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General Methods:
General Methods: All reagents were purchased commercially and used without further purification 
unless specified. Unless otherwise stated, all reactions were carried out under an Argon 
atmosphere. Tetrahydrofuran was dried over sodium metal and distilled before use. Anhydrous 
dichloromethane was prepared by distillation over calcium hydride. Anhydrous methanol was 
prepared by drying over 3A molecular sieves. TLC analysis was carried out using 60 A, 250 µm 
thick F-254 glass-backed plates. Flash column chromatography was done using 230 400 mesh 
silica gel. 1H and 13C NMR spectra was obtained on either a Bruker AV-III-400-HD or NEO-
500. Chemical shifts are reported in ppm, J-values in Hz, and all peaks are referenced to the 
residual deuterated solvent peak. NMR data is reported as: δ value (chemical shift, J-value (Hz), 
integration, where s = singlet, d = doublet, t = triplet, q = quartet, brs = broad singlet, m = 
multiplet). Optical rotations were obtained using an automatic digital polarimeter with a sodium 
lamp and are reported as follows: [α]λ T °C (c = 0.1(mg/mL), solvent). High-resolution mass 
spectrometry (HRMS) spectra were recorded under positive electron spray ionization (ESI+) at 
Agilent 6550 Q-TOF LC/MS instrument at the Purdue University Analytical Mass Spectrometry 
Facility. 
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1H-NMR and 13C-NMR of new compounds

1H-NMR OF COMPOUND 10a (MINOR) (500 MHz, CDCl3)

13C-NMR OF COMPOUND 10a (MINOR) (126 MHz, CDCl3)
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1H-NMR OF COMPOUND 10b (MAJOR) (500 MHz, CDCl3)

13C-NMR OF COMPOUND 10b (MAJOR) (126 MHz, CDCl3)
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1H-NMR OF COMPOUND 10c (500 MHz, CDCl3)

13C-NMR OF COMPOUND 10c (126 MHz, CDCl3)
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1H-NMR OF COMPOUND 11a (MAJOR) (400 MHz, CDCl3)

13C-NMR OF COMPOUND 11a (MAJOR) (126 MHz, CDCl3)
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1H-NMR OF COMPOUND 11b (MINOR) (400 MHz, CDCl3)

13C-NMR OF COMPOUND 11b (MINOR) (126 MHz, CDCl3) 0102030405060708090100110120130140150160170
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1H-NMR OF COMPOUND 12a (MAJOR) (500 MHz, CDCl3)

13C-NMR OF COMPOUND 12a (MAJOR) (126 MHz, CDCl3)
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1H-NMR OF COMPOUND 12b (MINOR) (500 MHz, CDCl3)

13C-NMR OF COMPOUND 12b (MINOR) (126 MHz, CDCl3) 0102030405060708090100110120130140150160170
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1H-NMR OF COMPOUND 13a (MAJOR) (500 MHz, CDCl3)

13C-NMR OF COMPOUND 13a (MAJOR) (126 MHz, CDCl3)
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1H-NMR OF COMPOUND 13b (MINOR) (500 MHz, CDCl3)

13C-NMR OF COMPOUND 13b (MINOR) (126 MHz, CDCl3)
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1H-NMR OF COMPOUND 14 (MAJOR) (500 MHz, CDCl3)

13C-NMR OF COMPOUND 14 (MAJOR) (126 MHz, CDCl3)
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13C-NMR OF COMPOUND 15a (MAJOR) (126 MHz, CDCl3)

1H-NMR OF COMPOUND 15b (MINOR) (500 MHz, CDCl3)
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S-13

13C-NMR OF COMPOUND 15b (MINOR) (126 MHz, CDCl3)

1H-NMR OF COMPOUND 16 (MAJOR) (400 MHz, CDCl3)
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f1 (ppm)
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S-14

13C-NMR OF COMPOUND 16 (MAJOR) (126 MHz, CDCl3)

