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1. General synthesis information

All reagents were from commercial sources (Sigma-Aldrich, Inc.; Fluorochem Ltd; Ambeed, Inc.)
and used as received. Anhydrous solvents (Sigma-Aldrich, Inc.) were kept under an atmosphere of
nitrogen.

Purifications were performed using a Biotage Isolera One or a Biotage Selekt purification machine
(wavelength monitored: 254 and 280 nm) equipped with pre-packed Biotage® SFir flash
chromatography cartridges. HPLC grade solvents (Sigma-Aldrich Inc.) were used for purifications,
reaction work-ups, and extractions.

Thin layer chromatography (TLC) was carried out using Merck silica gel 60 F254 TLC plates and
visualized using UV light or ninhydrin/vanillin stain. Infrared (IR) spectroscopy was performed
using a Bruker Tensor-27 Fourier transform infrared (FT-IR) spectrometer. High-resolution mass
spectrometry (HRMS) was performed using electrospray ionization (ESI) mass spectrometry (MS)
in the positive or negative ionization mode employing a Thermo Scientific Exactive mass
spectrometer (ThermoFisher Scientific); data ate presented as a mass-to-charge ratio (m/z).
Nuclear magnetic resonance (NMR) spectroscopy was performed using 600, 500, 400, and 300
MHz machines. Chemical shifts for protons are reported in parts per million (ppm) downfield
from tetramethylsilane and are referenced to residual protium in the NMR solvent (z.e., DMSO-d:
8 = 2.50 ppm; CDCls: 8 = 7.26 ppm; acetone-ds: 2.05 ppm). For BC NMR, chemical shifts are
reported in the scale relative to the NMR solvent (z.e., DMSO-d: 8 = 39.52 ppm; CDCls: 6 = 77.16
ppm; acetone-ds: 29.84 ppm). NMR data are reported as follows: chemical shift, multiplicity (br:

broad signal), coupling constant (], Hz; to nearest 0.1 Hz), and integration.
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2. General synthetic procedures

General Procedure A

A modified version of reported procedures was used.”* Fe(0) powder (3.4 equiv.) and iron sulfate
heptahydrate (0.08 equiv.) were added to a solution of a nitrothiophene (1.0 equiv.) in a 4:1 (v/v)
mixture of dioxane and water (0.3 M) at room temperature (rt). The reaction mixture was refluxed
for 2-4 h. After cooling to rt, the reaction mixture was filtered through a short pad of Celite®;
saturated aqueous NaHCOj3 and diethyl ether were added to the resultant filtrate. The layers were
separated, and the aqueous phase was extracted with diethyl ether three times; the combined
organic extracts were dried using MgSO,, filtered, then concentrated 7 vacuo. The residue was
dissolved in anhydrous CH.Cl, (0.2 M); anhydrous triethylamine (2.5 equiv) and
4-(dimethylamino)pyridine (DMAP; 0.1 equiv.)) were added to the resultant solution at rt. The
mixture was stirred at rt for 15 min, then cooled to 0 °C, and a sulfonyl chloride (3.0 equiv.) was
added dropwise/in portions. The reaction mixture was stirred at rt overnight, then saturated
aqueous NH4Cl was added. The resultant layers were separated, and the aqueous phase was
extracted with CH,Cl, three times; the combined organic extracts were dried using MgSO,, filtered,
then concentrated 7z vacuo. The crude material was purified using flash column chromatography

(20-40% (v/v) EtOAc in cyclohexane) to afford the desired product.

General Procedure B

A modified version of a reported procedure was used.” LiOH monohydrate (5.0 equiv.) was added
to a solution of a thiophene (1.0 equiv.) in a 2:1:1 (v/v) mixture of THE, water and ethanol (0.1
M) at rt. The reaction mixture was stirred at rt for 1-3 h, then acidified to pH ~ 2 using aqueous
HCI (4 M) at 0 °C. EtOAc was added to the mixture, and the layers were separated. The aqueous
phase was extracted with EtOAc three times; the combined organic extracts were dried using
MgSO,, filtered, then concentrated zz vacuo. The crude material was purified using flash column
chromatography (30-60% (v/v) EtOAc in cyclohexane, EtOAc was supplemented with 0.1% (v/v)

formic acid) to afford the desired product.

General Procedure C

A modified version of a reported procedure was used.® 1-[Bis(dimethylamino)methylene]-1H-
1,2,3-triazolo[4,5-b]pyridinium-3-oxide hexafluorophosphate (HATU; 1.2 equiv.) and anhydrous
N,N-diisopropylethylamine (DIPEA; 1.5 equiv.) were added to a solution of a carboxylic acid (1.0
equiv,) in a 1:1 (v/v) mixture of CH>Cl and CH;CN (0.05 M) at rt. The reaction mixture was
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stirred at rt for 8-16 h, then saturated aqueous NH4Cl was added. The resultant layers were
separated, and the aqueous phase was extracted with CH,Cl, three times; the combined organic
extracts were dried using MgSQO,, filtered, then concentrated 7z vacno. The crude material was
purified using flash column chromatography (10-60% (v/v) EtOAc in cyclohexane) to afford the

desired product.

General Procedure D

Anhydrous cesium carbonate (1.2 equiv.) was added in one portion to a solution of ethyl 2-(2-
nitrothiophen-3-yl)acetate (13; 1.0 equiv.) in anhydrous DMF (0.1 M) at rt. After stirring at rt for
1 h, an alkyl halide (1.1 equiv.) was slowly added to the mixture, which was then stirred at rt for 8-
12 h. Saturated aqueous NH4Cl and EtOAc were subsequently added to the reaction mixture, the
resultant layers were separated, and the aqueous phase was extracted with EtOAc three times; the
combined organic extracts were washed with an excess of brine, dried using MgSOy, filtered, then
concentrated 7 vacno. The crude material was purified using flash column chromatography (20-

50% (v/v) EtOAc in cyclohexane) to afford the desired product.

General Procedure E

Anhydrous cesium carbonate (2.5 equiv.) was added in one portion to a solution of a y-lactam (1.0
equiv.) in anhydrous DMF (0.1 M) at rt. After stirring at rt for 1 h, an alkyl halide (2.2-2.5 equiv.)
was slowly added to the mixture, which was then stirred at rt for 4-8 h. Saturated aqueous NH4ClI
and EtOAc were subsequently added to the reaction mixture, the resultant layers were separated,
and the aqueous phase was extracted with EtOAc three times; the combined organic extracts were
washed with an excess of brine, dried using MgSO,, filtered, then concentrated 7z vacno. The crude
material was purified using flash column chromatography (15-40% (v/v) EtOAc in cyclohexane)

to afford the desired product.

General Procedure F

A modified version of a reported procedure was used.” Grubbs II catalyst (0.05 equiv.) was added
to a solution of a diene (1.0 equiv.) in anhydrous CH,Cl, (0.05 M) at rt. The reaction mixture was
stirred at rt for 8-12 h, then concentrated 7z vacuo. The crude material was purified using flash

column chromatography (10-30% (v/v) EtOAc in cyclohexane) to afford the desired product.

General Procedure G

A modified version of a reported procedure was used.’ Potassium carbonate (3.0 equiv.) and an
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amine (2.0-2.5 equiv.) were added to a solution of 2-(2-bromothiophen-3-yl)acetic acid (21; 1.0
equiv.) in pyridine (4.0 M) at rt. Cu(0) powder (0.04 g/mmol) was added to the resultant suspension
and the reaction mixture was stirred at 120 °C overnight, then cooled to rt and diluted with water.
The mixture was subsequently acidified to pH ~ 2 using aqueous HCI (1 M), and the layers were
separated. The aqueous phase was extracted with EtOAc three times; the combined organic
extracts were dried using MgSQO,, filtered, then concentrated 7z vacuo. The crude material was
purified using flash column chromatography (20-60% (v/v) EtOAc in cyclohexane, EtOAc was

supplemented with 0.1% (v/v) formic acid) to afford the desired product.

General Procedure H

A modified version of a reported procedure was used.” Potassium carbonate (3.0 equiv.) and an
amine (1.1-1.2 equiv.) were added to a solution of 2-(2-bromothiophen-3-yl)acetic acid (21; 1.0
equiv.) in zer~-butanol (0.2 M) at rt. Copper(]) iodide (0.1 equiv.) and N,N"-dimethylethylenediamine
(1.0 equiv.) were subsequently added to the resultant suspension. The reaction mixture was stirred
at 100 °C overnight, then cooled to rt and concentrated 7 vacuo. The residue was resuspended in
EtOAc; the resulting suspension was acidified to pH ~ 2 using aqueous HCI (1 M) and the layers
were separated. The aqueous phase was extracted with EtOAc three times; the combined organic
extracts were washed with an excess of brine, dried using MgSOy, filtered, then concentrated z
vacno. The crude material was purified using flash column chromatography (30-80% (v/v) EtOAc
in cyclohexane supplemented with 0.1% (v/v) formic acid using normal phase silica gel, followed
by 10-30% (v/v) CH3CN in water supplemented with 0.1% (v/v) formic acid using reversed-phase
silica gel) to afford the desired product.
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3. Experimental procedures and compound characterizations

Ethyl 2-(2-nitrothiophen-3-yl)acetate (13)

Thiophene 13 was synthesized according to a reported procedure.' A solution of 2-nitrothiophene
(12) (1.00 g, 7.74 mmol, 1.0 equiv.) and ethyl chloroacetate (0.82 mL, 7.74 mmol, 1.0 equiv.) in
anhydrous THF (50 mL) was added dropwise to a solution of potassium zer+butoxide (2.60 g, 23.2

mmol, 3.0 equiv.) in anhydrous THF (750 mL) at =50 °C. The reaction mixture was stirred at

—50 °C for 1 h, then warmed to rt. Acetic acid (4.0 mL) was subsequently added to the reaction
mixture, which was then diluted with water (100 mL) and EtOAc (200 mL). The resultant layers
were separated, and the aqueous phase was extracted with EtOAc (3 x 50 mL); the combined
organic extracts were washed with brine (50 mL), dried using MgSOs,, filtered, then concentrated
in vacno. The crude material was purified using flash column chromatography (10-30% (v/v)
EtOAc in cyclohexane) to afford the desired product 13 as a reddish-brown oil (1.49 g, 89%). The
analytical data for 13 are consistent with those reported.'

Re ~0.35 (4:1 (v/v) cyclohexane-EtOAc); '"H NMR (500 MHz, 298 K, CDCly): § = 7.47 (d, ] =
5.4 Hz, 1H), 7.02 (d, ] = 5.4 Hz, 1H), 4.20 (q, ] = 7.0 Hz, 2H), 4.08 (s, 2H), 1.28 ppm (t, ] = 7.0
Hz, 3H); ®C NMR (126 MHz, 298 K, CDCly): 8 = 169.2, 148.5, 136.7, 130.9, 130.3, 61.6, 35.3,
14.3 ppm; IR (film): ¥ = 3109, 2985, 1740, 1552, 1501, 1398, 1340, 1257, 1192, 1035 cm™; HRMS
(ESI-TOF) calculated for [CsHioNO.S]" [M+H]": 216.0325, found 216.0326.

Ethyl 2-(2-(/N-(methylsulfonyl)methylsulfonamido)thiophen-3-yl)acetate (25)

Thiophene 25 was prepared from ethyl 2-(2-nitrothiophen-3-yl)acetate 13 (878 mg, 4.08 mmol, 1.0
equiv.) and methanesulfonyl chloride (0.95 mL, 12.2 mmol, 3.0 equiv.) iz General Procedure A,
and was obtained as a light brown solid (611 mg, 44%).

MP: 122-125 °C; Rg ~0.45 (7:3 (v/v) cyclohexane-EtOAc); "H NMR (400 MHz, 298 K, CDCls):
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8=738(d,] = 5.8 Hz, 1H), 7.12 (d, ] = 5.8 Hz, 1H), 4.16 (q, ] = 7.0 Hz, 2H), 3.63 (s, 2H), 3.49
(s, 6H), 1.26 ppm (t, ] = 7.0 Hz, 3H); ®C NMR (126 MHz, 298 K, CDCL): = 169.8, 136.8, 129.3,
128.4, 127.2, 61.6, 42.5 (2C), 34.3, 14.3 ppm; IR (film): 7 = 1735, 1419, 1373, 1327, 1218, 1168,
1096, 1032 cm™; HRMS (ESI-TOF) calculated for [CioHigNOgS;]" [M+H]": 342.0134, found
342.0133.

