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1. General experimental details
Melting points were determined on a melting point apparatus and are uncorrected. All chemical
shifts (8) are reported in parts per million (ppm) and the residual solvent peak was used as an
internal standard for *H/2*C NMR: CDCl3 8 = 7.28/77.0, DMSO-dg & = 2.50/39.5. High-resolution
mass spectra were recorded on an HRMS-ESI-QTOF instrument, electrospray ionization. Thin-
layer chromatography (TLC) was conducted on aluminum sheets precoated with SiO, ALUGRAM
SIL G/UV254. Column chromatography was performed on silica gel 60 M (0.04—0.063 mm). All
solvents were distilled and dried prior to use.

Heteroarenols 1,' 9a,2 9b,® 9¢,* 15° and azirines 3a-e,9,% 3h,k,” 3f2 3i,° 3j° are known
compounds and were prepared according to the reported procedures.

2. Structures of compounds 1, 2,9, 15
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3. Synthesis of thienopyrroles 3

Ar<
OH H
N
N
2
S Ni(hfacac), (50 mol%) S Ar
MeOH, 100 °C

1 3

General procedure. A solution of compound 1 (104 mg, 0.5 mmol), azirine 2 (0.8 mmol) and
Ni(hfacac)> (118 mg, 0.25 mmol) in anhydrous MeOH (6 mL) was heated in a screw-cap glass
tube at 100 °C for 1 h. Then azirine 2 (0.8 mmol) was added, and the reaction mixture was heated
for 0.5 h. After evaporation of the solvent under reduced pressure, the residue was purified by
column chromatography on silica gel (eluent PE/EtOACc) and recrystallized from hexane/Et»0 to
give thienopyrrole 3.

3-(4-Methylphenyl)-1H-benzo[4,5]thieno[3,2-b]pyrrole (3a)
H

() 0
S

W,

Me

Compound 3a was obtained as a light green solid (112 mg, 85%) according to the general
procedure from 1 and azirine 2a (210 mg, 1.6 mmol); mp 195-196 °C (hexane/Et;0); *H NMR
(400 MHz, DMSO-ds) 6 12.09 (s, 1H), 8.02-7.82 (m, 2H), 7.81-7.65 (m, 1H), 7.61-7.49 (m, 2H),
7.47-7.35 (m, 1H), 7.34-7.13 (m, 3H), 2.32 (s, 3H); 3C{*H} NMR (101 MHz, DMSO-ds) 140.7,
134.4, 132.8, 131.6, 129.4, 127.0, 124.4, 124.2, 124.0, 122.7, 120.4, 118.6, 118.1, 116.9, 20.7;
HRMS—ESI [M — H]" calcd for C17H12NS™262.0696, found 262.0689.

3-Phenyl-1H-benzo[4,5]thieno[3,2-b]pyrrole (3b)

H
N
\

S Ph

Compound 3b was obtained as a gray solid (120 mg, 96%) according to the general procedure
from 1 and azirine 2b (187 mg, 1.6 mmol); mp 183-184 °C (hexane/Et,0); *H NMR (400 MHz,
DMSO-ds) 6 12.16 (s, 1H), 8.07-7.86 (m, 2H), 7.78 (s, 1H), 7.73-7.57 (m, 2H), 7.55-7.33 (m,
3H), 7.33-7.12 (m, 2H); 3C{*H} NMR (101 MHz, DMSO-ds) 6 140.7, 134.4, 133.0, 128.9, 126.9,
125.3, 124.4, 124.2, 124.1, 122.8, 120.9, 118.7, 118.1, 116.8; HRMS—ESI [M + H]* calcd for
C16H12NS*250.0685, found 250.0680.

S3



3-(4-Fluorophenyl)-1H-benzo[4,5]thieno[3,2-b]pyrrole (3c)
N
Og¥
R,
F
Compound 3c was obtained as a gray solid (109 mg, 82%) according to the general procedure from
1 and azirine 2¢ (216 mg, 1.6 mmol); mp 207-208 °C (hexane/Et,0); 'H NMR (400 MHz, DMSO-
de) & 12.14 (s, 1H), 7.98-7.84 (m, 2H), 7.80—7.71 (m, 1H), 7.69—7.60 (m, 2H), 7.47—7.35 (m, 1H),
7.34-7.21 (m, 3H); BC{*H} NMR (101 MHz, DMSO-de) & 160.2 (d, J = 242.3 Hz), 140.6, 133.0,

131.0 (d,J=3.5Hz),126.9,125.9 (d, J =7.7 Hz), 124.5,124.1,122.8,120.8,118.7,118.0, 115.9,
115.7 (d, J = 21.5 Hz); HRMS—ESI [M — H] calcd for C16HoFNS™266.0445, found 266.0450.