1H-NMR OF COMPOUND 17 (normalized) (500 MHz, DMSO-d6) 0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.5
f1 (ppm)
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S-15

13C-NMR OF COMPOUND 17 (126 MHz, DMSO-d6)

1H-NMR OF COMPOUND 18a (MAJOR) (500 MHz, CDCl3)
0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.5

f1 (ppm)
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13C-NMR OF COMPOUND 18a (MAJOR) (126 MHz, CDCl3)

1H-NMR OF COMPOUND 18b (MINOR) (500 MHz, CDCl3)
0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.5

f1 (ppm)
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S-17

13C-NMR OF COMPOUND 18b (MINOR) (126 MHz, CDCl3)

1H-NMR OF COMPOUND 22a (MAJOR) (500 MHz, DMSO-d6) 0.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.5
f1 (ppm)
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13C-NMR OF COMPOUND 22a (MAJOR) (126 MHz, DMSO-d6)

1H-NMR OF COMPOUND 22b (MINOR) (500 MHz, DMSO-d6)
0.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.5

f1 (ppm)
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S-19

13C-NMR OF COMPOUND 22b (MINOR) (126 MHz, DMSO-d6)

1H-NMR OF COMPOUND 23a (MAJOR) (500 MHz, DMSO-d6) 0.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.5
f1 (ppm)
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S-20

13C-NMR OF COMPOUND 23a (MAJOR) (126 MHz, DMSO-d6)

1H-NMR OF COMPOUND 25a (MAJOR) (500 MHz, CDCl3)

13C-NMR OF COMPOUND 25a (MAJOR) (126 MHz, CDCl3)

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.5
f1 (ppm)
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S-21

1H-NMR OF COMPOUND 26a (MAJOR) (500 MHz, DMSO-d6)

13C-NMR OF COMPOUND 26a (MAJOR) (126 MHz, DMSO-d6)

0.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.5
f1 (ppm)
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S-22

1H-NMR OF COMPOUND 27a (MAJOR) (500 MHz, DMSO-d6)

13C-NMR OF COMPOUND 27a (MAJOR) (126 MHz, DMSO-d6)

N

O

HN
N

H
N

O
O

O

H

OH

27a (MAJOR)

102030405060708090100110120130140150160
f1 (ppm)

25
.1

2
26

.9
0

28
.4

3

39
.5

2 
D

M
SO

-d
6

41
.6

6

50
.2

6

61
.9

2
64

.6
7

65
.6

4

73
.2

2
74

.9
8

10
8.

94

12
2.

41
12

4.
72

12
5.

26
12

5.
98

12
6.

96

13
4.

87
13

5.
75

13
9.

02

16
5.

91
16

7.
66

0.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.5
f1 (ppm)

13
.3

8
3.

75
3.

97

0.
87

1.
58

4.
06

1.
00

1.
81

1.
19

2.
30

2.
90

1.
24

1.
47

1.
23

1.
27

1.
34

2.
50

 D
M

SO
-d

6
2.

81
2.

83
2.

85
2.

86
3.

07
3.

09
3.

12
3.

13
3.

15
3.

17
3.

18
3.

20
3.

21
3.

24
3.

25
3.

97
3.

98
3.

99
4.

00
4.

01
4.

01

4.
52

4.
56

4.
58

4.
73

4.
79

4.
80

7.
11

7.
12

7.
14

7.
15

7.
17

7.
19

7.
20

7.
22

7.
22

7.
23

7.
24

7.
27

7.
27

7.
28

7.
29

7.
30

7.
31

7.
32

7.
34

7.
52

7.
56

7.
58

7.
83

7.
88

N

O

HN
N

H
N

O
O

O

H

OH

27b (MINOR)

N

O

HN
N

H
N

O
O

O

H

OH

27a (MAJOR)



S-23

1H-NMR OF COMPOUND 27b (MINOR) (500 MHz, DMSO-d6)

13C-NMR OF COMPOUND 27b (MINOR) (126 MHz, DMSO-d6)
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1H-NMR OF COMPOUND 27c (ESTER OF MINOR) (500 MHz, DMSO-d6)