2-(2-(Methylsulfonamido)thiophen-3-yl)acetic acid (26)

COOH
e

S NH

Thiophene 26 was prepared from ethyl 2-(2-(IN-(methylsulfonyl)methylsulfonamido)thiophen-3-
ylacetate 25 (100 mg, 0.293 mmol) »iz General Procedure B, and was obtained as a yellow solid
(63.0 mg, 91%). To our knowledge, analytical data for 26 have not been previously provided."
MP: 75-78 °C; Rg ~0.20 (3:2 (v/v) cyclohexane-EtOAc + 0.1% formic acid); '"H NMR (400 MHz,
298 K, acetone-d): 8 = 8.46 (s, 1H), 7.25 (d, ] = 5.7 Hz, 1H), 7.00 (d, ] = 5.7 Hz, 1H), 3.72 (s, 2H),
3.04 ppm (s, 3H); "C NMR (126 MHz, 298 K, acetone-dy): 8 = 172.2, 134.8, 131.4, 129.0, 123.0,
39.6, 33.2 ppm; IR (film): ¥ = 3570, 3255, 1716, 1562, 1406, 1323, 1207, 1150 cm™'; HRMS (ESI-
TOF) calculated for [C;HNO4S;Na]”™ [M+Na]": 257.9865, found 257.9872.

6-(Methylsulfonyl)-4,6-dihydro-5 H-thieno|[2,3- b] pyrrol-5-one (7)

y-Lactam 7 was prepared from 2-(2-(methylsulfonamido)thiophen-3-yl)acetic acid 26 (1.01 g, 4.29
mmol) viz General Procedure C, and was obtained as a yellow solid (609 mg, 65%). To our
knowledge, analytical data for 7 have not been previously provided."

MP: 160-162 °C; Re: ~0.60 (2:3 (v/v) cyclohexane-EtOAc); '"H NMR (500 MHz, 298 K, CDCls):
8 =6.96 (d, ] = 5.3 Hz, 1H), 6.85 (d, ] = 5.3 Hz, 1H), 3.69 (s, 2H), 3.40 ppm (s, 3H); “C NMR
(126 MHz, 298 K, CDCly): 8 = 175.2, 138.8, 121.2, 120.5, 120.3, 41.1, 37.1 ppm; IR (film): V =
1750, 1388, 1356, 1170, 1086 cm; HRMS (ESI-TOF) calculated for [C;HsNOsS;]" [M+H]":
217.9940, found 217.9944.
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Di-tert-butyl 2-(3-nitrothiophen-2-yl)malonate (27)
NO,
(%i k
S o}
0o~ O
X

Thiophene 27 was synthesized according to a reported procedure.” Sodium hydride (60%
dispersion in mineral oil, 245 mg, 6.11 mmol, 2.0 equiv.) was added to a solution of di-zer+-butyl
malonate (0.75 ml, 3.36 mmol, 1.1 equiv.) in anhydrous DMSO (15 mL) at rt. After stirring at
100 °C for 1 h, the mixture was cooled to rt and 2-chloro-3-nitrothiophene (500 mg, 3.06 mmol,
1.0 equiv.) was added in one portion. The red-colored reaction mixture was stirred at 60 °C for 2
h, then cooled to rt and acidified using aqueous HCI (0.1 M) until the solution turned yellow.
EtOAc (30 mL) and water (20 mL) were subsequently added to the resultant mixture and the layers
were separated. The aqueous phase was extracted with EtOAc (3 x 20 mL); the combined organic
extracts were dried using MgSO,, filtered, then concentrated 7 vacno. The crude material was
purified using flash column chromatography (10-30% (v/v) EtOAc in cyclohexane) to afford 27
as a yellow oil (361 mg, 34%). To our knowledge, analytical data for 27 have not been previously
provided."”

Re ~0.40 (4:1 (v/v) cyclohexane-EtOAc); '"H NMR (500 MHz, 298 K, CDCl;): § = 7.63 (d, ] =
5.7 Hz, 1H), 7.27 (d, ] = 5.7 Hz, 1H), 5.68 (s, 1H), 1.50 ppm (s, 18H); "C NMR (126 MHz, 298
K, CDCl): 8 = 165.4 (2C), 145.7, 138.0, 124.8, 124.1, 83.8 (2C), 54.2, 28.0 ppm (6C); IR (film): V
= 1737, 1542, 1508, 1457, 1384, 1370, 1327, 1259, 1228, 1158, 1138 cm; HRMS (ESI-TOF)
calculated for [CisH2NOgSNa] ™ [M+Na]": 366.0982, found 366.0990.

Di-tert-butyl 2-(3-(/N-(methylsulfonyl)methylsulfonamido)thiophen-2-yl)malonate (28a)
and tert-butyl 2-(3-(IN-(methylsulfonyl)methylsulfonamido)thiophen-2-yl)acetate (28b)

\
_a=0
O’% O ,g:O
N~d' 0=%" "0
O//\ N\//\
(0] /
A e o
28a 28b

Thiophenes 28a and 28b were prepared from di-zer~-butyl 2-(3-nitrothiophen-2-yl)malonate 27
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(1.50 g, 4.37 mmol, 1.0 equiv.) and methanesulfonyl chloride (1.0 mI, 13.1 mmol, 3.0 equiv.) via
General Procedure A, and were obtained as an inseparable amorphous mixture (820 mg, ~6:1
(w/w) of 28a (33%) and 28b (8%)), which was used in the following step without further
purification.

28a:

Re ~0.35 (4:1 (v/v) cyclohexane-EtOAc); 'H NMR (400 MHz, 298 K, CDCls): 8 = 7.40 (dd, ] =
5.4,1.0 Hz, 1H), 6.98 (d, ] = 5.4 Hz, 1H), 4.90 (d, ] = 1.0 Hz, 1H), 3.44 (s, 6H), 1.47 ppm (s, 18H);
PC NMR (126 MHz, 298 K, CDCly): 8 = 165.4 (2C), 136.8, 128.4, 126.2, 126.0, 83.4 (2C), 53.8,
42.5 (2C), 27.9 ppm (6C); HRMS (ESI-TOF) calculated for [Ci7H»NOsS;Na]™ [M+Na]™:
492.0791, found 492.0791.

28b:

Re ~0.35 (4:1 (v/v) cyclohexane-EtOAc); '"H NMR (400 MHz, 298 K, CDCl;): § = 7.29 (d, ] =
5.4 Hz, 1H), 6.96 (d, ] = 5.4 Hz, 1H), 3.79 (s, 2H), 3.42 (s, 6H), 1.46 ppm (s, 9H); *C NMR (126
MHz, 298 K, CDCl): 8 = 168.5, 138.2, 127.7, 126.8, 124.3, 82.5, 42.7 (2C), 35.0, 28.1 ppm (3C);
HRMS (ESI-TOF) calculated for [C12H1oNO¢S3;Na]" [M+Na]": 392.0267, found 392.0267.

2-(3-(IN-(Methylsulfonyl)methylsulfonamido)thiophen-2-yl)acetic acid (29)

O~ OH

Thiophene 29 was synthesized according to a modified version of a reported procedure.” The
mixture of thiophenes 28a and 28b (814 mg) was dissolved in HCl (4 M in dioxane, 4.4 mL) at rt.
The reaction mixture was stirred at 70 °C for 14 h, then cooled to rt and diluted with water (30
mL) and EtOAc (20 mL). The resultant layers were separated, and the aqueous phase was extracted
with EtOAc (3 x 20 mL); the combined organic extracts were dried using MgSOy, filtered, then
concentrated 7 vacuo. The crude material was purified using flash column chromatography (40-
60% (v/v) EtOAc in cyclohexane, EtOAc was supplemented with 0.1% (v/v) formic acid) to
afford 29 as an off-white solid (504 mg, 89%).

MP: 128-130 °C; Rez ~0.30 (1:1 (v/v) cyclohexane-EtOAc + 0.1% formic acid); '"H NMR (500
MHz, 298 K, DMSO-d): 8 = 7.54 (d, ] = 5.4 Hz, 1H), 7.13 (d, ] = 5.4 Hz, 1H), 3.83 (s, 2H), 3.48
ppm (s, 6H); "C NMR (126 MHz, 298 K, DMSO-4y): 8 = 170.6, 137.9, 127.7, 127.3, 124.3, 42.6
(2C), 32.9 ppm; IR (film): ¥ = 3160, 1721, 1361, 1215, 1166, 1041 cm'; HRMS (ESI-TOF)
calculated for [CsHioNOeS;]” [M-H]: 311.9676, found 311.9683.
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2-(3-(Methylsulfonamido)thiophen-2-yl)acetic acid (30)

Hn

Thiophene 30 was prepared from 2-(3-(IN-(methylsulfonyl)methylsulfonamido)thiophen-2-
yDacetic acid 29 (734 mg, 2.34 mmol) e General Procedure B, and was obtained as a pale white
amorphous solid (515 mg, 93%).

Re ~0.35 (3:7 (v/v) cyclohexane-EtOAc = 0.1% formic acid); '"H NMR (400 MHz, 298 K,
acetone-dg): 8 = 8.16 (s, 1H), 7.37 (d, ] = 5.4 Hz, 1H), 7.11 (d, ] = 5.4 Hz, 1H), 3.97 (s, 2H), 2.96
ppm (s, 3H); *C NMR (126 MHz, 298 K, acetone-ds): 8 = 171.8, 133.7, 127.7, 126.1, 124.3, 39.7,
32.5 ppm; IR (film): ¥ = 3571, 3255, 1720, 1560, 1381, 1317, 1197, 1154, 1086, 1027 cm™'; HRMS
(ESI-TOF) calculated for [C;HsNO.S,|” [M-H]: 233.9900, found 233.9907.

4-(Methylsulfonyl)-4,6-dihydro-5 F-thieno[3,2-b] pytrol-5-one (8)

y-Lactam 8 was prepared from 2-(3-(methylsulfonamido)thiophen-2-yl)acetic acid 30 (510 mg, 2.17
mmol) via General Procedure C, and was obtained as a light pink solid (364 mg, 77%).

MP: 165-167 °C; Rg ~0.65 (2:3 (v/v) cyclohexane-EtOAc); '"H NMR (500 MHz, 298 K, CDCls):
8 =7.29 (dt, ] =5.3,1.0 Hz, 1H), 7.23 (d, ] = 5.3 Hz, 1H), 3.78 (d, ] = 1.0 Hz, 2H), 3.38 ppm (s,
3H); "C NMR (126 MHz, 298 K, CDCly): 8 = 175.7, 140.7, 127.2, 115.7, 115.4, 41.4, 36.7 ppmy;
IR (film): ¥ = 1745, 1451, 1349, 1288, 1257, 1193, 1162, 1086, 1057 cm'; HRMS (ESI-TOF)
calculated for [C-HsNOsS,]" [M+H]™: 217.9940, found 217.9947.

4-(2-Ethoxy-2-oxoethyl)thiophene-3-carboxylic acid (31)
o]
/_ o

o ) \
S

OH

Thiophene 31 was synthesized according to a modified version of a reported procedure.'
Anhydrous ethanol (15 mL) was added dropwise to sodium (300 mg, 13.0 mmol, 2.4 equiv.) at

0 °C. After stirring at 0 °C for 1 h, all of sodium was dissolved and ethyl acetoacetate (1.0 mlL,
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8.14 mmol, 1.5 equiv.) was added to the resultant solution. The mixture was then stirred at 0 °C
for 5 min, and 4-bromo-3-thiophenecarboxylic acid (1.12 g, 5.43 mmol, 1.0 equiv.) and copper(I)
bromide (156 mg, 1.09 mmol, 0.2 equiv.) were subsequently added at 0 °C. The reaction mixture
was refluxed overnight, then diluted with water (50 mL) at rt. The resultant suspension was filtered,
and the filtrate was acidified to pH ~ 3 using aqueous HCI (6 M). The solid residue was collected
via vacuum filtration, washed with water (2 x 10 mL), and dried to give 31 as a white solid (902 mg,
78%). The analytical data for 31 are consistent with those reported.”

MP: 158-160 °C; Re: ~0.35 (3:2 (v/v) cyclohexane-EtOAc + 0.1% formic acid); "H NMR (400
MHz, 298 K, acetone-d): 6 = 8.26 (d, ] = 3.4 Hz, 1H), 7.37 (dt, ] = 3.4, 1.0 Hz, 1H), 4.09 (q, ] =
7.0 Hz, 2H), 3.92 (d, ] = 1.0 Hz, 2H), 1.19 ppm (t, ] = 7.0 Hz, 3H); *C NMR (126 MHz, 298 K,
acetone-dg): 8 = 171.4,164.2, 136.7, 135.2, 133.0, 126.4, 60.8, 35.7, 14.5 ppm; IR (film): ¥ = 3492,
1726, 1674, 1467, 1299, 1192, 1160, 1033 cm™'; HRMS (ESI-TOF) calculated for [CoHoO4S]™ [M-
HJ: 213.0227, found 213.0235.