3-(4-Chlorophenyl)-1H-benzo[4,5]thieno[3,2-b]pyrrole (3d)
N
Og¥
R
Cl
Compound 3d was obtained as a brown solid (136 mg, 96%) according to the general procedure
from 1 and azirine 2d (242 mg, 1.6 mmol); mp 232-234 °C (hexane/Et,0); *H NMR (400 MHz,
DMSO-ds) 6 12.23 (s, 1H), 7.99-7.88 (m, 2H), 7.86—7.78 (m, 1H), 7.71-7.59 (m, 2H), 7.55-7.46
(m, 2H), 7.46-7.39 (m, 1H), 7.33-7.22 (m, 1H); 3C{*H} NMR (101 MHz, DMSO-de) & 140.7,

133.4, 133.1, 1295, 128.9, 126.8, 125.8, 124.5, 124.1, 122.9, 1214, 118.7, 118.1, 115.7;
HRMS—ESI [M + H]* calcd for C16H113°CINS* 284.0295, found 284.0296.

3-(4-Bromophenyl)-1H-benzo[4,5]thieno[3,2-b]pyrrole (3e)
N
Ogy
- Q
Br
Compound 3e was obtained as a gray solid (161 mg, 98%) according to the general procedure from
1 and azirine 2e (314 mg, 1.6 mmol); mp 233-235 °C (hexane/Et,0); *H NMR (400 MHz, DMSO-
de) 6 12.26 (s, 1H), 7.98-7.87 (m, 2H), 7.83 (s, 1H), 7.67-7.53 (m, 4H), 7.47-7.38 (m, 1H), 7.33—
7.23 (m, 1H); BC{*H} NMR (101 MHz, DMSO-dg) 5 140.7, 133.8, 133.1, 131.8, 126.8, 126.1,

1245, 124.1, 122.9, 1215, 118.7, 118.0, 117.8, 115.7; HRMS-ESI [M — H] calcd for
C16Ho®'BrNS~327.9624, found 327.9622.
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3-(2-Bromophenyl)-1H-benzo[4,5]thieno[3,2-b]pyrrole (3f)

H

N
O \ 7 Br
IR
Compound 3f was obtained as a gray solid (151 mg, 92%) according to the general procedure from
1 and azirine 2f (314 mg, 1.6 mmol); mp 151-152 °C (hexane/Et,0); *H NMR (400 MHz, DMSO-
ds) 5 12.22 (s, 1H), 7.98-7.83 (m, 2H), 7.78-7.69 (m, 1H), 7.65-7.56 (m, 2H), 7.51-7.36 (m, 2H),
7.31-7.19 (m, 2H); BC{*H} NMR (101 MHz, DMSO-ds) & 140.7, 135.2, 133.6, 132.1, 130.4,

128.03, 127.96, 127.0, 124.3, 123.9, 123.5, 122.8, 121.2, 120.6, 118.7, 116.0; HRMS—ESI [M +
H]* calcd for C16H112'BrNS* 329.9770, found 329.9774.

3-(4-Methoxyphenyl)-1H-benzo[4,5]thieno[3,2-b]pyrrole (39)
N
Ogy
R
OMe
Compound 3g was obtained as a gray solid (119 mg, 85%) according to the general procedure
from 1 and azirine 2g (235 mg, 1.6 mmol); mp 203-204 °C (hexane/Et,0); *H NMR (400 MHz,
DMSO-dg) 6 12.03 (s, 1H), 7.99-7.82 (m, 2H), 7.71-7.60 (m, 1H), 7.60-7.50 (m, 2H), 7.47-7.35
(m, 1H), 7.32-7.22 (m, 1H), 7.09-6.95 (m, 2H), 3.78 (s, 3H); *C{*H} NMR (101 MHz, DMSO-

de) 6 157.2, 140.7, 132.8, 127.1, 127.0, 125.5, 124.4, 124.1, 122.7, 119.9, 118.6, 117.9, 116.7,
114.4,55.1; HRMS—ESI [M + H]* calcd for C17H1saNOS* 280.0791, found 280.0787.

