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Abstract

CyHsN,4Os, monoclinic, P2,/c (no. 14), a = 17.153(1) A,
b=13.4635(8) A, ¢ = 8.8010(6) A, B =90.807(2)°,
V'=2032.3 A%, Z=4, Ry(F) = 0.0414, wR«(F") = 0.1148,
T=296K.

Table 1. Data collection and handling.

Crystal: colourless blocks, size 0.18x0.25x0.29 mm
Wavelength: Mo K, radiation (0.71073 A)

u: 0.99 cm™

Diffractometer, scan mode: CCD area detector, ¢ and @

26 max: 50.54°

N(hkl)measureda N(hkl)unique: 1 3030a 3663
Criterion for Zous, N(hkl)y: Lovs > 2 o(1obs), 2457
N(param) efined: 283

Programs: SHELX [10]

Source of material

The mixtures of 1,3-phenylenediacetic acid (0.1 mmol, 19.4 mg),
2,5-bis(4-pyridyl)-1,3,4-oxadiazole (0.1 mmol, 22.4 mg), NaOH
(0.1 mmol), and H,O (6.0 ml) were placed in a 23ml Teflon lined
stainless steel reactor. The vessel was heated to 393K for 4 days,
and then cooled at 5°C h™' to room temperature. Colourless crys-
tals were obtained, and further crystals were filtered off, washed
with mother liquid, and dried under ambient conditions. Yield 56
%.

Discussion

Cocrystals represent a class of compounds that are attracting in-
creasing attention because they are readily accessible, amenable
to crystal engineering, and offer great diversity in terms of com-
position and properties [1-4]. These components or cocrystal
formers coexist as a stoichiometric ratio of a target molecule or
ion and a neutral molecular cocrystal former(s). That there has
been arecent surge in the interest in cocrystals can be attributed to
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both scientific and practical matters: crystal engineering has
made cocrystals amenable to design (i.e., through CSD statistics
and supramolecular synthons) in a way that other crystal forms
such as polymorphs, hydrates, and solvates [5] are not; pharma-
ceutical scientists realized that physicochemical properties of
practical importance such as solubility and stability can be dra-
matically impacted or even controlled via cocrystal formation. In
this contribution, we select the 1,2-phenylenediacetic acid with
long-spanning carboxyl groups. Featuring two carboxyl groups
in the title molecule may provide hydrogen-bonding interactions
which may endow enormous potential for assembling multi-di-
mensional supramolecular architectures [6, 7]. On the other hand,
the introduction of nitrogen heterocyclic compound can alter the
electron density in different parts of the molecules due to the
prototropy and conjugation between aromatic nitrogen
heterocyclic [8, 9]. Formation of the 1:1 cocrystal of 1,3-phenyl-
enediacetic acid and 2,5-bis(4-pyridyl)-1,3,4-oxadiazole, results
in the formation zig-zag chains by virtue of O4-H4--N1%' and
O1-H1---N4 hydrogen bonding interactions in the title structure.
Their N---O distances are 2.684(2) and 2.693(2) A, respectively.
Strong 7---7 stacking interactions (the face to face distance is 3.30
A) existing both pyridine rings of 2,5-bis(4-pyridyl)-1,3,4-
oxadiazole ligands from two adjacent zig-zag chains, result in a
2D thick layer. The adjacent 2D layers stack in a slightly off-set
parallel fashion with the weak effect of van der Waals force.
Clearly, hydrogen bonds and -7 stacking interactions play a
vital role in the formation of 3D supramolecular structure.

Table 2. Atomic coordinates and displacement parameters (in A%).

Atom Site X y z Usso

H(8) 4e 0.0114 0.6680 0.7007 0.058
H(14) 4e 0.6078 0.5908 0.0886 0.066
H(4) 4e —0.1868 0.5954 0.7266 0.107
H(1) 4e 0.2220 0.5467 0.7051 0.118
H(19) 4e 0.4350 0.5818 0.3552 0.064
H(12) 4e 0.6701 0.3208 —-0.0585 0.064
H(11) 4e 0.7650 0.3947 —-0.1987 0.068
H(22) 4e 0.3837 0.3015 0.4686 0.078
H(21) 4e 0.2895 0.3616 0.6245 0.085
H(15) 4e 0.7033 0.6565 -0.0615 0.070
H(20) 4e 0.3376 0.6328 0.5132 0.073
HQ2A) 4e 0.1547 0.7244 0.9807 0.076
H(2B) 4e 0.0994 0.6370 0.9317 0.076
HOA) 4e —0.1268 0.8168 0.5004 0.080
HOB) 4e —-0.0837 0.7145 0.4849 0.080
H(4A) 4e 0.1174 0.8902 0.9190 0.087
H(6) 4e —-0.0677 0.9440 0.6514 0.097
H(5) 4e 0.0303 0.9992 0.8106 0.115




Table 3. Atomic coordinates and displacement parameters (in A?).