Ethyl 2-(4-((tert-butoxycarbonyl)amino)thiophen-3-yl)acetate (32)

/_O H O
g N\‘(\é
7\ o)

s

Thiophene 32 was synthesized according to a modified version of a reported procedure.'
Anhydrous triethylamine (0.46 mL, 3.27 mmol, 1.5 equiv.) and ethyl chloroformate (0.31 mL, 3.27
mmol, 1.5 equiv.) were added dropwise to a solution of 4-(2-ethoxy-2-oxoethyl)thiophene-3-
carboxylic acid 31 (467 mg, 2.18 mmol, 1.0 equiv.) in anhydrous acetone (20 mL) at 0 °C. After
stirring at 0 °C for 1 h, a solution of sodium azide (213 mg, 3.27 mmol, 1.5 equiv.) in water (0.74
ml) was added dropwise to the mixture at 0 °C. The reaction mixture was stirred at rt for 1 h,
then diluted with water (30 mL) and EtOAc (25 mL). The resultant layers were separated, and the
aqueous phase was extracted with EtOAc (3 x 20 mL); the combined organic extracts were dried
using MgSO,, filtered, then concentrated iz vacuo. The tresidue was redissolved in a 1:1 (v/v)
mixture of zrz-butanol and toluene (58 mL) and the mixture was stirred at 80 °C overnight, then
concentrated 7 vacuo. The crude material was purified using flash column chromatography (10-
20% (v/v) EtOAc in cyclohexane) to afford 32 as a yellow oil (374 mg, 60%). The analytical data
for 32 are consistent with those reported.”

Re ~0.50 (7:3 (v/v) cyclohexane-EtOAc); 'H NMR (500 MHz, 298 K, DMSO-dy): 8 = 8.74 (s,
1H), 7.29 (s, 1H), 7.23 (d, ] = 1.0 Hz, 1H), 4.07 (q, ] = 7.0 Hz, 2H), 3.66 (br s, 2H), 1.46 (s, 9H),
1.19 ppm (t, ] = 7.0 Hz, 3H); "C NMR (126 MHz, 298 K, DMSO-d,): 5 = 170.6, 153.3, 135.6,
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1282, 122.7, 111.2, 79.0, 60.2, 33.0, 28.1 (3C), 14.0 ppm; IR (film): ¥ = 3377, 1729, 1537, 1369,
1319, 1249, 1164, 1046, 1021 cm; HRMS (ESI-TOF) calculated for [CisHaNO.S|]" [M+H]*:
286.1108.

Ethyl 2-(4-aminothiophen-3-yl)acetate hydrochloride (33)
/—O
NH,-HCI

0]

a
s

Thiophene 33 was synthesized according to a reported procedure.” HCI (4 M in dioxane, 3.7 mL)
was added dropwise to a solution of ethyl 2-(4-((#er~-butoxycarbonyl)amino)thiophen-3-yl)acetate
32 (600 mg, 2.10 mmol) in anhydrous dioxane (5.5 mL) at rt. After stirring at rt for 24 h, diethyl
ether (23 mlL) was added to the reaction mixture, which was then stirred at rt for 1 h. The resultant
solid residue was subsequently collected »iz vacuum filtration, washed with diethyl ether (2 x 10
ml), and dried to afford the desired product 33 as a white amorphous solid (223 mg, 48%). The
analytical data for 33 were consistent with those reported.”

Re ~0.10 (3/7 (v/v) methanol in CH2Cly); '"H NMR (400 MHz, 298 K, DMSO-d): & = 10.05 (s,
2H), 7.48 (dt, ] = 3.5, 1.0 Hz, 1H), 7.45 (t, ] = 3.5 Hz, 1H), 412 (q, ] = 7.0 Hz, 2H), 3.76 (d, ] =
1.0 Hz, 2H), 1.22 ppm (t, ] = 7.0 Hz, 3H); "C NMR (126 MHz, 298 K, DMSO-4,): § = 170.1,
128.6, 126.0, 119.1, 60.7, 32.4, 14.1 ppm; IR (film): V = 2932, 1725, 1374, 1267, 1164, 1045, 1026
cm’'; HRMS (ESI-TOF) calculated for [CsHi.NO.S]* [M-CI]*: 186.0583, found 186.0589.

2-(4-(Methylsulfonamido)thiophen-3-yl)acetic acid (34)
HO

Thiophene 34 was synthesized according to a modified version of the reported procedures.>’
Anhydrous triethylamine (0.95 mL, 6.82 mmol, 3.5 equiv.) and 4-(dimethylamino)pyridine (23.8
mg, 0.195 mmol, 0.1 equiv.)) were added to a solution of ethyl 2-(4-aminothiophen-3-yl)acetate
hydrochloride 33 (432 mg, 1.95 mmol, 1.0 equiv.) in anhydrous CH,Cl, (15 mL) at rt. After stirring
at rt for 15 min, methanesulfonyl chloride (0.45 mL, 5.84 mmol, 3.0 equiv.) was added dropwise
to the mixture at 0 °C. The reaction mixture was stirred at rt overnight, then saturated aqueous
NH,CI (10 mL) was added. The resultant layers were separated, and the aqueous phase was
extracted with CH,Clz (3 x 10 mL); the combined organic extracts were dried using MgSOy, filtered,

then concentrated 7z vacuno. The residue was redissolved in a 2:1:1 (v/v) mixture of THF, water and
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ethanol (15 mlL), and LiOH monohydrate (409 mg, 9.75 mmol, 5.0 equiv.) was added to the
resultant solution at rt. The reaction mixture was stirred at rt for 2 h, then acidified to pH ~ 2
using aqueous HCI (4 M) at 0 °C. EtOAc (20 mL) was added, and the layers were separated. The
aqueous phase was extracted with EtOAc (3 x 15 mL); the combined organic extracts were dried
using MgSQO,, filtered, then concentrated iz vacno. The crude material was purified using flash
column chromatography (30-45% (v/v) EtOAc in cyclohexane, EtOAc was supplemented with
0.1% (v/v) formic acid) to afford 34 as a yellow solid (317 mg, 69%).

MP: 133-135 °C; Re ~0.20 (1:1 (v/v) cyclohexane-EtOAc + 0.1% formic acid); '"H NMR (400
MHz, 298 K, acetone-d): 6 = 7.38 (dt, ] = 3.4, 1.0 Hz, 1H), 7.33 (d, ] = 3.4 Hz, 1H), 3.77 (d, ] =
1.0 Hz, 2H), 2.99 ppm (s, 3H); *C NMR (126 MHz, 298 K, acetone-dy): & = 172.8, 135.7, 131.1,
124.5,116.2, 39.2, 33.8 ppm; IR (film): V = 3578, 3263, 1717, 1464, 1412, 1364, 1317, 1201, 1154
cm’; HRMS (ESI-TOF) calculated for [C-HsNO.S;|” [M-H]: 233.9900, found 233.9906.

1-(Methylsulfonyl)-1H-thieno[3,4-b] pyrrol-2(3 H)-one (9)

y-Lactam 9 was prepared from 2-(4-(methylsulfonamido)thiophen-3-yl)acetic acid 34 (314 mg, 1.33
mmol) via General Procedure C, and was obtained as a yellow solid (262 mg, 90%).

MP: 172-174 °C; R ~0.50 (1:1 (v/v) cyclohexane-EtOAc); 'H NMR (500 MHz, 298 K, CDCls):
8 =7.08 (dt, ] = 2.5,1.5 Hz, 1H), 7.01 (d, ] = 2.5 Hz, 1H), 3.62 (d, ] = 1.5 Hz, 2H), 3.39 ppm (s,
3H); "C NMR (126 MHz, 298 K, CDCly): 8 = 175.4, 137.0, 125.0, 118.5, 103.1, 41.3, 34.8 ppm;
IR (film): ¥ = 1742, 1504, 1396, 1350, 1223, 1180, 1165, 1133, 1101 cm’'; HRMS (ESI-TOF)
calculated for [C-H,NO3S,Na]" [M+Na]": 239.9760, found 239.9767.

1H-Thieno[3,4-d]imidazol-2(3 H)-one (35)
O

HN’!{

a
s

NH

Thiophene 35 was synthesized according to a reported procedure.”” Urea (379 mg, 6.31 mmol, 1.2
equiv.) was added to a solution of thiophene-3,4-diamine (600 mg, 5.26 mmol, 1.0 equiv.) in 1-
pentanol (26 mL) at rt. The reaction mixture was refluxed for 5 h, then concentrated iz vacuo. The

crude material was purified using flash column chromatography (80-100% (v/v) EtOAc in
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cyclohexane using normal phase silica gel, followed by 5-15% (v/v) CH3;CN in water supplemented
with 0.1% (v/v) formic acid using reversed-phase silica gel) to afford 35 as a yellow solid (245 mg,
33%). The analytical data for 35 are consistent with those reported."’

MP: 148-152 °C; R ~0.20 (2:3 (v/v) cyclohexane-EtOAc); "H NMR (400 MHz, 298 K, DMSO-
dg): 8 = 10.30 (s, 2H), 6.43 ppm (s, 2H); *C NMR (126 MHz, 298 K, DMSO-d): § = 160.3, 132.1
(2C), 93.1 ppm (2C); IR (film): ¥ = 3139, 3014, 1712, 1560, 1439, 1348, 1156, 1006 cm™'; HRMS
(ESI-TOF) calculated for [CsHsN,OS]" [M+H]™: 141.0117, found 141.0126.

1-(Methylsulfonyl)-1 H-thieno[3,4-d]imidazol-2(3 H)-one and 1,3-bis(methylsulfonyl)-1H-
thieno[3,4-d]imidazol-2(3 H)-one (36 and 10)

O O o
A7
(0] S 0]
HN//< SnA
N-8— O N N-s—
I I
S S
36 10

Thiophenes 36 and 10 were synthesized according to a modified version of a reported procedure.™
Sodium hydride (60% dispersion in mineral oil, 25.7 mg, 0.642 mmol, 1.5 equiv.) was added to a
solution of 1H-thieno[3,4-d|imidazol-2(3H)-one 35 (60.0 mg, 0.428 mmol, 1.0 equiv.) in anhydrous
DMF (1.0 mL) at rt. After stirring at rt for 40 min, methanesulfonyl chloride (0.05 mL, 0.642 mmol,
1.5 equiv.) was added dropwise to the resultant mixture. The reaction mixture was stirred at rt for
16 h, then saturated aqueous NH4Cl (10 mL) and EtOAc (5.0 mL) were added. The resultant layers
were separated, and the aqueous phase was extracted with EtOAc (3 x 5.0 mL); the combined
organic extracts were washed with an excess of brine, dried using MgSO., filtered, then
concentrated 7 vacno. The crude material was purified using flash column chromatography (30-
60% (v/v) EtOAc in cyclohexane using normal phase silica gel, followed by 10-50% (v/v) CH;CN
in water supplemented with 0.1% (v/v) formic acid using reversed-phase silica gel) to afford 36
(11.0 mg, 12%) and 10 (32.0 mg, 25%) as white solids.

36:

MP: 174-176 °C; Re: ~0.35 (2:3 (v/v) cyclohexane-EtOAc); 'H NMR (500 MHz, 298 K, DMSO-
dg): & = 11.40 (s, 1H), 6.96 (d, ] = 2.5 Hz, 1H), 6.77 (d, ] = 2.5 Hz, 1H), 3.53 ppm (s, 3H); ®C
NMR (126 MHz, 298 K, DMSO-d,): 8 = 154.6, 128.8, 126.8, 100.9, 96.4, 40.7 ppm; IR (film): V
= 3180, 1731, 1435, 1363, 1304, 1175, 1155, 1049 cm”; HRMS (ESI-TOF) calculated for
[CsH7N205S2]" [M+H]"™: 218.9893, found 218.9898.

10:

S14



MP: 181-184 °C; Re: ~0.50 (2:3 (v/v) cyclohexane-EtOAc); 'H NMR (400 MHz, 298 K, DMSO-
d): & = 7.16 (s, 2H), 3.63 ppm (s, 6H); “C NMR (126 MHz, 298 K, DMSO-d): 8 = 149.9, 124.5
(20), 1025 (2C), 40.9 ppm (2C); IR (film): ¥ = 1744, 1375, 1358, 1272, 1183, 1171, 1126, 1021
cm’; HRMS (ESI-TOF) calculated for [C;HoN2OsS5]" [M+H]*: 296.9668, found 296.9660.

1-(Methylsulfonyl)indolin-2-one (11)

(L

\
-0
-S=
073

To a solution of 2-(2-(methylsulfonamido)phenyl)acetic acid (1.0 g, 4.45 mmol, 1.0 equiv.) in
CH>Cl, (50 mL) were added sequentially DIPEA (1.55 mL, 8.90 mmol, 2.0 equiv:) and HATU (2.0
g, 5.3 mmol, 1.2 equiv.); the reaction mixture was then stirred at rt for 16 h, before being diluted
with saturated aqueous NH4Cl (50 mL), water (50 mL), and CH,Cl, (100 mL). The resultant layers
were separated, and the aqueous phase was extracted with CH>Cl, (100 mL). The combined
organic extracts were washed with brine (200 mL), dried using Na,SOy, filtered; then concentrated
in vacuo. The crude material was purified using flash column chromatography (0-50% (v/v) EtOAc
in cyclohexane) to afford 11 as a pale pink solid (586 mg, 60%). The analytical data for 11 are
consistent with those reported.*

Re: ~0.30 (3:10 (v/v) cyclohexane-EtOAc); "H NMR (300 MHz, 298 K, CDCls): 8 = 7.76 (d, ] =
8.2 Hz, 1H), 7.34 — 7.26 (m, 2H), 7.17 (t, ] = 7.2 Hz, 1H), 3.71 (s, 2H), 3.42 ppm (s, 3H); "C NMR
(100 MHz, 298 K, CDCly): 6 = 174.0, 140.4, 128.7, 125.0, 124.9, 123.1, 113.9, 41.8, 36.3 ppm; IR
(film): V = 3014, 2930, 1743, 1613, 1476, 1464, 1356, 1332, 1301, 1235, 1200, 1170, 11406, 1087,
1031 cm™; HRMS (ESI-TOF) calculated for [CoHoNO5S]* [M+H]": 211.0303, found 211.0306.

rac-Ethyl 2-(2-nitrothiophen-3-yl)propanoate (14a)

Thiophene 14a was prepared from ethyl 2-(2-nitrothiophen-3-yl)acetate 13 (435 mg, 2.02 mmol,
1.0 equiv.) and iodomethane (0.14 mL, 2.22 mmol, 1.1 equiv.) #za General Procedure D, and was
obtained as a pale white solid (354 mg, 76%).

