In Silico Binding of 2-Aminocyclobutanones to SARS-CoV-2 Nsp13 Helicase and Demonstration of
Antiviral Activity
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calculated cLogP; Cell Survival following SARS-CoV-2 Challenge at 5 uM; “Cell Survival following SARS-CoV-2
Challenge at 50 uM.



Table S2. Small-molecule SARS-CoV-2 inhibitors targeting Helicase (NSP13)
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Experimental

General procedure for the synthesis of N-aryl sulfonamide-amino acids (12a-c)

o R
R 3 TsCl, Na;COs, H,0 S~NJ\(OH
HsN 11040 °C, 5181 H,C
O 12a-c
Following the general method reported by Misra and co-workers,! to a vigorously stirring

solution of the amino acid (1.21 mmol) in DI water (1.5 mL), sodium carbonate (179.8 mg,
1.45 mmol) was added. Once all of the solutes were dissolved, the solution was cooled to
0°C and the respective aryl sulfonyl chloride (1.45 mmol) was added to the stirring
reaction mixture in four portions over 1 h. Then the reaction was allowed to warm up to rt
and the slurry was stirred at rt for 4 h or until completion. The reaction progress was
monitored by TLC (methanol/methylene chloride = 10/90) Once completed, the mixture
was acidified using 2 N HCI until the pH of the solution was reduced to pH = 2. Crystals
formed during the acidification were filtered and washed with a pH 2.2 buffer. Final pure
products (12a-c) were dried under a high vacuum. Both proton and carbon NMR spectra of

pure products 12a-c matched the reported characterization data as indicated.

General procedure for the synthesis of amino acid cyclobutanone analogs 1, 4, 6.

O R 0O
S. )\( OCHs | Tap num, A 1 R %
O +H,N— > N)\f(
O
H4C H o

HCI 2.1 N HCI, acetone
12a-c 11 30to40°C 1,4,6

To a solution of substituted N-benzene sulfonamide amino acids 12a-c (1 eq) and 2,2-

dimethoxycyclobutan-1-aminium chloride? (11) (1.2 eq) in ethyl acetate (0.2 M), N-methyl



morpholine (4.0 eq) was added. Then propylphosphonic anhydride (T3P, 2.5 eq) was
added to the above mixture as a solution in ethyl acetate (purchased as = 50 weight % in
EA) The reaction mixture was stirred under N2 at rt to 40°C for 18 hours or until complete
consumption of protected carboxylic acid intermediates determined by HPLC analysis. The
reaction was quenched by adding water (3 mL) and then the organic product was extracted
using ethyl acetate (3 x 3 mL) The combined organic layers were washed successively with
water (3 x 3 mL) and 1N HCI (3 mL) and then dried over Naz2S04. The solvent was removed
by evaporation under reduced pressure providing the corresponding acetal intermediate.
Without further purification crude acetal (1 eq, final concentration was 0.1 M) was
subjected to hydrolysis conditions, wherein the crude mixture was dissolved in acetone,
water (10% v/v), and 1N HCI (30% v/v) Then the reaction mixture was stirred at 40°C
overnight with periodic HPLC monitoring. Upon completion, the organic product was
extracted using ethyl acetate (3 x 3 mL) or methylene chloride for highly water-soluble
analogs and the combined organic layers were dried over Na2SO4. The solvent was
evaporated under reduced pressure and the crude mixture was purified by column

chromatography to afford the corresponding amino acid-derived cyclobutanone (1, 4, 6)

General Procedure for Cbz-protected amino acid cyclobutanone analogs (2, 3, 7, 9)

R HsCO_ OCH; o
11, T;P, NMM R 4y Acetic acid R 4
CbZ\N)\,(OH — Cbz\N)\ﬂ/N - Cbz\N)\r(N
H o EA, 30 to 40 °C N T THF, H,0, 60 °C N T

13a-d, a: D-Phe, b: L-Val, 23,79
c: L-Tyr, d: L-Phe

Cbz-protected amino acids (Phe, Try, Val, 50 mg) were coupled with 2-aminocyclobutanone

synthon 11 following the general T3P coupling reaction procedure. The resulting acetal



intermediates (13a-d) were subjected to hydrolysis without further purification. To a
solution crude acetal product (1 eq, concentration = 0.1 M) in THF (40% v/v), water (20%
v/v) and acetic acid were added, and the reaction mixture was stirred at 60 °C overnight or
until deemed complete by HPLC. Upon completion, excess acetic acid was neutralized by
adding a solution of saturated NazCOs until a pH of 8 was achieved and the organic product
was extracted with methylene chloride (3 x 3 mL) The combined organic layers were dried
over NazS04and the solvent was evaporated under reduced pressure. The crude mixture
was purified by column chromatography to afford the corresponding Cbz-amino acid-

cyclobutanone (2, 3,7, 9).