Atom Site P y V4 U]1 U22 U33 U12 U13 U23

O(5) 4e 0.52348(7)  0.46250(9)  0.2129(1) 0.0461(7) 0.0515(7) 0.0513(8)  —0.0020(6) 0.0080(6) 0.0006(6)
C(18) 4e 0.4196(1) 0.4347(1) 0.3910(2) 0.043(1) 0.058(1) 0.044(1) -0.0086(9) 0.0009(9)  —0.0009(9)
C(17) 4e 0.4779(1) 0.3969(1) 0.2879(2) 0.045(1) 0.053(1) 0.050(1) -0.0079(9) 0.0031(9) 0.0022(9)
C(8) 4e 0.0147(1) 0.7353(1) 0.7241(2) 0.051(1) 0.044(1) 0.051(1) 0.0017(9) 0.0162(9) 0.0038(8)
N(1) 4e 0.74313(9)  0.5324(1) —0.1445(2) 0.049(1) 0.061(1) 0.057(1) 0.0022(8) 0.0057(8) 0.0052(8)
C(13) 4e 0.6283(1) 0.4477(1) 0.0325(2) 0.043(1) 0.054(1) 0.045(1) —0.0004(9)  —0.0006(9) 0.0030(9)
C(14) 4e 0.6389(1) 0.5494(1) 0.0305(2) 0.052(1) 0.054(1) 0.058(1) 0.0028(9) 0.010(1) —0.0050(9)
O(4) 4e —0.15212(8)  0.6189(1) 0.6745(2) 0.0579(9) 0.070(1) 0.088(1) 0.0095(7) 0.0261(8) 0.0115(8)
O(1) 4e 0.18883(9)  0.5618(1) 0.7671(2) 0.069(1) 0.077(1) 0.091(1) —-0.0145(8) 0.0353(8)  —0.0167(9)
0(3) 4e —0.22218(8)  0.7547(1) 0.6991(2) 0.0587(9) 0.073(1) 0.098(1) 0.0114(8) 0.0275(9) 0.0041(8)
C(16) 4e 0.5695(1) 0.4023(1) 0.1282(2) 0.048(1) 0.053(1) 0.048(1) 0.0025(9) 0.0041(9)  —0.0017(9)
C(19) 4e 0.4057(1) 0.5353(1) 0.4077(2) 0.050(1) 0.057(1) 0.054(1) -0.0051(9) 0.003(1) 0.0041(9)
N(4) 4e 0.3044(1) 0.5026(1) 0.5839(2) 0.059(1) 0.077(1) 0.059(1) -0.0080(9) 0.0123(9)  -0.0105(9)
C(10) 4e —0.1662(1) 0.7129(2) 0.6497(2) 0.041(1) 0.067(1) 0.048(1) 0.002(1) 0.0034(9) 0.005(1)
N(2) 4e 0.5538(1) 0.3095(1) 0.1479(2) 0.071(1) 0.055(1) 0.074(1) -0.0039(9) 0.023(1) —0.0009(9)
C(7) 4e —0.0390(1) 0.7996(1) 0.6589(2) 0.041(1) 0.058(1) 0.059(1) 0.0017(9) 0.0169(9) 0.0149(9)
C(12) 4e 0.6761(1) 0.3894(1)  —0.0563(2) 0.056(1) 0.049(1) 0.056(1) 0.0058(9) 0.008(1) 0.0017(9)
NQ@3) 4e 0.4933(1) 0.3062(1) 0.2532(2) 0.069(1) 0.055(1) 0.073(1) -0.0065(9) 0.021(1) —0.0022(9)
C(3) 4e 0.0730(1) 0.7669(1) 0.8227(2) 0.041(1) 0.055(1) 0.058(1) 0.0025(9) 0.0185(9) 0.0016(9)
C(1) 4e 0.1886(1) 0.6574(2) 0.7858(2) 0.040(1) 0.067(1) 0.059(1) 0.008(1) 0.0077(9) 0.018(1)
C(11) 4e 0.7325(1) 0.4345(1)  —0.1409(2) 0.055(1) 0.060(1) 0.057(1) 0.010(1) 0.011(1) 0.005(1)
C(22) 4e 0.3753(1) 0.3697(2) 0.4753(2) 0.069(1) 0.058(1) 0.070(2) —-0.014(1) 0.021(1) —0.004(1)
C(21) 4e 0.3190(1) 0.4064(2) 0.5688(3) 0.071(2) 0.073(2) 0.070(2) —-0.022(1) 0.024(1) —0.007(1)
0(2) 4e 0.2338(1) 0.7108(1) 0.7235(2) 0.085(1) 0.072(1) 0.147(2) 0.0158(9) 0.065(1) 0.038(1)
C(15) 4e 0.6966(1) 0.5880(2)  —0.0598(2) 0.059(1) 0.051(1) 0.066(1) —0.003(1) 0.010(1) —0.001(1)
C(20) 4e 0.3474(1) 0.5652(2) 0.5039(2) 0.058(1) 0.063(1) 0.062(1) 0.002(1) 0.003(1) —0.004(1)
C(2) 4e 0.1287(1) 0.6934(2) 0.8944(2) 0.053(1) 0.080(1) 0.056(1) 0.011(1) 0.011(1) 0.009(1)
C(9) 4e —0.1043(1) 0.7618(2) 0.5571(2) 0.054(1) 0.089(2) 0.056(1) 0.001(1) 0.008(1) 0.019(1)
C4) 4e 0.0783(1) 0.8668(2) 0.8539(3) 0.052(1) 0.063(1) 0.104(2) —0.005(1) 0.008(1) —0.012(1)
C(6) 4e —0.0324(1) 0.8989(2) 0.6933(3) 0.053(1) 0.054(1) 0.137(2) 0.011(1) 0.011(1) 0.020(1)
C(5) 4e 0.0261(1) 0.9317(2) 0.7893(4) 0.071(2) 0.043(1) 0.174(3) 0.000(1) 0.007(2) —0.007(2)