3-(4-Nitrophenyl)-1H-benzo[4,5]thieno[3,2-b]pyrrole (3h)

Sav
s

W,

NO,

Compound 3h was obtained as a brown solid (115 mg, 78%) according to the general procedure
from 1 and azirine 2h (259 mg, 1.6 mmol); mp 221-222 °C (hexane/Et,0); *H NMR (400 MHz,
DMSO-ds) 6 12.53 (s, 1H), 8.34-8.26 (m, 2H), 8.10-8.03 (m, 1H), 8.01-7.90 (m, 2H), 7.89-7.74
(m, 2H), 7.52-7.38 (m, 1H), 7.38-7.24 (m, 1H); 3C{*H} NMR (101 MHz, DMSO-dg) & 144.2,
141.5, 140.7, 133.6, 126.6, 124.7, 124.5, 124.4, 124.1, 124.0, 123.2, 118.9, 118.6, 115.2;
HRMS—ESI [M — H] ™ calcd for C16H9N202S~293.0390, found 293.0389.

S5



3-(3,4-Dichlorophenyl)-1H-benzo[4,5]thieno[3,2-b]pyrrole (3i)

Compound 3i was obtained as a brown solid (153 mg, 96%) according to the general procedure
from 1 and azirine 2i (298 mg, 1.6 mmol); mp 226-228 °C (hexane/Et,0); *H NMR (400 MHz,
DMSO-dg) 6 12.34 (s, 1H), 8.01-7.88 (m, 3H), 7.88-7.83 (m, 1H), 7.74-7.65 (m, 1H), 7.62-7.53
(m, 1H), 7.48-7.38 (m, 1H), 7.34-7.24 (m, 1H); *C{*H} NMR (101 MHz, DMSO-ds) & 140.6,
135.4, 133.2, 131.7, 131.1, 127.1, 126.7, 125.6, 124.6, 124.2, 124.1, 123.0, 122.4, 118.8, 118.1,
114.5; HRMS—ESI [M + H]* calcd for C16H10%*CI.NS* 317.9906, found 317.9901.

3-(3,4-Dimethoxyphenyl)-1H-benzo[4,5]thieno[3,2-b]pyrrole (3))

H
(1)
° O OMe

OMe

Compound 3j was obtained as a gray solid (110 mg, 71%) according to the general procedure from
1 and azirine 2j (283 mg, 1.6 mmol); mp 181-183 °C (hexane/Et,0); *H NMR (400 MHz, DMSO-
ds) 6 12.05 (s, 1H), 8.00-7.82 (m, 2H), 7.77-7.63 (m, 1H), 7.49-7.33 (m, 1H), 7.32-7.18 (m, 2H),
7.17-7.07 (m, 1H), 7.07-6.98 (m, 1H), 3.86 (s, 3H), 3.78 (s, 3H); *C{*H} NMR (101 MHz,
DMSO-ds) 6 149.2, 146.9, 140.7, 132.8, 127.6, 127.0, 124.4, 124.1, 122.7, 120.2, 118.6, 118.1,
117.0, 116.5, 112.5, 108.5, 55.6, 55.5; HRMS—ESI [M + H]* calcd for C1sH1sNO>S* 310.0896,
found 310.0899.

3-(Naphthalen-2-yl)-1H-benzo[4,5]thieno[3,2-b]pyrrole (3K)

()

S

H
N

/
Compound 3k was obtained as a gray solid (90 mg, 60%) according to the general procedure from
1 and azirine 2k (267 mg, 1.6 mmol); mp 241-243 °C (hexane/Et,0); *H NMR (400 MHz, DMSO-
de) 8 12.24 (s, 1H), 8.04-7.87 (m, 8H), 7.56-7.49 (m, 1H), 7.49-7.40 (m, 2H), 7.35-7.25 (m, 1H);
BC{*H} NMR (101 MHz, DMSO-ds) & 140.8, 133.6, 133.2, 132.1, 131.3, 128.4, 127.6, 127.4,

126.9,126.5,125.1,124.5,124.1,123.7,122.9,121.7,121.5,118.7, 118.3, 116.8; HRMS—ESI [M
+ H]* calcd for C20H14NS* 300.0841, found 300.0843.
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4. Synthesis of 1-methyl-3-phenyl-1H-benzo[4,5]thieno[3,2-b]pyrrole (6)