(2S)-2-((4-Methylphenyl)sulfonamido)-N-(2-oxocyclobutyl)-3-phenylpropanamide
(1)

)

H
Ts- N%

N
H o
1

The N-Ts-carboxylic intermediate 12a (50.0 mg, 0.129 mmol) was used in the reaction. The
crude mixture of 1 was purified by column chromatography eluting with a gradient of ethyl
acetate/hexane (20/80) and ethyl acetate/hexane (40/60) followed by recrystallization
from hot EA to afford compound 1 (9.8 mg, 20%) as white crystalline solid. TH NMR (500
MHz, CDCI3) 6 7.57 - 7.44 (m, 2H), 7.25 - 7.15 (m, 5H), 6.96 - 6.87 (m, 2H), 6.72 (d, /= 8.3
Hz, 1H), 4.97 (dtt,J = 10.1, 8.2, 2.1 Hz, 1H), 4.85 (d, /] = 6.6 Hz, 1H), 3.85 (dt,/ = 7.3, 6.4 Hz,
1H), 3.01 - 2.89 (m, 3H), 2.88 (dddd,J =17.4,9.9, 4.7, 2.3 Hz, 1H), 2.43 (s, 3H), 2.46 - 2.35
(m, 1H), 1.86 (dtd, /= 11.1, 9.7, 8.3 Hz, 1H) HRMS (ESI): Calcd for (MH*) C20H23N204S:

387.1373, found 387.1366.



Benzyl ((2R)-1-0x0-1-((2-oxocyclobutyl)amino)-3-phenylpropan-2-yl)carbamate (2)

Lo

Y ﬁ
CbZ\N/\n,N

H o 2

The crude mixture of 2 was purified by column chromatography eluting with a gradient of
ethyl acetate/hexane (20/80) and ethyl acetate/hexane (30/70) Appropriate fractions
were combined and concentrated to give white solid (93% HPLC purity) which then
subjected to recrystallization. The product was dissolved in minimum amount of methylene
chloride and hexane was added dropwise until cloudiness was observed. Colorless crystals
were formed providing compound 2 (16.1 mg, 26%): mp 98-100 °C. 'H NMR (500 MHz,
CDCI3) 6 7.41 - 7.24 (m, 8H), 7.21 (t,/ = 6.0 Hz, 2H), 6.35 (d, / = 7.6 Hz, 0.5H), 6.20 (d, / = 8.0
Hz, 0.5H), 5.32 (s, 0.5H), 5.27 (s, 0.5H), 5.10 (s, 2H), 4.92 (q,/ = 9.0 Hz, 0.5H), 4.81 (q,/ = 8.7
Hz, 0.5H), 4.42 (q,/= 7.3 Hz, 1H), 3.17 - 3.11 (m, 1H), 3.06 (td, ] = 13.5, 12.9, 7.6 Hz, 1H),
2.99 - 2.85 (m, 2H), 2.39 (dq,J = 15.8, 9.7 Hz, 1H), 2.06 - 2.03 (m, 0.5H), 1.88 - 1.81 (m,
0.5H) 13C NMR (126 MHz, CDCIs) 6 204.33, 170.65, 170.49, 155.97,136.02, 136.02, 129.39,
129.37,128.84, 128.59, 128.30, 128.29, 128.09, 127.22, 67.23, 64.05, 63.76, 56.03, 42.21,

42.12,38.56, 38.19,19.42, 19.22.

