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1. HPLC, HRMS, and NMR Spectra of compounds 14, 8, 10 and 10, IBAC solvate. 
1.1 HRMS, and NMR of Compound 14 
1.1.1 HRMS 

 
1.1.2 1H NMR (D2O) 
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1.1.3 13C NMR (DMSO-d6) 

 
1.2 HPLC, HRMS, and NMR spectra of Compound 8 
1.2.1 HPLC 

 
 
1.2.2 HRMS 
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1.2.3 1H NMR (DMSO-d6) 
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1.2.4 13C NMR (DMSO-d6) 
 

 
 
 
1.2.5 SXRD 

 

Table 1.  Crystal data and structure refinement for cu_d8v22277_0m. 

Identification code  cu_d8v22277_0m 

Empirical formula  C16.33 H24.33 F3 N2 O4.33 

N
OH

O
O

HN

8

FFF

O

N
OH

O
O

HN

8

FFF

O



Formula weight  375.04 

Temperature  293(2) K 

Wavelength  1.54178 Å 

Crystal system  Trigonal 

Space group  R 3 :H 

Unit cell dimensions a = 23.7973(8) Å a= 90°. 

 b = 23.7973(8) Å b= 90°. 

 c = 10.5714(4) Å g = 120°. 

Volume 5184.6(4) Å3 

Z 9 

Density (calculated) 1.081 Mg/m3 

Absorption coefficient 0.806 mm-1 

F(000) 1782 

Crystal size 0.200 x 0.150 x 0.120 mm3 

Theta range for data collection 7.061 to 67.388°. 

Index ranges -26<=h<=28, -28<=k<=25, -12<=l<=12 

Reflections collected 20262 

Independent reflections 4076 [R(int) = 0.0617] 

Completeness to theta = 67.679° 98.2 %  

Absorption correction Semi-empirical from equivalents 

Max. and min. transmission 0.7533 and 0.4876 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 4076 / 136 / 300 

Goodness-of-fit on F2 1.059 

Final R indices [I>2sigma(I)] R1 = 0.0565, wR2 = 0.1578 

R indices (all data) R1 = 0.0593, wR2 = 0.1635 

Absolute structure parameter 0.02(10) 

Extinction coefficient 0.0107(14) 

Largest diff. peak and hole 0.218 and -0.174 e.Å-3 
  



1.3 HPLC data, HRMS, and NMR of Compound 10 
1.3.1.1 HPLC 

 
1.3.2 HRMS 
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1.3.3 1H NMR(DMSO-d6) 

 
 
1.3.4 13C NMR(DMSO-d6) 
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1.3.5 1H NMR(DMSO-d6) 

 
1.3.6 13C NMR(DMSO-d6) 
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1.3.7 XRPD 

 
1.3.8 XRPD 
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1.3.9 DSC 

 

1.3.10 TGA 
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1.3.11 SXRD 
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2. HPLC, HRMS, and NMR Spectra of Nirmatrelvir (1) 

2.1 HPLC, HRMS, NMR of nirmatrelvir (1) 
2.1.1 HPLC data  
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2.1.2 HRMS 
 

 
2.1.3 1H NMR ((DMSO-d6) 
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2.1.4 1H NMR ((DMSO-d6-40℃) 
 

 
2.1.5 1H NMR ((DMSO-d6-60℃) 
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2.1.6 1H NMR (CDCl3) 

 
 
2.1.7 1H NMR (CD3OD) 
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2.1.8 13C NMR (DMSO-d6) 
 

 
2.1.9 DEPT NMR (DMSO-d6) 
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2.1.10 1H-1H COSY (DMSO-d6) 
 

 
2.1.11 HSQC (DMSO-d6) 
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2.1.12 HMBC (DMSO-d6) 

 
 
2.2 UV, FT-IR (KBr), DSC, TGA, PXRD of Nirmatrelvir (1) 
2.2.1 UV 
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2.2.2 FT-IR (KBr) 
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2.2.3 DSC  

 
2.2.4 TGA 
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2.2.5 XRPD 
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3. Analytical spectra of 15 & 16, 18, 22, 23, 2 in intermediates or 

Nirmatrelvir  

3.1 HPLC data, HRMS, and NMR of Compound 15&16 (compounds 15 and 16 are 

not separated) 

 

3.1.1 HPLC  

 



 
3.1.2 HRMS 
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3.1.3 1H NMR (DMSO-d6) 

 
3.1.4 13C NMR (DMSO-d6) 
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3.2 HPLC data, HRMS, and NMR of Compound 18 
 
3.2.1 HPLC data 

 
 
 
 
3.2.2 HRMS 
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3.2.3 1H NMR (DMSO-d6) 

 
 
 
3.2.4 13C NMR (DMSO-d6) 
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3.3 HPLC data, HRMS, and NMR of Compound 22 
3.3.1 HPLC 

 
3.3.2 HRMS 
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3.3.3 1H NMR (DMSO-d6) 

 
 
3.3.4 13C NMR (DMSO-d6) 
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3.4 HPLC data, HRMS, and NMR of Compound 23 
3.4.1 HPLC 

 
3.4.2 HRMS 
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3.4.3 1H NMR (DMSO-d6) 
 

 
3.4.4 13C NMR (DMSO-d6) 
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3.5 purity data of Compound 2  
3.5.1 GC (chemical purity)  