H Me
\N/ 1. NaH, DMF, 0°C N
2. Mel, DMF, rt )
S Ph S Ph
3b 6

To a solution of compound 3b (50 mg, 0.2 mmol) in DMF (2 mL) cooled to 0 °C, NaH (60% in
mineral oil, 16 mg, 0.4 mmol) was added and the reaction mixture was stirred for 20 min at the
same temperature. Methyl iodide (48 mg, 0.34 mmol) was added and the reaction mixture was
stirred at room temperature for 1 h. After the reaction completion, the reaction mixture was washed
with saturated NH4Cl solution (10 mL) and extracted with EtOAc (3 x 10 mL). The combined
organic layer was washed with brine, dried over Na,SO4 and concentrated under reduced pressure.
The residue was purified by column chromatography on silica gel (eluent PE/EtOAC) to give
compound 6 (43 mg, 81%) as a white solid; mp 131-133 °C (EtOAc); 'H NMR (400 MHz, DMSO-
ds) 6 8.09-8.00 (m, 1H), 8.00-7.92 (m, 1H), 7.71 (s, 1H), 7.65-7.54 (m, 2H), 7.49-7.38 (m, 3H),
7.34-7.27 (m, 1H), 7.24-7.17 (m, 1H), 4.12 (s, 3H); *C{*H} NMR (101 MHz, DMSO-ds) § 140.8,
134.1, 132.9, 129.0, 126.9, 125.8, 125.4, 124.5, 124.2, 124.1, 122.8, 118.9, 118.4, 115.7, 35.6;
HRMS—ESI [M + H]* calcd for C17H14aNS* 264.0841, found 264.0841.

5. Synthesis of tert-butyl 3-phenyl-1H-benzo[4,5]thieno[3,2-b]pyrrole-1-

carboxylate (7)
0-_0
T

H
N
Boc,0O, DMAP
S oh CH,Cl,, rt s oh
3b 7

To a solution of 3b (50 mg, 0.2 mmol) and dimethylaminopyridine (2 mg, 0.02 mmol) in CH2Cl:
(5 mL), di-tert-butyl dicarbonate (65 mg, 0.3 mmol) was added, and the reaction mixture was
stirred for 1.5 h. Then, the reaction mixture was washed with saturated NH4CI solution (10 mL),
and the aqueous layer was extracted with CH2Cl, (3 x 10 mL). The combined organic layer was
washed with brine, dried over Na>SO4 and concentrated under reduced pressure. The residue was
purified by column chromatography on silica gel (eluent PE/EtOAC) to give compound 7 (57 mg,
82%) as a yellow solid; mp 161-163 °C (EtOAc); 'H NMR (400 MHz, DMSO-dg) & 8.84-8.65
(m, 1H), 8.07 (s, 1H), 8.04-7.97 (m, 1H), 7.84-7.69 (m, 2H), 7.56-7.43 (m, 3H), 7.43-7.30 (m,
2H), 1.69 (s, 9H); 3 C{'H} NMR (101 MHz, DMSO-d¢) 5 148.3, 141.3,132.0, 131.6, 129.1, 127.3,
126.9, 125.3, 124.7, 124.6, 124.0, 123.9, 123.1, 122.5, 120.0, 85.0, 27.6; HRMS—ESI [M + H]*
calcd for C21H20NO>S* 350.1209, found 350.1200.

6. Synthesis of 3-phenyl-1H-benzo[4,5]thieno[3,2-b]pyrrole-2-carbaldehyde (8)

N N
Q—S\_/Z DMF, POClg, 1t TN
S Ph S Ph
3b 8
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To a solution of 3b (50 mg, 0.2 mmol) in DMF (2 mL), POCl3 (61 mg, 0.4 mmol) was added, and
the reaction mixture was stirred for 12 h. Then, the reaction mixture was washed with saturated
NaHCOs solution (10 mL) and extracted with EtOAc (3 x 10 mL). The combined organic layer
was washed with brine, dried over Na,SO4 and concentrated under reduced pressure. The residue
was purified by column chromatography on silica gel (eluent PE/EtOAC) to give compound 8 (48
mg, 87%) as a brown solid; mp 277-279 °C (EtOAc); *H NMR (400 MHz, DMSO-dg) & 13.16 (s,
1H), 9.75 (s, 1H), 8.30-8.13 (m, 1H), 8.03-7.93 (m, 1H), 7.78-7.65 (m, 2H), 7.62-7.52 (m, 2H),
7.52-7.38 (m, 3H); ®°C{*H} NMR (101 MHz, DMSO-ds) & 179.7, 143.3, 137.6, 132.2, 132.0,
129.2,128.8, 128.0, 127.3, 126.0, 125.8, 125.0, 124.4, 121.9, 121.5; HRMS-ESI [M + H]* calcd
for C17H12NOS* 278.0634, found 278.0630.