Benzyl ((25)-3-methyl-1-0x0-1-((2-0xocyclobutyl)amino)butan-2-yl)carbamate (3)

)

e LIS
2N
H o 3
The crude mixture of 3 was purified by column chromatography eluting with a gradient of

ethyl acetate/hexane (20/80) to (30/70) Appropriate fractions were combined and



concentrated to give a white solid which then subjected to recrystallization. The product
was dissolved in a minimum amount of methylene chloride and hexane was added
dropwise until cloudiness was observed. Over 24 hours, needle-like crystals formed
providing compound 3 (21.3 mg, 34%) 'H NMR (500 MHz, CDClI3) 6 7.38 (s, 3H), 7.43 - 7.32
(m, 2H), 6.44 - 6.39 (d, 1H), 5.26 (d,J = 8.9 Hz, 1H), 5.14 (s, 2H), 4.91 (dt,/ = 10.1, 7.9 Hz,
1H), 4.01 (dd,J = 8.8, 6.0 Hz, 1H), 2.98 (t,] = 8.8 Hz, 2H), 2.46 (dd, ] = 13.3, 5.3 Hz, 1H), 2.18
(h,J=6.8 Hz, 1H), 2.13 - 2.06 (m, 1H), 1.00 (d, J = 6.8 Hz, 3H), 0.95 (d, ] = 6.8 Hz, 3H) 13C
NMR (126 MHz, CDCl3) 6 204.44,170.99,152.17, 136.09, 128.61, 128.31, 128.13, 67.27,
64.17,60.03, 42.28, 30.79, 29.71, 19.48, 19.18. HRMS (ESI): Calcd for (MH*) C17H23N204:

319.1652, found 319.1641.

(25)-3-(1H-Indol-3-yl)-2-((4-methylphenyl)sulfonamido)-N-(2-

oxocyclobutyl)propanamide (4)

H
Ts.- N<>

The N-Ts-carboxylic intermediate 12b (50.0 mg, 0.139 mmol) was used in the reaction. The
crude mixture of 4 was purified by column chromatography on a Teledyne Isco Rf Flash
chromatography unit eluting with a gradient of ethyl acetate/hexane (20/80), ethyl
acetate/hexane (30/70), and ethyl acetate/hexane (40/60) to afford compound 4 (12.4 mg,
21%) as an off-white solid: mp 200-201 °C.1H NMR (500 MHz, acetonitrile-d3) § 9.07 (NH, s,

1H), 7.48 - 7.41 (m, 2H), 7.41 - 7.32 (m, 2H), 7.16 - 7.09 (m, 3H), 7.10 (NH, d, ] = 7.5 Hz,



1H), 7.07 - 6.96 (m, 2H), 5.82 (NH, s, 1H), 4.68 (dtt, ] = 10.2, 8.0, 2.2 Hz, 1H), 3.90 (dd, ] =
8.1,5.7 Hz, 1H), 3.14 - 3.06 (m, 1H), 2.95 - 2.73 (m, 3H), 2.35 (s, 3H), 2.21 - 2.10 (m, 1H),
1.82 (tt, ] = 10.5, 8.6 Hz, 1H) 13C NMR (126 MHz, CDsCN) § 205.61, 170.72, 143.47, 136.61,
136.41,129.35, 127.10, 126.57, 126.51, 124.06, 121.41, 118.88, 111.33, 108.97, 63.62,
63.60, 57.04, 41.40, 41.34, 28.72, 28.58, 20.60, 20.58, 18.18, 18.11. HRMS (ESI): Calcd for

(MH*) C22H24N304S: 426.1482, found 426.1472.

(S)-N-((1-hydroxycyclopropyl)methyl)-2-((4-methylphenyl)sulfonamido)-3-

phenylpropanamide (5)
Q OH 0 5
8. OH . |>K/ T3P, NMM, EA S\ Nw@
3 NH, OH OH
H o 50 °C, 4 days o)
HyC 12a H3C 5

Ts-L-phenylalanine 12a (50 mg, 0.129 mmol) was reacted with 1-
(aminomethyl)cyclopropanol (14.4 pL, 0.155 mmol) following the general T3P coupling
procedure and stirred at 50 °C for 4 days. The crude mixture of 5 was purified by column
chromatography on a Teledyne Isco Rf Flash chromatography unit eluting with a gradient
of ethyl acetate/hexane (20/80) and ethyl acetate/hexane (30/70) Appropriate fractions
were combined and concentrated to give a white solid which was then subjected to
recrystallization. The product was dissolved in a minimum amount of hot methylene
chloride and hexane was added dropwise until cloudiness was observed. While cooling
needle-like crystals formed providing compound 5 (13.6 mg, 27%) mp 131-133 °C. 1H

NMR (500 MHz, CDCl) § 7.51 (dd, ] = 8.1, 2.4 Hz, 2H), 7.25 (d, ] = 13.9 Hz, 1H), 7.21 (dd, ] =