13C-NMR OF COMPOUND 27c (ESTER OF MINOR) (126 MHz, DMSO-d6)
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S-25

1H-NMR OF COMPOUND 28a (MAJOR) (500 MHz, DMSO-d6)

13C-NMR OF COMPOUND 28 (MAJOR) (126 MHz, DMSO-d6)
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S-26

1H-NMR OF COMPOUND 29a (MAJOR) (500 MHz, CDCl3)

13C-NMR OF COMPOUND 29a (MAJOR) (126 MHz, CDCl3)
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S-27

1H-NMR OF COMPOUND 29b (MINOR) (500 MHz, CDCl3)

13C-NMR OF COMPOUND 29b (MINOR) (126 MHz, CDCl3)
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S-28

1H-NMR OF COMPOUND 30a (MAJOR) (400 MHz, DMSO-d6)

13C-NMR OF COMPOUND 30a (MAJOR) (126 MHz, DMSO-d6)

1H-NMR OF COMPOUND 31a (MAJOR) (500 MHz, DMSO-d6)
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S-29

13C-NMR OF COMPOUND 31a (MAJOR) (126 MHz, DMSO-d6)

1H-NMR OF COMPOUND 32a (MAJOR) (500 MHz, DMSO-d6)
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13C-NMR OF COMPOUND 32a (MAJOR) (126 MHz, DMSO-d6)

1H-NMR OF COMPOUND 32b (MINOR) (500 MHz, DMSO-d6)
0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.5

f1 (ppm)
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13C-NMR OF COMPOUND 32b (MINOR) (126 MHz, DMSO-d6)

1H-NMR OF COMPOUND 33 (MAJOR) (500 MHz, DMSO-d6)
0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.5
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S-32

13C-NMR OF COMPOUND 33a (MAJOR) (126 MHz, DMSO-d6)

1H-NMR OF COMPOUND 34a (MAJOR) (500 MHz, DMSO-d6)

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.5
f1 (ppm)
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S-33

13C-NMR OF COMPOUND 34a (MAJOR) (126 MHz, DMSO-d6)

1H-NMR OF COMPOUND 35a (MAJOR) (500 MHz, DMSO-d6) 0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.5
f1 (ppm)
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S-34

13C-NMR OF COMPOUND 35a (MAJOR) (126 MHz, DMSO-d6)

1H-NMR OF COMPOUND 36a (MAJOR) (500 MHz, DMSO-d6)
0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.5
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13C-NMR OF COMPOUND 36a (MAJOR) (126 MHz, DMSO-d6)

1H-NMR OF COMPOUND 37a (MAJOR) (500 MHz, DMSO-d6)
0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.010.5
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S-36

13C-NMR OF COMPOUND 37a (MAJOR) (126 MHz, DMSO-d6)

1H-NMR OF COMPOUND 37b (MINOR) (500 MHz, DMSO-d6)

13C-NMR OF COMPOUND 37b (MINOR) (126 MHz, DMSO-d6)

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.5
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1H-NMR OF COMPOUND 38a (MAJOR) (500 MHz, DMSO-d6)

13C-NMR OF COMPOUND 38a (MAJOR) (126 MHz, DMSO-d6)

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.5
f1 (ppm)
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1H-NMR OF COMPOUND 39a (MAJOR) (500 MHz, CD3OD)

13C-NMR OF COMPOUND 39a (MAJOR) (126 MHz, CD3OD)

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.5
f1 (ppm)
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S-39

1H-NMR OF COMPOUND 40a (MAJOR) (500 MHz, DMSO-d6)

13C-NMR OF COMPOUND 40a (MAJOR) (126 MHz, DMSO-d6)
0102030405060708090100110120130140150160170

f1 (ppm)
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1H-NMR OF COMPOUND 40b (MINOR) (500 MHz, DMSO-d6)

