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1. General experimental information

The 'H, *C and "F NMR spectra were recorded on a Bruker AV-400 spectrometer with TMS as
internal reference in CDCl3 or DMSO-ds. All coupling constants (J values) were reported in hertz
(Hz), and chemical shifts (3) are expressed in ppm. The following abbreviations are used in reporting
NMR data: s, singlet; d, doublet; t, triplet; q, quartet; m, multiplet. High-resolution mass spectra
(HRMS) were measured by using a Bruker micro TOF II focus spectrometer (ESI). Melting points
were measured with a SGWX-4 Microscopic Melting Point Tester. The single crystal was measured
with an XtalLAB PRO MMOO7HF diffractometer (Rigaku, Japan, Cu). All reactions were monitored
by thin-layer chromatography (TLC) with GF254 silica gel coated plates. Flash column
chromatography was carried out using 300—400 mesh silica gel at increased pressure. All chemicals
were purchased from Leyan.com, Energy chemical company and meryer.com. Solvents were
purchased from Sinopharm chemical reagent company without further purification unless otherwise
stated.
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2. The list of starting materials

2.1 The list of oxime compounds
1al'l, 1b), 1¢), 1h, 1mB! 1nB] were prepared according to the literatures.
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Scheme S1 The list of oxime compounds

2.2 The list of thiols or selenols
All the thiols or selenols are purchased from commercial source and used without further

purification.

SH SH SH SH SH
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Scheme S2 The list of thiols or selenols
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3. Condition optimization

HON H,N - SAr Ho  ~ SAr
R NIS (0.4 mmol)
Na,CO3 (0.4 mmol) O O
‘el - e
solvent (1 mL)
N SAr N
N SH N,, 80 °C, 10 h H H
1a 2a 3aa 4aa
0.4 mmol Ar = 4-F-Ph
entry molar ratio (1a:2a) solvent yield of 3aa [%]?  yield of 4aa [%]?
1 1:1 ethyl acetate 25 22
2 1:1 acetonitrile 10 <5
3 1:1 tetrahydrofuran <5 10
4 1:1 1,4-dioxane 21 17
5 1:1 diethyl carbonate 28 25
6 1:1 DCE 40 18
7 1:1 DCE:DMSO = 1:1 75 n.d.
8 1:1 DCE:DMSO = 10:1 85 n.d.
9 1.2:1 DCE:DMSO = 10:1 95 n.d.

@ jsolated yield based on the amount of compound 2a

Table S1 Condition optimization
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NIS (0.4 mmol)
‘ ' Na,COj3 (0.4 mmol) O O
+

DCE:DMSO (10:1, 1 mL)

N SH N 80°C,10h N SAr
1a 2a 3aa
0.48 mmol 0.4 mmol 95%
variation from yield of
"stanrdard condition” 3aa [%]°
60 °C 55
100 °C 85
K,CO3 55
Cs,CO3 20
KOAc 33
DMSO 15
1,4-dioxane 30
1,4-dioxane/DMSO (10:1) 65
NCS instead of NIS n.d.
NBS instead of NIS n.d.

@ |solated yield based on the amount of compound 2a

Table S2 Evaluation of other reaction parameters

4. Preparation and characterization data of oximes

The procedure for the synthesis of oximes 1d-1g, 1i-11, 1o—p

o 1.2 eq. H,NOH-HCI NOH
1.2 eq. KOAc
' Het ' Het
MeOH:H,0 = 1:1
reflux, 2 h

1d-1g, 1i-11, 10-1p

In a 25 mL round flask, potassium acetate (236 mg, 2.4 mmol) and hydroxylamine hydrochloride
(167 mg, 2.4 mmol) were added to a solution of corresponding ketones (2.0 mmol) in 10 mL of
MeOH/water (v/v = 1:1). The mixture was refluxed for 2 h with a condenser by oil bath. After
cooling to room temperature, 15 mL water was added to the mixture to give a suspension. Then the
suspension was filtrated and dried, giving the corresponding oximes (1d-1g, 1i-11, 1o-1p).
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Characterization data of oximes 1d-1g, 1i-11, 1o-1p
HON
FsC O ’
N
H
1d

6-(Trifluoromethyl)-1,2,3,9-tetrahydro-4 H-carbazol-4-one oxime (1d), following the procedure
for the synthesis of oximes, 1d was isolated as a grey solid (456 mg, 1.7 mmol, 85 % yield).

m.p. 219-220 °C

'H NMR (400 MHz, DMSO-ds) 6 11.70 (s, 1H), 10.51 (s, 1H), 8.24 (s, 1H), 7.51 (d, J = 8.5 Hz,
1H), 7.38 (d, J=8.5 Hz, 1H), 2.84 (t, J = 6.2 Hz, 2H), 2.70 (t, /= 6.5 Hz, 2H), 1.93 (p, J = 6.3 Hz,
2H).

BC{*H} NMR (101 MHz, DMSO-ds)  152.5, 144.2, 138.1, 126.1 (q, J = 271.4 Hz), 123.9, 121.0
(9, J=30.8 Hz). 118.6 (g, J = 4.3 Hz), 118.3 (g, J = 3.9 Hz). 112.1, 107.7, 22.9, 22.7, 22.2.

F NMR (376 MHz, DMSO-ds) 8 -58.5 (m, 3F).

HRMS (ESI) caled (m/z) for C13H12F3N2O™ ([M+H]"): 269.0896, found: 269.0901.

HON

MeO
A\

N
H
1e

6-Methoxy-1,2,3,9-tetrahydro-4 H-carbazol-4-one oxime (le), following the general procedure
for the synthesis of oximes, 1e was isolated as a greyish white solid (386 mg, 1.68 mmol, 84 %
yield).
m.p. 208-209 °C
'TH NMR (400 MHz, DMSO-dc) 6 11.08 (s, 1H), 10.27 (m, 1H), 7.40 (d, J= 2.2 Hz, 1H), 7.21 (d, J
= 8.8 Hz, 1H), 6.71 (dd, J= 8.8, 2.2 Hz, 1H), 3.72 (s, 3H), 2.77 (t, /= 6.1 Hz, 2H), 2.67 (t, /= 6.3
Hz, 2H), 1.89 (p, J = 6.3 Hz, 2H).
BC{'H} NMR (101 MHz, DMSO-ds) 5 154.0, 152.9, 142.1, 130.9, 124.6, 111.6, 110.8, 106.4, 103 4,
55.3,22.8,22.6,22.0.

HRMS (ESI) caled (m/z) for C13HisN,0,* ([M+H]?): 231.1128, found: 231.1132.
HON

A\
N
H
Me
1f

8-Methyl-1,2,3,9-tetrahydro-4H-carbazol-4-one oxime (1f), following the procedure for the

synthesis of oxime, 1f was isolated as a greyish white solid (342 mg, 1.6 mmol, 80% yield).

m.p. 202-203 °C.

'TH NMR (400 MHz, DMSO-de) 8 11.12 (s, 1H), 10.23 (s, 1H), 7.72 (d, J= 7.6 Hz, 1H), 6.93 (t, J
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= 7.5 Hz, 1H), 6.87 (d, J= 7.0 Hz, 1H), 2.82 (t, J = 6.2 Hz, 2H), 2.68 (t, J= 6.5 Hz, 2H), 2.44 (s,
3H), 1.91 (p, J= 6.4 Hz, 2H).

BC{'H} NMR (101 MHz, DMSO-ds) 5 153.0, 141.7,135.8,124.2,122.4,120.4, 120.3, 119.2, 107.3,
23.1,22.9,22.4,17.2.

HRMS (ESI) caled (m/z) for Ci3H1sN.O" ([M+H]"): 215.1179, found: 215.1183.

HON

N
N
H
Ph
19

8-Phenyl-1,2,3,9-tetrahydro-4 H-carbazol-4-one oxime (1g), following the procedure for the
synthesis of oximes, 1g was isolated as a white solid (469 mg, 1.7 mmol, 85% yield).

m.p. 210-211 °C.

'TH NMR (400 MHz, DMSO-ds) & 11.04 (s, 1H), 10.30 (s, 1H), 7.94 (d, J = 7.5 Hz, 1H), 7.62 (d, J
=7.2 Hz, 2H), 7.53 (t, J=7.6 Hz, 2H), 7.42 (t, /= 7.3 Hz, 1H), 7.18 — 7.06 (m, 2H), 2.82 (t, /= 6.2
Hz, 2H), 2.70 (t, J= 6.5 Hz, 2H), 1.91 (p, J = 6.4 Hz, 2H).

BC{'H} NMR (101 MHz, DMSO-ds) 8 153.0, 143.0, 139.2, 133.7,129.4,128.9, 127.7, 125.5, 125 4,
122.1, 120.9, 120.8, 107.4, 23.1, 22.9, 22.4.

HRMS (ESI) caled (m/z) for C1sH17N,O* ([M+H]"): 277.1335, found: 277.1340.

HON
Cl
N
N
Cl N

1i

6,7-Dichloro-1,2,3,9-tetrahydro-4 H-carbazol-4-one oxime 1i, following the procedure for the
synthesis of oximes, 1i was isolated as a white solid (343 mg, 1.28 mmol, 64% yield).

m.p. 171-172 °C.

"H NMR (400 MHz, DMSO-ds) & 11.57 (s, 1H), 10.46 (s, 1H), 8.01 (s, 1H), 7.57 (s, 1H), 2.81 (t, J
=6.2 Hz, 2H), 2.67 (t,J= 6.4 Hz, 2H), 1.92 (p, /= 6.4 Hz, 2H).

BC{TH} NMR (101 MHz, DMSO-dc) § 152.3, 144.6, 135.5, 124.4,123.8,122.6,122.0, 113.1, 106.8,
22.9,22.6,22.1.

HRMS (ESI) caled (m/z) for C12H11CI.N2O™ ([M+H]?): 269.0243, found: 269.0247.

HON

N

B
=

Iz _

1j
5,6,7,8-Tetrahydro-9H-pyrido[3,2-b]indol-9-one oxime 1j, following the procedure for the

synthesis of oximes, 1j was isolated as a yellow solid (362 mg, 1.8 mmol, 90% yield).
m.p. 226227 °C.
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TH NMR (400 MHz, DMSO-de) 8 13.42 (s, 1H), 10.78 (s, 1H), 8.55 (dd, J= 8.2, 1.2 Hz, 1H), 8.49
(dd, J = 6.0, 1.2 Hz, 1H), 7.65 (dd, J = 8.2, 6.0 Hz, 1H), 3.03 (t, J = 6.2 Hz, 2H), 2.79 — 2.73 (m,
2H), 1.99 (p, J = 6.5 Hz, 2H).

3C{IH} NMR (101 MHz, DMSO-de) § 152.5, 150.6, 135.3, 132.9, 132.1, 127.8, 117.4, 103.3, 23.5,
22.4,21.5.

HRMS (ESI) caled (m/z) for C1H12N;0* ([M+H]?): 202.0975, found: 202.0974.

HON

N\
0

1k

3,4-Dihydrodibenzo[b,d]furan-1(2H)-one oxime 1k, following the procedure for the synthesis of
oximes, 1k was isolated as a white solid (320 mg, 1.6 mmol, 80% yield).

m.p. 110-111 °C.

'TH NMR (400 MHz, Chloroform-d) & 8.29 (s, 1H), 7.92 — 7.84 (m, 1H), 7.49 — 7.41 (m, 1H), 7.34
—7.26 (m, 2H), 2.89 (t, /= 6.4 Hz, 4H), 2.09 (p, J = 6.4 Hz, 2H).

BC{'H} NMR (101 MHz, Chloroform-d) 8 160.9, 154.8, 153.7, 124.5, 124.4, 123.7, 121.9, 111.3,
111.1,23.5,22.3, 21.6.

HRMS (ESI) caled (m/z) for C1oH12NO,* ([M+H]"): 202.0863, found: 203.0866.

NMR data are in agreement with literature reported chemical shifts and signal pattern.*

HON

N\
[ N\
~
N
N H
11

5,6,7,8-Tetrahydro-9H-pyrazino[2,3-b]indol-9-one oxime 11, following the procedure for the
synthesis of oximes, 11 was isolated as a white solid (364 mg, 1.8 mmol, 90% yield).

m.p. > 250 °C.

'TH NMR (400 MHz, DMSO-dc) 6 12.14 (s, 1H), 10.63 (s, 1H), 8.35 (s, 1H), 8.15 (s, 1H), 2.88 (t, J
=5.4Hz, 2H), 2.71 (t,J= 5.8 Hz, 2H), 2.04 — 1.83 (m, 2H).

BC{'H} NMR (101 MHz, DMSO-de) & 150.2, 147.1, 142.2, 138.7, 136.5, 106.1, , 23.4, 22.7, 21.7.
HRMS (ESI) calcd (m/z) for CioH11N4O" ([M+H]¥): 203.0927, found: 203.0926.

HON

M902C

Iz _

10

Methyl-4-(hydroxyimino)-2,3,4,9-tetrahydro-1H-carbazole-6-carboxylate 1o, following the
procedure for the synthesis of oximes, 10 was isolated as a white solid (474 mg, 1.84 mmol, 92%
yield).

m.p. 204-205 °C.
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TH NMR (400 MHz, DMSO-ds)  11.65 (s, 1H), 10.54 (s, 1H), 8.64 (d, J= 1.8 Hz, 1H), 7.74 (dd,
J=28.5,1.8 Hz, 1H), 7.41 (d, /= 8.5 Hz, 1H), 3.84 (s, 3H), 2.82 (t, J= 6.2 Hz, 2H), 2.70 (t, J = 6.5
Hz, 2H), 1.93 (p, J = 6.4 Hz, 2H).

BC{'H} NMR (101 MHz, DMSO-ds) 5 167.8,152.5, 143.7,139.2, 124.1, 123.9, 123.0, 121.6, 111.4,
108.1, 52.1,22.9,22.7,22.2.

HRMS (ESI) caled (m/z) for C14H15N203" ([M+H]"): 259.1077, found: 259.1082.