12.2,7.2 Hz, 5H), 6.94 (d,] = 7.1 Hz, 2H), 6.75 (NH, d, ] = 6.3 Hz, 1H), 4.96 (NH, d, = 5.7 Hz,
1H), 3.86 - 3.80 (m, 1H), 3.39 (ddd, ] = 14.3, 6.8, 2.4 Hz, 1H), 3.30 - 3.22 (m, 1H), 3.20 (OH,
s, 1H), 2.95 (ttd, ] = 14.1, 10.3, 8.5, 4.4 Hz, 2H), 2.43 (d, ] = 2.4 Hz, 3H), 0.79 (s, 2H), 0.64 -
0.56 (m, 1H), 0.56 - 0.50 (m, 1H) 13C NMR (126 MHz, CDCl3) § 171.13, 144.15, 135.17,
135.03, 129.88, 129.09, 129.06, 127.41, 127.26, 58.15, 55.43, 47.73, 38.32, 21.60, 12.84,

12.48.

(2R)-2-((4-Methylphenyl)sulfonamido)-N-(2-oxocyclobutyl)-3-phenylpropanamide

Lo
S\N/\n/

H o

6

The N-Ts-carboxylic intermediate 12c¢ (50.0 mg, 0.129 mmol) was used in the reaction. The

(6)

crude mixture of 6 was purified by column chromatography eluting with a gradient of ethyl
acetate/hexane (20/80) and ethyl acetate/hexane (30/70) to afford compound 6 (18.1 mg,
36.2%) as white solid: mp 190-192 °C. 1H NMR (500 MHz, CDCl3) § 7.57 - 7.48 (m, 2H),
7.24 - 7.14 (m, 5H), 6.95 - 6.86 (m, 2H), 6.75 (NH, d, / = 8.3 Hz, 1H), 4.98 (dtt,/ = 10.2, 8.3,
1.9 Hz, 0.5H), 4.87 (NH, d, / = 6.6 Hz, 0.5H), 4.82 (NH, d,/ = 6.8 Hz, 0.5H), 4.78 - 4.68 (m,
0.5H), 3.87 (dtd, = 16.8, 7.0, 6.1 Hz, 1H), 3.07 - 2.93 (m, 1.5H), 2.96 - 2.91 (m, 1H), 2.93 -
2.85 (m, 1H), 2.83 (dd,J = 14.1, 5.8 Hz, 0.5H), 2.44 (s, 1.5H), 2.43 (s, 1.5H), 2.43 - 2.36 (m,
0.5H), 2.39 - 2.31 (m, 0.5H), 2.16 (dddd, = 11.2, 10.3, 8.9, 8.0 Hz, 0.5H), 1.86 (dtd, /= 11.2,
9.7, 8.4 Hz, 0.5H) 13C NMR (126 MHz, CDCI3) 6 204.49, 204.40, 170.23, 169.93, 144.15,

144.09,135.42,135.30, 134.92, 134.71, 129.95, 129.90, 129.26, 129.14, 129.04, 127.42,



127.39,127.21,127.19,77.27,77.02,76.77, 64.30, 63.68, 57.62, 57.29, 42.33, 42.13, 38.19,

37.74,21.61, 21.59, 19.43, 18.90.

Benzyl ((2S)-3-(4-hydroxyphenyl)-1-0x0-1-((2-oxocyclobutyl)amino)propan-2-
yl)carbamate (7)

OH
0

Hﬁ<>

Csz N

H o 7

The crude mixture of 7 was purified by column chromatography eluting with a gradient of

ethyl acetate/hexane (20/80) to (30/70) Combined fractions were recrystallized from hot
methylene chloride to afford compound 7 (14.6 mg, 24%) as small needle-like crystals: mp
154-155 °C.1H NMR (500 MHz, acetonitrile-ds) § 7.42 - 7.26 (m, 4H), 7.23 - 7.13 (m, 1H),
7.11-7.04 (m, 2H), 6.77 - 6.71 (m, 2H), 5.88 (dd, J = 12.9, 8.5 Hz, 1H), 5.08 (d, /] = 12.8 Hz,
1H), 4.99 (d, ] = 12.7 Hz, 1H), 4.80 (dddd, J = 20.0, 10.0, 5.9, 2.1 Hz, 1H), 4.25 (dtd,J = 17.5,
8.7, 5.3 Hz, 1H), 3.04 (ddd, /= 13.6, 7.8, 5.4 Hz, 1H), 2.96 - 2.81 (m, 1H), 2.79 (dddd, ] = 14.1,
12.0, 8.3, 2.7 Hz, 1H), 2.15 - 1.91 (m, 1H) 133C NMR (126 MHz, CD3CN) 6 206.08,171.17,
171.10,155.73,137.13,130.43, 128.45, 128.27, 128.22, 127.86, 127.51, 115.09, 66.07,

63.71, 63.63,56.31, 56.14, 41.39, 41.37,18.33, 18.14.