13C-NMR OF COMPOUND 40b (MINOR) (126 MHz, DMSO-d6)
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1H-NMR OF COMPOUND 41a (MAJOR) (500 MHz, DMSO-d6)

13C-NMR OF COMPOUND 41a (MAJOR) (126 MHz, DMSO-d6)

HPLC data
Unless otherwise stated, HPLC procedures are as follows: HPLC data is obtained via an Agilent 1260 
Infinity II HPLC system utilizing a TOSOH Bioscience TSKgel CM-2SW column. Unless otherwise stated, 
solvent system used was a gradient solvent phase from 10% MeCN/H2O to 90% MeCN/H2O over 90 
minutes at 0.500 ml/min. Sample was loaded at 1 mg/ml via a 5 µL injection, with the chromatogram being 
collected at λ = 254 nm. Fractions were collected based on absorbance at the λ = 254 nm range, and d.r.’s 
were calculated based on absolute areas of each peak that was identified to be a diastereomer based on the 
254 nm range. Major and minor isomer peaks are labeled, along with ester peaks wherever detected. Peaks 
were verified via fraction collection of peaks and analysis by low resolution LC-MS to detect [M+H] and 
[M+Na] signals. For 22 and 23, another method was used, where an isocratic phase of 20% MeCN/ H2O 
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(w/ 0.1% TFA v/v) was used at 1.0 mL/min with a YMC-Pack ODS-A C18 column. For 40, an isocratic 
phase of 10 % MeCN/ H2O (w/ 0.1% TFA v/v) at 0.500 mL/min was used.
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X-ray crystallographic data

Figure S1: Deposition number: CCDC – 2474023 (Thermal ellipsoid drawing of compound 27a at 50% 
probability).

Table S1. Crystallographic data for Ugi adduct 27a.
Crystal data
Chemical formula C24H32N4O5·C4H8O
Mr 528.64

file:///D:/Project%20details/PROJECT%20UGI/AB_01_187_A_0m%20_chemical_formula_moiety
file:///D:/Project%20details/PROJECT%20UGI/AB_01_187_A_0m%20_chemical_formula_weight
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Crystal system, space 
group

Orthorhombic, P212121

Temperature (K) 150
a, b, c (Å) 9.5836 (6), 11.8565 (8), 24.7268 (18)
V (Å3) 2809.7 (3)
Z 4
F(000) 1136
Dx (Mg m−3) 1.250
Radiation type Cu Kα
No. of reflections for cell 
measurement

9882

θ range (°) for cell 
measurement

3.6–77.4

µ (mm−1) 0.72
Crystal shape Needle
Colour Colourless
Crystal size (mm) 0.63 × 0.10 × 0.04
Data collection
Diffractometer Bruker AXS D8 Quest 

diffractometer with PhotonIII_C14 charge-integrating and photon 
counting pixel array detector

Radiation source I-mu-S microsource X-ray tube
Monochromator Laterally graded multilayer (Goebel) mirror
Detector resolution (pixels 
mm−1)

7.4074

Scan method ω and phi scans
Absorption correction Multi-scan 

SADABS 2016/2: Krause, L., Herbst-Irmer, R., Sheldrick G.M. & 
Stalke D., J. Appl. Cryst. 48 (2015) 3-10

Tmin, Tmax 0.499, 0.754
No. of measured, 
independent and
observed [I > 2σ(I)] 
reflections

38467, 5964, 5714 

Rint 0.059
θ values (°) θmax = 78.1, θmin = 3.6
(sin θ/λ)max (Å−1) 0.635
Range of h, k, l h = −7 12, k = −15 14, l = −31 30
Refinement
Refinement on F2

R[F2 > 2σ(F2)], wR(F2), S 0.031, 0.083, 1.05
No. of reflections 5964
No. of parameters 396
No. of restraints 160
H-atom treatment H atoms treated by a mixture of independent and constrained 

refinement
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Weighting scheme w = 1/[σ2(Fo
2) + (0.0482P)2 + 0.2596P] 

where P = (Fo
2 + 2Fc

2)/3
(Δ/σ)max 0.008
Δρmax, Δρmin (e Å−3) 0.18, −0.20
Absolute structure Flack x determined using 2426 quotients [(I+)-(I-)]/[(I+)+(I-)] 

(Parsons, Flack and Wagner, Acta Cryst. B69 (2013) 249-259).
Absolute structure 
parameter

0.09 (4)

Figure S2: Deposition number: 2474024 (Thermal ellipsoid drawing of compound 27c at 50% 
probability).

