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Bis(4-aminopyridinium) 2,5-dioxidobenzoquinone

dihydrate

4—Aminopyridine (4AP) and 2.,5-dihydroxybenzonquinone
(DHBQ) crystallize in a 2:1 ratio as a molecular salt with
two molecules of water, i.e. 2CsH;N,"-CcsH,0,2~-2H,0O in
space group P2i/c. The 4AP molecules and the DHBQ
molecules pack to form infinite one-dimensional hydrogen-
bonded chains mediated by the water molecules, which
themselves act as tetrahedral centres and link the chains in
three dimensions.

Comment

To investigate a variety of molecular interactions in the solid
state, in particular N—H. - -O and O—H- - -N hydrogen bonds,
we have produced cocrystals of 2,5-dihydoxybenzoquinone
(DHBQ) and 4-aminopyridine (4AP).

DHBQ is a weak organic acid structurally and chemically
very similar to squaric acid. This is reflected in the crystal
structures it forms; the recently reported structure of DHBQ
with 4,4'-bipyridine (Cowan et al., 2001) is closely related to
the squarate analogue reported by Reetz et al. (1994) and the
present structure is very similar to that observed in 4AP and
squarate (Karle et al., 1996).
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The DHBQ molecule has become deprotonated and
consequently shows partial delocalization in the present
structure. The conformation is similar to that reported by
Kulpe (1974) for the potassium salt and discussed by Kulpe &
Déhne (1978). They describe DHBQ as two coupled trime-
thineoxonol (TMO, see below) connected by two long Csp”*—
Csp® bonds. The long Csp>—Csp? bond is between C1 and C2
[C1—C2 1.542 (3) IOA] and is even longer than the typical
Csp®—Csp® bond length (C—C = 1.53 A; Allen ef al., 1992).

The pyridine group of the 4AP has become protonated and
forms N—H- - -O hydrogen bonds to the DHBQ. In contrast to
the squarate and 4AP system in which one strong N—H. - -O
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Figure 1

The moieties of the title compound shown with 50% probability displacement ellipsoids. The dashed lines indicate hydrogen bonds. [Symmetry codes: (I)
4—x,—y,2—z(I)1 —x, —y,1 —z.]

groups [N2.--N2' 3511 (5) A and H2A.--H2B' 2.52 (4) A;
symmetry code: (ii) 1 — x, —y, 1 — z] is caused by hydrogen-
bond formation to the lone pairs of the water molecule oxygen
(Fig. 1) (N2—H2A- - -010 and N2—H2B- - -010").

The molecules pack to form infinite hydrogen-bonded
chains that propagate along the [301] direction. The chains
form columns along the [103] direction. The water is an
essential part of the supramolecular structure, it links the one-
dimensional chains together by accepting hydrogen bonds
from the amino groups of the 4AP molecules and also forms
hydrogen bonds to the DHBQ molecules, which join adjacent
chains together into a three-dimensional network (Fig. 2).

Experimental

Approximately 0.5 ml of a 0.2 M solution of 4-aminopyridine in
methanol was poured slowly into a narrow test tube containing
approximately 0.5 ml of a 0.2 M aqueous solution of 2,5-dihydroxy-
benzonquinone to produce a water/methanol interface. Thin red
plate-like crystals suitable for X-ray analysis were produced by slow
diffusion at the interface of the solutions.

Crystal data

Figure 2

Packing diagram viewed along the a axis. The dashed lines indicate 2CsH;N,'-CeH,047 ™ 2H,0 D, =1426 Mg m?

hydrogen bonds. It can be seen easily how the water molecules bind the M, = 364.36 Mo Ko radiation

structure together. Monoclinic, P2,/c Cell parameters from 980
a=6345(4) A reflections
b=11353(8) A 0 =5.0-23.9°

. . A -1

hydrogen bond is formed (Karle et al., 1996), a bifurcated N— 2 = 1915-525‘ ((81)6¢ h- ?()101(I2n)n11<

H. - -O hydrogen b013d is formed with similar N-- O distances V = 8485 (10) A® Plate, red

[N1---O1 2.875 (3) A and N1---02 2.757 (3) A] (Fig. 1). The Z=2 0.65 x 0.35 x 0.05 mm

bifurcated N—H- - -O hydrogen bond is assisted by two almost
equal-length weak C—H---O bonds [C11---O1 3.132 (4) A

Data collection

5 ° Bruker SMART-CCD diffract- 1861 independent reflections

and C11—H11-01 115 (2) 5 and C15---02 3.177 (3) A and ometer 1475 reflections with I > 20(1)
C15—H15—02 109 (2)°]. The aromatic rings of the DHBQ o scans Ry = 0.055
and the 4AP are inclined at an angle of 8.2° with respect to ~ Absorption correction: multi-scan Omax = 27.1°

. . . (SADABS; Sheldrick, 1996) h=-8—38
each other, but an imaginary torsion angle, T.. =0804, T,.. = 1.000 k=—14 - 14
O1..-02---C15- - -C11 of 0.4°, shows that most of this is a fold 7323 measured reflections l=—-14— 15
along an axis through O1 and O2. These C—H---O ‘bonfis are Refinement
short and have large C—H- --O angles compared with s¥m11ar Refinement on F> All Heatom parameters refined
C—H- - -O bonds (Steiner, 1997), but they prevent rotation of R[F? > 20(F?)] = 0.068 w = V[o*(F,?) + (0.05P)?]
the 4AP about an axis through N1 and N2 that would be = wR(F?) =0.148 where P = (F,” + 2F.)/3

. . S =1.66 (A/0) max < 0.001
allowed by the other hydrogeq bonds in the challn. 1861 reflections Apo =029 ¢ A~
The 4AP molecules pack with each other amino group to 158 parameters Apin = —038 ¢ A3

amino group. The unlikely close proximity of these two basic
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Table 1 .

Hydrogen-bonding geometry (A, °).

D—H.--A D—H H---A D---A D—H---A
N1—Hl.--01 0.95 (3) 2.14 (3) 2.875 (3) 133 (2)
N1—HI---02 0.95 (3) 1.94 (3) 2757 (3) 142 (2)
Cl1—Hl11---01 0.96 (3) 2.60 (3) 3.132 (4) 115 (2)
C15—H15---02 0.96 (3) 2.74 (3) 3177 (3) 109 (2)
N2—H24.--010 0.94 (3) 2.02 (3) 2.948 (3) 172 (2)
N2—H2B---010' 0.94 (3) 2.02 (3) 2.963 (3) 174 (2)
010—H104. - -01* 0.95 (4) 1.83 (4) 2.770 (3) 168 (3)
010—H10B- - -02" 0.91 (4) 1.90 (4) 2779 (3) 161 (3)

Symmetry codes: (i) 1 —x, —y, 1 —z; (i) 2 —x, 3+ y,3 —z (i) x— 1,1 —y,z — %

All H atoms were found in the difference Fourier maps and were
refined with isotropic displacement parameters; the C—H, N—H and
O—H distances all refined to within standard ranges and there are no
anomalous values of Uy, As we are interested in the behaviour of the
H atoms with respect to any hydrogen-bonded networks, it would be
artificial to add any constraints to this stable and converged refine-
ment.

Data collection: SMART (Bruker, 1998); cell refinement: SMART,
data reduction: SAINT (Bruker, 1998); program(s) used to solve

structure: SHELXS97 (Sheldrick, 1990); program(s) used to refine
structure: SHELXL97 (Sheldrick, 1997); software used to prepare
material for publication: SHELXL97.
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