(2R)-2-((4-Methoxyphenyl)sulfonamido)-3-methyl-N-(2-oxocyclobutyl)butanamide

(8)
~ 1) p-methoxybenzene ~_"

sulfonyl chloride, Q

‘0O or r
HQN/\H/ \{/ pyridine &')\N/\H/OH
‘Hel © 2) 30% TFA, DCM H o

0

O\/

7 H
N

1)11, T3P, O 3
NMM, EA, rt SN
H3CO

2) 1N HCI, acetone o
40°C, 18 h 8

D-Valine tert-butyl ester HCl salt (was dissolved in anhydrous pyridine and stirred until all
of the solutes were dissolved. The reaction mixture was cooled to 0 °C with an ice bath, and
4-methoxybenzenesulfonyl chloride (1.45 mmol) was added to the stirring reaction
mixture. Then the reaction was allowed to warm up to rt and stirred at rt for 24 h with
periodic monitoring using HLPC. Upon completion, the reaction mixture was diluted with
methylene chloride (3 mL) and the organic layer was washed successively with water (3
mL), 1N HCI (10 x 3 mL), and brine (3 mL) and then dried over Na2SO4. The solvent was
removed by evaporation under reduced pressure providing a pale-yellow solid. Without
further purification p-methoxyphenylfulfonyl-D-valine tert butyl ester 14 was subjected to
hydrolysis. To a solution of 14 (64.7 mg, 0.188 mmol) in methylene chloride (0.94 mL), TFA
(282 pL, 30% v/v) was added under nitrogen. The mixture was stirred at room
temperature overnight and monitored by TLC (EA/hexane = 50/50) The solvent was
evaporated under vacuum. To the resultant residue toluene (2 mL) was added to enable the
formation of an azeotrope. The excess TFA was removed by evaporation on a rotary
evaporator at 50°C providing 14 as a yellow crystalline solid (52.6 mg, 97%) HPLC purity

of the product 14 was 97%. Proton and carbon NMR spectra of the ((4-



methoxyphenyl)sulfonyl)-D-valine (14) matched the published data.3 Compound 8 was
synthesized from intermediate 14 (30 mg, 0.104 mmol) following the general procedure of
the T3P coupling reactions of N-Ts amino acids with 2-aminocyclobutanone synthon 11
and the acetal intermediate was subjected to hydrolysis using general reaction conditions
(1 M HC], acetone, H20) and stirred at 40 °C for 18 hours. The crude mixture of 8 was
purified by column chromatography using ethyl acetate/hexane (60/40) to afford p-
methoxyphenylsulfonyl-D-valine cyclobutanone analog 8 (15.5 mg, 42%) as a white solid:
mp 179-181. 1H NMR (500 MHz, CDCl3) 6 7.84 - 7.77 (m, 2H), 7.04 - 6.96 (m, 2H), 6.51 (dd,
J=16.8,7.7 Hz, 1H), 5.08 (dd, J = 13.7, 7.8 Hz, 1H), 4.89 - 4.76 (m, 1H), 3.90 (s,1.5H), 3.89
(s, 1.5H), 3.48 (ddd, J = 16.5, 7.8, 5.1 Hz, 1H), 2.99 - 2.87 (m, 2H), 2.43 - 2.30 (m, 1H), 2.17 -
2.06 (m, 1H), 2.01 - 1.94 (m, 0.5H), 1.87 (dtd, /= 11.0, 9.6, 8.1 Hz, 0.5H),, 0.87 (dd, ] = 6.9,
3.2 Hz, 3H), 0.81 (t,] = 6.7 Hz, 3H) 13C NMR (126 MHz, CDCls) 6 204.22,170.37,170.30,
163.28,130.53, 129.59, 114.37, 64.08, 63.90, 61.82, 61.80, 55.68, 42.29,42.21, 31.11, 31.05,
19.19, 19.04, 17.15, 17.12. HRMS (ESI): Calcd for (MH*) C16H23N20sS: 355.1322, found

355.1300.

