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The combination of biphenyl-4,40-dicarboxylic acid (H2bpa)

and the bent dipyridyl base 2,5-di-4-pyridyl-1,3,4-oxadiazole

(4-bpo) in a 1:1 molar ratio leads to the formation of the

molecular cocrystal (H2bpa)�(4-bpo) or C14H10O4�C12H8N4O.

The asymmetric unit contains one-half of an H2bpa unit lying

across a centre of inversion and one-half of a 4-bpo molecule

lying across a twofold rotation axis. Intermolecular OÐH� � �N
interactions connect the acid and base molecules to form a

one-dimensional zigzag chain. Through further weak CÐ

H� � �O hydrogen bonds between adjacent chains, a two-

dimensional sheet-like supramolecular network is afforded.

As an extended analogue of terephthalic acid (H2tp), the

backbone geometry of H2bpa has an evident in¯uence on the

hydrogen-bonding pattern of the title cocrystal compared with

that of (H2tp)�(4-bpo).

Comment

Organic crystal engineering of acid±base binary complexes

assembled into predictable supramolecular architectures is a

subject of continuing interest, which has focused on selective

and directional hydrogen bonds in both natural and arti®cial

systems (Desiraju, 1989; Steiner, 2002). One of the important

approaches is to utilize the self-organization of small organic

molecules with classical OÐH� � �O and OÐH� � �N hydrogen

bonding and other weak hydrogen bonds, such as CÐH� � �O,

to construct in®nite one-, two- or three-dimensional networks

in crystalline solids (Ma & Coppens, 2003; AakeroÈ y & Salmon,

2005). In this context, not only strong hydrogen-bonding

interactions but also weak hydrogen bonds need to be

considered carefully because they can affect the crystal

packing in unpredictable ways (Desiraju, 2002).

2,5-Di-4-pyridyl-1,3,4-oxadiazole (4-bpo), a bent dipyridyl

analogue, has abundant heteroatoms with free electron pairs

that could be considered as multiple hydrogen-bonding sites.

Recently, it has been successfully used to create a series of

hydrogen-bonded cocrystals displaying one-dimensional tape,

two-dimensional layer, three-dimensional net and helical style

frameworks, with aromatic di- or polycarboxylic acids (Du et

al., 2005a,b), such as terephthalic acid and trimesic acid.

Biphenyl-4,40-dicarboxylic acid (H2bpa), as a long rod-shaped

building block, has received considerable attention in the

design of porous metal±organic frameworks (MOFs) with

adsorption properties (Rosi et al., 2005, and references

therein). Such a building block attracts our interest for its

similar geometry but different length compared with tereph-

thalic acid, which can form strong and directional non-cova-

lent interactions. Also, it is rarely utilized in cocrystallization

with organic bases and always forms charge-transfer

compounds and not molecular cocrystals (Felix et al., 1997;

Xue & Mak, 2000). Therefore, the combination of H2bpa with

4-bpo may be expected to give diverse hydrogen-bonding

modes and an interesting network. We report here the struc-

ture of the title cocrystal, (H2bpa)�(4-bpo), (I), which has a

two-dimensional sheet hydrogen-bonded network.

X-ray single-crystal diffraction analysis shows that H2bpa

cocrystallizes with 4-bpo in a 1:1 molar ratio, producing a

binary molecular crystal, (H2bpa)�(4-bpo), (I), as depicted in

Fig. 1. Bond lengths and angles agree with accepted values

(Du et al., 2005a,b). The asymmetric unit of (I) contains half of

a centrosymmetric H2bpa subunit with the inversion centre

(1
2, 1, 0) at the mid-point of the C11ÐC11A bond [symmetry

code: (A) 1ÿ x; 2ÿ y;ÿz], and half of a crystallographic

twofold symmetric 4-bpo molecule, in which the twofold

rotation axis passes through atom O1 and the centre of the

N2ÐN2B bond along (0, y, 1
4) [symmetry code: (B) ÿx, y,

ÿz� 1
2 ]. The mean planes of the two components including all

non-H atoms are inclined to each other with a dihedral angle

of 9.4 (3)�. The terminal pyridyl rings in 4-bpo form dihedral

angles of 1.0 (2)� with the central oxadiazole plane, and a

dihedral angle of 1.9 (2)� with each other. For the H2bpa

component, the two terminal carboxylic acid groups adopt

a trans-coplanar conformation in relation to the central

biphenyl moiety, due to its symmetry.

The hydrogen-bond geometries and symmetry codes are

listed in Table 1. From Fig. 2, we can clearly see that the base

and acid components are connected through O2ÐH2A� � �N1
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Figure 1
The molecular structure of (I), drawn with 30% probability ellipsoids.
[Symmetry codes: (A) 1 ÿ x, 2 ÿ y, ÿz; (B) ÿx, y, 1

2 ÿ z.]



interactions, producing a one-dimensional zigzag chain

running along the [201] direction. Adjacent chains arrayed in a

parallel mode along the crystallographic [010] direction are

further linked by weak C3ÐH3� � �O3 hydrogen bonds to form

a two-dimensional planar network. These (102) sheets are

packed in a parallel and somewhat offset manner. There are

no further hydrogen-bonding interactions or aromatic

stacking between adjacent layers and ®ve such sheets pass

through the unit cell. Examination of this structure with

PLATON (Spek, 2003) showed that there were no solvent-

accessible voids in the crystal lattice.

