated hydrogen bond (N1—H2� � �O1 and N1—H2� � �O4)

and an O2—H1� � �O6i hydrogen bond (Table 2) to form a

zigzag chain running along the [111] direction. Atom H1 is

also involved in an intramolecular hydrogen bond with O3.

The dihedral angle between the C1–C6 plane of the anion and

the pyridinium ring is 84.18 (15)�. Neighboring chains related
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to each other by a c-glide plane are connected by an O5—

H7� � �O4ii hydrogen bond (Table 2) to form a three-dimen-

sional hydrogen-bond network (Fig. 2). Besides the O—H� � �O

and N—H� � �O hydrogen bonds, there are C—H� � �O

hydrogen bonds between neighboring chains (Table 2).

Experimental

Crystals were obtained by slow evaporation from a methanol solution

of chloranilic acid with nicotinic acid in a 1:1 molar ratio.

Crystal data

C6H6NO2
+
�C6HCl2O4

�

Mr = 332.10
Monoclinic, Pc
a = 10.7715 (10) Å
b = 5.4301 (5) Å
c = 12.9139 (12) Å
� = 119.580 (7)�

V = 656.89 (11) Å3

Z = 2

Dx = 1.679 Mg m�3

Mo K� radiation
Cell parameters from 2638

reflections
� = 4.2–27.4�

� = 0.52 mm�1

T = 295 K
Prism, brown
0.25 � 0.25 � 0.20 mm

Data collection

Rigaku R-AXIS IV diffractometer
! scans
Absorption correction: multi-scan

(ABSCOR; Higashi, 1995)
Tmin = 0.835, Tmax = 0.901

4509 measured reflections
2602 independent reflections

2312 reflections with I > 2�(I)
Rint = 0.021
�max = 27.5�

h = �13! 13
k = �6! 6
l = �16! 16

Refinement

Refinement on F 2

R[F 2 > 2�(F 2)] = 0.031
wR(F 2) = 0.072
S = 1.01
2602 reflections
204 parameters
H atoms treated by a mixture of

independent and constrained
refinement

w = 1/[�2(Fo
2) + (0.0438P)2

+ 0.0699P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max = 0.002
��max = 0.21 e Å�3

��min = �0.19 e Å�3

Absolute structure: Flack (1983),
1100 Friedel pairs

Flack parameter: 0.54 (6)

Table 1
Selected bond lengths (Å).

Cl1—C2 1.729 (3)
Cl2—C5 1.740 (3)
O1—C1 1.217 (3)
O2—C3 1.337 (3)
O3—C4 1.227 (4)

O4—C6 1.277 (3)
O5—C12 1.308 (3)
O6—C12 1.211 (3)
C1—C6 1.544 (4)
C3—C4 1.504 (4)

Table 2
Hydrogen-bond geometry (Å, �).

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

O2—H1� � �O3 0.84 (4) 2.09 (4) 2.598 (3) 118 (4)
O2—H1� � �O6i 0.84 (4) 2.11 (5) 2.847 (3) 146 (4)
O5—H7� � �O4ii 1.00 (5) 1.59 (5) 2.576 (3) 169 (5)
N1—H2� � �O1 0.96 (4) 2.39 (4) 2.921 (3) 114 (3)
N1—H2� � �O4 0.96 (4) 1.81 (4) 2.743 (3) 164 (3)
C7—H3� � �O1iii 0.93 2.36 3.080 (3) 134
C9—H4� � �O3iv 0.93 2.45 3.037 (3) 121
C10—H5� � �Cl1v 0.93 2.81 3.728 (4) 168
C11—H6� � �O2v 0.93 2.55 3.232 (4) 131

Symmetry codes: (i) xþ 1; y� 1; zþ 1; (ii) x;�yþ 1; z� 1
2; (iii) x; yþ 1; z; (iv)

x � 1; y; z� 1; (v) x� 1;�y� 1; z� 1
2.

H atoms attached to O and N atoms were found in a difference

Fourier map and refined isotropically (refined distances given in

Table 2). Other H atoms were treated as riding, with C—H = 0.93 Å

and Uiso(H) = 1.2Ueq(C). The value of the Flack (1983) parameter

indicates that the crystal is an inversion twin with almost equal

contributions of the two components.

Data collection: PROCESS-AUTO (Rigaku/MSC & Rigaku

Corporation, 2004); cell refinement: PROCESS-AUTO; data reduc-

tion: CrystalStructure (Rigaku/MSC & Rigaku Corporation, 2004);

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: CrystalStructure and PLATON

(Spek, 2003).

This work was supported by a Grant-in-Aid for Scientific

Research (C) (No. 16550014) from the Ministry of Education,
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Figure 1
ORTEP-3 (Farrugia, 1997) drawing of (I), with the atom numbering.
Displacement ellipsoids of non-H atoms are drawn at the 50% probability
level. N—H� � �O hydrogen bonds are indicated by dashed lines.

Figure 2
Packing diagram, viewed down the b axis. Dashed lines show N—H� � �O
and O—H� � �O hydrogen bonds.
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