Benzyl ((25)-1-0x0-1-((2-oxocyclobutyl)amino)-3-phenylpropan-2-yl)carbamate (9)

H
Cbz. N<>

N
© 9
The crude mixture of 9 was purified by column chromatography eluting with a gradient of
ethyl acetate/hexane (20/80) to (30/70) Appropriate fractions were combined and
concentrated to give white solid (94% HPLC purity) which was then recrystallized from hot

methylene chloride to give a white needle-like crystals of compound 9 with 97% HPLC



purity (30.2 mg, 49%): mp 100-101 °C.H NMR (500 MHz, CDCls) § 7.40 - 7.23 (m, 8H),
7.23-7.17 (m, 2H), 6.63 (NH, d, ] = 7.6 Hz, 0.5H), 6.48 (NH, d, ] = 7.9 Hz, 0.5H), 5.46 (t,] =
10.6 Hz, 1H), 5.07 (t,] = 3.3 Hz, 2H), 4.96 - 4.87 (m, 0.5H), 4.78 (qt, ] = 7.9, 1.4 Hz, 0.5H),
4.45 (d,] = 7.0 Hz, 1H), 3.09 (d, ] = 6.7 Hz, 2H), 2.98 - 2.83 (m, 2H), 2.38 (dd, / = 10.9, 5.2 Hz,
0.5H), 2.33 (dd, J = 10.3, 4.7 Hz, 0.5H), 2.03 (q, ] = 9.6 Hz, 0.5H), 1.90 - 1.73 (m, 0.5H) 13C
NMR (126 MHz, CDCls) § 204.79, 204.76, 170.84, 170.69, 156.03, 136.23, 136.23, 136.08,
129.40, 129.38, 128.76, 128.58, 128.26, 128.01, 127.14, 67.16, 64.03, 63.72, 55.97, 55.75,
42.16,42.06, 38.63, 38.43, 19.35, 19.13. HRMS (ESI): Calcd for (MH+) C21H23N204:
367.1652, found 367.1646.

(S)-N-(2-hydroxy-2-methylpropyl)-2-((4-methylphenyl)sulfonamido)-3-
phenylpropanamide (10)

[ : Q H
. H N/\{/OH T3P, NMM, EA SN NJ&OH
2 OH 5

60 °C, 6 days
H3C 12a Y HsC 10

Ts-L-phenylalanine 12a (50 mg, 0.129 mmol) was reacted with dimethylethanolamine
(14.4 pL, 0.155 mmol) following the general T3P coupling procedure and stirred at 50 to
60 °C for 6 days until completion. The crude product (oil) of 10 was crystallized from hot
EA/hexane = 20/80. When the EA/hexane solution was cooled to rt the product became an
oil. Therefore, it is important to maintain the temperature of the solution to stay between
50 to 60 °C to allow a slow crystallization of the final product. Recrystallization provided
compound 10 (29 mg, 58%) as clear needle-like crystals: mp 131-133 °C.1H NMR (500
MHz, CDCl3) 6 7.53 - 7.47 (m, 2H), 7.23 - 7.14 (m, 5H), 6.96 - 6.90 (m, 2H), 6.74 (s, 1H),

493 (d,] = 6.2 Hz, 1H), 3.84 (dt, ] = 7.8, 6.1 Hz, 1H), 3.29 (dd, ] = 13.7, 6.9 Hz, 1H), 3.12 (dd, ]



= 13.7, 5.5 Hz, 1H), 2.97 (dd, ] = 14.0, 5.9 Hz, 1H), 2.91 (dd, ] = 14.0, 7.7 Hz, 1H), 2.43 (s, 3H),
1.16 (d, ] = 2.2 Hz, 6H) 13C NMR (126 MHz, CDCl3) § 170.92, 144.05, 135.19, 135.16, 129.87,
129.09, 129.04, 127.37, 127.23, 70.85, 58.06, 50.30, 38.29, 27.17, 27.10, 21.58. HRMS (ESI):

Calcd for (MH*) C20H27N204S: 391.1686, found 391.1680.