H2bpa has a similar carboxylate geometry compared with

terephthalic acid (H2tp) and could act as a longer rod-like

building block with a separation of ca 12 AÊ (the corresponding

value for H2tp is ca 8 AÊ ). In contrast with the structure of the

cocrystal based on 4-bpo and H2tp (Du et al., 2005a), the

characteristic hydrogen-bonding motif and further crystal

packing of compound (I) are as follows. The length of the acid

component H2bpa, as the only variable factor compared with

H2tp, may adjust the crystal structure into a two-dimensional

planar network in which the acid±base chains are arranged in

a parallel fashion, while for (H2tp)�(4-bpo), H2tp and 4-bpo

are arrayed alternately on either side of the two-dimensional

acid±base plane. The low slope between the acid and base

molecules and the large separation between the adjacent

layers in (I) result in an absence of interlayer hydrogen-

bonding interactions or aromatic stacking, while for (H2tp)�-
(4-bpo)], the two-dimensional layers are further extended to

form a three-dimensional net via interlayer CÐH� � �O inter-

actions.

In conclusion, this work indicates that H2bpa is also a good

participant in hydrogen-bonding networks for the formation

of acid±base molecular cocrystals and, notably, compound (I)

represents the ®rst example of H2bpa as a neutral component

in acid±base adducts.

Experimental

A dimethylformamide solution (10 ml) of H2bpa (24.2 mg, 0.1 mmol)

was carefully layered on to a solution of 4-bpo (22.4 mg, 0.1 mmol) in

CHCl3 (6 ml) in a straight glass tube. Colourless block-shaped crystals

of (I) formed on the tube wall over a period of three weeks in 85%

yield. Analysis calculated for C26H18N4O5: C 66.95, H 3.89, N 12.01%;

found: C 66.91, H 3.74, N 12.31%. IR (KBr pellet, �, cmÿ1): 3434 (b),

2973 (s), 2938 (s), 2802 (m), 2739 (s), 2677 (vs), 2601 (m), 2569 (m),

2528 (m), 2396 (w), 2354 (w), 1763 (w), 1606 (w), 1562 (w), 1474 (s),

1393 (vs), 1170 (m), 1075 (w), 1036 (m), 847 (w), 827 (m), 804 (w), 714

(w), 460 (w).

Crystal data

C14H10O4�C12H8N4O
Mr = 466.44
Monoclinic, C2=c
a = 21.131 (4) AÊ

b = 6.8459 (11) AÊ

c = 15.376 (3) AÊ

� = 103.135 (2)�

V = 2166.1 (7) AÊ 3

Z = 4
Dx = 1.430 Mg mÿ3

Mo K� radiation
Cell parameters from 978

re¯ections
� = 3.1±21.9�

� = 0.10 mmÿ1

T = 293 (2) K
Block, colourless
0.28 � 0.18 � 0.10 mm

Data collection

Bruker SMART APEX-II CCD
area-detector diffractometer

' and ! scans
Absorption correction: multi-scan

(SADABS; Sheldrick, 1996)
Tmin = 0.795, Tmax = 0.990

5668 measured re¯ections

1906 independent re¯ections
1256 re¯ections with I > 2�(I)
Rint = 0.025
�max = 25.0�

h = ÿ24! 24
k = ÿ7! 8
l = ÿ17! 18

organic compounds
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Figure 2
A perspective view of the two-dimensional hydrogen-bonded sheet along (102). Hydrogen bonds are indicated by dashed lines. The base molecules are
indicated by the unit cell. H atoms not involved in the hydrogen bonds shown have been omitted. [Symmetry codes: (A) x,ÿ1 + y, z; (B)ÿx, y, 1

2 ÿ z; (C)
ÿ1 + x, 2 ÿ y, 1

2 + z; (D) ÿ1 ÿ x, 2 ÿ y, 1 ÿ z; (E) 1 ÿ x, 2 ÿ y, ÿz.]



Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.039
wR(F 2) = 0.111
S = 0.98
1906 re¯ections
161 parameters
H-atom parameters constrained

w = 1/[�2(Fo
2) + (0.0658P)2]

where P = (Fo
2 + 2Fc

2)/3
(�/�)max < 0.001
��max = 0.17 e AÊ ÿ3

��min = ÿ0.16 e AÊ ÿ3

Extinction correction: SHELXL97
Extinction coef®cient: 0.0014 (4)

There was no evidence of crystal decay during data collection. The

space group C2/c was uniquely assigned from the systematic absences.

All H atoms were visible in difference maps. C-bound H atoms were

placed in calculated positions, with CÐH distances of 0.93 AÊ , and

re®ned as riding atoms, with Uiso(H) = 1.2Ueq(C). O-bound carboxyl

H atoms were re®ned as rigid groups, with OÐH distances of 0.82 AÊ ,

and allowed to rotate but not tip, with Uiso(H) = 1.5Ueq(O).

Data collection: APEX2 (Bruker, 2003); cell re®nement: APEX2

and SAINT (Bruker, 2001); data reduction: SAINT; program(s) used

to solve structure: SHELXS97 (Sheldrick, 1997); program(s) used to

re®ne structure: SHELXL97 (Sheldrick, 1997); molecular graphics:

SHELXTL (Bruker, 2001) and DIAMOND (Brandenburg & Berndt,

1999); software used to prepare material for publication: SHELXTL.
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Table 1
Hydrogen-bond geometry (AÊ , �).

DÐH� � �A DÐH H� � �A D� � �A DÐH� � �A

O2ÐH2A� � �N1 0.82 1.83 2.654 (2) 179
C3ÐH3� � �O3i 0.93 2.29 3.153 (2) 155

Symmetry code: (i) x; yÿ 1; z.