HON
NC
N
N
H
1p

4-(Hydroxyimino)-2,3,4,9-tetrahydro-1H-carbazole-6-carbonitrile 1p, following the procedure
for the synthesis of oximes, 1p was isolated as a white solid (112 mg, 1.0 mmol, 50% yield).

m.p. 226227 °C.

'H NMR (400 MHz, DMSO-de) & 11.82 (s, 1H), 10.53 (s, 1H), 8.22 (s, 1H), 7.48 (d, J = 8.4 Hz, 1H),
7.43 (d,J = 8.4 Hz, 1H), 2.88 — 2.77 (m, 2H), 2.73 — 2.63 (m, 2H), 1.99 — 1.84 (m, 2H).

BC{'H} NMR (101 MHz, DMSO-ds) 5 152.0, 144.1, 138.0, 125.8, 124.4,123.9, 120.8, 112.4, 107.3,
101.8, 22.5, 22.3, 21.7.

HRMS (ESI) caled (m/z) for C13H12N30* ([M+H]"): 226.0975, found: 226.0977.
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5. General procedure for the synthesis of the compounds 3

HON NIS (0.4 mmol) @

R% Na,CO; (0.4 mmol)
N AN * c Y XH = R D
R — DCE:DMSO (10:1, 1mL) =~ Y _~
= N N,, 80 °C, 10 h
1, 0.48 mmol 2, 0.4 mmol 3 X=S,Se
NOH NIS (0.4 mmol) NH,
Rz Na,COj3 (0.4 mmol) S
 Het . 7 s / X
S - . Het | R
DCE:DMSO (10:1, 1mL) . Z
N,, 80°C, 10 h 4
1, 0.48 mmol 2, 0.4 mmol

=

To an oven-dried screw-capped reaction tube with a magnetic stir bar, the corresponding oxime 1
(0.48 mmol), N-iodosuccinimide (90.0 mg, 0.4 mmol), sodium carbonate (42.4 mg, 0.4 mmol) were
added. Then a solution of aryl thiol or selenol 2 (0.4 mmol) in mix solvent (DCE/DMSO = 10:1, 1.0
mL) were added under nitrogen atmosphere. The cap was screwed on, and the reaction mixture was
stirred at 80 °C for 10 h in the heating mantle. After cooling down to room temperature, the reaction
mixture was purified by silica gel column chromatography (petroleum ether/ethyl acetate) to give
the desired compound 3.

Isolation for the compound 4aa

O s

NIS (0.4 mmol)
Na,COj3 (0.4 mmol) O
diethyl carbonate
N,, 80 °C, 10 h N

H

1a, 0.4 mmol 2a, 0.4 mmol 3aa, 28% yield 4aa, 25% yield

To an oven-dried screw-capped reaction tube with a magnetic stir bar, 1,2,3,9-tetrahydro-4H-
carbazol-4-one oxime 1a (80.4 mg, 0.4 mmol, 2.0 equiv.), N-iodosuccinimide (90.0 mg, 0.4 mmol,
2.0 equiv.), sodium carbonate (42.4mg, 0.4 mmol) were added, then a solution of 4-
fluorothiophenol 2a (51.2 mg, 0.4 mmol, 2.0 equiv.) in diethyl carbonate (1 mL) were added under
nitrogen atmosphere. The cap was screwed on, and the reaction mixture was stirred at 80 °C for 10 h
in the heating mantle. After cooling down to room temperature, the reaction mixture was purified
by silica gel column chromatography (petroleum ether/ethyl acetate = 20:1) to give 3aa (white solid,
24.3 mg, 0.056 mmol, 28% yield) and 4aa (grey solid, 30.9 mg, 0.1 mmol, 25% yield).
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6. General procedure for the compounds 3aa’-3ac’

HON HoN_ - XAr
Ac,0 (1.0 equiv. )

Cul (10 mol% ) O
N +  Ar—XH O
N
H

N DMF (2 mL)
H 100 °C, 6 h
1a, 0.4 mmol 2, 0.4 mmol 3aa'-3ac’, X = S, Se

3aa', 56% 3ab’, 46% 3ac', 58%

To an oven-dried screw-capped reaction tube with a magnetic stir bar, a solution of oxime 1 (80.0
mg, 0.4 mmol), Cul (7.6 mg, 0.04 mmol), acetic anhydride (37.5 pL, 0.4 mmol) in DMF (2 mL),
substituted thiophenol (0.4 mmol) or selenophenol (62.8 mg, 0.4 mmol) was then added under
nitrogen atmosphere. The reaction was stirred at 100 °C for 6 h in the heating mantle. After cooling
down to room temperature, brine (10 mL) was added into the reaction mixture. Then resulting
mixture was extracted with ethyl acetate (3 x 15 mL). The combined organic layer was dried with
Na,SO4 and concentrated under vacuum. The residue was further purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 10:1) to afford the compounds 3aa’-3ac’.

7. The synthesis of compounds 5 and C—S bond metathesis

The synthesis for compound 5

2
N SAr 2 (Ar’SH, 0.1 mmol) HN SAr H,N  SAP

NIS (0.1 mmol)
O Na,COs (0.1 mmol) O . O
O O SAr? O

DCE:DMSO (10:1, 1 mL)

N o N N SAr!
H N5, 80°C,1h H H
0.1 mmol
3aa’, Ar' = Ph 5a+5a’, Ar' = Ph, Ar? = 4-Bu-Ph, 47%, (ca. 1:1)
3ab’, Ar! = 4-Bu-Ph 5b+5b', Ar' = 4-Bu-Ph, Ar? = 4-OMe-Ph, 54%, (ca. 1:1)

To an oven-dried screw-capped reaction tube with a magnetic stir bar, a solution of compound 3aa’
or 3ab’ (0.1 mmol, 1.0 equiv.), substituted thiophenol (0.1 mmol, 1.0 equiv.) in mix solvent
(DCE/DMSO = 10:1, 1 mL), N-iodosuccinimide (22.5 mg, 0.1 mmol, 1.0 equiv.) and sodium
carbonate (10.6 mg, 0.1 mmol, 1.0 equiv.) were then added to the solution under nitrogen
atmosphere. The reaction was stirred at 80 °C for 1 h in the heating mantle. After cooling to room
temperature, the residue was purified by silica gel column chromatography (petroleum ether/ethyl
acetate = 10:1) to give the compounds 5 with two isomers.
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The C-S bond metathesis reactions
1.0 equiv. 4-OMe-PhSH 2e

SAr!
H2N 1.0 equiv. NIS HN  SAr HN - SAP
1.0 equiv. Na,CO3
Ny R e S IR
N SAr! DCE:DMSO (10:1, 1 mL) O ) O ;
° N SAr N SAr
H N,, 80 °C, 1 h H H
Ar' = 4-F-Ph Ar? = 4-OMe-Ph
l 5c + 5¢' |
3aa, 0.1 mmol 0.035 mmol 0.040 mmol 0.010 mmol
35% (S.M. recovered) 40% 10%

’ 2.0 equiv. 4-OMe-PhSH 2e

HoN_ - SAr 2.0 equiv. NIS

H,N SAr! H,N SAr?
2.0 equiv. Na,CO3
(2) > 3aa + O + O + 3ae
, DCE:DMSO (10:1, 1 mL) O O
N SAr Ny, 80 °C, 7 h N SA? N SAr!

H Ar? = 4-OMe-Ph
+ B
Ar! = 4-F-Ph \ Sc *50 |
3aa, 0.1 mmol trace trace 61%

2.0 equiv. 4-OMe-PhSH 2e

HoN 2.0 equiv. NIS FN
2.0 equiv. Na,CO3
@ O O . O
1) . :
' S@ Bu DCE:DMSO (10:1, 1 mL) N s@’OMe
N H

N,, 80 °C, 7 h

3ab, 0.1 mmol 3ae, 65%

2.0 equiv. 4-F-PhSH 2a

H2N 2.0 equiv. NIS H2N
2.0 equiv. Na,CO
@) O equiv. Na,CO3 O
O N SOOMe DCE:DMSO (10:1, 1 mL) O y S@-F
N H

Ny, 80 °C, 10 h

3ae, 0.1 mmol 3aa, 45%
Scheme S3 The C—S bond metathesis of 1,3-dithiolated carbazol-4-amines

(1

To an oven-dried screw-capped reaction tube with a magnetic stir bar, a solution of compound 3aa
(43.4 mg, 0.1 mmol, 1.0 equiv.), 4-methoxybenzenethiol 2e (14.0 mg, 0.1 mmol, 1.0 equiv.) in
solvent (DCE/DMSO =10:1, 1 mL), N-iodosuccinimide (22.5 mg, 0.1 mmol, 1.0 equiv.) and sodium
carbonate (10.6 mg, 0.1 mmol, 1.0 equiv.) were then added to the solution under nitrogen
atmosphere. The reaction was stirred at 80 °C for 1 h in the heating mantle. After cooling to room
temperature, the residue was purified by silica gel column chromatography (petroleum ether/ethyl
acetate = 10:1) to give the compound 5¢ + 5¢’ (with two isomers) in 40% yield and 3ae in 10%
yield (the starting material 3aa was recovered in 35% yield).

)

To an oven-dried screw-capped reaction tube with a magnetic stir bar, a solution of compound 3aa
(43.4 mg, 0.1 mmol, 1.0 equiv.), 4-methoxybenzenethiol 2e (28.0 mg, 0.2 mmol, 2.0 equiv.) in
solvent (DCE/DMSO = 10:1, 1 mL), N-iodosuccinimide (45 mg, 0.2 mmol, 2.0 equiv.) and sodium
carbonate (21.2mg, 0.2 mmol, 2.0 equiv.) were then added to the solution under nitrogen
atmosphere. The reaction was stirred at 80 °C for 7 h in the heating mantle. After cooling to room
temperature, the residue was purified by silica gel column chromatography (petroleum ether/ethyl
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acetate = 10:1) to give the compound 3ae in 61% yield (only trace amount of the starting material
3aa and 5c¢ + 5¢’ were detected).

3)

To an oven-dried screw-capped reaction tube with a magnetic stir bar, a solution of compound 3ab
(51.0 mg, 0.1 mmol, 1.0 equiv.), 4-methoxybenzenethiol 2e (28.0 mg, 0.2 mmol, 2.0 equiv.) in
solvent (DCE/DMSO =10:1, 1 mL), N-iodosuccinimide (45.0 mg, 0.2 mmol, 2.0 equiv.) and sodium
carbonate (21.2mg, 0.2 mmol, 2.0 equiv.) were then added to the solution under nitrogen
atmosphere. The reaction was stirred at 80 °C for 7 h in the heating mantle. After cooling to room
temperature, the residue was purified by silica gel column chromatography (petroleum ether/ethyl
acetate = 10:1) to give the compound 3ae in 65% yield.

“4)

To an oven-dried screw-capped reaction tube with a magnetic stir bar, a solution of compound 3ae
(45.8 mg, 0.1 mmol, 1.0 equiv.), 4-fluorobenzenethiol 2a (25.6 mg, 0.2 mmol, 2.0 equiv.) in solvent
(DCE/DMSO = 10:1, 1 mL), N-iodosuccinimide (45.0 mg, 0.2 mmol, 2.0 equiv.) and sodium
carbonate (21.2mg, 0.2 mmol, 2.0 equiv.) were then added to the solution under nitrogen
atmosphere. The reaction was stirred at 80 °C for 10 h in the heating mantle. After cooling to room
temperature, the residue was purified by silica gel column chromatography (petroleum ether/ethyl
acetate = 10:1) to give the compound 3aa in 45% yield.

8. Scale up reaction and transformations

Scale up reaction

s )
HON NIS (4 mmol) HzN
Na,CO3; (4 mmol
DCE:DMSO (10:1, 10 mL)

” N,, 80 °C, 10 h
1a 2a 3aa, 720 mg
4.8 mmol 4 mmol 1.66 mmol, 83%

To an oven-dried screw-capped reaction tube with a magnetic stir bar, 1,2,3,9-tetrahydro-4H-
carbazol-4-one oxime la (965 mg, 4.8 mmol), N-iodosuccinimide (900 mg, 4.0 mmol), sodium
carbonate (424 mg, 4.0 mmol) were added, then 4-fluorothiophenol 2a (512 mg, 4.0 mmol)
dissolved in mix solvent (DCE/DMSO = 10:1, 10 mL) were added sequentially under nitrogen
atmosphere. The cap was screwed on, and the reaction mixture was stirred at 80 °C for 10 h in the
heating mantle. After cooling down to room temperature, the reaction mixture was mixed with silica
gel and concentrated under vacuum. The solid mixture was further purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 20:1) to give the compound 3aa as white solid
(720 mg, 1.66 mmol, 83% yield).
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Transformations from compound 3

HN  SAr N, SAr = N-N_ SAr
O O t-BUONO (4 equiv.) O O ©/ O O
N SAr TMSN3 (3 equiv.) . N SAr CuTc (5 mol%) N SAr
H MeCN, 61% H Toluene, 80 °C
3aa, Ar = 4-F-CgH, 6, Ar = 4-F-CgH, 83% 7, Ar = 4-F-CgH,

In an oven-dried screw-capped reaction tube with a magnetic stir bar, compound 3aa (44.0 mg, 0.1
mmol, 1 equiv.) was dissolved in MeCN (1 mL) before being cooled to 0 °C with stirring. The
solution of terz-butylnitrite (48 pL, 0.4 mmol, 4 equiv.) was then added dropwise to the solution.
After the addition, the mixture was allowed to warm up to room temperature, and then stirred for
further 1 h. Then a solution of azidotrimethylsilane (40 pL, 0.3 mmol, 3 equiv.) in MeCN (0.5 mL)
was added dropwise to the reaction mixture. The resulting solution was stirred at room temperature
for 1.5 h. The reaction mixture was concentrated under vacuum and the residue was purified by
silica gel column chromatography (hexane) to give the azides 6 as a yellow oil (28.1 mg, 0.061
mmol, 61% yield).>