Acknowledgments. This work was supproted by the Foundation of Eduction
committee of Henan province (grant No. 142300410301).

References

1.

Childs, S. L.; Zaworotko, M. J.: The Reemergence of Cocrystals: The
Crystal Clear Writing Is on the Wall Introduction to Virtual Special Issue
on Pharmaceutical Cocrystals. Cryst. Growth Des. 9 (2009) 4208—4211.
Walsh, R. D.; Bradner, M. W.; Fleischman, S.; Morales, L. A.; Moulton,
B.; Rodriguez-Hornedo, N.; Zaworotko, M. J.: Crystal engineering of the
composition of pharmaceutical phases. Chem. Commun. (2003) 186-187.
Kavuru, P.; Aboarayes, D.; Arora, K. K.; Clarke, H. D.; Kennedy, A.; Mar-
shall, L.; Ong, T. T.; Perman, J.; Pujari, T.; Wojtas, L.; Zaworotko, M. J.:
Hierarchy of Supramolecular Synthons: Persistent Hydrogen Bonds Be-
tween Carboxylates and Weakly Acidic Hydroxyl Moieties in Cocrystals
of Zwitterions. Cryst. Growth Des. 10 (2010) 3568-3584.

Blagden, N.; de Matas, M.; Gavan, P. T.; York, P.: Crystal engineering of
active pharmaceutical ingredients to improve solubility and dissolution
rates. Adv. Drug Delivery Rev. 59 (2007) 617-630.#
Rodri'guez-Spong, B.; Price, C. P.; Jayasankar, A.; Matzger, A. J.;
Rodri'guez-Hornedo, N.: General principles of pharmaceutical solid poly-
morphism: A supramolecular perspective. Adv. Drug Delivery Rev. 56
(2004) 241-274.

. Xin, L. Y.; Liu, G. Z.; Wang, L.Y.: New coordination polymers from 1D

chain, 2D layer to 3D framework constructed from 1,2-phenylene diacetic
acid and 1,3-bis(4-pyridyl)propane flexible ligands. J. Solid State Chem.
184 (2011) 1387-1392.

. Xin, L. Y.; Li, X. L.; Liu, G. Z.; Guo, H.: Two Distinct 2D Cd(II)/Zn(II)

Networks Based on Flexible 1,2-Phenylenediacetate and N-donor Co-
Ligand: Synthesis, Structure, and Fluorescent Properties. Synthesis and
Reactivity in Inorganic, Metal-Organic, and Nano-Metal Chemistry, 43
(2013) 196-202.

. Bai,H.Y.;Ma, J. F.; Yang, J.; Zhang, L. P.; Ma, J. C.; Liu, Y. Y.: Eight

Two-Dimensional and Three-Dimensional Metal-Organic Frameworks
Based on a Flexible Tetrakis(imidazole) Ligand: Synthesis, Topological
Structures, and Photoluminescent Properties. Cryst. Growth Des. 10
(2010) 1946-1959.

. Xin,L.Y.;Liu,G. Z.; Ma, L. F.; Zhang, X.; Wang, L.Y.: Structural Diver-

sity and Fluorescence Regulation of Three Zn" Coordination Polymers
Assembled from Mixed Ligands Tectons. Aust. J. Chem. 68 (2015)
758-765.

10. Sheldrick, G. M.: A short history of SHELX. Acta Crystallogr. A64

(2008) 112-122.