MP: 69-71 °C; Re ~0.40 (4:1 (v/v) cyclohexane-EtOAc); '"H NMR (500 MHz, 298 K, CDCl): &
=7.46 (d, ] = 5.5 Hz, 1H), 7.08 (d, ] = 5.5 Hz, 1H), 4.69 (q, ] = 7.5 Hz, 1H), 4.16 (q, ] = 7.0 Hz,
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2H), 1.56 (d, ] = 7.5 Hz, 3H), 1.23 ppm (t, ] = 7.0 Hz, 3H); ®*C NMR (126 MHz, 298 K, CDCL):
8 = 172.7, 147.6, 143.0, 130.6, 128.6, 61.5, 39.5, 17.6, 14.2 ppm; IR (film): ¥ = 1736, 1542, 1501,
1393, 1338, 1190, 1072, 1024 cm; HRMS (ESI-TOF) calculated for [CoHpNOLS]T [M+H]™:
230.0482, found 230.0481.

rac-Ethyl 2-(2-nitrothiophen-3-yl)pentanoate (14b)

o/
0
/ s\ NO,

Thiophene 14b was prepared from ethyl 2-(2-nitrothiophen-3-yl)acetate 13 (1.00 g, 4.65 mmol, 1.0
equiv.) and iodopropane (0.50 mL, 5.12 mmol, 1.1 equiv.) »iz General Procedure D, and was
obtained as a yellow amorphous solid (620 mg, 52%).

R¢: ~0.55 (4:1 (v/v) cyclohexane-EtOAc); '"H NMR (400 MHz, 298 K, CDCly): 8 = 7.44 (d, | =
5.7 Hz, 1H), 7.15 (d, ] = 5.7 Hz, 1H), 475 (t, ] = 7.5 Hz, 1H), 4.22 — 4.12 (m, 2H), 2.07 (dddd, J
=13.0,9.5,7.5, 6.0 Hz, 1H), 1.79 (dddd, ] = 13.5, 9.5, 7.5, 6.0 Hz, 1H), 1.49 — 1.26 (m, 2H), 1.24
(t, ] = 7.0 Hz, 3H), 0.93 ppm (t, ] = 7.5 Hz, 3H); “C NMR (126 MHz, 298 K, CDCls): 8 = 172.4,
147.9, 141.9, 130.4, 128.9, 61.4, 44.4, 35.2, 20.9, 14.3, 13.9 ppm; IR (film): ¥ = 1736, 1542, 1504,
1466, 1400, 1337, 1237, 1185, 1103, 1032 cm™'; HRMS (ESI-TOF) calculated for [Ci1H1sNO,S]*
[M+H]": 258.0795, found 258.0798.

rac-Ethyl 3-methyl-2-(2-nitrothiophen-3-yl)butanoate (14c)

/o
O

R

&~ TNO;

Thiophene 14¢ was prepared from ethyl 2-(2-nitrothiophen-3-yl)acetate 13 (450 mg, 2.09 mmol,
1.0 equiv.) and 2-iodopropane (0.23 mL, 2.30 mmol, 1.1 equiv.) »iz General Procedure D, and was
obtained as a yellow amorphous solid (418 mg, 78%).

Re ~0.55 (4:1 (v/v) cyclohexane-EtOAc); 'H NMR (500 MHz, 298 K, CDCls): 8 = 7.44 (d, ] =
5.6 Hz, 1H), 7.29 (d, ] = 5.6 Hz, 1H), 4.66 (d, J = 9.5 Hz, 1H), 4.21 — 4.05 (m, 2H), 2.31 (dhept, |
=9.5,0.5Hz, 1H), 1.22 (t, ] = 7.0 Hz, 3H), 1.04 (d, ] = 6.5 Hz, 3H), 0.80 ppm (d, ] = 7.0 Hz, 3H);
PC NMR (126 MHz, 298 K, CDCly): 8 = 172.1, 148.5, 140.8, 130.2, 129.2, 61.2, 50.9, 33.1, 20.9,
20.0, 14.2 ppm; IR (film): 7 = 1733, 1540, 1504, 1402, 1332, 1244, 1187, 1122, 1032 cm™'; HRMS
(ESI-TOF) calculated for [CiiHiNO,S]" [M+H]": 258.0795, found 258.0802.
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rac-Ethyl 2-(2-nitrothiophen-3-yl)-3-phenylpropanoate (14d)

Oy ¢

v,

S
Thiophene 14d was prepared from ethyl 2-(2-nitrothiophen-3-yl)acetate 13 (1.00 g, 4.65 mmol, 1.0
equiv.) and benzyl bromide (0.61 ml, 5.12 mmol, 1.1 equiv.) vz General Procedure D, and was
obtained as a yellow amorphous solid (1.33 g, 94%).
Re ~0.50 (9:1 (v/v) cyclohexane-EtOAc); '"H NMR (400 MHz, 298 K, CDCly): § = 7.42 (d, | =
5.5 Hz, 1H), 7.25 - 7.22 (m, 2H), 7.21 — 7.18 (m, 1H), 7.17 — 7.12 (m, 3H), 5.03 (t, ] = 7.5 Hz, 1H),
411 (qd, ] = 7.0, 2.0 Hz, 2H), 3.41 — 3.33 (m, 1H), 3.14 — 3.06 (m, 1H), 1.14 ppm (t, ] = 7.0 Hz,
3H); "C NMR (126 MHz, 298 K, CDCly): 8 = 171.7, 148.0, 140.9, 137.8, 130.4, 129.1, 129.1 (2C),
128.6 (20), 1206.9, 61.5, 46.6, 39.1, 14.2 ppm; IR (film): ¥ = 1736, 1541, 1503, 1400, 1336, 1199,
1164, 1033 cm™; HRMS (ESI-TOF) calculated for [CisHisNO4SNa]" [M+Na]*: 328.0614, found
328.0614.

rac-Ethyl 4-cyano-2-(2-nitrothiophen-3-yl)butanoate (14e)

Thiophene 14e was synthesized according to a modified version of a reported procedure.' 1,1,3,3-
Tetramethylguanidine (0.12 mL, 0.930 mmol, 0.2 equiv.) was added dropwise to a solution of ethyl
2-(2-nitrothiophen-3-yl)acetate 13 (1.00 g, 4.65 mmol, 1.0 equiv.) in anhydrous THF (23 mL) at rt.
After stirring at rt for 1 h, acrylonitrile (0.46 mL, 6.98 mmol, 1.5 equiv.) was added dropwise to
the solution. The reaction mixture was stirred at rt overnight, then saturated aqueous NH,CI (15
ml) and EtOAc (30 mL) were added. The resultant layers were separated, and the aqueous phase
was extracted with EtOAc (3 x 15 mL); the combined organic extracts were dried using MgSOy,
filtered, then concentrated 7z vacuo. The crude material was purified using flash column
chromatography (30-50% (v/v) EtOAc in cyclohexane) to afford 14e as a yellow amorphous solid
(687 mg, 55%).

R¢: ~0.30 (7:3 (v/v) cyclohexane-EtOAc); '"H NMR (400 MHz, 298 K, CDCly): 8 = 7.52 (d, | =
5.5Hz, 1H), 7.07 (d, ] = 5.5 Hz, 1H), 4.73 (t, ] = 7.0 Hz, 1H), 4.19 (q, ] = 7.0 Hz, 2H), 2.57 — 2.39
(m, 3H), 2.23 — 2.12 (m, 1H), 1.23 ppm (t, ] = 7.0 Hz, 3H); *C NMR (126 MHz, 298 K, CDCly):
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8 =170.7, 148.5,139.2, 131.2, 128.8, 118.5, 62.1, 43.7, 28.1, 15.7, 14.2 ppm; IR (film): ¥ = 3111,
2248, 1735, 1542, 1503, 1401, 1338, 1234, 1196, 1023 cm’; HRMS (ESI-TOF) calculated for
[C1H12N,O,SNa] " [M+Na]": 291.0410, found 291.0419.

rac-Ethyl 2-(2-nitrothiophen-3-yl)pent-4-enoate (14f)

N o/
o)
/ s\ NO,

Thiophene 14f was prepared from ethyl 2-(2-nitrothiophen-3-yl)acetate 13 (450 mg, 2.09 mmol,
1.0 equiv.) and allyl bromide (0.20 mL, 2.30 mmol, 1.1 equiv.) zza General Procedure D, and was
obtained as a pale yellow solid (356 mg, 67%).

MP: 58-60 °C; Re: ~0.45 (4:1 (v/v) cyclohexane-EtOAc); '"H NMR (400 MHz, 298 K, CDCly): &
=745 (d, ] =5.6Hz, 1H), 7.14 (d, ] = 5.6 Hz, 1H), 5.75 (ddt, /] = 17.0, 10.0, 7.0 Hz, 1H), 5.09 —
4.99 (m, 2H), 4.83 (t, ] = 7.5 Hz, 1H), 4.23 — 4.11 (m, 2H), 2.83 (dtt, ] = 14.0, 7.0, 1.5 Hz, 1H),
2.63 —2.55 (m, 1H), 1.24 ppm (t, ] = 7.0 Hz, 3H); "C NMR (126 MHz, 298 K, CDCls): § = 171.7,
148.1,141.0, 134.2,130.4, 129.0, 118.1, 61.5, 44.5, 37.0, 14.3 ppm; IR (film): ¥ = 17306, 1643, 1542,
1504, 1400, 1338, 1277, 1187, 1121, 1033 cm™'; HRMS (ESI-TOF) calculated for [C11H1NO.S]*
[M+H]": 256.0638, found 256.0640.

rac-Ethyl 2-(2-(N-(methylsulfonyl)methylsulfonamido)thiophen-3-yl)propanoate (37a)

Thiophene 37a was prepared from ethyl 2-(2-nitrothiophen-3-yl)propanoate 14a (1.13 g, 4.93
mmol, 1.0 equiv.) and methanesulfonyl chloride (1.1 mL, 14.8 mmol, 3.0 equiv.) »iz General
Procedure A, and was obtained as a brown solid (406 mg, 23%).

MP: 110-112 °C; Re: ~0.50 (7:3 (v/v) cyclohexane-EtOAc); '"H NMR (400 MHz, 298 K, CDCls):
8=737(d,J=58Hz 1H),7.14 (d, ] = 5.8 Hz, 1H), 4.13 (q, ] = 7.0 Hz, 2H), 3.84 (q, ] = 7.0 Hz,
1H), 3.60 (s, 3H), 3.42 (s, 3H), 1.50 (d, ] = 7.0 Hz, 3H), 1.21 ppm (t, ] = 7.0 Hz, 3H); *C NMR
(126 MHz, 298 K, CDCly): 6 = 172.9, 143.1, 128.3, 127.6, 126.2, 61.5, 43.0, 41.9, 39.3, 18.1, 14.2
ppm; IR (film): ¥ = 1736, 1420, 1374, 1324, 1207, 1167, 1099, 1077 cm™; HRMS (ESI-TOF)
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calculated for [C11HisNOgSs]" [M+H]™: 356.0291, found 356.0292.

rac-Ethyl 2-(2-(N-(methylsulfonyl)methylsulfonamido)thiophen-3-yl)pentanoate (37b)

Thiophene 37b was prepared from ethyl 2-(2-nitrothiophen-3-yl)pentanoate 14b (2.70 g, 10.5
mmol, 1.0 equiv.) and methanesulfonyl chloride (2.4 mL, 31.5 mmol, 3.0 equiv.) »iz General
Procedure A, and was obtained as a yellow solid (868 mg, 22%).