In a Schlenk tube, to a stirred solution of phenylacetylene (10 pL, 0.05 mmol, 1.0 equiv.), a solution
of azide 6 (23.0 mg, 0.05 mmol, 1.0 equiv.) in toluene (1 mL) was added copper(I) thiophene-2-
carboxylate (CuTc, 1.0 mg, 5 mol%). The reaction mixture was stirred at 80 °C for 2 h in the heating
mantle, and then concentrated in vacuo. The resulting residue was further purified by silica gel flash
chromatography (petroleum ether/ethyl acetate = 4:1) to afford compound 7 as a yellow solid (23.3
mg, 0.041 mmol, 83% yield).

e Q
H,N S Cul (10 mol%)

1,10-Phen (20 mol%)
O K,CO3 (2.0 equw)
N S DMF, 12 h, 120 °C
H 91%

Br

3ah 8

In a Schlenk tube, a mixture of 3ah (36.0 mg, 0.065 mmol), Cul (1.2 mg, 0.0065 mmol), 1,10-
phenanthroline (2.3 mg, 0.013 mmol), and potassium carbonate (18.0 mg, 0.13 mmol, 2.0 equiv.) in
DMF (1 mL) was stirred at 120 °C under nitrogen atmosphere for 12 h in the heating mantle. After
cooling down to room temperature, brine (5 mL) was poured into the reaction mixture. Then
resulting mixture was extracted with ethyl acetate (2 x 5 mL). The combined organic layer was dried
with Na,;SO4 and concentrated under vacuum. The residue was further purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 50:1) to afford the compound 8 as a yellow solid
(28.0 mg, 0.059 mmol, 91% yield).
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Br
Pd(PPh3)4 (5 mol%)

H,N S BINAP (10 mol%) HN S
Ko,CO3 (3.0 equiv.) O
O O toluene, 120 °C
NS 12 h, 98% Q N S
H
Ore O

3ah 9

In a Schlenk tube, a mixture of 3ah (28.0 mg, 0.05 mmol, 1 equiv.), Pd(PPh3)s (2.9 mg, 0.0025
mmol, 5 mol%), BINAP (3.1 mg, 0.005 mmol, 10 mol%), and potassium carbonate (20.7 mg, 0.15
mmol, 3.0 equiv.) in toluene (1 mL) was stirred at 120 °C under nitrogen atmosphere for 12 h in the
heating mantle. After cooling down to room temperature, brine (5 mL) was poured into the reaction
mixture. Then resulting mixture was extracted with ethyl acetate (2 x 5 mL). The combined organic
layer was dried with Na,SO4 and concentrated under vacuum. The residue was further purified by
silica gel column chromatography (petroleum ether/ethyl acetate = 50:1) to afford the compound 9
as a yellow solid (19.3 mg, 0.049 mmol, 98% yield).
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9. Control experiments

TI;II\/éP((g L(lx mm(l))l) TEMPO 3ab
.4 mmo i %
SAr  (xmmol) | Yield (%)
HON Bu Na,CO3 (0.4 mmol) HzN
Q 0.2 mmol reaction O 0 84
+ -
O DCE:DMSO (10:1, 1 mL) O
H SH N,, 80 °C, 10 h H SAr 0.4 <5
1a, 0.48 mmol 2b, 0.4 mmol 3ab, Ar = 4-Bu-Ph 1.0 n.d.
TEMPO (1.0 mmol)
NIS (0.4 mmol)
HON By Na,CO3 (0.4 mmol)
0.2 mmol reaction
(2) O .
DCE:DMSO (10:1, 1 mL)
N SH Ny, 80°C,2h
Ar = 4-Bu-Ph
1a, 0.48 mmol 2b, 0.4 mmol 3ab, n.d. 10, 17%
NIS (0.2 mmol)
Na,CO3 (0.2 mmol)
DCE: DMSO (10:1, 1 mL)
, 80°C,10h
Ar = 4-Bu-Ph
1a, 0.48 mmol 2b, 0.2 mmol 3ab, 58% 3ab', 17%
HN_ SAT g, NIS (0.1 mmol) HN_ - SAr
O Na,CO3 (0.1 mmol) O
+ >
O DCE:DMSO (10:1, 1 mL) O
H SH N,, 80°C,10h H SAr
3ab’, 0.1 mmol 2b, 0.1 mmol 3ab, Ar = 4-'Bu-Ph, 85%
HON NIS (0.4 mmol) 0 H2N

Na,CO3 (0.4 mmol)

®) N DCE:DMSO (10:1, 1 mL)
N, 80°C, 10 h

Iz
/
Z
—
Iz !
\/

1a, 0.48 mmol without 2b 90% n.d.
Scheme S4 Control experiments

Radical trapping experiments

TE'IV;P((S ix mmcl))l) TEMPO 3ab
.4 mmo Yield (%
SAr  (x mmol) eld (%)
HON Bu Na,COj3 (0.4 mmol) H2N
Q 0.2 mmol reaction O 0 84
O + -
DCE:DMSO (10:1, 1 mL) O

N SH Ny, 80 °C, 10 h N SAr 04 <5

1a, 0.48 mmol 2b, 0.4 mmol 3ab, Ar = 4-'Bu-Ph 1.0 n.d.

To three oven-dried screw-capped reaction tubes with magnetic stir bars, 1,2,3,9-tetrahydro-4H-

carbazol-4-one oxime 1a (96.5 mg, 0.48 mmol), N-iodosuccinimide (90.0 mg, 0.4 mmol), sodium

carbonate (42.4 mg, 0.4 mmol) were added. To each tube [(2,2,6,6-tetramethylpiperidin-1-yl)oxyl]
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(0, 0.4 mmol, 1.0 mmol TEMPO) was added respectively. Then 4-(tert-butyl)benzenethiol 2b (66.5
mg, 0.4 mmol) dissolved in mix solvent (DCE/DMSO = 10:1, 1 mL) were added sequentially under
nitrogen atmosphere. The cap was screwed on, and the reaction mixture was stirred at 80 °C for 10 h
in the heating mantle. Without tempo, the compound 3ab could be obtained in 84% yield, while 0.4
mmol and 1.0 mmol tempo inhibited the formation of 3ab.

TEMPO (1.0 mmol)

NIS (0.4 mmol)

HON Bu Na,COj3 (0.4 mmol)

’ 0.2 mmol reaction

+
O DCE:DMSO (10:1, 1 mL)
H SH Ny, 80°C,2h
Ar = 4-1Bu-Ph
1a, 0.48 mmol 2b, 0.4 mmol 3ab, n.d. 10, 17%

To an oven-dried screw-capped reaction tube with a magnetic stir bar, 1,2,3,9-tetrahydro-4H-
carbazol-4-one oxime 1a (96.5 mg, 0.48 mmol), N-iodosuccinimide (90.0 mg, 0.4 mmol), sodium
carbonate (42.4mg, 0.4 mmol), [(2,2,6,6-tetramethylpiperidin-1-yl)oxyl] (156 mg, 1.0 mmol
TEMPO) were added. Then 4-(tert-butyl)benzenethiol 2b (66.5 mg, 0.4 mmol) dissolved in solvent
(DCE/DMSO = 10:1, 1 mL) were added sequentially under nitrogen atmosphere. The cap was
screwed on, and the reaction mixture was stirred at 80 °C for 2 h in the heating mantle. After colling
to room temperature, the reaction mixture was further purified by silica gel column chromatography
(petroleum ether/ethyl acetate = 10:1) to give the tempo trapping product 10 as colorless oil (21.8
mg, 0.068 mmol, 17% yield).

The reaction between 1a and 2b with reduced amount of 2b
HON

Bu NIS (0.2 mmol)
Na,COj3 (0.2 mmol)
N * DCE:DMSO (10:1, 1 mL)
N N,, 80 °C, 10 h
H SH N

r = 4-Bu-Ph
1a, 0.48 mmol 2b, 0.2 mmol 3ab, 58% 3ab’, 17%

To an oven-dried screw-capped reaction tube with a magnetic stir bar, 1,2,3,9-tetrahydro-4H-
carbazol-4-one oxime 1a (95.5 mg, 0.48 mmol), N-iodosuccinimide (45.0 mg, 0.2 mmol), sodium
carbonate (42.4 mg, 0.4 mmol) were added. Then a solution of 4-(¢ert-butyl)benzenethiol 2b (33.2
mg, 0.2 mmol) in solvent (DCE/DMSO = 10:1, 1 mL) was added under nitrogen atmosphere. The
sealed reaction mixture was stirred at 80 °C for 10 h in the heating mantle. After colling to room
temperature, the reaction mixture was further purified by silica gel column chromatography
(petroleum ether/ethyl acetate = 10:1) to give the product 3ab (29.6 mg, 0.058 mmol, 58% yield)
and 3ab’ (11.5 mg, 0.033 mmol, 17% yield).

Transformation of 3ab’ to 3ab

HN - SAT g NIS (0.1 mmol) HN - SAT
O Na,COj3 (0.1 mmol) O
O ¥ Q DCE:DMSO (10:1, 1 mL) i} O
H SH N,, 80°C, 10 h H SAr
3ab’, 0.1 mmol 2b, 0.1 mmol 3ab, Ar = 4-Bu-Ph, 85%

The reaction was carried at the conditions (0.1 mmol 3ab’, 0.1 mmol 2b, 0.1 mmol NIS, 0.1 mmol

S16



NaCO3) in solvent (DCE/DMSO = 10:1, 1 mL), heating at 80 °C with heating mantle under nitrogen
atmosphere for 10 h. After cooling down to room temperature, the reaction mixture was further
purified by silica gel column chromatography (petroleum ether/ethyl acetate = 10:1) to afford
compound 3ab as a grey solid (43.2 mg, 0.085 mmol, 85% yield).

HON NIS (0.4 mmol) 0
Na,CO3 (0.4 mmol)

N DCE:DMSO (10:1, 1mL) N

N N,, 80 °C, 10 h N

H H

1a, 0.48 mmol 90%

To an oven-dried screw-capped reaction tube with a magnetic stir bar, 1,2,3,9-tetrahydro-4H-
carbazol-4-one oxime 1a (95.5 mg, 0.48 mmol), N-iodosuccinimide (90.0 mg, 0.4 mmol), sodium
carbonate (42.4 mg, 0.4 mmol) were added. Under nitrogen atmosphere, the mixture was dissolved
in solvent (DCE/DMSO = 10:1, 1 mL) and was stirred at 80 °C for 1 h in the heating mantle. After
cooling down to room temperature, 1,2,3,9-tetrahydro-4H-carbazol-4-one was obtained in 90%
yield.
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10. Characterization data of the compounds 3-10

F

H2N SO

O N S’@F
H

3aa

1,3-Bis((4-fluorophenyl)thio)-9 H-carbazol-4-amine 3aa, following the general procedure for the
synthesis of the compounds 3, purification through flash column chromatography (5% ethyl
acetate/petroleum ether) yielded the title compound (82.5 mg, 0.19 mmol, 95% yield) as a white
solid.

m.p. 157-158 °C.

'"H NMR (400 MHz, Chloroform-d): & 8.55 (s, 1H), 7.92 (d, J= 7.9 Hz, 1H), 7.85 (s, 1H), 7.50 —
7.39 (m, 2H), 7.34 — 7.28 (m, 1H), 7.13 — 7.00 (m, 4H), 6.93 (d, J = 8.8 Hz, 2H), 6.89 (d, /= 8.8
Hz, 2H), 5.33 (s, 2H).

BC{'H} NMR (101 MHz, Chloroform-d): 6 161.1 (d, J=245.4 Hz, 2C), 147.0, 144.1, 143.0, 138.4,
132.8 (d,J=3.0Hz), 132.7 (d,J=2.9 Hz), 127.9 (d, /= 5.6 Hz), 127.8 (d, /= 5.6 Hz) 125.3, 123.2,
120.6 (d, /= 2.6 Hz), 116.3 (d, J=8.2 Hz), 116.0 (d, /= 8.7 Hz) 111.1, 110.1, 105.1, 101.4.

19F NMR (376 MHz, Chloroform-d) & -117.2 (m, 1F), -117.4 (m, 1F).

HRMS (ESI) caled (m/z) for Co4H17F2N2S," ([M+H]Y): 435.0796, found: 435.0794.

3ab

1,3-Bis((4-(tert-butyl)phenyl)thio)-9 H-carbazol-4-amine 3ab, following the general procedure
for the synthesis of the compounds 3, purification through flash column chromatography (5% ethyl
acetate/petroleum ether) yielded the title compound (85.5 mg, 0.168 mmol, 84% yield) as a white
solid.

m.p. 112-113 °C.

'TH NMR (400 MHz, Chloroform-d): & 8.57 (s, 1H), 7.93 (d, J = 8.1 Hz, 1H), 7.86 (s, 1H), 7.46 —
7.39 (m, 2H), 7.31 — 7.26 (m, 1H), 7.25 - 7.19 (m, 4H), 7.02 (d, J = 8.4 Hz, 4H), 5.32 (s, 2H), 1.26
(s, 9H), 1.24 (s, 9H).

BC{'H} NMR (101 MHz, Chloroform-d): 5 148.5, 148.4, 147.0, 144.3, 143.4, 138.4, 134.5, 134.4,
126.1, 126.0, 125.7, 125.7, 125.1, 123.3, 120.6, 120.3, 111.0, 110.0, 105.0, 101.1, 34.3, 31.3.
HRMS (ESI) calcd (m/z) for C3,H3sN»2S," ([M+H]Y): 511.2236, found: 511.2233.

S18



Cl

HN SO

(LA
H

3ac

1,3-Bis((4-chlorophenyl)thio)-9H-carbazol-4-amine 3ac, following the general procedure for the
synthesis of the compounds 3, purification through flash column chromatography (5% ethyl
acetate/petroleum ether) yielded the title compound (71.6 mg, 0.154 mmol, 77% yield) as a white
solid.

m.p. 176177 °C.