7. Synthesis of 4-methyl-3-(4-methylphenyl)-1,4-dihydropyrrolo[3,2-b]indole (10)

OH p-TOl H
N 2a
N Ni(hfacac), (5 mol %) N pb-Tol
Me MeOH, 100 °C Me
9a 10

A solution of enol 9a (41 mg, 0.2 mmol), azirine 2a (42 mg, 0.32 mmol) and Ni(hfacac). (5 mg,
0.01 mmol) in anhydrous MeOH (3 mL) was heated in a screw-cap glass tube at 100 °C for 20
min. After evaporation of the solvent under reduced pressure, the residue was purified by column
chromatography on silica gel (eluent PE/EtOACc) and recrystallized from hexane/Et20 to give
compound 10 as a colorless solid (21 mg, 41%); mp 169-170 °C (hexane/Et.0); *H NMR (400
MHz, CDCls) 6 8.10 (s, 1H), 7.70-7.63 (m, 1H), 7.62-7.52 (m, 2H), 7.46-7.40 (m, 1H), 7.38-7.30
(m, 3H), 7.25-7.17 (m, 1H), 7.00-6.87 (m, 1H), 3.86 (s, 3H), 2.52 (s, 3H);3C{*H} NMR (101
MHz, CDCl3) 6 141.9, 135.6, 132.3,131.9, 129.2,128.7, 120.7, 120.5,119.9, 118.0, 116.4, 115.2,
110.3,109.3, 31.7, 21.1; HRMS-ESI [M + H]* calcd for C1gH17N2* 261.1386, found 261.1391.

8. Synthesis of methyl rac-(3aR,8bS)-8b-hydroxy-2-(4-methylphenyl)-4,8b-
dihydropyrrolo[3,2-b]indole-3a(3H)-carboxylate (11)

oH p-Tol HO |
X p-Tol
A\ N 2a
COzMe
N IPrCuCl (5 mol %) N Co,Me
Y MeOH, 100 °C
9b 11

A solution of enol 9b (38 mg, 0.2 mmol), azirine 2a (42 mg, 0.32 mmol) and IPrCuCl (4.9 mg,
0.01 mmol) in anhydrous MeOH (3 mL) was heated in a screw-cap glass tube at 100 °C for 20
min. After evaporation of the solvent under reduced pressure, the residue was purified by column
chromatography on silica gel (eluent PE/EtOAC) to give compound 11 as a light yellow oil (5 mg,
10%); *H NMR (400 MHz, CDCls) & 7.77-7.68 (m, 2H), 7.37-7.31 (m, 1H), 7.26-7.19 (m, 3H),
6.91-6.84 (m, 1H), 6.82-6.76 (m, 1H) 5.19 (br s, 1H), 3.85 (s, 3H), 3.73 and 3.67 (AB-q, J = 17.0
Hz, 2H), 2.39 (s, 3H); *C{*H} NMR (101 MHz, CDCl3) 6 175.7,170.0, 148.1, 142.1, 130.9, 130.7,
130.5,129.2,128.0, 124.4,120.6,112.0, 100.8, 89.5,53.1, 48.4, 21.5; HRMS-ESI [M + H]"* calcd
for C19H19N203* 323.1390, found 323.1403.
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9. Reactions of indole 9¢ with azirine 2a

0
OH p-Tol HO \ CO,Me
N N37 ) X— p-Tol p-Tol
N—co,Me a . " N o
N IPrCuCl (5 mol %) . Co,Me =L
Ac MeOH, 100 °C Me
9c 12 (4%) 13 (40%)

A solution of compound 9c¢ (47 mg, 0.2 mmol), azirine 2a (42 mg, 0.32 mmol) and IPrCuCl (4.9
mg, 0.01 mmol) in anhydrous MeOH (3 mL) was heated in a screw-cap glass tube at 100 °C for
20 min. After evaporation of the solvent under reduced pressure, the residue was purified by
column chromatography on silica gel (eluent PE/EtOAC) to give pyrroloindole 12 as a yellow oil
(3 mg, 4%) and oxazole 13 as a colorless solid (29 mg, 40%).