Table S2. Crystallographic data for Ugi adduct 27c
Crystal data
Chemical formula 4(C24H32N4O5)·C5H12

Mr 1898.28
Crystal system, space Orthorhombic, P21212
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group
Temperature (K) 150
a, b, c (Å) 12.2321 (5), 42.5089 (16), 10.0604 (4)
V (Å3) 5231.1 (4)
Z 2
Radiation type Cu Kα
µ (mm−1) 0.69
Crystal size (mm) 0.58 × 0.05 × 0.02
Data collection
Diffractometer Bruker AXS D8 Quest
Absorption correction Multi-scan 

SADABS 2016/2: Krause, L., Herbst-Irmer, R., Sheldrick G.M. & Stalke 
D., J. Appl. Cryst. 48 (2015) 3-10

Tmin, Tmax 0.678, 0.754
No. of measured, 
independent and
observed [I > 2σ(I)] 
reflections

111793, 11332, 10863 

Rint 0.037
(sin θ/λ)max (Å−1) 0.639
Refinement
R[F2 > 2σ(F2)], wR(F2), 
S

0.030, 0.080, 1.03

No. of reflections 11332
No. of parameters 708
No. of restraints 145
H-atom treatment H atoms treated by a mixture of independent and constrained refinement
Δρmax, Δρmin (e Å−3) 0.31, −0.24
Absolute structure Flack x determined using 4654 quotients [(I+)-(I-)]/[(I+)+(I-)] (Parsons, 

Flack and Wagner, Acta Cryst. B69 (2013) 249-259).
Absolute structure 
parameter

−0.02 (3)
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Figure S3: Deposition number: 2474025 (Thermal ellipsoid drawing of compound 41a at 50% 
probability).

Table S3. Crystallographic data for Ugi adduct 41a
Crystal data
Chemical formula C27H42N4O4Si
Mr 514.73
Crystal system, space 
group

Orthorhombic, P212121

Temperature (K) 150
a, b, c (Å) 9.6830 (6), 16.9749 (11), 18.0741 (11)
V (Å3) 2970.8 (3)
Z 4
F(000) 1112
Radiation type Cu Kα
No. of reflections for cell 
measurement

2087

θ range (°) for cell 
measurement

3.6–77.9

µ (mm−1) 0.99
Crystal shape Needle
Colour Colourless
Crystal size (mm) 0.14 × 0.02 × 0.01
Data collection
Diffractometer Bruker AXS D8 Quest
Radiation source I-mu-S 3.0 microsource X-ray tube
Monochromator HELIOS multilayer Montel optics
Scan method ω and phi scans
Absorption correction Multi-scan 

SADABS 2016/2: Krause, L., Herbst-Irmer, R., Sheldrick G.M. & 
Stalke D., J. Appl. Cryst. 48 (2015) 3-10

Tmin, Tmax 0.633, 0.754
No. of measured, 
independent and
observed [I > 2σ(I)] 
reflections

15375, 5918, 4314 

Rint 0.079
θ values (°) θmax = 80.2, θmin = 3.6
(sin θ/λ)max (Å−1) 0.639
Range of h, k, l h = −12 10, k = −19 19, l = −19 23
Refinement
Refinement on F2

R[F2 > 2σ(F2)], wR(F2), S 0.054, 0.134, 1.02
No. of reflections 5918
No. of parameters 336
No. of restraints 0
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H-atom treatment H atoms treated by a mixture of independent and constrained 
refinement