'TH NMR (400 MHz, Chloroform-d): & 8.53 (s, 1H), 7.92 (d, J = 7.9 Hz, 1H), 7.82 (s, 1H), 7.50 —
7.40 (m, 2H), 7.34 - 7.29 (m, 1H), 7.21 — 7.10 (m, 4H), 7.05 — 6.91 (m, 4H), 5.33 (s, 2H).

BC{'H} NMR (101 MHz, Chloroform-d): 3 147.2, 144.2,143.2, 138.4, 136.5, 136.3, 131.2, 131.2,
129.2,129.1, 127.1, 125.4, 123.1, 120.7, 120.6, 111.1, 110.1, 104.2, 100.5.

HRMS (ESI) caled (m/z) for C24H17C1N,S,™ ([M+H]Y): 467.0205, found: 467.0201.

3ad

1,3-Bis(phenylthio)-9H-carbazol-4-amine 3ad

Following the general procedure for the synthesis of the compounds 3, purification through flash
column chromatography (5% ethyl acetate/petroleum ether) yielded the title compound (67.7 mg,
0.17 mmol, 62% yield) as a white solid.

m.p. 133-134 °C.

'"H NMR (400 MHz, Chloroform-d) & 8.57 (s, 1H), 7.93 (d, /= 7.9 Hz, 1H), 7.88 (s, 1H), 7.46 —
7.37 (m, 2H), 7.30 (t,J= 7.2 Hz, 1H), 7.24 — 7.16 (m, 4H), 7.14 — 7.03 (m, 6H), 5.33 (s, 2H).
BC{'H} NMR (101 MHz, Chloroform-d) & 147.1, 144.3, 143.5, 138.4, 138.0, 137.9, 129.1, 129.0,
125.8,125.8, 125.3, 125.2, 125.2, 123.2, 120.6, 120.5, 111.1, 110.0, 104.6, 100.7.

HRMS (ESI) calcd (m/z) for Co4H19N2S,* ([M+H]¥): 399.0984, found: 399.0982.

H,N S@Ome

3ae

1,3-Bis((4-methoxyphenyl)thio)-9H-carbazol-4-amine 3ae
Following the general procedure for the synthesis of the compounds 3, purification through flash
column chromatography (10% ethyl acetate/petroleum ether) yielded the title compound as a grey
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solid, m.p. 142—-144 °C.

'H NMR (400 MHz, Chloroform-d) & 8.53 (s, 1H), 7.88 (d, J = 7.9 Hz, 1H), 7.85 (s, 1H), 7.42 —
7.35 (m, 2H), 7.28 — 7.25 (m, 1H), 7.08 (d, J= 8.8 Hz, 4H), 6.79 — 6.71 (m, 4H), 5.27 (s, 2H), 3.73
(s, 3H), 3.72 (s, 3H).

BC{'H} NMR (101 MHz, Chloroform-d) & 158.1, 158.0, 146.5, 143.8, 142.5, 138.4, 128.44, 128.38,
128.33, 128.28, 125.1, 123.2, 120.6, 120.3, 114.84, 114.77, 111.0, 110.1, 106.3, 102.5, 55.4.
HRMS (ESIY) caled (m/z) for CoH23N20,S," [M+H]*: 459.1195, found: 459.1198.

Me

HaN S
-
SR

H
3af

1,3-Bis(o-tolylthio)-9H-carbazol-4-amine 3af

Following the general procedure for the synthesis of the compounds 3, purification through flash
column chromatography (5% ethyl acetate/petroleum ether) yielded the title compound (60.6 mg,
0.142 mmol, 71% yield) as a white solid.

m.p. 141-142 °C.

'"H NMR (400 MHz, Chloroform-d): & 8.53 (s, 1H), 7.94 (d, J = 7.9 Hz, 1H), 7.81 (s, 1H), 7.46 —
7.39 (m, 2H), 7.34 — 7.28 (m, 1H), 7.20 — 7.14 (m, 2H), 7.04 — 6.96 (m, 3H), 6.92 (t, J = 7.0 Hz,
1H), 6.68 (dd, J = 7.7, 1.5 Hz, 1H), 6.63 (d, J = 7.0 Hz, 1H), 5.29 (s, 2H), 2.49 (s, 6H).

BC{'H} NMR (101 MHz, Chloroform-d): 8 147.3, 144.5, 143.7, 138.5, 137.2, 136.9, 134.8, 134.7,
130.31, 130.25, 126.74, 126.66, 125.3, 125.1, 125.0, 124.9, 124.7, 123.4, 120.7, 120.6, 111.2, 110.2,
104.3, 100.4, 20.1.

HRMS (ESI) calcd (m/z) for CasH23N2S,* ([M+H]Y): 427.1297, found: 427.1295.

3ag

1,3-Bis((2-chlorophenyl)thio)-9H-carbazol-4-amine 3ag

Following the general procedure for the synthesis of the compounds 3, purification through flash
column chromatography (5% ethyl acetate/petroleum ether) yielded the title compound (57.4 mg,
0.124 mmol, 62% yield) as a white solid. m.p. 166-167 °C.

'"H NMR (400 MHz, Chloroform-d): & 8.64 (s, 1H), 7.93 (d, J = 7.9 Hz, 1H), 7.84 (s, 1H), 7.49 —
7.41 (m, 2H), 7.40 — 7.29 (m, 3H), 7.08 — 6.99 (m, 3H), 6.96 (td, J = 7.7, 1.4 Hz, 1H), 6.66 (dd, J
=17.3,2.3 Hz, 1H), 6.60 (dd, J = 8.0, 1.7 Hz, 1H), 5.36 (s, 2H).

BC{'H} NMR (101 MHz, Chloroform-d): 5 147.8, 144.7, 144.0, 138.5, 137.3, 136.9, 131.0, 130.7,
129.73,129.71,127.4,127.3,126.3, 126.20, 126.17, 125.5, 123.2,120.8, 120.7, 111.3, 110.2, 103.3,
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99.6.
HRMS (ESI) caled (m/z) for C2sH17CLN,S,* ([M+H]Y): 467.0205, found: 467.0201.

Br

HN S

3ah

1,3-Bis((2-bromophenyl)thio)-9H-carbazol-4-amine 3ah

Following the general procedure for the synthesis of the compounds 3, purification through flash
column chromatography (5% ethyl acetate/petroleum ether) yielded the title compound (82.1 mg,
0.148 mmol, 74% yield) as a white solid. m.p. 165-167 °C.

'"H NMR (400 MHz, Chloroform-d): & 8.64 (s, 1H), 7.92 (d, J = 7.9 Hz, 1H), 7.84 (s, 1H), 7.58 —
7.50 (m, 2H), 7.44 (d, J = 6.7 Hz, 2H), 7.35 — 7.28 (m, 1H), 7.11 — 7.04 (m, 1H), 7.03 — 6.90 (m,
3H), 6.64 (dd,J =7.9, 1.6 Hz, 1H), 6.57 (dd, J = 7.8, 1.8 Hz, 1H), 5.36 (s, 2H).

BC{'H} NMR (101 MHz, Chloroform-d): & 147.7, 144.6, 143.9, 139.2, 138.9, 138.5, 133.00,
132.97, 128.0, 127.9, 126.42, 126.40, 126.3, 126.2, 125.5, 123.2, 120.8, 120.6, 120.3, 111.3, 110.2,
104.0, 100.3.

HRMS (ESI) caled (m/z) for C24H17Br2N2S,™ ([M+H]): 556.9174, found: 556.9178.

3ai

1,3-Bis(m-tolylthio)-9 H-carbazol-4-amine 3ai

Following the general procedure for the synthesis of the compounds 3, purification through flash
column chromatography (5% ethyl acetate/petroleum ether) yielded the title compound (79.0 mg,
0.186 mmol, 93% yield) as a white solid.

m.p. 107-108 °C.

'TH NMR (400 MHz, Chloroform-d): § 8.61 (s, 1H), 7.93 (d, J = 7.8 Hz, 1H), 7.90 (s, 1H), 7.46 —
7.40 (m, 2H), 7.33 — 7.28 (m, 1H), 7.15 — 7.06 (m, 2H), 6.97 — 6.87 (m, 6H), 5.33 (s, 2H), 2.27 (s,
3H), 2.25 (s, 3H).

BC{'H} NMR (101 MHz, Chloroform-d): 8 147.1, 144.4, 143.6, 138.9, 138.8, 138.4, 137.9, 137.8,
128.94, 128.88, 126.5, 126.4, 126.3, 126.2, 125.1, 123.3, 123.0, 122.9, 120.6, 120.4, 111.1, 110.1,
104.7,100.8, 21.55, 21.52.

HRMS (ESI) calcd (m/z) for Co6H23N2S,* ([M+H]Y): 427.1297, found: 427.1294.
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3aj
1,3-Bis((3-fluorophenyl)thio)-9 H-carbazol-4-amine 3aj
Following the general procedure for the synthesis of the compounds 3, purification through flash
column chromatography (5% ethyl acetate/petroleum ether) yielded the title compound (65.1 mg,
0.15 mmol, 75% yield) as a white solid. m.p. 89-90 °C.
'"H NMR (400 MHz, Chloroform-d): & 8.58 (s, 1H), 7.93 (d, J = 7.8 Hz, 1H), 7.84 (s, 1H), 7.49 —
7.41 (m, 2H), 7.32 (t,J = 7.4 Hz, 1H), 7.21 — 7.13 (m, 2H), 6.88 (dd, J= 7.8, 2.0 Hz, 1H), 6.85 (dd,
J=17.8,2.0 Hz, 1H), 6.83 — 6.71 (m, 4H), 5.36 (s, 2H).
BC{'H} NMR (101 MHz, Chloroform-d): & 163.3 (d, J=248.0 Hz, 2C), 147.4, 144.4, 143.6, 140.7
(d, J=7.4 Hz), 140.5 (d, J= 7.4 Hz), 138.4, 130.3, 130.31 (d, J = 16.5 Hz), 125.4, 123.2, 121.24
(d, J=2.8 Hz), 121.2 (d, J = 2.6 Hz), 120.6 (d, /= 10.4 Hz), 112.6 (d, J=24.3 Hz), 112.4 (d, J =
43 Hz), 112.2 (d,J=4.3 Hz), 111.2, 110.1, 103.7, 99.9.
19F NMR (376 MHz, Chloroform-d): 6 -111.8 (m, 1F), -112.0 (m, 1F).
HRMS (ESI) caled (m/z) for Co4H17F2N2S," ([M+H]Y): 435.0796, found: 435.0794.

o
cl
HN S
&)
H
3ak

1,3-Bis((3,4-dichlorophenyl)thio)-9H-carbazol-4-amine 3ak, following the general procedure for
the synthesis of the compounds 3, purification through flash column chromatography (5% ethyl
acetate/petroleum ether) yielded the title compound (105 mg, 0.196 mmol, 98% yield) as a white
solid.

m.p. 162-163 °C.

'TH NMR (400 MHz, Chloroform-d): & 8.48 (s, 1H), 7.84 (d, J= 7.9 Hz, 1H), 7.71 (s, 1H), 7.44 —
7.34 (m, 2H), 7.25 (t,J="7.4 Hz, 1H), 7.18 (d, /= 8.5 Hz, 1H), 7.15 (d, J= 8.5 Hz, 1H), 7.03 (d, J
=2.0 Hz, 2H), 6.81 (dd, J=8.5, 2.0 Hz, 1H), 6.76 (dd, J= 8.5, 2.0 Hz, 1H), 5.28 (s, 2H).

BC{'H} NMR (101 MHz, Chloroform-d) & 147.5, 144.3, 143.4, 138.4, 138.33, 138.30, 133.3, 133.2,
130.73, 130.68, 129.4, 129.3, 127.1, 125.6, 125.0, 124.9, 123.1, 120.9, 120.6, 111.2, 110.2, 103.4,
99.7.

HRMS (ESI) calcd (m/z) for C24H15CL4iN2S,* ([M+H]"): 536.9396, found: 536.9398.
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1,3-Bis((2,4-dimethylphenyl)thio)-9 H-carbazol-4-amine 3al, following the general procedure for
the synthesis of the compounds 3, purification through flash column chromatography (5% ethyl
acetate/petroleum ether) yielded the title compound (51.8 mg, 0.114 mmol, 57% yield) as colorless
oil.

'H NMR (400 MHz, Chloroform-d): & 8.53 (s, 1H), 7.93 (d, J= 7.9 Hz, 1H), 7.81 (s, 1H), 7.46 —
7.40 (m, 2H), 7.35-7.28 (m, 1H), 7.02 (d, J= 2.0 Hz, 2H), 6.82 (dd, /= 8.1, 2.0 Hz, 1H), 6.76 (dd,
J=28.1,2.0 Hz, 1H), 6.63 (d, J = 8.1 Hz, 1H), 6.60 (d, J= 8.1 Hz, 1H), 5.28 (s, 2H), 2.48 (s, 6H),
2.27 (s, 3H), 2.26 (s, 3H).

BC{'H} NMR (101 MHz, Chloroform-d): 3 146.9, 144.3, 143.3, 138.5, 135.0, 134.9, 134.8, 133 .4,
133.3,131.3,131.2,127.45,127.38, 125.5, 125.21, 125.17,123.3, 120.7, 120.4, 111.1, 110.2, 104.8,
101.0, 20.9, 20.8, 20.08, 20.06.

HRMS (ESI) caled (m/z) for CasH27N2S,* ([M+H]"): 455.1610, found: 455.1607.

Me
H,N S
O N S
H
Me
3am

1,3-Bis((2,5-dimethylphenyl)thio)-9H-carbazol-4-amine 3am, following the general procedure
for the synthesis of the compounds 3, purification through flash column chromatography (5% ethyl
acetate/petroleum ether) yielded the title compound (60.4 mg, 0.133 mmol, 67% yield) as a white
solid. m.p. 151-152 °C.