MP: 102-105 °C; R ~0.55 (7:3 (v/v) cyclohexane-EtOAc); '"H NMR (500 MHz, 298 K, CDCls):
8 =736(d,]=59Hz 1H),7.18 (d, ] = 5.9 Hz, 1H), 4.13 (q, ] = 7.0 Hz, 2H), 3.71 (dd, ] = 10.0,
5.5 Hz, 1H), 3.62 (s, 3H), 3.43 (s, 3H), 2.07 (dtd, ] = 13.5, 10.0, 5.0 Hz, 1H), 1.76 — 1.67 (m, 1H),
1.46 — 1.29 (m, 2H), 1.22 (t, ] = 7.0 Hz, 3H), 0.94 ppm (t, ] = 7.5 Hz, 3H); "C NMR (126 MHz,
298 K, CDCly): 8 = 172.5, 142.2, 128.4, 127.3, 126.7, 61.4, 45.1, 43.0, 42.0, 35.4, 21.2, 14.2, 13.9
ppm; IR (film): ¥ = 1734, 1419, 1374, 1326, 1242, 1170, 1101, 1030 cm™'; HRMS (ESI-TOF)
calculated for [CisH2NOGS;]" [M+H]": 384.0604, found 384.0604.

rac-Ethyl 3-methyl-2-(2-(IV-(methylsulfonyl)methylsulfonamido)thiophen-3-yl)butanoate
(37¢)

Thiophene 37c¢ was prepared from ethyl 3-methyl-2-(2-nitrothiophen-3-yl)butanoate 14¢ (2.90 g,
11.3 mmol, 1.0 equiv.) and methanesulfonyl chloride (2.6 mL, 33.9 mmol, 3.0 equiv.) »iz General
Procedure A, and was obtained as a light brown solid (742 mg, 17%).

MP: 97-99 °C; Rz ~0.55 (7:3 (v/v) cyclohexane-EtOAc); 'H NMR (500 MHz, 298 K, CDCly): &
=7.37(d,] =59 Hz, 1H),7.21 (d, ] = 5.9 Hz, 1H), 4.12 (q, ] = 7.0 Hz, 2H), 3.66 (s, 3H), 3.46 (s,
3H), 3.36 (d, ] = 10.5 Hz, 1H), 2.43 (dp, ] = 10.5, 6.5 Hz, 1H), 1.22 (t, ] = 7.0 Hz, 3H), 1.06 (d, |
= 6.5 Hz, 3H), 0.82 ppm (d, ] = 7.0 Hz, 3H); "C NMR (126 MHz, 298 K, CDCly): § = 172.2,
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141.5,129.3, 127.1, 126.8, 61.2, 52.9, 43.2, 41.8, 32.2, 21.3, 20.5, 14.2 ppm; IR (film): ¥ = 1731,
1420, 1374, 1325, 1243, 1200, 1167, 1123, 1097, 1032 cm™; HRMS (ESI-TOF) calculated for
[CisHuNOGSs|" [M+H]": 384.0604, found 384.0615.

rac-Ethyl 2-(2-(N-(methylsulfonyl)methylsulfonamido)thiophen-3-yl)-3-
phenylpropanoate (37d)

Thiophene 37d was prepared from ethyl 2-(2-nitrothiophen-3-yl)-3-phenylpropanoate 14d (1.30 g,
4.26 mmol, 1.0 equiv.) and methanesulfonyl chloride (0.99 mL, 12.8 mmol, 3.0 equiv.) iz General
Procedure A, and was obtained as a light orange solid (558 mg, 30%).

MP: 108-110 °C; Re: ~0.40 (9:1 (v/v) cyclohexane-EtOAc); '"H NMR (400 MHz, 298 K, CDCls):
8 =742, ] =59 Hz 1H), 7.32 — 7.20 (m, 6H), 4.04 (qd, ] = 7.0, 3.0 Hz, 2H), 3.96 — 3.90 (m,
1H), 3.56 (s, 3H), 3.37 (s, 3H), 3.34 — 3.28 (m, 1H), 3.04 (dd, /] = 13.5, 4.0 Hz, 1H), 1.11 ppm (t, ]
= 7.0 Hz, 3H); ®C NMR (126 MHz, 298 K, CDCl;): 8 = 171.6, 141.5, 138.9, 129.2 (2C), 128.7
(20), 128.6, 127.7, 126.9, 126.5, 61.4, 47.9, 43.0, 41.9, 39.2, 14.1 ppm; IR (film): ¥ = 1736, 1375,
1325, 1259, 1208, 1169, 1039 cm™; HRMS (ESI-TOF) calculated for [Ci7HNOGSs]" [M+H]™:
432.0604, found 432.06006.

rac-Ethyl 4-cyano-2-(2-(IV-(methylsulfonyl)methylsulfonamido)thiophen-3-yl)butanoate
(37e)

Thiophene 37e was prepared from ethyl 4-cyano-2-(2-nitrothiophen-3-yl)butanoate 14e (735 mg,
2.74 mmol, 1.0 equiv.) and methanesulfonyl chloride (0.64 mL, 8.22 mmol, 3.0 equiv.) #za General
Procedure A, and was obtained as a yellow solid (270 mg, 25%).

MP: 131-133 °C; Rt ~0.45 (7:3 (v/v) cyclohexane-EtOAc); 'H NMR (500 MHz, 298 K, CDCls):
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8 =743 (d, ] =59 Hz, 1H), 7.10 (d, ] = 5.9 Hz, 1H), 4.16 (qd, J = 7.0, 1.0 Hz, 2H), 3.83 — 3.79
(m, 1H), 3.62 (s, 3H), 3.46 (s, 3H), 2.46 — 2.32 (m, 3H), 2.23 — 2.15 (m, 1H), 1.23 ppm (t, ] = 7.0
Hz, 3H); ®C NMR (126 MHz, 298 K, CDCLy): 8 = 170.9, 139.7, 129.9, 128.1, 125.7, 118.9, 62.1,
43.8, 43.1, 41.9, 28.4, 15.6, 14.1 ppm; IR (film): ¥ = 2250, 1734, 1422, 1374, 1325, 1232, 1217,
1167, 1098, 1043 cm™; HRMS (ESI-TOF) calculated for [CisHisNoO¢Ss|* [M+H]": 395.0400,
found 395.0410.

rac-Ethyl 2-(2-(N-(methylsulfonyl)methylsulfonamido)thiophen-3-yl)pent-4-enoate (37f)

Thiophene 37f was prepared from ethyl 2-(2-nitrothiophen-3-yl)pent-4-enoate 14f (354 mg, 1.39
mmol, 1.0 equiv.) and methanesulfonyl chloride (0.32 mL, 4.17 mmol, 3.0 equiv.) zia General
Procedure A, and was obtained as a yellow amorphous solid (52.0 mg, 10%).

Re ~0.50 (3:2 (v/v) cyclohexane-EtOAc); '"H NMR (400 MHz, 298 K, CDCl;): § = 7.38 (d, ] =
5.9 Hz, 1H), 7.19 (d, ] = 5.9 Hz, 1H), 5.79 (dddd, | = 16.5, 10.0, 7.5, 6.5 Hz, 1H), 5.19 — 5.02 (m,
2H), 4.14 (q, ] = 7.0 Hz, 2H), 3.77 (dd, ] = 10.0, 5.0 Hz, 1H), 3.60 (s, 3H), 3.43 (s, 3H), 2.80 (dddt,
J=14.0,10.0, 7.5, 1.0 Hz, 1H), 2.50 (dddt, ] = 14.0, 6.5, 5.0, 1.5 Hz, 1H), 1.22 ppm (t, /] = 7.0 Hz,
3H); ®*C NMR (126 MHz, 298 K, CDCly): 6 = 171.7, 141.4, 134.8, 128.7, 127.4, 126.6, 117.8, 61.5,
45.2, 43.0, 42.0, 37.3, 14.2 ppm; IR (film): ¥ = 1736, 1420, 1374, 1324, 1237, 1168 cm™; HRMS
(ESI-TOF) calculated for [C13H2NOeS3]" [M+H]": 382.0447, found 382.0451.

rac-2-(2-(Methylsulfonamido)thiophen-3-yl)propanoic acid (15a)

OH

Thiophene 15a was prepared from ethyl 2-(2-(IN-(methylsulfonyl)methylsulfonamido)thiophen-3-
yl)propanoate 37a (20.0 mg, 0.056 mmol) »za General Procedure B, and was obtained as a yellow
amorphous solid (12.5 mg, 89%).

Re ~0.30 (7:3 (v/v) cyclohexane-EtOAc + 0.1% formic acid); 'H NMR (400 MHz, 298 K,
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acetone-ds): 8 = 8.10 (s, 1H), 7.29 (d, ] = 5.8 Hz, 1H), 7.02 (d, ] = 5.8 Hz, 1H), 4.10 (q, ] = 7.0 Hz,
1H), 3.08 (s, 3H), 1.42 ppm (d, ] = 7.0 Hz, 3H); ®C NMR (126 MHz, 298 K, acetone-d): & =
175.0, 138.3, 133.7, 126.4, 123.9, 39.7, 38.4, 18.6 ppm; IR (film): ¥ = 3581, 3234, 1710, 1435, 1406,
1324, 1237, 1210, 1150, 1098 cm™; HRMS (ESI-TOF) calculated for [CsHiNO.S;|” [M-H]"
248.0057, found 248.0066.

rac-2-(2-(Methylsulfonamido)thiophen-3-yl)pentanoic acid (15b)
OH

7\ o
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Thiophene 15b was prepared from ethyl 2-(2-(IN-(methylsulfonyl)methylsulfonamido)thiophen-3-
yl)pentanoate 37b (770 mg, 2.01 mmol) »iz General Procedure B, and was obtained as a yellow
amorphous solid (486 mg, 87%).
Re ~0.40 (3:2 (v/v) cyclohexane-EtOAc + 0.1% formic acid); '"H NMR (400 MHz, 298 K,
acetone-dg): 8 = 8.55 (s, 1H), 7.29 (d, ] = 5.8 Hz, 1H), 7.04 (d, ] = 5.8 Hz, 1H), 3.99 (dd, ] = 8.5,
7.0 Hz, 1H), 3.08 (s, 3H), 2.03 — 1.95 (m, 1H), 1.69 (dddd, ] = 13.0, 10.0, 7.0, 5.5 Hz, 1H), 1.46 —
1.20 (m, 2H), 0.90 ppm (t, ] = 7.5 Hz, 3H); "C NMR (126 MHz, 298 K, acetone-dy): 8 = 174.5,
136.8, 134.2, 126.6, 123.7, 44.2, 39.8, 36.1, 21.4, 14.2 ppm; IR (film): V = 3574, 3241, 1708, 15506,
1437, 1404, 1328, 1245, 1197, 1152, 1104 cm™'; HRMS (ESI-TOF) calculated for [CioH1sNO.S2]*
[M+H]": 278.0515, found 278.0516.

rac-3-Methyl-2-(2-(methylsulfonamido)thiophen-3-yl)butanoic acid (15c)

Thiophen 15¢ was prepared from ethyl 3-methyl-2-(2-(IN-
(methylsulfonyl)methylsulfonamido)thiophen-3-yl)butanoate 37c (660 mg, 1.72 mmol) viz General
Procedure B, and was obtained as a yellow amorphous solid (367 mg, 77%).

Re ~0.40 (3:2 (v/v) cyclohexane-EtOAc + 0.1% formic acid); 'H NMR (500 MHz, 298 K,
acetone-dy): & = 8.48 (s, 1H), 7.28 (d, ] = 5.8 Hz, 1H), 7.06 (d, ] = 5.8 Hz, 1H), 3.66 (d, ] = 10.5
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Hz, 1H), 3.08 (s, 3H), 2.37 — 2.25 (m, 1H), 1.06 (d, ] = 6.5 Hz, 3H), 0.75 ppm (d, ] = 7.0 Hz, 3H);
C NMR (126 MHz, 298 K, acetone-ds): 8 = 174.3, 135.1, 135.0, 126.8, 123.5, 52.1, 40.0, 32.3,
21.5,20.2 ppm; IR (film): ¥ = 3541, 3229, 1704, 1553, 1466, 1402, 1326, 1261, 1152, 1033 cm’;
HRMS (ESI-TOF) calculated for [CioHiNO.S,]" [M+H]": 278.0515, found 278.0524.

rac-2-(2-(Methylsulfonamido)thiophen-3-yl)-3-phenylpropanoic acid (15d)

Thiophene 15d was prepared from ethyl 2-(2-(IN-(methylsulfonyl)methylsulfonamido)thiophen-3-
yl)-3-phenylpropanoate 37d (558 mg, 1.29 mmol) vz General Procedure B, and was obtained as
an orange amorphous solid (308 mg, 73%).

