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Preparation, crystal structure and thermostability of
nirmatrelvir polymorphs
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Abstract: The polymorphism and thermostability of nirmatrelvir, the main antiviral component of the oral
COVID-19 treatment drug, were studied. Four polymorphs of nirmatrelvir were prepared by recrystallization
methods. Among them, Form 1 and nirmatrelvir methyl fert-butyl ether solvate (Form 2) had been reported in the
literature, while nirmatrelvir isobutyl acetate solvate (NMTW-IBAC) and nirmatrelvir ethyl acetate solvate
(NMTW-EA) are two new solvates. The crystal structures were characterized by single-crystal X-ray diffraction,
powder X-ray diffraction, thermogravimetric analysis and differential scanning calorimetry. The thermostability of
polymorphism and crystalline transformation were also investigated by combining Hirshfeld surface analysis and
interaction energy analysis. The results showed that nirmatrelvir Form 1 belongs orthorhombic crystal system with
the space group P22 2, and one nirmatrelvir molecule included in the asymmetric unit, which has the same crystal
structure as nirmatrelvir Form 4 reported in the literature. Owing to its larger thermal expansion, the differences in
crystallographic parameters obtained at different temperatures were found between Form 1 and Form 4. Three
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solvates of nirmatrelvir belonged to the iso-structural with monoclinic crystal system and the space group P2, in

which the asymmetric unit contains one nirmatrelvir molecule and one solvent molecule. The thermal analysis

results showed that nirmatrelvir Form 1 was a solvent-free crystal form with the best thermal stability and the

strongest intermolecular hydrogen bonding. Among the three solvates, NMTW-EA has the worst thermal stability

and the weakest hydrogen bonding interaction between the nirmatrelvir molecule and the solvent molecule. The

energy framework of nirmatrelvir solvates showed that the closer the arrangement between solvent and nirmatrelvir

molecules, the greater the total interaction energy between solvent and nirmatrelvir molecules. The phase transition
studies of the three solvates showed that NMTW-IBAC and NMTW-EA were transformed into amorphous after

desolvation, respectively, while Form 2 undergoes oiling during desolvation. The research provides theoretical

guidance for the analysis, identification and quality control of nirmatrelvir polymorphs.
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Crystallographic data of nirmatrelvir Form 1, nirmatrelvir Form 4, solvates including nirmatrelvir Form 2, NMTW-IBAC and

NMTW-EA. a, b, c: Crystallographic axes; CCDC: Cambridge crystallographic data centre

Parameter Form 1 Form 4 Form 2 NMTW-IBAC NMTW-EA
Empirical formula C,,H,,F.N.O, C,,H,,F.N,O, C,,H,,F.N,O,-C,H,,0 C,,H,,F.N,O,-C.H ,0, C,,H,,F.N,O,-C,HO,
Formula weight 499.53 499.53 587.68 615.69 587.64
Temperature/K 293.0 170.0 293.0 293.0 293.0
Crystal system Orthorhombic Orthorhombic Monoclinic Monoclinic Monoclinic
Space group P222 P222 P2 P2, P2,

a/A 9.678 6 (2) 9.2101(2) 12.783 8 (2) 13.258 7 (3) 13.004 6 (2)
b/A 15.0379 (3) 15.074 5 (4) 9.381 90 (10) 9.0935(2) 8.804 90 (10)
c/A 18.0352 (4) 18.042 5 (5) 145189 (2) 14.590 1 (3) 14.789 3 (2)
pl° 90 90 103.230 0 (10) 106.354 0 (10) 107.046 0 (10)
Volume/A® 2 624.95 (10) 2504.98 (11) 1695.13 (4) 1 687.93 (6) 1619.04 (4)
z 4 4 2 2 2

plgem™ 1.264 1.325 1.151 1.211 1.205

w/mm’” 0.863 0.904 0.758 0.808 0.820
Goodness-of-fit on F* 1.052 1.038 1.097 1.035 1.052

