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Study of intermolecular interactions of piroxicam polymorphs
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Abstract: Piroxicam has polymorphism. Different crystalline forms can exhibit different physicochemical
properties and biological activities. Analysis of the intermolecular interactions is essential to reveal the formation
mechanism and differences of polymorphs. In this paper, Hirshfeld surface analysis and semi-empirical methods
were used to calculate and analyze the intermolecular interactions in seven polymorphic forms of piroxicam. The
results show that the Hirshfeld surface analysis method can clearly and intuitively reveal the intermolecular interac-
tions, among which H---H, O---H/H---O and N---H/H---N interactions account for 95% of the total energy. There
are differences in the proportion and distribution of the forces of different crystal forms. The energy calculation
shows that the lattice energy of the hydrate is significantly lower than that of the anhydrous forms, and in the specific
energy distribution, the contribution of the dispersion force is the most prominent. Further interaction energy analysis
was found that within the distance of 3.8 A from the center of the piroxicam molecule, different crystalline forms
of piroxicam molecule have different interaction energies with surrounding molecules.
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Figure1 Molecular structure of piroxicam. w1-6: Torsional angles
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Table 1  Crystal structure parameters of seven piroxicam polymorphs. Forms A-F are the six crystal forms of piroxicam respectively. a, b,

¢, a, B, y are the unit cell parameters of the crystal. Z is the number of molecules in the unit cell. BIYSEH and CIDYAP are code names in

the CSD database
Form Form A Form B Form C Form D Form E Form F Monohydrate
Molecular formula  C.H_ ,N,OS ~ C.H.NOS  C,H.NOS  CHNOS CHNOS C.HNOS C.H.NOS--HO
Crystal system Monoclinic Orthorhombic ~ Monoclinic Triclinic Monoclinic Monoclinic Triclinic
Space group P2/c P ca2, P2/c P-1 P2/c C2lc P-1
alA 7.127 (2) 11.801 (2) 17.587 7 (4) 8.010 6 (17) 12.989 (4) 27.301 (11) 12.721 (4)
b /A 15.136 (7) 17.357 (5) 11.859 2 (3) 10.080 (2) 9.051 (3) 15.415 (6) 12.909 (4)
c/A 13.949 (6) 6.981 (3) 6.938 4 (1) 10.519 (3) 12.816 (4) 14.772 (6) 10.481 (3)
al’ 90 90 90 81.215 (9) 90 90 99.31(2)
pI° 97.35 (4) 90 97.561 4 (9) 69.330 (5) 102.382 (17) 98.05 (2) 108.88 (2)
yl° 90 90 90 69.827 (6) 90 90 102.64 (2)
z 4 4 4 2 4 8 2
CSD code BIYSEH BIYSEH 02 BIYSEH 06 BIYSEH 07 BIYSEH 17 BIYSEH 18 CIDYAP
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Figure 2 Overlay of the molecular conformation of piroxicam.
Different colored molecules represent different crystal forms of
piroxicam, among which Form F and monohydrate have two

piroxicam molecules
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Table 2 Torsional angles (i, degree) of various crystal forms of piroxicam. Monohydrate is piroxicam hydrate

Form wl w2 w3 V3 w5 y6

Form A -9.18 -2.42 -174.29 83.66 -139.13 -33.20

Form B -8.73 12.15 -172.37 86.01 -141.32 -37.88

Form C -2.79 3.08 -175.19 87.35 -138.45 -36.46

Form D -15.24 -5.67 -165.61 78.04 -141.19 -28.57

Form E -14.42 6.24 -176.98 85.10 -138.45 -32.96

Form F Molecular 1 -16.68 5.32 -177.47 79.87 -143.16 -31.62
Molecular 2 -27.16 -1.14 -173.05 88.21 -136.05 -35.61

Monohydrate Molecular 1 -177.91 -1.75 -1.99 -84.49 -137.10 -32.00
Molecular 2 -177.35 9.92 -0.86 -89.78 -133.64 -36.05

Table 3 Molecular hydrogen bond parameters of piroxicam

Form Hydrogen bond

FormA 0,-Hy-+-0, (2.560 A, 156.24°); N,-H,--O, (3.055 A, 1-x, 1-y, -z, 129.55°)

Form B O,H,, -0, (2.526 A, 67.38°); O,-H,,---0, (3.007 A, 3/2-x, y, -3/2+z, 88.68°)

Form C 0,-H,;+0, (2.567 A, 21.29°); O,-H,,---0, (2.998 A, x, 1/2-y, -1/2+z, 111.68°)

Form D O,-H,-0, (2.388 A, 155.59°); N,-H,---O, (2.980 A, 1-x, 1-y, 1-z, 29.99°)

Form E O,-H,0, (2546 A, 19.01°); N,-H,---O, (3.032 A, 1-x, 1-y, 1-z, 154.14°)

Form F 0,-H,--0, (2.554 A, 18.31°); O,-H,,---O, (2.532 A, 153.21°);
N,-H, N (3.096 A, X, y, z, 152.02°); Ny-H,-+-N, (3.097 A, x, y, z, 156.52°)

Monohydrate N,-H,---O, (2.589 A, 139.61°); N,-H,---O, (2.651 A, 129.01°); N,-H,,---O, (2.524 A, 140.70°); N;-H,,--O, (2.672 A, 123.07°);
Ng-H,, -0, (2.822 A, X, v, 7, 131.96°); N-H,---O, (2.920 A, x, y, 2, 132.02°); O4-H, -0, (2.772 A, x, y, , 171.88°);
0,9-Hy -0, (2.890 A, x, y, 1+2, 149.60°); N,-H,---O, (2.988 A, 2-x, 1-y, 2-7, 63.42°); O -H,,---O, (2.890 A, 2-x, 2-y, 2-z, 169.16°)
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Figure 3 Hirshfeld surface analysis diagram of piroxicam. Mono-
hydrate is piroxicam hydrate. A1, A2, B1, B2, C1, C2, D1, D2, E1,
E2, F1, F2, G1, G2, and G3 represent the hydrogen bonding sites
of different crystal forms, respectively
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Figure 4 Intermolecular interaction fingerprint of piroxicam, d, and d, denote the closest distances from a point on the Hirshfeld surface to

atoms inside and outside the surface, respectively
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Table 4  Atom-atom Coulomb-London-Pauli (AA-CLP) calcula-
E . Eye E.p, and E, are

coul’ —pol’ —disp’ —rep

tion results of piroxicam (kJ-mol™). E
electrostatic energy, polarization energy, dispersion energy, repul-
sion energy and total energy, respectively

Form CSDcode E_, E (= E.. E.
Form A BIYSEH  -122 -579 -1614 702 -161.3
Form B BIYSEH02 -10.1 -61.3 -1716 758 -167.6
Form C BIYSEH06 -14.2 -60.9 -168.8 78.0 -165.9
Form D BIYSEHO7 -17.0 -60.9 -1629 719 -168.8
Form E BIYSEH17 -12.6 -59.7 -1655 885 -149.3
Form F BIYSEH18 -19.7 -56.8 -150.9 66.2 -161.2

Monohydrate CIDYAP -27.4 -36.7 -101.6 56.6 -109.1
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