'TH NMR (400 MHz, Chloroform-d): & 8.57 (s, 1H), 7.96 (d, J = 7.9 Hz, 1H), 7.80 (s, 1H), 7.46 —
7.40 (m, 2H), 7.36 — 7.26 (m, 1H), 7.02 (d, /= 2.0 Hz, 2H), 6.82 (dd, /= 8.1, 2.0 Hz, 1H), 6.76 (dd,
J=28.1,2.0 Hz, 1H), 6.63 (d, J= 8.1 Hz, 1H), 6.60 (d, J = 8.1 Hz, 1H), 5.29 (s, 2H), 2.46 (s, 6H),
2.12 (s, 3H), 2.06 (s, 3H).

BC{'H} NMR (101 MHz, Chloroform-d): 8 146.0, 143.4, 142.6, 137.4, 135.6, 135.4, 135.2, 135.1,
130.7, 130.5, 129.05, 129.00, 124.82, 124.76, 124.3,124.1, 124.0, 122.3, 119.6, 119.3, 110.0, 109.1,
103.2,99.3,20.1, 18.5.

HRMS (ESI) calcd (m/z) for CosHo7N2S,* ([M+H]Y): 455.1610, found: 455.1607.
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3an

1,3-Bis(naphthalen-2-ylthio)-9H-carbazol-4-amine 3an, following the general procedure for the
synthesis of the compounds 3, purification through flash column chromatography (5% ethyl
acetate/petroleum ether) yielded the title compound (74.7 mg, 0.15 mmol, 75% yield) as a white
solid. m.p. 121-123 °C.

'"H NMR (400 MHz, Chloroform-d); & 8.52 (s, 1H), 7.90 (s, 1H), 7.82 (d, J= 7.9 Hz, 1H), 7.67 —
7.62 (m, 2H), 7.61 — 7.54 (m, 2H), 7.51 (d, J= 7.2 Hz, 1H), 7.49 — 7.45 (m, 1H), 7.37 (d, J = 2.0
Hz, 2H), 7.33 — 7.25 (m, 6H), 7.23 — 7.15 (m, 3H), 5.27 (s, 2H).

BC{'H} NMR (101 MHz, Chloroform-d) & 147.3, 144.5, 143.6, 138.5, 135.6, 135.5, 133.94, 133.88,
131.7, 131.6, 128.84, 128.76, 127.8, 127.1, 126.73, 126.66, 125.54, 125.45, 125.3, 124.8, 124.7,
123.7, 123.4, 120.7, 120.6, 111.2, 110.3, 104.7, 101.0.

HRMS (ESI) caled (m/z) for C3,H23N2S,* ([M+H]): 499.1297, found: 499.1294.

H,N Se’@
®
N Se‘@

H
3ao

1,3-bis(phenylselanyl)-9H-carbazol-4-amine 3ao

Following the general procedure, purification through flash column chromatography (5% ethyl
acetate/petroleum ether) yielded the title compound as a white solid, m.p. 130-132 °C.

"H NMR (400 MHz, Chloroform-d) & 8.54 (s, 1H), 8.08 (s, 1H), 7.91 (d, /= 7.9 Hz, 1H), 7.46 —
7.37 (m, 2H), 7.28 (t,J = 7.5 Hz, 1H), 7.24 — 7.08 (m, 10H), 5.30 (s, 2H).

13C NMR (101 MHz, CDCI3) & 146.8, 145.4, 144.7, 138.3, 133.0, 132.9, 129.44, 129.37, 128.8,
128.7,126.2, 126.1, 125.2, 123.6, 120.8, 120.4, 111.1, 109.7, 103.3, 97.3.

HRMS (ESIY) caled (m/z) for Co4Hi9N2Sex™ ((M+H]): 494.9873, found: 494.9880.

Bu
H,N S’@
Br
t
(LA
H

3bb

6-Bromo-1,3-bis((4-(tert-butyl)phenyl)thio)-9 H-carbazol-4-amine 3bb, following the general
procedure for the synthesis of the compounds 3, purification through flash column chromatography
(5% ethyl acetate/petroleum ether) yielded the title compound (82.6 mg, 0.14 mmol, 70% yield) as
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a white solid. m.p. 156—158 °C.

'H NMR (400 MHz, Chloroform-d): 4 8.57 (s, 1H), 8.03 (d, /= 1.8 Hz, 1H), 7.88 (s, 1H), 7.48 (dd,
J=38.5,1.8 Hz, 1H), 7.30 (d, /= 8.5 Hz, 1H), 7.22 (d, J= 8.9 Hz, 4H), 7.05 — 6.98 (m, 4H), 5.27 (s,
2H), 1.26 (s, 9H), 1.24 (s, 9H).

IBC{'H} NMR (101 MHz, Chloroform-d): § 148.7, 148.6, 147.0, 144.6, 144.0, 137.0, 134.3, 134.1,
127.7,126.2, 126.1, 126.0, 125.8, 125.0, 123.3, 113.1, 112.2, 109.2, 105.7, 101.3, 34.4, 31.3.
HRMS (ESI) caled (m/z) for C3,H34BrN,S;™ ([M+H]"): 589.1341, found: 589.1338.

Bu
HoN S’@
cl
1y
(5O
H

3cb

1,3-Bis((4-(tert-butyl)phenyl)thio)-6-chloro-9H-carbazol-4-amine 3cb, following the general
procedure for the synthesis of the compounds 3, purification through flash column chromatography
(5% ethyl acetate/petroleum ether) yielded the title compound (99.3 mg, 0.182 mmol, 91% yield)
as a white solid. m.p. 146—-147 °C.

'TH NMR (400 MHz, Chloroform-d): & 8.56 (s, 1H), 7.88 (s, 1H), 7.87 (s, 1H)., 7.35 — 7.31 (m, 2H),
7.23 (d, J = 8.9 Hz, 4H), 7.03 (d, J= 8.5 Hz, 4H), 5.26 (s, 2H), 1.27 (s, 9H), 1.25 (s, 9H).

BC{*H} NMR (101 MHz, Chloroform-d): § 148.7, 148.6, 147.0, 144.8, 144.0, 136.7, 134.3, 134.1,
126.2, 126.1, 125.9, 125.8, 125.7, 125.1, 124.4, 120.3, 111.8, 109.4, 105.7, 101.4, 34.50, 34.49,
31.41, 31.39.

HRMS (ESI) caled (m/z) for C3,H34CIN2S,* ([M+H]"): 545.1846, found: 545.1841.

‘Bu
H,N S’@
SN
11
(O
H

3db

1,3-Bis((4-(tert-butyl)phenyl)thio)-6-(trifluoromethyl)-9H-carbazol-4-amine 3db, following
the general procedure for the synthesis of the compounds 3, purification through flash column
chromatography (5% ethyl acetate/petroleum ether) yielded the title compound (82.0 mg, 0.142
mmol, 71% yield) as a white solid. m.p. 132—-133 °C.

'"H NMR (400 MHz, Chloroform-d) & 8.78 (s, 1H), 8.19 (s, 1H), 7.97 (s, 1H), 7.68 (d, J = 8.5 Hz,
1H), 7.51 (d, J= 8.5 Hz, 1H), 7.29 (d, J = 8.8 Hz, 4H), 7.08 (d, J= 8.4 Hz, 4H), 5.38 (s, 2H), 1.31
(s, 9H), 1.29 (s, 9H).

BC{'H} NMR (101 MHz, Chloroform-d) & 148.8, 148.7, 147.0, 144.9, 144.2, 140.0, 134.1, 133.9,
126.2, 126.1, 126.0, 125.8, 123.0, 122.6 (q, J = 32.4 Hz), 122.0 (q, J = 3.4 Hz), 117.9 (q, /= 4.0
Hz), 111.0, 109.7, 106.5, 101.6, 34.4, 31.3.

YF NMR (376 MHz, Chloroform-d) § -60.2 (m, 3F).

HRMS (ESI) calcd (m/z) for C33H34F3N>S>™ ([M+H]): 579.2110, found: 579.2105.
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1,3-Bis((4-(tert-butyl)phenyl)thio)-6-methoxy-9 H-carbazol-4-amine 3eb, following the general
procedure for the synthesis of the compounds 3, purification through flash column chromatography
(10% ethyl acetate/petroleum ether) yielded the title compound (61.5 mg, 0.114 mmol, 57% yield)
as a grey solid. m.p. 176177 °C.

'H NMR (400 MHz, Chloroform-d) & 8.43 (s, 1H), 7.83 (s, 1H), 7.40 (d, J= 2.4 Hz, 1H), 7.31 (d,
J=8.8 Hz, 1H), 7.23 (d, J= 8.6 Hz, 2H), 7.20 (d, J= 8.6 Hz, 2H), 7.06 — 6.98 (m, 5H), 5.26 (s, 2H),
3.89 (s, 3H), 1.25 (s, 18H).

BC{'H} NMR (101 MHz, Chloroform-d) & 154.5, 148.6, 148.5, 147.2, 145.1, 143.5, 134.59, 134.56,
133.4, 126.23, 126.17, 125.84, 125.82, 123.9, 113.4, 111.5, 110.3, 105.0, 104.7, 101.3, 56.4, 34.48,
34.47,31.42, 31.40.

HRMS (ESI) caled (m/z) for C33H37N20S," ([M+H]"): 541.2342, found: 541.2339.

3fb

1,3-Bis((4-(tert-butyl)phenyl)thio)-8-phenyl-9H-carbazol-4-amine 3fb, following the general
procedure for the synthesis of the compounds 3, purification through flash column chromatography
(5% ethyl acetate/petroleum ether) yielded the title compound (71.5 mg, 0.122 mmol, 61% yield)
as a white solid. m.p. 138-139 °C.

'"H NMR (400 MHz, Chloroform-d) & 8.60 (s, 1H), 7.90 (d, J = 7.7 Hz, 1H), 7.86 (s, 1H), 7.49 —
7.40 (m, 6H), 7.36 (t, J= 7.6 Hz, 1H), 7.20 — 7.25 (m, 4H), 7.09 (d, J = 8.4 Hz, 2H), 7.04 (d, J =
8.4 Hz, 2H), 5.31 (s, 2H), 1.26 (s, 18H).

BC{'H} NMR (101 MHz, Chloroform-d) & 149.2, 148.5, 146.9, 143.6, 142.4, 138.6, 136.2, 134.6,
133.9, 129.5, 128.2, 127.8, 127.3, 126.3, 126.2, 125.8, 125.3, 125.1, 123.7, 121.0, 119.8, 110.4,
105.1, 102.9, 34.55, 34.49, 31.43, 31.42.

HRMS (ESI) calcd (m/z) for C3sH3oN,S," ([M+H]Y): 587.2549, found: 587.2552.

3gb
1,3-Bis((4-(tert-butyl)phenyl)thio)-8-methyl-9H-carbazol-4-amine 3gb, following the general
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procedure for the synthesis of the compounds 3, purification through flash column chromatography
(5% ethyl acetate/petroleum ether) yielded the title compound (61.5 mg, 0.117 mmol, 59% yield)
as a brown white solid. m.p. 137-139 °C.

'H NMR (400 MHz, Chloroform-d): & 8.40 (s, 1H), 7.84 (s, 1H), 7.76 — 7.79 (m, 1H), 7.25 - 7.19
(m, 6H), 7.08 — 6.99 (m, 4H), 5.30 (s, 2H), 2.51 (s, 3H), 1.26 (s, 9H), 1.25 (s, 9H).

BC{'H} NMR (101 MHz, Chloroform-d) 3 148.7, 148.5, 147.1, 144.2, 143.2, 137.8, 134.7, 134.6,
126.2 (2C), 126.1,125.9,125.8, 122.9, 120.6, 120.3, 118.3, 110.6, 105.1, 101.7, 34.49, 34.47,31.42,
31.39, 17.0.

HRMS (ESI) caled (m/z) for C33H37N2S,* ([M+H]"): 525.2393, found: 525.2395.

Me
3hb

1,3-Bis((4-(tert-butyl)phenyl)thio)-9-methyl-9 H-carbazol-4-amine 3hb, following the general
procedure for the synthesis of the compounds 3, purification through flash column chromatography
(5% ethyl acetate/petroleum ether) yielded the title compound (73.4 mg, 0.14 mmol, 70% yield) as
a white solid. m.p. 129—-130 °C.
'TH NMR (400 MHz, Chloroform-d) & 7.97 (d, J = 7.8 Hz, 1H), 7.89 (s, 1H), 7.48 (t, J = 7.6 Hz,
1H), 7.42 (d, J="7.8 Hz, 1H), 7.31 (t,J= 7.3 Hz, 1H), 7.23 (d, J = 8.5 Hz, 2H), 7.20 (d, J = 8.5 Hz,
2H), 7.03 (d, J= 8.5 Hz, 2H), 6.95 (d, J= 8.5 Hz, 2H), 5.32 (s, 2H), 4.21 (s, 3H), 1.26 (s, 9H), 1.24
(s, 9H).
BC{'H} NMR (101 MHz, Chloroform-d) & 148.5, 148.1, 147.3, 147.0, 143.6, 141.3, 137.5, 134.5,
126.19, 126.15, 125.9,125.3,125.0, 122.2, 120.4, 120.2, 111.2, 109.1, 105.1, 101.3, 34.5,34.4,31.7,
31.42,31.41.
HRMS (ESI) caled (m/z) for C33H37N2S,* ([M+H]): 525.2393, found: 525.2390.

Bu
H,N S’@
Cl
Bu
(L0
Cl H

3ib
1,3-Bis((4-(tert-butyl)phenyl)thio)-6,7-dichloro-9 H-carbazol-4-amine ~ 3ib, following the
general procedure for the synthesis of the compounds 3, purification through flash column
chromatography (5% ethyl acetate/petroleum ether) yielded the title compound (62.4 mg, 0.108
mmol, 54% yield) as a white solid. m.p. 166-167 °C.
"H NMR (400 MHz, Chloroform-d) & 8.52 (s, 1H), 7.93 (s, 1H), 7.89 (s, 1H), 7.47 (s, 1H), 7.26 —
7.20 (m, 4H), 7.04 (d, J = 8.5 Hz, 2H), 7.01 (d, J = 8.5 Hz, 2H), 5.23 (s, 2H), 1.26 (s, 9H) 1.25 (s,
9H).
BC{'H} NMR (101 MHz, Chloroform-d) & 148.8, 148.7, 146.7, 145.0, 144.2, 137.3, 133.9, 133.8,
128.7,126.2, 126.1, 126.0, 125.9, 124.0, 123.1, 121.6, 112.3, 109.0, 106.4, 101.7, 34.4, 31.3.
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HRMS (ESI) caled (m/z) for C3Hs3CLN,S;* ([M+H]Y): 579.1457, found: 579.1460.