(25)-2-((4-methylphenyl)sulfonamido)-N-(2-oxocyclobutyl)-3-phenylpropanamide — Sclvent: CDCI3
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'HNMR (500 MHz, Chlorofornyd) § 7.57 - 7.4 (m, 2H), 7.25 - 7.15 (m, 5H), 6.9 — 6.87 (m, 2H),
6.72(d,.J = 83 Hz, 1H), 497 (dtt,.J = 10.1, 8.2, 2.1 Hz, 1H), 485 (d, J = 6.6 Hz, 1H), 3.85 (dt,J =73,
6.4 Hz, 1H), 3.01 — 2.89 (m, 3H), 2.88 (dddd, J = 17.4,9.9, 4.7, 2.3 Hz, 1H), 2.43 (s, 3H), 246 — 235 (m,
1H), 1.86 (dtd, J = 11.1,9.7, 83 Hz, 1H).
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Figure S1: TH NMR spectrum of (2S)-2-((4-methylphenyl)sulfonamido)-N-(2-

oxocyclobutyl)-3-phenylpropanamide (1)
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benzyl ((2R)-1-oxo-1-((2-oxocydobutyl)amino)-3-phenylpropan-2-yl)carbamate — Solvent: CDCI3
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Figure S2: 1H NMR spectrum of benzyl ((2R)-1-o0xo0-1-((2-oxocyclobutyl)amino)-3-

phenylpropan-2-yl)carbamate (2)



benzyl ((2R)-1-oxo-1-((2-oxocydobutyl)amino)-3-phenylpropan-2-yljcarbamate — Solvent: CDCI3
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Figure S3: 13C spectrum of benzyl ((2R)-1-o0xo0-1-((2-oxocyclobutyl)amino)-3-

phenylpropan-2-yl)carbamate (2)



Benzyl ((2S)-3-methyl-1-oxo-1-((2-oxocydobutyl)amino)butan-2-yl)carbamate — Solvent: CDCI3
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Figure S4: 1H NMR spectrum of benzyl ((2S)-3-methyl-1-oxo-1-((2-

oxocyclobutyl)amino)butan-2-yl)carbamate (3)
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Benzyl ((2S)-3-methyl-1-oxo0-1-((2-oxocyclobutyl)amino)butan-2-yl)carbamate -Solvent CDCI3
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Figure S5: 13C NMR spectrum of benzyl ((2S)-3-methyl-1-oxo-1-((2-

oxocyclobutyl)amino)butan-2-yl)carbamate (3)
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(25)-3-(1H-indol-3-yl)-2-((4-methylphenyl )sulfonamido)-N-(2-oxocyclobutyl )propanamide — Solvent: CD3CN

'HNMR (500 MHz, A cetonitrile-ds) & 9.07 (s, IH), 748 — 741 (m, 2H), 7.41 — 732 (m, 2H), 7.16
7.09 (m, 3H), 7.10 (d, J = 7.5 Hz, 1H), 7.07 — 6.96 (m, 2H), 5.82 (s, 1H), 468 (dtt,J = 102, 80,22 Hz,
1H), 3.90 (dd, J = 8.1, 5.7 Hz, 1H), 3.14— 3.06 (m, 1), 2.95— 2.73 (m, 3H), 235 (s, 3H), 221 - 2.10
(m, 1H), 182 (tt,J = 10.5, 8.6 Hz, 1H).
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Figure S6: 1H spectrum of (25)-3-(1H-indol-3-yl)-2-((4-methylphenyl)sulfonamido)-N-(2-

oxocyclobutyl)propanamide (4)



(25)-3-(1H-indol-3-yl)-2-((4-methylphenyl )sulfonamido)-N-(2-oxocyclobutyl)propanamide — Solvent: CD3CN
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Figure S7: 13C spectrum of (25)-3-(1H-indol-3-yl)-2-((4-methylphenyl)sulfonamido)-N-(2-

oxocyclobutyl)propanamide (4)



(S)-N-((1-hydroxycyclopropyl)methyl)- 2-((4-methylphenyl)sulfonamido)- 3-phenylpropanamide — Solvent: CDCI3

5500
'H NMR (500 MHz, Chloroform-d) 8 7.51 (dd, J = 8.1, 24 Hz. 2H), 7.25 (d, J = 13.9 Hz, 1), 7.21 (dd,
J=12.2, 72 Hz, 5H), 694 (d, J = 7.1 Fiz, 2H), 6.75 (d, J = 6.3 Hz, 1H), 496 (d, J = 5.7 Hz, 1H), 3.86
3.80 (m, 1H), 339 (ddd, .J = 14.3, 6.8, 2.4 Hz, 1H), 3.30 - 3.22 (m, 1H), 3.20 (s, 1H), 2.95 (ttd,.J = 4.1, L5000
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Figure S8: 1H spectrum of (S)-N-((1-hydroxycyclopropyl)methyl)-2-((4-

methylphenyl)sulfonamido)-3-phenylpropanamide (5)