Re ~0.40 (7:3 (v/v) cyclohexane-EtOAc + 0.1% formic acid); 'H NMR (500 MHz, 298 K,
acetone-dy): 8 = 8.44 (s, 1H), 7.32 (d, ] = 5.8 Hz, 1H), 7.29 — 7.23 (m, 4H), 7.19 — 7.15 (m, 2H),
4.31 (dd, /= 9.5, 6.0 Hz, 1H), 3.32 (dd, ] = 13.5, 9.5 Hz, 1H), 3.04 (dd, ] = 13.5, 6.0 Hz, 1H), 2.97
ppm (s, 3H); "C NMR (126 MHz, 298 K, acetone-dy): & = 173.8, 140.3, 136.0, 134.5, 130.0 (2C),
129.1 (2C), 127.2, 126.6, 123.8, 46.6, 39.6, 39.5 ppm; IR (film): V = 3579, 3224, 1710, 1496, 1455,
1401, 1321, 1240, 1151, 1095 cm; HRMS (ESI-TOF) calculated for [CisH1NO.S;] [M-H]:
324.0370, found 324.0380.

rac-4-Cyano-2-(2-(methylsulfonamido)thiophen-3-yl)butanoic acid (15¢)
NC

.
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Thiophene 15e was prepared from ethyl 4-cyano-2-(2-(IN-
(methylsulfonyl)methylsulfonamido)thiophen-3-yl)butanoate 37e (405 mg, 1.03 mmol) »iz General
Procedure B, and was obtained as a yellow amorphous solid (278 mg, 94%).
Ri: ~0.35 (3:2 (v/v) cyclohexane-EtOAc + 0.1% formic acid); 'H NMR (400 MHz, 298 K,
acetone-dy): 6 = 8.11 (s, 1H), 7.36 (d, /] = 5.8 Hz, 1H), 7.03 (d, ] = 5.8 Hz, 1H), 4.11 (t, ] = 7.5 Hz,
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1H), 3.12 (s, 3H), 2.57 — 2.33 (m, 3H), 2.17 — 2.09 ppm (m, 1H); ®*C NMR (126 MHz, 298 K,
acetone-dg): 6 = 173.3, 162.3, 135.3, 126.1, 124.6, 120.1, 43.2, 39.9, 30.6, 15.5 ppm; IR (film): ¥ =
3580, 3235, 2252, 1720, 1632, 1556, 1428, 1406, 1324, 1233, 1150, 1096 cm™; HRMS (ESI-TOF)
calculated for [C10H11N20.S;] [M-H]: 287.0166, found 287.0179.

rac-2-(2-(Methylsulfonamido)thiophen-3-yl)pent-4-enoic acid (15f)

Thiophene 15f was prepared from ethyl 2-(2-(IN-(methylsulfonyl)methylsulfonamido)thiophen-3-
yl)pent-4-enoate 37f (50.0 mg, 0.131 mmol) »iz General Procedure B, and was obtained as a pale
white amorphous solid (32.6 mg, 90%).

Re ~0.30 (7:3 (v/v) cyclohexane-EtOAc + 0.1% formic acid); 'H NMR (400 MHz, 298 K,
acetone-dy): 6 = 8.51 (s, 1H), 7.29 (d, ] = 5.8 Hz, 1H), 7.05 (d, ] = 5.8 Hz, 1H), 5.80 (ddt, ] = 17.0,
10.0, 7.0 Hz, 1H), 5.08 (dg, ] = 17.0, 1.5 Hz, 1H), 4.97 (ddt, ] = 10.0, 2.0, 1.0 Hz, 1H), 4.08 (dd, |
= 8.5, 6.5 Hz, 1H), 3.08 (s, 3H), 2.76 (dddt, ] = 14.0, 8.5, 7.0, 1.0 Hz, 1H), 2.53 — 2.44 ppm (m,
1H); "C NMR (126 MHz, 298 K, acetone-ds): 8 = 173.8, 136.4, 136.0, 134.4, 126.6, 123.8, 117.2,
44.2,39.8, 37.8 ppm; IR (film): V = 3542, 3233, 1712, 1555, 1437, 1376, 1324, 1234, 1194, 1151,
1096 cm™; HRMS (ESI-TOF) calculated for [C1oH1.NO4S;| [M-H]: 274.0213, found 274.0221.

rac-4-Methyl-6-(methylsulfonyl)-4,6-dihydro-5 H-thieno|[2,3- b] pyrrol-5-one (16a)
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y-Lactam 16a was prepared from 2-(2-(methylsulfonamido)thiophen-3-yl)propanoic acid 15a (180
mg, 0.722 mmol) via General Procedure C, and was obtained as a yellow solid (120 mg, 72%).
MP: 124-126 °C; Re: ~0.60 (1:1 (v/v) cyclohexane-EtOAc); '"H NMR (500 MHz, 298 K, CDCl5):
3 =106.95(d, ] =53Hz 1H), 6.84 (d, ] = 5.3 Hz, 1H), 3.68 (q, /] = 7.5 Hz, 1H), 3.38 (s, 3H), 1.52
ppm (d, ] = 7.5 Hz, 3H); ®C NMR (126 MHz, 298 K, CDCl3): & = 178.8, 137.4, 127.1, 120.6,
120.4, 42.8, 41.0, 15.9 ppm; IR (film): ¥ = 1761, 1441, 1360, 1291, 1256, 1166, 1068, 1019 cm;

HRMS (ESI-TOF) calculated for [CsHyNO»S;Na]" [M+Na]*: 253.9916, found 253.9917.
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4,4-Dimethyl-6-(methylsulfonyl)-4,6-dihydro-5 H-thieno[2,3-b] pyrrol-5-one (17a)
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y-Lactam 17a was prepared from 6-(methylsulfonyl)-4,6-dihydro-5H-thieno[2,3-4]pyrrol-5-one 7
(50.0 mg, 0.230 mmol, 1.0 equiv.) and iodomethane (0.03 mL, 0.506 mmol, 2.2 equiv.) zia General
Procedure E, and was obtained as an off-white amorphous solid (5.10 mg, 9%).

Re ~0.50 (1:1 (v/v) cyclohexane-EtOAc); '"H NMR (400 MHz, 298 K, CDCl;): 8 = 7.18 (d, ] =
5.9 Hz, 1H), 6.93 (d, ] = 5.9 Hz, 1H), 3.74 (s, 3H), 3.15 (s, 3H), 3.04 ppm (s, 3H); *C NMR (126
MHz, 298 K, CDCls): 6 = 176.6, 143.9, 137.1, 126.5, 123.6, 52.4, 44.7, 41.2, 35.6 ppm; IR (film):
¥ = 1732, 1468, 1436, 1347, 1281, 1255, 1027 cm'; HRMS (ESI-TOF) for [CoHi1NO;S;]: not

observed.

rac-6-(Methylsulfonyl)-4-propyl-4,6-dihydro-5 H-thieno|[2,3- b] pyrrol-5-one (16b)
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y-Lactam 16b was prepared from 2-(2-(methylsulfonamido)thiophen-3-yl)pentanoic acid 15b (433
mg, 1.56 mmol) »zz General Procedure C, and was obtained as a pale orange solid (307 mg, 76%).
MP: 68-70 °C; Re ~0.50 (4:1 (v/v) cyclohexane-EtOAc); 'H NMR (400 MHz, 298 K, CDCl3): &
=06.95(d, J = 5.3 Hz, 1H), 6.85 (d, /] = 5.3 Hz, 1H), 3.66 (dd, ] = 8.0, 5.5 Hz, 1H), 3.38 (s, 3H),
2.04 —1.94 (m, 1H), 1.81 (dddd, J = 13.5, 10.0, 8.0, 5.5 Hz, 1H), 1.45 (dddd, ] = 14.5, 13.0, 10.0,
7.5 Hz, 2H), 0.96 ppm (t, ] = 7.5 Hz, 3H); *C NMR (126 MHz, 298 K, CDCl;): § = 178.3, 137.8,
125.8, 121.1, 120.2, 47.9, 41.0, 33.2, 19.8, 13.9 ppm; IR (film): V = 1756, 1445, 1364, 1292, 1169,
1083, 1054, 1019 cm™; HRMS (ESI-TOF) calculated for [C1oHisNOsS;Na] " [M+Na]*: 282.0229,
found 282.0239.
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rac-4-Isopropyl-6-(methylsulfonyl)-4,6-dihydro-5 H-thieno|[2,3- b] pyrrol-5-one (16¢)
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0=

y-Lactam 16c¢ was prepared from 3-methyl-2-(2-(methylsulfonamido)thiophen-3-yl)butanoic acid
15¢ (342 mg, 1.23 mmol) via General Procedure C, and was obtained as a yellow solid (234 mg,
73%).

MP: 76-78 °C; Rez ~0.50 (4:1 (v/v) cyclohexane-EtOAc); 'H NMR (400 MHz, 298 K, CDCly): §
=6.96 (d, ] = 5.3 Hz, 1H), 6.86 (d, ] = 5.3 Hz, 1H), 3.60 (d, /] = 4.0 Hz, 1H), 3.37 (s, 3H), 2.47
(hd, ] = 7.0, 4.0 Hz, 1H), 1.17 (d, ] = 7.0 Hz, 3H), 0.83 ppm (d, ] = 7.0 Hz, 3H); "C NMR (126
MHz, 298 K, CDCly): 8 = 177.8, 138.4, 123.8, 121.5, 120.2, 54.4, 41.0, 31.1, 20.5, 18.0 ppm; IR
(film): ¥ = 1758, 1443, 1366, 1293, 1236, 1172, 1086, 1004 cm™'; HRMS (ESI-TOF) calculated for

[C1oH 15N O3S:Na] " [M+Na]": 282.0229, found 282.0241.

rac-4-Benzyl-6-(methylsulfonyl)-4,6-dihydro-5H-thieno[2,3-b] pyrrol-5-one (16d)

T om0
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y-Lactam 16d was prepared from 2-(2-(methylsulfonamido)thiophen-3-yl)-3-phenylpropanoic acid
15d (294 mg, 0.904 mmol) via General Procedure C, and was obtained as an orange solid (173 mg,
62%).
MP: 99-102 °C; Re: ~0.40 (4:1 (v/v) cyclohexane-EtOAc); 'H NMR (500 MHz, 298 K, CDCls):
8 =7.27-719 (m, 3H), 7.08 — 7.04 (m, 2H), 6.89 (d, ] = 5.3 Hz, 1H), 6.54 (d, ] = 5.3 Hz, 1H),
3.97 (dd, J = 8.5, 4.5 Hz, 1H), 3.40 (dd, ] = 13.5, 4.5 Hz, 1H), 3.07 (dd, ] = 13.5, 8.5 Hz, 1H), 3.03
ppm (s, 3H); “C NMR (126 MHz, 298 K, CDCly): 8 = 177.1, 138.3, 136.4, 129.6 (2C), 128.6 (2C),
127.3,124.8,121.3,120.2, 49.4, 40.4, 37.0 ppm; IR (film): ¥ = 1754, 1455, 1364, 1292, 1169, 1082,

1033 cm™; HRMS (ESI-TOF) calculated for [CisH14NOsS,]" [M+H]": 308.0410, found 308.0412.
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rac-3-(6-(Methylsulfonyl)-5-ox0-5,6-dihydro-4 H-thieno[2,3- b] pyrrol-4-yl)propanenitrile
(16e)
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y-Lactam 16e was prepared from 4-cyano-2-(2-(methylsulfonamido)thiophen-3-yl)butanoic acid
15e (90.0 mg, 0.312 mmol) »za General Procedure C, and was obtained as a light orange amorphous
solid (51.0 mg, 60%).

Re ~0.50 (1:1 (v/v) cyclohexane-EtOAc); '"H NMR (400 MHz, 298 K, CDCl;): § = 7.02 (d, ] =
5.3 Hz, 1H), 6.87 (d, ] = 5.3 Hz, 1H), 3.82 (dd, ] = 7.0, 6.0 Hz, 1H), 3.42 (s, 3H), 2.64 — 2.49 (m,
2H), 2.38 — 2.24 ppm (m, 2H); "C NMR (126 MHz, 298 K, acetone-dy): & = 177.7, 139.4, 125.2,
122.0,121.2,119.8, 47.1, 41.0, 27.2, 14.7 ppm; IR (film): V = 2249, 1739, 1447, 1362, 1293, 1260,
1169, 1089, 1072 cm™; HRMS (ESI-TOF) calculated for [CioHiiN20:S:)" [M+H]": 271.0206,
found 271.0207.

rac-4-Allyl-6-(methylsulfonyl)-4,6-dihydro-5 H-thieno[2,3-b] pyrrol-5-one (16f)
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y-Lactam 16f was prepared from 2-(2-(methylsulfonamido)thiophen-3-yl)pent-4-enoic acid 15f
(28.0 mg, 0.102 mmol) viz General Procedure C, and was obtained as a pale yellow amorphous
solid (12.0 mg, 46%).

