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Thermal expansion behaviors of the new antiepileptic
drug brivaracetam
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Abstract: The purpose of the study was to investigate the thermal expansion characteristics of brivaracetam
form I, and explore the influence mechanism of the crystal structure on its thermal expansion behavior. The crystal
structure of brivaracetam form I was characterized by X-ray single crystal diffraction and variable temperature
X-ray powder diffraction at different temperatures. The interaction energy of brivaracetam molecule calculated
by B3LYP/6-31G(d, p) wave function with the aid of CrystalExplorer 21.5 software. The results show that
brivaracetam form I exhibits significant reversible anisotropic thermal expansion under the temperature range of
123-323 K. The principal expansion X, X,, X, axes are approximately aligned with the a, b and ¢ axes of the
unit cell, and the thermal expansion coefficients of the principal expansion axes are —127.61x10°, 95.96x10°,
233.80x10° K'', respectively. The a-axis exhibits negative expansion characteristics. The volumetric thermal expan-
sion coefficient is 202.17x10° K. The energy framework of the crystal is obvious layered, and the interaction energy
between layers is weak, which leads to a significant linear positive expansion in the c-axis direction of the unit cell.
Through a combination of experimental and theoretical methods, the thermal expansion characteristics of brivaracetam
form I are systematically analyzed, and the influence mechanism of the crystal structure on its thermal expansion
behavior is explored, which has certain guiding significance for the production process of tablet preparations in practice.
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Figure 2  Variable temperature X-ray powder diffraction (VT-

PXRD) diagram of brivaracetam form I
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Figure 3 The asymmetric unit of brivaracetam form I (A), two-
dimemsional hydrogen-bond networks (B) and crystal packing of
brivaracetam form I, looking down from b-axis direction (C) and a-

axis direction (D)
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Table 1 Crystallographic data of brivaracetam form 1. a, b, c:

Crystallographic axes; CCDC: Cambridge crystallographic data

centre
Parameter Brivaracetam form I
Empirical formula C,,H,)N,O,
Formula weight 212.29

0.50 x 0.20 x 0.30
Monoclinic system

Crystal size/mm
Crystal system

Space group P,
Temperature/K 170 (2), 223 (2), 296 (2)
alA 8.9151(5),8.9114 (4), 8.891 6 (6)
b/A 7.230 4 (4),7.267 8 (4), 7.315 8 (6)
c/A 9.819 8 (6), 9.889 5 (5), 10.020 1 (8)
B 96.293 (2), 96.848 (2), 98.395 (3)
VIA® 629.17 (6), 635.94 (6), 644.82 (9)
plg-em? 1.121, 1.109, 1.093
z 2,2,2
R[F* > 26(FY)] 0.027, 0.031, 0.035
WR (F?) 0.071, 0.086, 0.103
Goodness of fit 1.06, 1.08, 1.07
CCDC 2128 544,2 128 545,2 128 546
8.92
< 8911 E—
§ 890+ \
S ggod N
7.32
S 729 . / ¢
5 7.26
< 723 ./
10.00 n
< 992 ./
g os] w—
or64
180 240 300
Temperature / K

Figure 4 Change of crystallographic axes with temperature

Table 2 Principal coefficients of thermal expansion and corre-
sponding principal axes determined for brivaracetam form I. X, (i =
1, 2, 3): Principal axes of thermal expansion. V: Volume thermal

expansion. a: Coefficients of thermal expansion

Principal Direction of X, along the crystallographic axes

X a (x10°K™)
axis a b c
X -127.61 0.899 9 0.000 0 0.436 1
X, 95.96 0.000 0 1.000 0 0.000 0
X, 233.80 -0.444 6 0.000 0 0.8957
14 202.17

3 HEAEESE AL
FJH CrystalExplorer 21.5 # 4 R 18 | 2 4 43
A At B VG 3 S A T rh g3 1R AR O ORI F g

Figure 5 Expansivity indicatrix along the principal axes X, X,
and X;. Negative thermal expansion is shown in red and positive

thermal expansion is in green
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Figure 6 Energy framework diagram of total interaction energies

and thermal expansion mechanism of brivaracetam form [

Table 3 Changes of hydrogen-bond in brivaracetam form I at
different temperatures. Symmetric relation: (i) -z, y +1/2, -z

N-H:--O T/K d(N-H)Y/A d(H-0)/A d(N-O)A /(N-H-0)/°

NI-HI1A---O1 170 0.880 2.036 2912 173.40
223 0.870 2.060 2.925 173.07
296 0.860 2.090 2.945 172.35
NI-HIB---02" 170 0.880 2.046 2.893 161.26

223 0.870 2.065 2.900 160.45
296 0.860 2.095 2914 158.93
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