Weighting scheme w = 1/[σ2(Fo
2) + (0.0526P)2 + 0.2046P] 

where P = (Fo
2 + 2Fc

2)/3
(Δ/σ)max < 0.001
Δρmax, Δρmin (e Å−3) 0.26, −0.23
Absolute structure Flack x determined using 1384 quotients [(I+)-(I-)]/[(I+)+(I-)] 

(Parsons, Flack and Wagner, Acta Cryst. B69 (2013) 249-259).
Absolute structure 
parameter

0.03 (3)

Figure S4: Deposition number: 2501300 (Thermal ellipsoid drawing of compound 10c at 50% 
probability).

Table S4: Crystallographic data for Ugi adduct derivative 10c.
Crystal data

Chemical formula C32H41N5O6

Mr 591.70
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Crystal system, space 
group

Monoclinic, P21

Temperature (K) 293

a, b, c (Å) 9.6747 (5), 10.7211 (4), 15.9751 (6)

β (°) 92.949 (3)

V (Å3) 1654.80 (12)

Z 2

Radiation type Cu Kα

µ (mm−1) 0.68

Crystal size (mm) 0.43 × 0.04 × 0.02

Data collection

Diffractometer Bruker AXS D8 Quest

Absorption correction Multi-scan 
SADABS 2016/2: Krause, L., Herbst-Irmer, R., Sheldrick G.M. & Stalke D., 
J. Appl. Cryst. 48 (2015) 3-10

Tmin, Tmax 0.658, 0.754

No. of measured, 
independent and
observed [I > 2σ(I)] 
reflections

27249, 7037, 4961 

Rint 0.086

(sin θ/λ)max (Å−1) 0.640

Refinement

R[F2 > 2σ(F2)], wR(F2), S 0.046, 0.118, 1.06

No. of reflections 7037

No. of parameters 522

No. of restraints 470

H-atom treatment H-atom parameters constrained

Δρmax, Δρmin (e Å−3) 0.19, −0.16

Absolute structure Flack x determined using 1719 quotients [(I+)-(I-)]/[(I+)+(I-)] (Parsons, 
Flack and Wagner, Acta Cryst. B69 (2013) 249-259).

Absolute structure 
parameter

0.20 (18)
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SARS-CoV-2 Mpro inhibition data

Compound Structures and compound numbers IC50 Value (SARS-
CoV-2 Mpro)
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Compound Structures and compound numbers IC50 Value (SARS-
CoV-2 Mpro)
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Compound Structures and compound numbers IC50 Value (SARS-
CoV-2 Mpro)
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Compound Structures and compound numbers IC50 Value (SARS-
CoV-2 Mpro)
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SARS-CoV-2 3CLpro inhibition assays
Inhibition of SARS-CoV-2 3CLpro by designed compounds was assessed similar to our previously 

published methods using a continuous fluorescence assay and the FRET-based substrate UIVT3 (HiLyte 
Fluor488TM–ESATLQSGLRKAK-QXL520TM-NH2) which was synthesized by Anaspec, Fremont, CA.1,2  
Briefly, the assay buffer consisted of 50 mM HEPES pH 7.5, 0.1 mg/mL BSA, 0.01% Triton X-100, 2 mM 
DTT, 1% DMSO and a final enzyme concentration of 50 nM to 200 nM depending on inhibitory potency. 
Kinetic assays were performed in Costar 3694 EIA/RIA 96-well half-area, flat bottom, black polystyrene 
plates (Corning, Corning, NY) at 25 °C. The increase in fluorescence intensity was measured at an emission 
wavelength of 528 nm (20 nm bandwidth) using an excitation wavelength of 485 (bandwidth 20 nm) using 
a CLARIOstar Plate Reader (BMG Labtech, Cary, NC). The initial rates of the reactions were determined 
from the slopes of the Relative Fluorescence Units (RFU) versus time (RFU min-1). Inhibition data were 
collected and analyzed as described previously.1
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