Re ~0.55 (3:2 (v/v) cyclohexane-EtOAc); '"H NMR (500 MHz, 298 K, CDCl;): § = 6.94 (d, ] =
5.3 Hz, 1H), 6.86 (d, ] = 5.3 Hz, 1H), 5.73 (dddd, | = 17.0, 10.0, 8.0, 6.0 Hz, 1H), 5.18 — 5.11 (m,
2H), 3.74 (dd, ] = 8.0, 5.0 Hz, 1H), 3.36 (s, 3H), 2.83 (dddt, ] = 14.0, 6.0, 5.0, 1.5 Hz, 1H), 2.54
ppm (dtt, | = 14.0, 8.0, 1.0 Hz, 1H); ®*C NMR (126 MHz, 298 K, CDCly): § = 177.48, 138.04,
133.12, 125.17, 121.18, 120.26, 119.10, 47.71, 41.03, 35.22 ppm; IR (film): V = 1741, 1465, 13060,
1329, 1262, 1167, 1097, 1026 cm™'; HRMS (ESI-TOF) calculated for [CioHi2NO;S,]™ [M+H]™:
258.0253, found 258.0252.
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4,4-Diallyl-6-(methylsulfonyl)-4,6-dihydro-5 H-thieno[2,3-b] pyrrol-5-one (17b)
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y-Lactam 17b was prepared from 6-(methylsulfonyl)-4,6-dihydro-5H-thieno[2,3-4]pyrrol-5-one 7
(30.0 mg, 0.138 mmol, 1.0 equiv.) and allyl bromide (0.03 mL, 0.304 mmol, 2.2 equiv.) via General
Procedure E, and was obtained as a pale white solid (37.0 mg, 90%). The analytical data for 17b
are consistent with those reported."

MP: 124-128 °C; Rt ~0.65 (1:1 (v/v) cyclohexane-EtOAc); '"H NMR (400 MHz, 298 K, CDCls):
8 =0.96 (d, ] = 5.3 Hz, 1H), 6.82 (d, ] = 5.3 Hz, 1H), 5.51 — 5.40 (m, 2H), 5.10 — 5.01 (m, 4H),
3.28 (s, 3H), 2.61 — 2.56 ppm (m, 4H); *C NMR (151 MHz, 298 K, CDCly): § = 179.5, 137.2,
131.7 (2C), 128.0, 120.5, 120.4, 120.0 (2C), 56.6, 41.3 (2C), 41.0 ppm; IR (film): V = 1758, 1641,
1538, 1444, 1368, 1290, 1263, 1173, 1085, 1022 cm'; HRMS (ESI-TOF) calculated for
[C13H1sNOsS,]" [M+H]": 298.0566, found 298.0571.

6'-(Methylsulfonyl)spiro[cyclopentane-1,4'-thieno[2,3-b] pyrrol]-3-en-5'(6' H)-one
(18)
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y-Lactam 18 was prepared from 4,4-diallyl-6-(methylsulfonyl)-4,6-dihydro-5H-thieno|[2,3- 4] pyrrol-
5-one 17b (10.0 mg, 0.034 mmol) zia General Procedure F, and was obtained as a white solid (3.00
mg, 33%). To our knowledge, analytical data for 18 have not been previously provided."
MP: 126-129 °C; Re: ~0.50 (3:2 (v/v) cyclohexane-EtOAc); '"H NMR (400 MHz, 298 K, CDCls):
3 =092, ] =53Hz, 1H), 6.78 (d, ] = 5.3 Hz, 1H), 5.80 (s, 2H), 3.40 (s, 3H), 3.02 (d, ] = 15.5
Hz, 2H), 2.63 ppm (d, ] = 15.0 Hz, 2H); C NMR (126 MHz, 298 K, CDCly): 8 = 182.0, 135.9,
132.9, 128.4 (2C), 120.9, 119.4, 55.3, 44.8 (2C), 41.1 ppm; IR (film): V = 1758, 1442, 1397, 1365,
1292, 1172, 1082, 1034 cm'; HRMS (ESI-TOF) calculated for [CiiHiuNO;S:K]" [M+K]':
307.9812, found 307.9818.
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6,6-Diallyl-4-(methylsulfonyl)-4,6-dihydro-5 H-thieno[3,2-b] pyrrol-5-one (38)

y-Lactam 38 was prepared from 4-(methylsulfonyl)-4,6-dihydro-5H-thieno|3,2-5|pyrrol-5-one 8
(50.0 mg, 0.230 mmol, 1.0 equiv:) and allyl bromide (0.05 mL, 0.575 mmol, 2.5 equiv.) zia General
Procedure E, and was obtained as a pale yellow solid (19.0 mg, 28%).

MP: 89-92 °C; Rz ~0.45 (4:1 (v/v) cyclohexane-EtOAc); 'H NMR (400 MHz, 298 K, CDCly): &
=7.30 (d, ] =5.2Hz, 1H), 7.23 (d, ] = 5.2 Hz, 1H), 5.50 (ddt, /] = 17.5, 10.0, 7.5 Hz, 2H), 5.14 —
5.04 (m, 4H), 3.27 (s, 3H), 2.59 ppm (dt, ] = 7.5, 1.0 Hz, 4H); *C NMR (126 MHz, 298 K, CDCl;):
3 =180.0, 138.5, 131.4 (2C), 127.4, 123.4, 120.5 (2C), 115.5, 56.7, 41.9 (2C), 41.2 ppm; IR (film):
¥ = 1758, 1450, 1416, 1368, 1324, 1250, 1175, 1084, 1057 cm™'; HRMS (ESI-TOF) calculated for
[C13H1sNOsS,]" [M+H]": 298.0566, found 298.0575.

4'-(Methylsulfonyl)spiro[cyclopentane-1,6'-thieno[3,2- b] pyrrol]-3-en-5'(4' H)-one (19)
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y-Lactam 19 was prepared from 6,6-diallyl-4-(methylsulfonyl)-4,6-dihydro-5H-thieno|3,2- 4] pytrol-
5-one 38 (14.0 mg, 0.047 mmol) »iz General Procedure F, and was obtained as a white solid (7.50
mg, 59%).

MP: 130-133 °C; Re ~0.25 (4:1 (v/v) cyclohexane-EtOAc); 'H NMR (400 MHz, 298 K, acetone-
ds): & =743 (d, ] = 5.2 Hz, 1H), 7.14 (d, ] = 5.2 Hz, 1H), 5.86 — 5.81 (m, 2H), 3.48 (s, 3H), 3.04 —
2.96 (m, 2H), 2.69 — 2.62 ppm (m, 2H); *C NMR (151 MHz, 298 K, acetone-d): & = 182.4, 138.8,
129.1 (2C), 128.8, 126.9, 116.0, 56.4, 46.3 (2C), 41.2 ppm; IR (film): ¥ = 1757, 1448, 1390, 1364,
1329, 1209, 1175, 1084, 1036 cm™; HRMS (ESI-TOF) calculated for [CiiH2NOsS|" [M+H]™":
270.0253, found 270.0254.
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2-(2-Bromothiophen-3-yl)acetic acid (21)
OH

Thiophene 21 was synthesized according to a reported procedure.”” N-Bromosuccinimide (3.01 g,
16.9 mmol, 1.2 equiv.) was added in 3 portions to a solution of 2-(thiophen-3-yl)acetic acid (20)
(2.00 g, 14.1 mmol, 1.0 equiv.) in anhydrous THF (20 mL) at 0 °C over 10 min. The reaction
mixture was stirred at 0 °C for 4 h, and at rt for 14 h, then concentrated 7% vacuo. The crude material
was purified using flash column chromatography (0-30% (v/v) EtOAc in cyclohexane
supplemented with 0.1% (v/v) formic acid using normal phase silica gel, followed by 20-50% (v/v)
CH;CN in water supplemented with 0.1% (v/v) formic acid using reversed-phase silica gel) to
afford the desired product 21 as a white solid (2.50 g, 80%). The analytical data for 21 are consistent
with those reported.”

MP: 68-70 °C; R ~0.35 (3:2 (v/v) cyclohexane-EtOAc + 0.1% formic acid); '"H NMR (400 MHz,
298 K, acetone-ds): 6 = 10.88 (s, 1H), 7.48 (d, ] = 5.6 Hz, 1H), 7.04 (d, ] = 5.6 Hz, 1H), 3.65 ppm
(s, 2H); ®"C NMR (126 MHz, 298 K, acetone-dy): 8 = 171.1, 135.7, 130.2, 126.9, 111.3, 35.0 ppm;
IR (film): ¥ = 3112, 1711, 1411, 1303, 1246, 1223, 1160, 1094 cm™; HRMS (ESI-TOF) calculated
for [CsH4BrO,S] [M-H]: 218.9121, found 218.9119.

2-(2-Acetamidothiophen-3-yl)acetic acid (22a)
OH

( ©
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Thiophene 22a was prepared from 2-(2-bromothiophen-3-yl)acetic acid 21 (200 mg, 0.905 mmol,

/

1.0 equiv.) using acetamide (58.8 mg, 0.996 mmol, 1.1 equiv.) »ia General Procedure H, and was
obtained as a light green solid (9.70 mg, 5%).

MP: 125-127 °C; Rg ~0.20 (2:3 (v/v) cyclohexane-EtOAc + 0.1% formic acid); '"H NMR (400
MHz, 298 K, acetone-ds): 8 = 9.72 (s, 1H), 6.90 (d, ] = 5.5 Hz, 1H), 6.80 (d, ] = 5.5 Hz, 1H), 3.63
(s, 2H), 2.12 ppm (s, 3H); *C NMR (126 MHz, 298 K, acetone-dy): 8 = 172.7, 167.8, 136.6, 127.4,
119.2, 117.8, 33.7, 22.9 ppm; IR (film): V = 3248, 2928, 1685, 1619, 1590, 1320, 1264, 1218, 1026
cm; HRMS (ESI-TOF) calculated for [CsHioNOsS]" [M+H]": 200.0376, found 200.0377.
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2-(2-(Phenylsulfonamido)thiophen-3-yl)acetic acid (22c)
OH
O
NH
_;Sco

k)
Thiophene 22¢ was prepared from 2-(2-bromothiophen-3-yl)acetic acid 21 (500 mg, 2.26 mmol,
1.0 equiv.) using benzenesulfonamide (889 mg, 5.65 mmol, 2.5 equiv.) iz General Procedure G,
and was obtained as a yellow solid (283 mg, 42%).

MP: 167-170 °C; Re ~0.20 (1:1 (v/v) cyclohexane-EtOAc + 0.1% formic acid); '"H NMR (500
MHz, 298 K, acetone-d): 6 = 10.73 (s, 1H), 8.85 (s, 1H), 7.79 — 7.75 (m, 2H), 7.71 — 7.66 (m, 1H),
7.60 —7.54 (m, 2H), 7.16 (d, ] = 5.7 Hz, 1H), 6.92 (d, ] = 5.7 Hz, 1H), 3.43 ppm (s, 2H); "C NMR
(126 MHz, 298 K, acetone-ds): 6 = 171.9, 140.4, 134.4, 134.0, 132.1, 130.0 (2C), 128.9, 128.3 (2C),

123.2,32.8 ppm; IR (film): ¥ = 3595, 3235, 1704, 1448, 1331, 1257, 1162, 1092 cm™'; HRMS (ESI-
TOF) calculated for [C12H12NOLS;]" [M+H]™: 298.0202, found 298.0204.

2-(2-((4-Methoxyphenyl)sulfonamido)thiophen-3-yl)acetic acid (22d)
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Thiophene 22d was prepared from 2-(2-bromothiophen-3-yl)acetic acid 21 (200 mg, 0.905 mmol,
1.0 equiv.) using 4-methoxybenzenesulfonamide (423 mg, 2.26 mmol, 2.5 equiv.) »ia General
Procedure G, and was obtained as a dark yellow amorphous solid (23.0 mg, 8%).

Re ~0.30 (1:1 (v/v) cyclohexane-EtOAc + 0.1% formic acid); '"H NMR (400 MHz, 298 K,
acetone-ds): & = 8.09 (s, 1H), 7.71 — 7.66 (m, 2H), 7.15 (d, ] = 5.7 Hz, 1H), 7.10 — 7.05 (m, 2H),
6.91 (d, ] = 5.7 Hz, 1H), 3.89 (s, 3H), 3.45 ppm (s, 2H); *C NMR (126 MHz, 298 K, acetone-ds):
8 =172.1,164.2,134.8,131.8,131.8, 130.5 (2C), 128.8, 123.1, 115.0 (2C), 56.1, 32.9 ppm; IR (film):
¥ = 3530, 3253, 1706, 1596, 1498, 1415, 1329, 1262, 1184, 1157, 1093 cm™'; HRMS (ESI-TOF)
calculated for [CisHi2NOsS,|” [M-H]: 326.0162, found 326.0167.
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2-(2-((4-Nitrophenyl)sulfonamido)thiophen-3-yl)acetic acid (22¢)
OH
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Thiophene 22e was prepared from 2-(2-bromothiophen-3-yl)acetic acid 21 (200 mg, 0.905 mmol,
1.0 equiv.) using 4-nitrobenzenesulfonamide (201 mg, 0.996 mmol, 1.1 equiv.) zia General
Procedure H, and was obtained as a light green solid (76.0 mg, 24%).

MP: 166-169 °C; Re ~0.40 (3:2 (v/v) cyclohexane-EtOAc + 0.1% formic acid); '"H NMR (400
MHz, 298 K, acetone-d): 8 = 8.45 — 8.39 (m, 2H), 8.07 — 8.00 (m, 2H), 7.21 (d, ] = 5.7 Hz, 1H),
6.94 (d, ] = 5.7 Hz, 1H), 3.46 ppm (s, 2H); *C NMR (126 MHz, 298 K, acetone-dy): 8 = 171.7,
151.4, 145.9, 133.5, 132.3, 129.9 (2C), 129.1, 125.3 (2C), 123.6, 32.9 ppm; IR (film): V = 3487,
3294, 1710, 1531, 1405, 1350, 1311, 1167, 1090 cm'; HRMS (ESI-TOF) calculated for
[Ci12HoN206S,] [M-H]: 340.9908, found 340.9905.