Methyl (3aR,8bS)-4-acetyl-8b-hydroxy-2-(4-methylphenyl)-4,8b-dihydropyrrolo[3,2-
blindole-3a(3H)-carboxylate (12). Yellow oil. tH NMR (400 MHz, CDCls) § 7.86-7.80 (m, 1H),
7.74-7.68 (m, 2H), 7.44-7.37 (m, 1H), 7.25-7.19 (m, 4H), 4.60 (d, J = 19.1 Hz, 1H), 3.77 (s, 3H),
3.44 (d, J = 19.1 Hz, 1H), 2.55 (s, 3H), 2.40 (s, 3H); *C{*H} NMR (101 MHz, CDCls) & 173.5,
169.1, 168.4, 142.6, 140.8, 132.1, 130.7, 129.6, 129.3, 128.4, 126.2, 124.2, 113.4, 109.9, 78.4,
53.0,47.6,25.7, 21.6; HRMS-ESI [M + H]* calcd for C21H21N204* 365.1496, found 365.1479.

Methyl 2-(2-methyl-5-(4-methylphenyl)-4,5-dihydrooxazol-5-yl)-3-oxoindoline-2-
carboxylate (13). Colorless solid, decomposes slowly at room temperature. *H NMR (400 MHz,
CDCl3) 6 7.61-7.53 (m, 1H), 7.52-7.44 (m, 1H), 7.34-7.28 (m, 2H), 7.23-7.12 (m, 2H), 6.95—
6.83 (m, 2H), 5.48 (d, J = 14.5 Hz, 1H), 4.97 (s, 1H), 4.17 (d, J = 14.5 Hz, 1H), 3.75 (s, 3H), 2.36
(s, 3H), 1.87 (s, 3H); BC{*H} NMR (101 MHz, CDCls) 6 192.0, 166.2, 162.2,161.0, 138.3, 138.1,
137.5,129.0, 126.0, 125.1, 120.5, 120.0, 112.9, 90.5, 76.4, 62.5, 53.4, 21.0, 13.9; HRMS-ESI [M
+ Na]* calcd for C21H20N2NaO4* 387.1315, found 387.1321.

10. Reactions of indole 15 with azirine 2a

- p-Tol
co,Me P T°'\7 MeOLC
2a N 2 NH
N—oH - *
N catalyst (5 mol%) N o
Me MeOH, 100 °C M
e

15 16

IPrCuCl 63% (dr=8.3) 20%

Ni(hfacac), 61% (dr=1.2) 0%

A solution of compound 15 (41 mg, 0.2 mmol), azirine 2a (42 mg, 0.32 mmol) and IPrCuCl (4.9
mg, 0.01 mmol) in anhydrous MeOH (3 mL) was heated in a screw-cap glass tube at 100 °C for
10 min. After evaporation of the solvent under reduced pressure, the residue was purified by
column chromatography on silica gel (eluent PE/EtOAC) to give aziridine 16 as a yellow oil (dr =
8.3, 42 mg, 63%) and biindoline 17° as a colorless solid (8 mg, 20%). The reaction of 15 with
azirine 2a catalyzed by Ni(hfacac), (5 mg, 0.01 mmol) gave aziridine 16 (dr = 1.2, 41 mg, 61%).

Methyl  1-methyl-3-[2-(4-methylphenyl)aziridin-2-yl]-2-oxoindoline-3-carboxylate  (16).
Signals of major isomer: *H NMR (400 MHz, CDCls) & 7.35-7.28 (m, 1H), 7.16-7.05 (m, 2H),

S9



7.03-6.89 (m, 4H), 6.78-6.69 (m, 1H), 3.69 (s, 3H), 3.09 (s, 3H), 2.67 (s, 1H), 2.29 (s, 3H), 1.93
(s, 1H), 1.54 (br s, 1H); B3C{*H} NMR (101 MHz, CDCls) & 171.1, 167.9, 144.0, 137.7, 136.2,
129.9,129.1,128.1, 126.5, 126.0, 121.9, 107.9, 62.6, 52.8, 43.9, 28.3, 26.3, 21.0; HRMS-ESI [M
+ Na]* calcd for C20H20N2NaOs* 359.1366, found 359.1368.