(S)-N-{(1-hydroxycyclopropyl)methyl)- 2-((4-methylphenyl)sulfonamido)- 3-phenylpropanamid — Solvent: CDCI3
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Figure S9: 13C NMR spectrum of (S)-N-((1-hydroxycyclopropyl)methyl)-2-((4-

methylphenyl)sulfonamido)-3-phenylpropanamide (5)
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(2R)-2-((4-methylphenyl)sulfonamido)-N-(2-oxocydobutyl)-3-phenylpropanamide — Solvent: CDCI3
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Figure S10: TH NMR spectrum of (2R)-2-((4-methylphenyl)sulfonamido)-N-(2-

oxocyclobutyl)-3-phenylpropanamide (6)



(2R)-2-((4-methylphenyl)sulfonamido)-N-(2-oxocyclobutyl)-3-phenylpropanamide — Solvent: CDCI3
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Figure S11: 13C spectrum of (2R)-2-((4-methylphenyl)sulfonamido)-N-(2-oxocyclobutyl)-3-

phenylpropanamide (6)



benzyl ((25)-3-(4-hydroxyphenyl)-1-oxo-1-((2-oxocyclobutyl)Jamino)propan-2-yl)carbamate — Solvent: CD3CN
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Figure S12: TH NMR spectrum of benzyl ((2S)-3-(4-hydroxyphenyl)-1-oxo-1-((2-

oxocyclobutyl)amino)propan-2-yl)carbamate (7)



benzyl ((2S)-3-(4-hydroxyphenyl)-1-oxo-1-((2-oxocyclobutyl)amino)propan-2-yl)carbamate — Solvent: CD3CN
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Figure S13: 13C NMR spectrum of benzyl ((2S)-3-(4-hydroxyphenyl)-1-oxo-1-((2-

oxocyclobutyl)amino)propan-2-yl)carbamate (7)



(2R)-2-((4-methoxyphenyl)sulfonamido)- 3-methyl-N-(2-oxocyclobutyl)butanamide — Solvent: CDCI3
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Figure S14: 1H spectrum of (2R)-2-((4-methoxyphenyl)sulfonamido)-3-methyl-N-(2-

oxocyclobutyl)butanamide (8)



(2R)-2-((4-methoxyphenyl)sulfonamido)-3-methyl-N-(2-oxocyclobutyl )butanamide — Solvent: CDCI3
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Figure S15: 13C spectrum of (2R)-2-((4-methoxyphenyl)sulfonamido)-3-methyl-N-(2-

oxocyclobutyl)butanamide (8)



benzyl ((25)-1-oxo-1-((2-oxocyclobutyl)amine)-3-phenylpropan-2-yl)carbamate — Solvent: CDCI3
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Figure S16: 1H NMR spectrum of benzyl ((2S)-1-o0xo-1-((2-oxocyclobutyl)amino)-3-

phenylpropan-2-yl)carbamate (9)



benzyl ((25)-1-oxo-1-((2-oxocydobutyl)aming)-3-phenylpropan-2-yl)carbamate — Solvent: CDCI3
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Figure S17: 13C NMR spectrum of benzyl ((2S)-1-o0xo-1-((2-oxocyclobutyl)amino)-3-

phenylpropan-2-yl)carbamate (9)



(S)-N-(2-hydroxy-2-methylpropyl)-2-((4-methylphenyl)sulfonamido)-3-phenylpropanamide — Solvent: CDCI3
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Figure S18: TH NMR spectrum of (S)-N-(2-hydroxy-2-methylpropyl)-2-((4-

methylphenyl)sulfonamido)-3-phenylpropanamide (10)



(S)-N-(2-hydroxy-2-methylpropyl)-2-((4-methylphenyl)sulfonamido)-3-phenylpropanamide — Solvent: CDCI3
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Figure S19: 13C NMR spectrum of (S)-N-(2-hydroxy-2-methylpropyl)-2-((4-

methylphenyl)sulfonamido)-3-phenylpropanamide (10)