2-(2-((4-(Trifluoromethyl)phenyl)sulfonamido)thiophen-3-yl)acetic acid (22f)
OH
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Thiophene 22f was prepared from 2-(2-bromothiophen-3-yl)acetic acid 21 (200 mg, 0.905 mmol,
1.0 equiv.) using 4-trifluoromethylbenzenesulfonamide (224 mg, 0.996 mmol, 1.1 equiv.) via
General Procedure H, and was obtained as a dark yellow solid (145 mg, 44%).

MP: 160-162 °C; R ~0.30 (3:2 (v/v) cyclohexane-EtOAc + 0.1% formic acid); '"H NMR (400
MHz, 298 K, acetone-d): 8 = 8.02 — 7.93 (m, 4H), 7.19 (d, ] = 5.7 Hz, 1H), 6.95 (d, ] = 5.7 Hz,
1H), 3.48 ppm (s, 2H); "F NMR (470 MHz, 298 K, acetone-dy): 8 = —63.6 ppm (s, 3F); “C NMR
(126 MHz, 298 K, acetone-di): 8 = 171.8, 144.2, 134.8 (q, ] = 32.5 Hz), 133.6, 132.5, 129.2 (2C),
129.1, 127.2 (q, ] = 4.0 Hz, 2C), 124.5 (q, ] = 272.0 Hz), 123.6, 32.9 ppm; IR (film): ¥ = 3527,
3256, 1714, 1529, 1407, 1376, 1324, 1261, 1170, 1136, 1064 cm'; HRMS (ESI-TOF) calculated
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for [CisHoFaNOLS,] [M-H]: 363.9931, found 363.9932.

6-Acetyl-4,6-dihydro-5H-thieno[2,3-b] pyrrol-5-one (23a)

S N
e

y-Lactam 23a was prepared from 2-(2-acetamidothiophen-3-yl)acetic acid 22a (75.0 mg, 0.376
mmol) via General Procedure C, and was obtained as a light pink solid (35.0 mg, 51%).

MP: 136-138 °C; Rg ~0.45 (1:1 (v/v) cyclohexane-EtOAc); "H NMR (600 MHz, 298 K, CDCls):
8 =7.02(d, ] = 5.3 Hz, 1H), 6.86 (d, ] = 5.3 Hz, 1H), 3.74 (s, 2H), 2.63 ppm (s, 3H); *C NMR
(126 MHz, 298 K, CDCl3): 8 = 175.6, 167.4, 139.8, 121.3, 120.7, 120.4, 37.6, 24.0 ppm; IR (film):
¥V = 1774, 1687, 1677, 1408, 1335, 1264, 1237, 1190, 1084, 1022 cm'; HRMS (ESI-TOF)
calculated for [CsHsNO,S]" [M+H]™: 182.0270, found 182.0272.

Ethyl 2-(2-(({V-(benzylsulfonyl)-1-phenylmethyl)sulfonamido)thiophen-3-yl)acetate (39)

Thiophene 39 was prepared from ethyl 2-(2-nitrothiophen-3-yl)acetate 13 (1.13 g, 5.25 mmol, 1.0
equiv.) and phenylmethanesulfonyl chloride (3.01 g, 15.8 mmol, 3.0 equiv.) za General Procedure
A, and was obtained as a light green solid (567 mg, 22%).

MP: 120-122 °C; Rt ~0.40 (7:3 (v/v) cyclohexane-EtOAc); 'H NMR (400 MHz, 298 K, CDCls):
8 =7.51-7.46 (m, 4H), 7.44 — 7.38 (m, 6H), 7.23 (d, ] = 5.8 Hz, 1H), 6.98 (d, ] = 5.8 Hz, 1H),
5.00 (d, ] = 13.5 Hz, 2H), 4.88 (d, ] = 13.5 Hz, 2H), 4.15 (q, ] = 7.0 Hz, 2H), 3.49 (s, 2H), 1.23
ppm (t, ] = 7.0 Hz, 3H); ®C NMR (126 MHz, 298 K, CDCls): 8 = 170.1, 136.6, 131.6 (4C), 130.6,
129.7 (2C), 129.3 (4C), 128.0 (2C), 127.4, 126.6, 61.5, 61.2 (2C), 34.0, 14.3 ppm; IR (film): ¥ =
1734, 1457, 1379, 1357, 1203, 1167, 1142, 1032 cm’; HRMS (ESI-TOF) calculated for
[C2H2NOGS3] " [M+H]": 494.0760, found 494.0771.
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2-(2-((Phenylmethyl)sulfonamido)thiophen-3-yl)acetic acid (22b)
OH

Thiophene 22b was prepared from ethyl 2-(2-((IN-(benzylsulfonyl)-1-
phenylmethyl)sulfonamido)thiophen-3-yl)acetate 39 (542 mg, 1.10 mmol) za General Procedure
B, and was obtained as a light brown amorphous solid (168 mg, 49%).

Re ~0.35 (2:3 (v/v) cyclohexane-EtOAc + 0.1% formic acid); '"H NMR (500 MHz, 298 K,
acetone-d): & = 8.55 (s, 1H), 7.47 — 7.43 (m, 2H), 7.41 — 7.34 (m, 3H), 7.24 (d, ] = 5.7 Hz, 1H),
7.00 (d, ] = 5.7 Hz, 1H), 4.48 (s, 2H), 3.68 ppm (s, 2H); "C NMR (126 MHz, 298 K, acetone-ds):
8 =172.2,135.0,131.9 (2C), 131.0, 130.4, 129.3 (2C), 129.2,129.0, 122.7, 58.2, 33.3 ppm; IR (film):
¥ = 3572, 3237, 1710, 1496, 1407, 1328, 1255, 1202, 1154 cm™'; HRMS (ESI-TOF) calculated for
[C15H12NOLS,| [M-H]: 310.0213, found 310.0220.

6-(Benzylsulfonyl)-4,6-dihydro-5 H-thieno|[2,3- b] pyrrol-5-one (23b)
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y-Lactam 23b was prepared from 2-(2-((phenylmethyl)sulfonamido)thiophen-3-yl)acetic acid 22b
(162 mg, 0.520 mmol) zia General Procedure C, and was obtained as a light brown solid (39.0 mg,
26%).

MP: 122-124 °C; Rg ~0.90 (2:3 (v/v) cyclohexane-EtOAc); '"H NMR (400 MHz, 298 K, CDCls):
8 =7.38 —7.33 (m, 2H), 7.32 — 7.27 (m, 3H), 6.79 (d, ] = 5.3 Hz, 1H), 6.70 (d, ] = 5.3 Hz, 1H),
4.75 (s, 2H), 3.60 ppm (s, 2H); *C NMR (101 MHz, 298 K, CDCly): 8 = 175.3, 139.8, 130.7 (2C),
129.6,129.1 (2C), 126.5, 120.6, 119.9, 119.8, 59.2, 36.9 ppm; IR (film): ¥ = 1750, 1450, 1366, 1289,
1202, 1155, 1088, 1072 cm; HRMS (ESI-TOF) calculated for [Ci3Hii1NOsS;Na]* [M+Na]":
316.0073, found 316.0074.
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6-(Phenylsulfonyl)-4,6-dihydro-5 H-thieno|[2,3- b] pyrrol-5-one (23c)

y-Lactam 23c¢ was prepared from 2-(2-(phenylsulfonamido)thiophen-3-yl)acetic acid 22¢ (283 mg,
0.952 mmol) via General Procedure C, and was obtained as a light pink solid (128 mg, 48%).
MP: 141-144 °C; Rg ~0.40 (7:3 (v/v) cyclohexane-EtOAc); "H NMR (400 MHz, 298 K, CDCls):
8 =8.12-8.07 (m, 2H), 7.70 — 7.65 (m, 1H), 7.59 — 7.51 (m, 2H), 6.95 (d, ] = 5.3 Hz, 1H), 6.80
(d, ] = 5.3 Hz, 1H), 3.53 ppm (s, 2H); *C NMR (101 MHz, 298 K, CDCly): 8 = 174.1, 139.4,
137.4,134.8,129.4 (2C), 128.2 (2C), 121.3,120.8, 120.1, 37.0 ppm; IR (film): ¥ = 1766, 1585, 1450,
1376, 1291, 1185, 1161, 1078 cm'; HRMS (ESI-TOF) calculated for [Ci2HisN>O5S2]"
[M+NH,4]": 297.0362, found 297.0370.

6-((4-Methoxyphenyl)sulfonyl)-4,6-dihydro-5 H-thieno[2,3- b] pyrrol-5-one (23d)
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y-Lactam 23d was prepared from 2-(2-((4-methoxyphenyl)sulfonamido)thiophen-3-yl)acetic acid
22d (17.0 mg, 0.052 mmol) »iz General Procedure C, and was obtained as a pale white solid (10.8
mg, 67%).

MP: 155-158 °C; Re: ~0.55 (1:1 (v/v) cyclohexane-EtOAc); '"H NMR (500 MHz, 298 K, CDCls):
8 = 8.05—8.00 (m, 2H), 7.01 — 6.96 (m, 2H), 6.94 (d, ] = 5.3 Hz, 1H), 6.79 (d, /] = 5.3 Hz, 1H),
3.87 (s, 3H), 3.52 ppm (s, 2H); ®"C NMR (126 MHz, 298 K, CDCls): 8 = 174.2, 164.7, 139.6, 130.6
(20), 128.8,121.3, 120.6, 119.9, 114.6 (2C), 55.9, 37.0 ppm; IR (film): ¥ = 1760, 1595, 1498, 1373,
1266, 1168, 1092, 1024 cm'; HRMS (ESI-TOF) calculated for [CisHiNO.S:Na]*
[M+Na]": 332.0022, found 332.0025.
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6-((4-Nitrophenyl)sulfonyl)-4,6-dihydro-5 H-thieno[2,3- b] pyrrol-5-one (23¢)
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y-Lactam 23e was prepared from 2-(2-((4-nitrophenyl)sulfonamido)thiophen-3-yl)acetic acid 22e
(38.0 mg, 0.111 mmol) via General Procedure C, and was obtained as a dark yellow solid (8.00 mg,
22%).

MP: 120-123 °C; Re: ~0.50 (3:2 (v/v) cyclohexane-EtOAc); '"H NMR (400 MHz, 298 K, CDCl5):
8 = 8.43 — 8.35 (m, 2H), 8.32 — 8.27 (m, 2H), 7.00 (d, ] = 5.3 Hz, 1H), 6.83 (d, /] = 5.3 Hz, 1H),
3.57 ppm (s, 2H); *C NMR (126 MHz, 298 K, CDCly): 8 = 174.0, 151.4, 142.6, 138.2, 129.6 (2C),
124.7 (2C), 121.5, 121.4, 120.6, 36.9 ppm; IR (film): ¥ = 1748, 1608, 1532, 1438, 1351, 1314, 1261,
1168, 1087, 1035 cm™; HRMS (ESI-TOF) calculated for [C12HsN2O5S:Na] " [M+Na]*: 346.9767,
found 346.97606.

6-((4-(Trifluoromethyl)phenyl)sulfonyl)-4,6-dihydro-5 H-thieno[2,3- b] pyrrol-5-one (23f)
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y-Lactam 23f was prepared from 2-(2-((4-(trifluoromethyl)phenyl)sulfonamido)thiophen-3-
ylacetic acid 22f (310 mg, 0.848 mmol) vza General Procedure C, and was obtained as a light pink
solid (127 mg, 43%).

MP: 148-150 °C; R ~0.50 (3:2 (v/v) cyclohexane-EtOAc); 'H NMR (400 MHz, 298 K, CDCls):
8=18.23(d,J=8.5Hz 2H),7.82 (d, ] = 8.5 Hz, 2H), 6.98 (d, ] = 5.3 Hz, 1H), 6.82 (d, ] = 5.3 Hz,
1H), 3.56 ppm (s, 2H); "F NMR (376 MHz, 298 K, CDCls): 8 = —63.3 ppm (s, 3F); "C NMR
(101 MHz, 298 K, CDCls): 8 = 174.0, 140.7, 138.7, 136.3 (q, ] = 33.5 Hz), 128.8 (2C), 126.6 (q, |
= 3.5 Hz, 2C), 123.1 (q, ] = 274.5 Hz), 121.4, 121.2, 120.4, 37.0 ppm; IR (film): ¥ = 1775, 1407,
1385, 1324, 1263, 1183, 1142, 1110, 1064, 1017 cm'; HRMS (ESI-TOF) calculated for
[CisHoFsNOsS;] " [M+H]™: 347.9971, found 347.9974.
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5.'H and "C NMR spectra of thiophene-fused y-lactam SARS-CoV-2 MP* inhibitors
prepared for this study
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