S10



11. X-ray data

Compound 7 (CCDC 2402772)

Single crystals of 7 were grown by slow evaporation of its solution in Et,O-hexane mixture A
suitable crystal was selected and intensity data were collected ona XtaLAB Synergy, Single source
at home/near, HyPix diffractometer. The crystal was kept at 99.98(10) K during data collection.
Using Olex2 [12], the structure was solved with the SHELXT [13] structure solution program
using Intrinsic Phasing and refined with the olex2.refine [14] refinement package using Gauss-

Newton minimization.

Figure S-1. X-Ray crystal structure of compound 7 with 50% ellipsoid probability (CCDC

2402772)

18

= [111124)

PLATON=-Nov 14 14:28:29 2024

r=J

B9 HB

Pbeca R = 0.03

50
100

Prob
Temp

RES= 0 -40 X

Table S-1. Crystal data and structure refinement for 7

Empirical formula
Formula weight
Temperature/K
Crystal system
Space group
alA

b/A

c/A

o/°

pre

V/°

C21H19NO,S
349.456
99.98(10)
orthorhombic
Pbca
9.7785(1)
13.9878(1)
25.3803(2)
90

90

90

s11



Volume/A3 3471.51(5)

z 8

Pealcg/cm® 1.337

pw/mm? 1.764

F(000) 1479.1

Crystal size/mm3 0.16 x 0.14 x 0.12

Radiation Cu Ka (A =1.54184)

20 range for data collection/° 6.96 to 144.92

Index ranges -7<h<12,-16<k<17,-31 <1<31
Reflections collected 20991

Independent reflections 3424 [Rint = 0.0473, Rsigma = 0.0251]
Data/restraints/parameters  3424/0/229

Goodness-of-fit on F? 1.043

Final R indexes [I>=20 (I)] R1=0.0315, wR>=0.0811

Final R indexes [all data] R1=0.0330, wR, = 0.0824

Largest diff. peak/hole / e A= 0.26/-0.31
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13.*H and C spectra of new compounds
'H NMR spectrum of 3a (400 MHz, DMSO-ds)
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'H NMR spectrum of 3b (400 MHz, DMSO-ds)

0s'¢—

6T°L
1L
L
STL
LTL
6C°L
oL~
WL
vb'L
9L
v9'L
99,
8L°L
6L
v6'L

9T'¢T —

1.0 05 0.0

1.5

2.0

88'8¢
80°6€
6C°6€

2.5

3.0

J

4.0

4.5

55 5.0

6.0

f1 (ma)

BC{*H} NMR spectrum of 3b (101 MHz, DMSO-ds)

6.5

7.0

7.5

12.0 115 11.0 105 100 95 90 85 8.0

12.5

3.0

05'6€
TL6€
26'6€

€10t

¥8°9TT
P1°8TT
S9'8TT
T6°0CT
NN.NNH%
SO'PCT ~
[44 24}
epPvel
T€SCT
¢6°9¢T
16°8¢CT
96°CET
eV PET
cLobT

100 90 80 70 60 50
f1 (ma)

110

s15

120

200 190 180 170 160 150 140 130

210




'H NMR spectrum of 3¢ (400 MHz, DMSO-ds)
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'H NMR spectrum of 3d (400 MHz, DMSO-ds)
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'H NMR spectrum of 3e (400 MHz, DMSO-ds)
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'H NMR spectrum of 3f (400 MHz, DMSO-ds)
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'H NMR spectrum of 3g (400 MHz, DMSO-ds)
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'H NMR spectrum of 3h (400 MHz, DMSO-ds)
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'H NMR spectrum of 3i (400 MHz, DMSO-de)
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'H NMR spectrum of 3j (400 MHz, DMSO-ds)
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'H NMR spectrum of 3k (400 MHz, DMSO-ds)
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'H NMR spectrum of 6 (400 MHz, DMSO-ds)
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'H NMR spectrum of 7 (400 MHz, DMSO-ds)
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'H NMR spectrum of 8 (400 MHz, DMSO-ds)
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'H NMR spectrum of 10 (400 MHz, CDCls)
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'H NMR spectrum of 11 (400 MHz, CDCls)
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'H NMR spectrum of 12 (400 MHz, CDCls)
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'H NMR spectrum of 13 (400 MHz, CDCls)
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'H NMR spectrum of 16 (400 MHz, CDCls)
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