1
H,N S@ i

N

B
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A\ S@Bu
H

3jb
6,8-Bis((4-(tert-butyl)phenyl)thio)-5H-pyrido[3,2-b]indol-9-amine 3jb, following the general
procedure for the synthesis of the compounds 3, purification through flash column chromatography
(5% ethyl acetate/petroleum ether) yielded the title compound (72.5 mg, 0.142 mmol, 71% yield)
as a yellow solid. m.p. 194-195 °C.
'"H NMR (400 MHz, Chloroform-d) & 8.48 (dd, J=4.8, 1.4 Hz, 1H), 8.45 (s, 1H), 7.87 (s, 1H), 7.61
(dd, J=8.1, 1.4 Hz, 1H), 7.27 — 7.18 (m, 5H), 7.07 (d, J = 8.4 Hz, 2H), 7.01 (d, J = 8.4 Hz, 2H),
6.40 (s, 2H), 1.25 (s, 9H), 1.24 (s, 9H).
BC{'H} NMR (101 MHz, Chloroform-d) & 148.6, 148.5, 148.2, 145.7, 144.7, 143.9, 142.3, 134.8,
134.3, 131.7, 126.25, 126.15, 126.0, 125.7, 119.0, 117.2, 108.2, 104.0, 99.6, 34.48, 31.42, 31.40.
HRMS (ESI) caled (m/z) for C31H34N3S," ([M+H]): 512.2189, found: 525.2185.

Bu

H,N S@

® tB
aver

3kb
2,4-Bis((4-(tert-butyl)phenyl)thio)dibenzo[b,d]furan-1-amine 3kb, following the general
procedure for the synthesis of the compounds 3, purification through flash column chromatography
(5% ethyl acetate/petroleum ether) yielded the title compound (39.9 mg, 0.078 mmol, 39% yield)
as a yellow solid. m.p. 80-81 °C.
'"H NMR (400 MHz, Chloroform-d) & 7.80 (dd, J = 7.6, 1.3 Hz, 1H), 7.60 (t, J = 8.4 Hz, 2H), 7.51
—7.27 (m, 5H), 7.25 — 7.20 (m, 2H), 7.06 — 6.98 (m, 3H), 5.03 (s, 2H), 1.37 — 1.19 (m, 18H).
BC{'H} NMR (101 MHz, Chloroform-d) & 158.4, 157.6, 155.7, 155.0, 148.5, 145.1, 136.9, 136.3,
133.9, 127.5, 126.5, 126.12, 126.07, 125.9, 125.7, 123.7, 123.0, 120.5, 111.5, 111.1, 107.9, 102.5,
34.4,31.3,31.2,31.1.
HRMS (ESI) calcd (m/z) for C3;H34NOS," ([M+H]"): 512.2076, found: 512.2081.

3Ib’

8-((4-(tert-Butyl)phenyl)thio)-SH-pyrazino[2,3-b]indol-9-amine 3ib’, following the general
procedure for the synthesis of the compounds 3, purification through flash column chromatography
(5% ethyl acetate/petroleum ether) yielded the title compound (33.4 mg, 0.192 mmol, 24% yield)
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as a yellow solid. m.p. 252-253 °C.

'H NMR (400 MHz, Chloroform-d) & 9.61 (s, 1H), 8.44 (s, 1H), 8.30 (s, 1H), 7.68 (d, J = 8.2 Hz,
1H), 7.23 (d, J = 8.5 Hz, 2H), 7.04 (d, J = 8.5 Hz, 2H), 6.87 (d, J = 8.2 Hz, 1H), 6.05 (s, 2H), 1.25
(s, 9H).

BC{'H} NMR (101 MHz, Chloroform-d) & 148.4, 147.1, 142.0, 139.4, 137.2, 136.6, 134.2, 126.0,
125.8,105.9, 104.1, 100.8, 34.3, 31.3.

HRMS (ESI) caled (m/z) for CooH2iN4S™ ([M+H]Y): 349.1481, found: 349.1481.

2,4-Bis((4-(tert-butyl)phenyl)thio)naphthalen-1-amine 3mb, following the general procedure for
the synthesis of the compounds 3, purification through flash column chromatography (5% ethyl
acetate/petroleum ether) yielded the title compound (59.3 mg, 0.126 mmol, 63% yield) as a red solid.
m.p. 147148 °C.

'"H NMR (400 MHz, Chloroform-d) & 8.45 (d, J = 8.4 Hz, 1H), 7.98 (s, 1H), 7.85 (d, /= 7.9 Hz,
1H), 7.59 — 7.47 (m, 2H), 7.25 (d, J = 8.4 Hz, 2H), 7.19 (d, J = 8.4 Hz, 2H), 7.06 (d, J = 8.4 Hz,
2H), 7.00 (d, J= 8.4 Hz, 2H), 5.25 (s, 2H), 1.27 (s, 9H), 1.25 (s, 9H).

BC{'H} NMR (101 MHz, Chloroform-d) & 148.9, 148.2, 147.5, 143.2, 136.1, 135.6, 133.0, 128.1,
127.2, 126.5, 126.4, 126.2, 125.9, 125.8, 123.8, 121.9, 117.7, 108.7, 34.4, 31.3.

HRMS (ESI) caled (m/z) for C3oH34NSy™ ([M+H]Y): 472.2127, found: 472.2128.

CIUT L
B
: Cl

Cl 3nb

u

2-((4-(tert-Butyl)phenyl)thio)-4-(3,4-dichlorophenyl)naphthalen-1-amine 3nb, following the
general procedure for the synthesis of the compounds 3, purification through flash column
chromatography (5% ethyl acetate/petroleum ether) yielded the title compound (81.1 mg, 0.18 mmol,
45% yield) as a white solid. m.p. 128-129 °C.

"H NMR (400 MHz, Chloroform-d) & 7.94 —7.88 (m, 1H), 7.88 — 7.82 (m, 1H), 7.57 (d, J=2.1 Hz,
1H), 7.55—-7.49 (m, 3H), 7.48 (s, 1H), 7.31 (dd, J=8.2, 2.1 Hz, 1H), 7.26 (d, J= 8.4 Hz, 2H), 7.07
(d, J=8.4 Hz, 2H), 5.13 (s, 2H), 1.27 (s, 9H).

BC{*H} NMR (101 MHz, Chloroform-d) & 148.9, 146.0, 140.5, 134.7, 133.2, 132.8, 132.4, 132.1,
131.1, 130.3, 129.8, 128.4, 127.5, 126.5, 126.29, 126.25, 125.7, 123.3, 122.1, 108.4, 34.5, 31.4.
HRMS (ESI) calcd (m/z) for C26H2sCLNS™ ([M+H]"): 452.1001, found: 452.0998.
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Methyl 5-amino-6,8-bis((4-fluorophenyl)thio)-9H-carbazole-3-carboxylate 3oa, following the
general procedure for the synthesis of the compounds 3, purification through flash column
chromatography (20% ethyl acetate/petroleum ether) yielded the title compound (72.8 mg, 0.148
mmol, 74% yield) as a white solid. m.p. 177-178 °C.

H NMR (400 MHz, Chloroform-d) & 8.80 (s, 1H), 8.63 (s, 1H), 8.12 (dd, /= 8.5, 1.5 Hz, 1H), 7.87
(s, 1H), 7.44 (d, J = 8.5 Hz, 1H), 7.15 — 7.01 (m, 4H), 6.96 — 6.84 (m, 4H), 5.42 (s, 2H), 3.96 (s,
3H).

BC{'H} NMR (101 MHz, Chloroform-d) & 167.5, 161.2 (d, J = 244.1 Hz), 146.9, 144.7, 143.6,
141.3, 132.6 (d, J = 3.0 Hz), 132.3 (d, J= 3.0 Hz), 128.1 (d, J = 7.8 Hz), 128.0 (d, J = 7.8 Hz),
126.9,123.0, 122.8,122.4,116.3 (d, J=22.1 Hz), 116.2 (d,/=22.1 Hz), 110.5, 110.0, 106.4, 101.7,
52.2.

19F NMR (376 MHz, Chloroform-d) & -116.8 (m, 1F), -117.0 (m, 1F).

HRMS (ESI) calcd (m/z) for Ca6H19F2N202S," ((M+H]"): 493.0850, found: 493.0848.

@F

30a
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Methyl 5-amino-6-((4-fluorophenyl)thio)-9H-carbazole-3-carboxylate 3o0a’, following the
general procedure for the synthesis of the compounds 3, purification through flash column
chromatography (50% ethyl acetate/petroleum ether) yielded the title compound (14.6 mg, 0.04
mmol, 10% yield) as a yellow solid. m.p. 231-232 °C.

'"H NMR (400 MHz, DMSO-dc) 6 11.87 (s, 1H), 8.84 (s, 1H), 8.01 (d, J= 8.5 Hz, 1H), 7.55 (d, J =
8.5 Hz, 1H), 7.51 (d, /= 8.3 Hz, 1H), 7.17 — 7.04 (m, 4H), 6.93 (d, /= 8.3 Hz, 1H), 5.89 (s, 2H),
3.89 (s, 3H).

BC{'H} NMR (101 MHz, DMSO-ds) 6 167.2, 162.9(d, J = 246.4 Hz), 146.2, 143.2, 142.2, 135.8,
133.7(d,J=3.0Hz), 127.9 (d,J="7.8 Hz), 125.8, 123.4,122.0, 120.3, 116.1 (d, J=22.1 Hz), 110.4,
109.5,102.8, 101.8, 51.9.

YF NMR (376 MHz, DMSO-ds) 6 -117.9 (m, 1F).

HRMS (ESI) calcd (m/z) for C20H16FN20,S* ((M+H]"): 367.0911, found: 367.0909.
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5-Amino-6,8-bis((4-fluorophenyl)thio)-9H-carbazole-3-carbonitrile 3pa, following the general
procedure for the synthesis of the compounds 3, purification through flash column chromatography
(25% ethyl acetate/petroleum ether) yielded the title compound (67.1 mg, 0.146 mmol, 73% yield)
as a colorless oil.

'H NMR (400 MHz, DMSO-de) & 12.12 (s, 1H), 8.97 (s, 1H), 7.83 (s, 1H), 7.81 (dd, J = 8.5, 1.5 Hz,
1H), 7.69 (d, J = 8.5 Hz, 1H), 7.24 — 7.12 (m, 8H), 6.55 (s, 2H).

BC{H} NMR (101 MHz, DMSO-ds) 5 160.5 (d, J=243.0 Hz, 2C), 147.6, 145.3, 144.3, 141.2, 133.6
(d,J=3.2 Hz), 133.0 (d, /= 2.8 Hz), 128.2 (d, /= 7.8 Hz), 128.1 (d, J = 7.8 Hz), 128.0, 126.0, 122.6,
120.5, 116.4 (d, J= 6.0 Hz), 116.1 (d, J= 6.0 Hz), 112.2, 108.3, 104.3, 101.5, 99.5.

F NMR (376 MHz, DMSO-ds) 117.4 (m, 2F).

HRMS (ESI) caled (m/z) for CosHi6F2N3S," ([M+H]Y): 460.0748, found: 460.0755.

HN S@
®
N

H 3aa'

3-(phenylthio)-9H-carbazol-4-amine 3aa’

Following the general procedure for the synthesis of the mono-functionated compounds 3,
purification through flash column chromatography (10% ethyl acetate/petroleum ether) yielded the
title compound as a white solid (64.8 mg, 0.22 mmol, 56% yield), m.p. 153—155 °C.

'"H NMR (400 MHz, Chloroform-d) & 8.16 (s, 1H), 7.94 (d, J = 7.9 Hz, 1H), 7.55 (d, J = 8.3 Hz,
1H), 7.46 (d, J=17.9 Hz, 1H), 7.41 (t, /= 7.5 Hz, 1H), 7.29 (t, /= 7.4 Hz, 1H), 7.19 (dd, J = 8.7,
6.6 Hz, 2H), 7.11 — 7.01 (m, 3H), 6.91 (d, /= 8.3 Hz, 1H), 5.10 (s, 2H).

BC{'H} NMR (101 MHz, CDCls) & 145.8, 142.1, 139.1, 138.6, 135.8, 129.0, 125.8, 125.1, 125.0,
123.0, 120.8, 110.6, 110.5, 103.5, 101.9.

HRMS (ESIY) caled (m/z) for CisHisN2S,* ([M+H]Y): 291.0950, found: 291.0951.

t
HzN SOBU
®
N

H 3ab’

3-((4-(tert-Butyl)phenyl)thio)-9 H-carbazol-4-amine 3ab’
Purification through flash column chromatography (5% ethyl acetate/petroleum ether) yielded the
title compound 3ab’ as red solid (63.0 mg, 0.18 mmol, 46% yield). m.p. 72-73 °C.
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'H NMR (400 MHz, Chloroform-d) & 8.15 (s, 1H), 7.94 (d, J = 7.8 Hz, 1H), 7.55 (d, J = 8.3 Hz,
1H), 7.47 — 7.37 (m, 2H), 7.30 — 7.25 (m, 1H), 7.21 (d, J = 8.4 Hz, 2H), 7.00 (d, J = 8.4 Hz, 2H),
6.88 (d, J= 8.3 Hz, 1H), 5.11 (s, 2H), 1.24 (s, 9H).

13C{IH} NMR (101 MHz, Chloroform-d) 5 148.2, 145.8, 142.0, 139.1, 135.8, 135.1, 126.1, 125.6,
124.9, 123.0, 120.8, 120.1, 110.6, 110.5, 104.0, 101.9, 34.4, 31.4.