Final R indexes R =0.0381, R, =0.032 4, R, =0.049 0, R, =0.0410, R, =0.044 6,
[1=20 (1)] WR,=0.094 7 WwR,=0.079 7 wR,=0.139 0 wR,=0.1170 WwR,=0.127 1
CCDC number 2246 467 2246 470 2 246 468 2246 472 2246 474
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Figure 1
Form 4 and nirmatrelvir Form 2, NMTW-IBAC and NMTW-EA.
NMTW-IBAC: Nirmatrelvir isobutyl acetate solvate; NMTW-EA:

Nirmatrelvir ethyl acetate solvate
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Figure 2 The hydrogen-bonding network of nirmatrelvir Form 1

(A), nirmatrelvir Form 2 (B), NMTW-IBAC (C) and NMTW-EA

(D). Hydrogen bonds are shown as green lines and H atoms not

involved in the hydrogen-bonding have been omitted for clarity;

color codes: F (dark green), O (red), N (blue), C (gray), H (green)
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Table 2 Hydrogen bonds for nirmatrelvir Form 1, nirmatrelvir Form 4, nirmatrelvir Form 2, NMTW-EA and NMTW-IBAC. D: Donor; H:

Hydrogen; A: Acceptor

D-H---A d(D-H)/A d(H-A)/A d(D-A)/A D-H-A/° Symmetric code

Form 1 N1-H1---N2! 0.86 2.26 2.991 (4) 142.8 NHXAYAZ; ?12+X,1/2-Y,1-Z;
N3-H3---01° 0.86 2.21 2.778 (3) 123.6 12-X,1-Y,1/24Z
N5-H5---N2* 0.86 222 3.072 (4) 172.0

Form 4 NI-H1---N2! 0.88 2.60 3.108 (3) 117.8 X AY,AZ; 21/2-X,1-Y,-1/2+Z;
N3-H3---01° 0.87 2.03 2.815(2) 150.3 21/2+X,3/2-Y,1-Z
NS5-H5---N2* 0.88 2.14 3.012 (3) 171.6

Form 2 N1-H1---03' 0.86 2.02 2.865 (4) 166.9 "1-X,-1/2+Y,1-Z; *1-X,1/2+Y,1-Z
N3-H3:--05 0.86 1.99 2.833 (6) 166.8
N5-H5---01% 0.86 2.02 2.869 (4) 167.3

NMTW-EA N1-H1---03' 0.86 2.21 3.009 (3) 153.9 1-X,12+Y,1-Z; 21-X,-1/2+Y,1-Z
N3-H3---05 0.86 2.29 3.018 (4) 142.5
N5-H5---01? 0.86 2.00 2.852 (3) 170.9

NMTW-IBAC NI-HI---03' 0.86 2.20 3.010 (3) 156.4 "1-X,12+Y,1-Z; *1-X,-1/2+Y,1-Z
N3-H3:--05 0.86 2.23 2.971 (4) 145.0
N5-H5---01° 0.86 1.98 2.830 (3) 169.1
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Figure 3 Overlay of powder X-ray diffraction pattern and the
simulated pattern (red line) from their crystal structure of nirma-
trelvir Form 1 and nirmatrelvir Form 2, NMTW-IBAC and
NMTW-EA
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(A) and differential scanning calorimetry (DSC) pattern (B) for
nirmatrelvir Form 1 and nirmatrelvir Form 2, NMTW-IBAC and
NMTW-EA
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Figure 5 Overlay of powder X-ray diffraction pattern for three
solvates including Form 2, NMTW-IBAC and NMTW-EA before

and after heat treatment
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Figure 6

Hirshfeld surface, 2D fingerprint plots and energy
frameworks of nirmatrelvir Form 1 (A) and nirmatrelvir Form 2
(B), NMTW-IBAC (C) and NMTW-EA (D)
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