 
3.5.2 HPLC (chiral purity) 

 

H
N

HCl

O

O

2

H
N

HCl

O

O

2



4 Crystal void and surface calculation of nirmatrelvir 

 
Figure 1. Crystal form A molecular void map 

Crystal form A 

Type Crystal Voids 

Resolution High (Standard) 

Isovalue 0.002 

Volume 481.04 Å³ 

Area 1267.06 Å² 

Globularity 0.234 

Asphericity 0.090 

 



 
Figure 2. Crystal form B molecular void map 

Crystal form B 

Type Crystal Voids 

Resolution High (Standard) 

Isovalue 0.002 

Volume 386.86 Å³ 

Area 1068.44 Å² 

Globularity 0.240 

Asphericity 0.105 

 

 
5 Interaction energy calculation of nirmatrelvir 

The pairwise intermolecular interaction energy was calculated using CrystalExplorer software (version 17.5) with 
experimental crystal geometry.1 Considering the uncertainty of hydrogen position by single crystal X-ray diffraction, 
the hydrogen positions were normalized to standard neutron diffraction values during the calculation. The total 
intermolecular interaction energy for given molecule, is summed up the electrostatic, polarization, dispersion, and 
exchange-repulsion components terms with scale factors of 1.057, 0.740, 0.871, and 0.618. The intermolecular 
interaction is neglected with molecule-molecule distance more than 3.8 Å. 

 
  
Ref. 1 M. J. Turner, J. J. McKinnon, S. K. Wolff, D. J. Grimwood, P. R. Spackman,  
D. Jayatilaka and M. A. Spackman, CrystalExplorer17 (2017). University of Western  
Australia. 

Crystal form A 



Interaction Energies (kJ/mol) R is the distance between molecular centroids (mean atomic position) in Å.Total 
energies, only reported for two benchmarked energy models, are the sum of the four energy components, scaled 
appropriately (see the scale factor table below) 

 

 N Symop R 
Electron 

Density 
E_ele E_pol E_dis E_rep E_tot 

 2 x+1/2, -y+1/2, -z 11.24 
B3LYP/6-

31G(d,p) 
-7.0 -1.7 -26.9 16.7 -21.8 

 2 -x, y+1/2, -z+1/2 10.53 
B3LYP/6-

31G(d,p) 
-3.7 -1.6 -18.7 5.3 -18.1 

 2 x, y, z 9.21 
B3LYP/6-

31G(d,p) 
-15.8 -6.4 -52.8 36.2 -45.0 

 2 -x+1/2, -y, z+1/2 10.21 
B3LYP/6-

31G(d,p) 
-30.3 -8.9 -18.9 39.9 -30.5 

 2 x+1/2, -y+1/2, -z 10.30 
B3LYP/6-

31G(d,p) 
-39.2 -12.2 -29.9 31.7 -56.9 

 2 -x+1/2, -y, z+1/2 11.78 
B3LYP/6-

31G(d,p) 
0.4 -0.9 -15.2 4.2 -11.0 

 2 -x, y+1/2, -z+1/2 7.79 
B3LYP/6-

31G(d,p) 
-5.2 -3.2 -45.8 16.8 -35.0 

 
Table S1. Intermolecular interaction energies (kJ mol−1) of crystal form A estimated using B3LYP/6-31G (d, p) 
dispersion-corrected DFT models (nirmatrelvir as the central molecule) 

 
 

 



  
           Dispersion Energy                       Total Energy 
 

  
 
 
 
 
 
 
 

 
 

Coulomb Energy 
 

Figure 3. Energy frame diagram 
Crystal form B 

Interaction Energies (kJ/mol) R is the distance between molecular centroids (mean atomic position) in Å. Total 
energies, only reported for two benchmarked energy models, are the sum of the four energy components, scaled 
appropriately (see the scale factor table below) 

-------------------------------------------------------------------- 
 

 N Symop R Electron Density E_ele E_pol E_dis E_rep E_tot 

 2 -x, y+1/2, -z+1/2 10.65 B3LYP/6-31G(d,p) -1.1 -10.0 -18.2 1.2 -23.6 

 2 x, y, z 9.69 B3LYP/6-31G(d,p) -36.8 -16.2 -41.6 23.5 -72.6 

 2 -x+1/2, -y, z+1/2 9.84 B3LYP/6-31G(d,p) -65.8 -28.8 -28.7 24.2 -100.9 

 2 x+1/2, -y+1/2, -z 11.74 B3LYP/6-31G(d,p) 7.0 -4.5 -18.6 4.5 -9.3 

 2 x+1/2, -y+1/2, -z 10.75 B3LYP/6-31G(d,p) -9.8 -6.8 -27.5 19.1 -27.5 

 2 -x, y+1/2, -z+1/2 7.85 B3LYP/6-31G(d,p) -11.8 -27.4 -43.4 11.9 -63.1 

 2 -x+1/2, -y, z+1/2 11.79 B3LYP/6-31G(d,p) -13.8 -9.6 -16.8 2.3 -34.9 

 
Table S2. Intermolecular interaction energies (kJ mol−1) of crystal form B estimated using B3LYP/6-31G (d, p) 
dispersion-corrected DFT models (nirmatrelvir as the central molecule) 
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Figure 4. Energy frame diagram 