HRMS (ESI) caled (m/z) for CosHasNoS* ([M+HTY): 347.1576, found: 347.1567.

O

HN  Se
®
H 3ac’

3-(phenylselanyl)-9H-carbazol-4-amine 3ac’

Following the general procedure for the synthesis of the mono-functionated compounds 3,
purification through flash column chromatography (10% ethyl acetate/petroleum ether) yielded the
title compound as a white solid (78.0 mg, 0.23 mmol, 58% yield), m.p. 132—-134 °C.

'"H NMR (400 MHz, Chloroform-d) & 8.08 (s, 1H), 7.92 (d, J = 7.9 Hz, 1H), 7.66 (d, J = 8.3 Hz,
1H), 7.45 — 7.35 (m, 2H), 7.27 (t, J = 8.2 Hz, 1H), 7.20 (d, J = 7.3 Hz, 2H), 7.17 — 7.06 (m, 3H),
6.83 (d, /= 8.3 Hz, 1H), 5.08 (s, 2H).

BC{'H} NMR (101 MHz, CDCls) & 145.4, 142.1, 139.0, 136.9, 133.2, 129.3, 128.6, 125.9, 124.9,
123.0, 120.9, 120.1, 110.6, 110.3, 102.3, 102.0.

HRMS (ESIY) caled (m/z) for C1sHisN2Se* ([M+H]"): 339.0395, found: 339.0395.

4aa

3-((4-Fluorophenyl)thio)-9H-carbazol-4-0l 4aa

Following the modified general procedure for the modified conditions in diethyl carbonate,
purification through flash column chromatography (5% ethyl acetate/petroleum ether) yielded the
title compound as a grey solid, m.p. 201-202 °C.

'"H NMR (400 MHz, Chloroform-d) & 8.31 (d, /= 7.8 Hz, 1H), 8.20 (s, 1H), 7.53 (d, J = 8.3 Hz,
1H), 7.44 (d, J= 3.3 Hz, 2H), 7.33 — 7.27 (m, 1H), 7.23 (s, 1H), 7.09 — 7.01 (m, 3H), 6.95 — 6.91
(m, 1H), 6.91 — 6.88 (m, 1H).

BC{'H} NMR (101 MHz, Chloroform-d) & 161.5 (d, J = 245.4 Hz), 153.9, 142.9, 139.1, 134.1,
132.6 (d,J=3.2Hz), 128.3 (d, /= 8.0 Hz), 125.8, 123.3, 122.5, 120.6, 116.3 (d, /=22.2 Hz), 111.5,
110.4, 104.9, 104.3.

YF NMR (376 MHz, Chloroform-d) & -116.9 (m, 1F).

HRMS (ESI) calcd (m/z) for CisHi3FNOS* ([M+H]"): 310.0696, found: 310.0710.
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1-((4-(tert-butyl)phenyl)thio)-3-(phenylthio)-9 H-carbazol-4-amine
3-((4-(tert-butyl)phenyl)thio)-1-(phenylthio)-9H-carbazol-4-amine

Following the procedure of the synthesis for compound 5, purification through flash column
chromatography (5% ethyl acetate/petroleum ether) yielded the title compound as a colorless oil
(21.3 mg, 0.047 mmol, 47% yield, two isomers ratio ca. 1:1, the ratio was determined by the 'H
NMR and based on the signal integration at 5.33 and 5.30 ppm).

'"H NMR (400 MHz, Chloroform-d) & 5a + 5a’: 8.57 (s, 1H), 8.53 (s, 1H), 7.92 (d, J= 7.9 Hz, 2H),
7.87(d,J=2.3 Hz, 2H), 7.41 (d, J= 7.9 Hz, 4H), 7.29 (t, /= 7.2 Hz, 2H), 7.25 - 7.15 (m, 8H), 7.12
—6.99 (m, 10H), 5.33 (s 2H), 5.30 (s, 2H), 1.26 (s, 9H), 1.24 (s, 9H). [two isomers]

BC{'H} NMR (101 MHz, Chloroform-d) 8 5a+5a’: 148.7, 148.6, 147.3, 147.1, 144.5, 144.4, 143.6,
143.5,138.5, 138.2, 138.0, 134.5, 134.6, 129.2, 129.1, 126.3, 126.2, 126.0, 125.92, 125.88, 125.86,
125.4, 125.34, 125.25, 123.4, 120.7, 120.5, 111.2, 110.2, 110.1, 105.3, 104.6, 101.4, 100.7, 34.5,
31.4. [two isomers]

HRMS (ESIY) caled (m/z) for CosH27N2So™ ([M+H]): 455.1610, found: 455.1613.

Bu OMe
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5b + 5b'

3-((4-(tert-butyl)phenyl)thio)-1-((4-methoxyphenyl)thio)-9H-carbazol-4-amine
1-((4-(tert-butyl)phenyl)thio)-3-((4-methoxyphenyl)thio)-9H-carbazol-4-amine

Following the procedure of the synthesis for compound 5, purification through flash column
chromatography (10% ethyl acetate/petroleum ether) yielded the title compound as a red solid (26.1
mg, 0.054 mmol, 54% yield, two isomers ratio ca. 1:1, the ratio was determined by the 'H NMR
and based on the signal integration at 5.31 and 5.29 ppm), m.p. 145-147 °C.

"H NMR (400 MHz, Chloroform-d) & 5b + 5b’: 8.54 (s, 1H), 8.53 (s, 1H), 7.91 (d, J= 7.9 Hz, 2H),
7.86 (s, 1H), 7.85 (s, 1H), 7.48 — 7.36 (m, 4H), 7.29 (t, J = 7.4 Hz, 2H), 7.23 (t, J = 8.4 Hz, 2H),
7.21(d,J=8.4 Hz, 2H), 7.10 (d, J= 8.4 Hz, 4H), 7.03 (t, /= 8.4 Hz, 2H), 7.00 (d, J= 8.4 Hz, 2H),
6.78 (d, J= 8.4 Hz, 2H), 6.76 (d, J = 8.4 Hz, 2H), 5.31 (s, 2H), 5.29 (s, 2H), 3.74 (s, 3H), 3.73 (s,
3H), 1.26 (s, 9H), 1.24 (s, 9H). [two isomers]

3C{'H} NMR (101 MHz, Chloroform-d) & 5b + 5b’: 158.3, 158.2, 148.6, 148.5, 146.9, 146.8, 144.3,
144.1,143.2,142.9, 138.5, 134.6, 134.5, 128.6, 128.5, 128.4, 126.3, 126.2, 125.84, 125.81, 125.2, 123.42,
123.40, 120.7, 120.48, 120.46, 115.0, 114.9, 111.1, 110.19, 110.18, 106.5, 105.1, 102.8, 101.1, 55.5, 34.5,
31.43, 31.40. [two isomers]

HRMS (ESIY) caled (m/z) for C2oH2N20S," ([M+H]"): 485.1716, found: 485.1722.
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3-((4-fluorophenyl)thio)-1-((4-methoxyphenyl)thio)-9H-carbazol-4-amine

Following the procedure of the synthesis for compound 5, purification through flash column
chromatography (10% ethyl acetate/petroleum ether) yielded the title compound as a white solid
(17.8 mg, 0.04 mmol, 40% yield, two isomers ratio ca. 1:1, the ratio was determined by the '"H NMR
and based on the signal integration at 5.33 and 5.27 ppm), m.p. 101-103 °C.

'"H NMR (400 MHz, Chloroform-d) & 5¢ + 5¢’: 8.55 (s, 1H), 8.50 (s, 1H), 7.91 (d, J= 7.9 Hz, 2H),
7.85 (s, 1H), 7.83 (s, 1H), 7.48 — 7.38 (m, 4H), 7.29 (t, /= 7.4 Hz, 2H), 7.16 — 6.99 (m, 8H), 6.95 —
6.85 (m, 4H), 6.81—6.71 (m, 4H), 5.33 (s, 2H), 5.27 (s, 2H), 3.74 (s, 3H) 3.73 (s, 3H). [two isomers]
3C NMR (101 MHz, Chloroform-d) 8 5¢ + 5¢’: 161.2 (d, J=244.7 Hz), 158.3, 158.2, 146.9, 146.8,
144.12, 144.06, 143.1, 142.7, 138.55, 138.52, 133.1 (d, J = 3.0 Hz), 133.0 (d, /= 3.0 Hz), 128.7,
128.5,128.4,128.2,127.9 (d, J=7.8 Hz), 125.3, 123.4, 123.3, 120.7, 120.6, 116.3 (d, /= 22.2 Hz),
116.2 (d, J=22.1 Hz), 115.0, 114.9, 111.2, 111.1, 110.3, 110.2, 106.7, 105.1, 103.1, 101.1, 55.5.
19F NMR (376 MHz, Chloroform-d) & 5¢ + 5¢’: -117.6 (m, 1F), -117.3 (m, 1F). [two isomers]
HRMS (ESIY) caled (m/z) for CosH20FN,OS,™ [M+H]*™: 447.0996, found: 447.0994.

Q{@

4-Azido-1,3-bis((4-fluorophenyl)thio)-9H-carbazole 6
Purification through flash column chromatography (hexane) yielded the title compound (28.1 mg,
0.061 mmol, 61% yield) as a yellow oil.
'"H NMR (400 MHz, Chloroform-d) & 8.48 (s, 1H), 8.44 (d, J = 8.0 Hz, 1H), 7.77 (s, 1H), 7.51 —
7.41 (m, 2H), 7.31 (t,J= 7.0 Hz, 1H), 7.18 — 7.08 (m, 4H), 7.01 — 6.90 (m, 4H).
BC{*H} NMR (101 MHz, Chloroform-d) § 161.8 (d, J = 246.7 Hz), 161.6 (d, J = 245.8 Hz), 142.8,
141.6, 139.1, 138.6, 133.4 (d, J = 3.3 Hz), 130.9 (d, J = 3.3 Hz), 129.6 (d, J = 7.8 Hz), 129.2 (d, J
=7.8Hz), 127.1, 123.7, 122.5, 121.0, 117.7, 117.5, 116.6 (d, J = 22.1 Hz), 116.5 (d, J = 22.1 Hz),
111.2,111.0.
F NMR (376 MHz, Chloroform-d) 4 -115.4 (m, 1F), -116.1 (m, 1F).
HRMS (ESI) calcd (m/z) for C24Hi5F2N4S>™ ([M+H]): 461.0701, found: 461.0703.
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1,3-Bis((4-fluorophenyl)thio)-4-(4-phenyl-1H-1,2,3-triazol-1-yl)-9H-carbazole 7

Purification through flash column chromatography (25% ethyl acetate/petroleum ether) yielded the
title compound (23.3 mg, 0.041 mmol, 83% yield) as a yellow solid.

'"H NMR (400 MHz, Chloroform-d) & 8.73 (s, 1H), 8.02 (s, 1H), 7.97 (d, J = 7.0 Hz, 2H), 7.59 (s,
1H), 7.50 (t, J=7.6 Hz, 2H), 7.45 — 7.36 (m, 3H), 7.25 - 7.20 (m, 2H), 7.19 — 7.12 (m, 2H), 7.05 —
6.94 (m, 3H), 6.89 (t,J= 8.7 Hz, 2H), 6.69 (d, /= 7.9 Hz, 1H).

BC{*H} NMR (101 MHz, Chloroform-d) & 162.2 (d, J = 248.1 Hz, 2C), 147.9, 140.7, 139.8, 135.3,
132.9 (d, J = 8.2 Hz), 132.1, 131.7 (d, J = 8.2 Hz), 130.9 (d, J = 3.2 Hz), 130.3, 129.0 (d, J = 3.2
Hz), 128.9, 128.5, 127.9, 125.9, 124.3, 122.2, 122.1, 121.6, 121.3, 120.5, 118.7, 116.8 (d, J = 22.2
Hz), 116.4 (d, J = 22.1 Hz), 111.4.

HRMS (ESI) caled (m/z) for Cs,HziFoN4S,™ ([M+H]Y): 563.1170, found: 563.1174 .

Br

HoN

NS
. O

7-((2-Bromophenyl)thio)indolo[3,2,1-k/|phenothiazin-8-amine 8
Purification through flash column chromatography (2% — 5% ethyl acetate/petroleum ether) yielded

LY

the title compound (28.0 mg, 0.059 mmol, 91% yield) as a yellow solid (sensitive to light).

'"H NMR (400 MHz, Chloroform-d) & 8.07 (d, J= 8.4 Hz, 1H), 7.93 (d, /= 7.8 Hz, 1H), 7.87 (d, J
= 8.1 Hz, 1H), 7.55 — 7.48 (m, 2H), 7.37 (t, /= 7.6 Hz, 1H), 7.24 - 7.18 (m, 2H), 7.17 (s, 1H), 7.09
—7.02 (m, 2H), 6.95 (td, J= 7.6, 1.6 Hz, 1H), 6.63 (dd, J= 8.0, 1.6 Hz, 1H), 4.92 (s, 2H).

BC{'H} NMR (101 MHz, Chloroform-d) & 143.7, 141.8, 138.7, 138.1, 136.5, 132.9, 129.6, 128.5,
128.0, 127.5, 126.35, 126.32, 125.7, 125.6, 125.1, 122.9, 122.2, 121.6, 120.5, 116.0, 114.6, 110.8,
107.1, 106.2.

HRMS (ESI) caled (m/z) for Co4H16BrN»>S;™ ([M+H]Y): 474.9933, found: 474.9930.
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17H-Benzo|5,6][1,4]thiazino[3,2-b]indolo[1,2,3-mn]phenothiazine 9

Purification through flash column chromatography (2% — 5% ethyl acetate/petroleum ether) yielded
the title compound 8 as yellow solid (19.3 mg, 0.049 mmol, 98% yield). m.p. 182—-184 °C.

'TH NMR (400 MHz, DMSO-ds) 6 8.68 (d, J= 7.9 Hz, 1H), 8.18 (s, 1H), 8.12 (d, /= 8.4 Hz, 1H),
7.87(d,J=8.4Hz, 1H), 7.56 (t,J=7.8 Hz, 1H), 7.41 (t,J= 7.6 Hz, 1H), 7.31 — 7.24 (m, 2H), 7.20
(d, J=8.0 Hz, 1H), 7.13 — 7.04 (m, 2H), 6.99 (d, J= 7.5 Hz, 1H), 6.86 (t, /= 7.5 Hz, 1H), 6.79 (s,
1H).

BC{'H} NMR (101 MHz, DMSO-ds) 8 141.6, 138.5,137.4,135.6,134.9, 128.2,128.1, 127.4, 126 4,
126.3, 125.2, 123.6, 123.0, 122.8, 121.8, 121.1, 119.2, 118.4, 116.8, 115.8, 114.3, 111.6, 110.3,
108.2.

HRMS (ESI) caled (m/z) for C24H14N2S," [M]*: 394.0593, found: 394.0594.

_N
?
S

Bu : 10

1-(((4-(tert-Butyl)phenyl)thio)oxy)-2,2,6,6-tetramethylpiperidine 10

Purification through flash column chromatography (10% ethyl acetate/petroleum ether) yielded the
title compound 10 as colorless oil (21.8 mg, 0.068 mmol, 17% yield).

'"H NMR (400 MHz, Chloroform-d) 6 7.59 (d, J = 8.0 Hz, 2H), 7.46 (d, /= 8.0 Hz, 2H), 1.98 — 1.38
(m, 15H), 1.34 (s, 9H), 0.93 (s, 3H).

NMR data are in agreement with literature reported chemical shifts and signal pattern.®
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11. X-Ray crystallography Data of compound 3ab

Crystals suitable for X-ray analysis were obtained by the slow diffusion of hexane to a solution of
compound 3ab in tetrahydrofuran at room temperature.
Clear colourless plank, 0.3*0.2*%0.1; XtaLAB PRO MMOO7HF Cu; Rigaku, Japan.

The X-ray crystal structure of compound 3ab with one THF molecule (Thermal ellipsoids are at
the 50% probability level; CCDC 2302367)
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Crystal Data of 3ab

Empirical formula CzsHa2N20S;
Formula weight 582.880
Temperature/K 100.00(10)
Crystal system monoclinic

Space group P2i/c
alA 12.77746(8)
b/A 34.14872(18)
c/A 7.20907(5)
a/° 90
p/e 100.1518(6)
v/° 90
Volume/A3 3096.31(3)
z 4
Pealcg/cm’ 1.250
wmm'! 1.790
F(000) 1254.0
Crystal size/mm3 0.3 0.2 0.1
Radiation CuKo (A=1.54184)
20 range for data collection/° 5.18 to 147.7
Index ranges -15<h<15,-42<k<41,-8<1<8
Reflections collected 73789
Independent reflections 6218 [Rint = 0.0318, Rsigma = 0.0127]
Data/restraints/parameters 6218/0/377
Goodness-of-fit on F? 1.046
Final R indexes [[>=20c ()] Ry =0.0507, wR. = 0.1405
Final R indexes [all data] R1=0.0512, wR2 = 0.1409
Largest diff. peak/hole / e A3 1.10/-0.51
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13. NMR Spectra

1061
L1671
ce6’L

8v6L Lz
oot

9892\ )
€0Lz %F.N
8LLZ 0c
Gz8
o8
9582

LLeL
@hm.hw
26€°L .
16€°L M ﬁmw
wmv.mxw

6LG°L
cve8 — —— f00'L

60501 —

HON

N
H

1d

€0LLL —

12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0

13.0

1 (ppm)

"H NMR spectrum (400 MHz, DMSO-ds) of compound 1d

09/’ _.N/
NwN.NNN.
906°¢c

YLEL0L
YOL LLL
1812111
228 LLL
098211 1|
988° /1L 1
080°8LL 1
€ZL8LL
9918111
LOZ'8LL
S20°0ZL |
180z}
16902}

Bm.owr\
m_m.vmr\
910221

€162l

bOL'LEL
9eL el

06025} —

HON

N
H

1d

160 150 140

120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)
BC{'H} NMR spectrum (101 MHz, DMSO-ds) of compound 1d

130

190 180 170

200

S39



¥G'8G- —

HON

FsC O ’
N
H

1d

-40 -60 -80 -100 -120 -140 -160 -180 -2

-20

60

1 (ppm)

F NMR spectrum (376 MHz, DMSO-ds) of compound 1d

G/8°L
068" L
906° L

126’1
8G9°¢C
va.NW
689°¢C
€G6.°¢
89.°¢
v8.L°¢C
mNn.m\

0c.'9
9¢/l'9
961°L 7
N_.N.h\
v6e L

00v'L

169°9
mon.ow

19201
0Zc¢0lL V

c80°LL —

HON

MeO

6L

L0'¢
6°L

1e

—J e

— k60

— 260

6.0 5.0 4.0 3.0 2.0 1.0 0.0

7.0

12.0 11.0 10.0 9.0 8.0

13.0

1 (ppm)

"H NMR spectrum (400 MHz, DMSO-ds) of compound 1e

S40



6L0°¢c
_.mm.NNW
clLlLze

Sve'es —

€8€°€0L .
8Z4°901 ~
LL8TOLL~
oL’

ce9vel —
8€6°0€L —

v60°cvl —

006°251
20 ¥SL 7

HON

MeO

1e

100
1 (ppm)

BC{'H} NMR spectrum (101 MHz, DMSO-d;) of compound 1e

140 130 120 110

190

200

90

170 160 150

180

V.81
168°L
906 L

[44-N%
1€6°L N.
989°¢
mon.NW
8lL'¢
c08'¢
L18°¢
ce8’e

¢80°L
8Ll L
PR WA
9G1L°L
€0v'L
_‘Nv.NW
6EV L
LG L
0€s™L
615" L
€L9L
1€9°L
8¢6°L
9v6°L

S0€e0lL —

o0’ LL —

HON

Ph

1f

72671
/501
e

10T

60

— F60

5.0 4.0 3.0 2.0 1.0 0.0

6.0

120  11.0 100 9.0 2 o,
ppm
"H NMR spectrum (400 MHz, DMSO-d) of compound 1f

13.0

S41



06°Lc
wv.NNW
L9'ce

5.@9
wm.owr/
9t'0zL
€9°1LZL
1621
zo'szL
(RAYEAI
vv'8zL
Nm.wmr\
9zeeL’s
8L8€EL’f
15°2ThL
05251 —

HON

Ph

1f

| (JL |

100
1 (ppm)

BC{'H} NMR spectrum (101 MHz, DMSO-ds) of compound 1f

140 130 120 110

190

200

90

170 160 150

180

z88'L
668°L
vL6'L
0g6°L
6L =
£ry'e
Nwo.mw
v89'C
amo.w\
5082
028z
ges'e

Bm.w
Em@/
ore'9
mmm.wx
8v6'9

eLLLA
zeL s’

vec ol —

8LLLL—

HON

Z “zT

Me

Bere
LLE

Jo0¢C
ﬁ Gl
)

) Y0l

— F00°L

4.0 3.0 2.0 1.0 0.0

5.0

6.0

1 (ppm)

120 110 100 90 80
"H NMR spectrum (400 MHz, DMSO-dg) of compound 1g

13.0

S42



1891\
66°L¢C

VA A4
mw.NN\

18901 —

€28l /
88'6LL\
L0'0ZL 7
mm.rmr\
6.2l

6€°GEL —
8¢ vl —

192G —

HON

ZT

Me

19

190 180 170 160 150 140 130 120 110 100 90
1 (ppm)
BC{'H} NMR spectrum (101 MHz, DMSO-ds) of compound 1g

200

188°L
c06°L
L1671

€€6°L
616" L 7
1899°¢
vﬂo.NW
689°¢
96.°¢
434
128°¢

CLS L —
1108 —

9Gv°0L —

LLSTLL —

HON

Cl

Cl

1i

60¢C

¥/0C
902

-
60

1.0

3.0

4.0

6.0

7.0

8.0

11.0 10.0 9.0

12.0

13.0

1 (ppm)

"H NMR spectrum (400 MHz, DMSO-ds) of compound 1i

S43



V9L
N_‘.NNW
Sv'ce

GE'90L —

ARAN
S5zl
GLzzL\
mm.mmrw
16'€2L
L0'selL —

142445

6L°LGL —

HON

Cl

Cl

1i

100
1 (ppm)

BC{'H} NMR spectrum (101 MHz, DMSO-ds) of compound 1i

130 120 110

190

200

90

170 160 150 140

180

€92
vo.mw
G9°L
wo.&\
81’8
81’8
6v°'8
05’8
€9°8
¥59°8
69’8
99°'8

801 —

Vel —

HON

7 “zT

z/

1j

=20'¢c
*90'¢C

W
=

NQ
-

He6o

86'0

1.0 0.0

2.0

3.0

4.0

5.0

120 1.0 100 90 80 7.0 60
1 (ppm)
"H NMR spectrum (400 MHz, DMSO-ds) of compound 1j

13.0

14.0

S44



€012\
S6'LZ
goez’

06°¢col —

96°9LL —

6£° 221
£O'LEL
LGzEL—
o6veL

61°0G1 ~
602SL 7

HON

90 80 70 60 50 40 30 20 10

100
1 (ppm)

190 180 170 160 150 140 130 120 110
BC{'H} NMR spectrum (101 MHz, DMSO-ds) of compound 1j

200

€90°¢
mho.N/
G60°C
Le \
lzl'e
9/8'¢C
wa.NW
806°¢C

11T LY
28211
€62/
90€'/ |
0EY'/ |
ovy L
6vv L
£5v72 Y
8977/
2584
998°/ 1
L1182 ,'r

62827
6882
oom.nw
€658
8858 <\
Ro.w\
9598

HON

Feoe

0t

002
$66°0

260

60

5 50 45 4.0
1 (ppm)
"H NMR spectrum (400 MHz, CDCl3) of compound 1k

5.5

6.5 6.0

7.0

7.5

10.0 9.5

30 25 20 15 1.0 05 0.0

3.5

85 8.0

9.0

S45



_160.89
154.76
153.68

|

DT Yo~

TONO®S 0%
T TN = -
AN AN NN~ — ™ N —
PARMPARL R SR N NN
— N ~\~

200 190 180 170 160 150 140

130 120 110 100 90 80 70 60 50 40 30 20 10 0

1 (ppm)

BC{'H} NMR spectrum (101 MHz, CDCls) of compound 1k

g g O~ NOOWLOWOWMOW
-~ © < < DO ONT—TOWLOMAN
N o @ @ OONNODD O
-~ - o NANANANANN™ ™
| | \ e
HON
N\
[ N\
~
N
NTOH
11
N I 1 )
=) F I Ny &
= S SRS o = -
-— -— N N N
13.0 12.0 11.0 10.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
1 (ppm)

"H NMR spectrum (400 MHz, DMSO-ds) of compound 11

S46



verlen
veee -
FO.MN\

99°G0}L —

80°9€L
€z'8elL —
6L 1YL~
S99l —
6.6t

HON
[\ >
“ N

H

11

90

100
1 (ppm)

190 180 170 160 150 140 130 120 110
BC{'H} NMR spectrum (101 MHz, DMSO-ds) of compound 11

200

006°L
91L6°L
L€6°L

Lv6'L
€96°L /
189°¢C
MON.NW
ocl'e
608°¢C
Gec8'e
o8¢
mmw.m\

G6€°L
9Ly L /
6CL L
€eLL
omh.m\
GSG.L° L
,€9°8
Nvo.wv

crsolL —

99’ LL —

HON

M902C

10

W

+86°L
o0z

Feoe

FoL
fso1

560

ho

6.0 5.0 4.0 3.0 2.0 1.0 0.0

1 (ppm)

10 100 90 80 7.0
"H NMR spectrum (400 MHz, DMSO-ds) of compound 10

12.0

13.0

S47



6.'0¢C
9/ _.N%
[45% 44
mm.NN\

89°'LG —

89'201L ~
96°0LL —
8L'LZL
P RAARN
I¥ETL
K.mmr\

82°8€L —
ocevl —

clLest —

GE /9L —

HON

MeOZC

ZT

10

90 80 70 60 50

100
1 (ppm)

190 180 170 160 150 140 130 120 110
BC{'H} NMR spectrum (101 MHz, DMSO-ds) of compound 10

200

92¢e’s
87189
¥88°9
0069
€269
6€6°9
Sv6'9
8€0°L
evo'L
1S0°L
7502
0902
9902
€20,
9.0,
€807/
880°L |
OQNN;
982/
062 {
€0€°L
90€'L
oLe LY
2ce LA
9¢e LY
90V L
L2y LA
Ly LA

PR
LSY L “
89%°2

sy L]
mom.gﬁ
9262

€56'8 —

BSOS

H,N

ZT

3aa

180t
Rsov
5621
%60z
£60
201

10.0 9.5

30 25 20 15 1.0 05 0.0

3.5

85 80 75 7.0 65 60 55 50 45 40
1 (ppm)
"H NMR spectrum (400 MHz, CDCl;3) of compound 3aa

9.0

S48



811041
9Z'504 |
€Z°0LL |
LZLLL |
LLOLL |
0Z'9L1
geoLl |
P 9LLA
89°0Z1 1
L2°0Z1 A
12°€Z1A
e'Szh
98°2Z1
€6'221

66°2Z1 7
mm.mmr\
v6ZEL
6v'geL

L'evL
mN.vv_‘\

T

s aeh

ZT

H,N

3aa

TN |1 I

150 140

200

120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)
BC{'H} NMR spectrum (101 MHz, CDCls) of compound 3aa

130

180 170 160

190

8€ LI~

N

GLLLL-

3aa

-100 -120 -140 -160 -180 -2

-80

60

80

1 (ppm)

9F NMR spectrum (376 MHz, CDCls) of compound 3aa

S49



8€T L\

vSseL

L0€°G
G669

LL0°L

zz0°L

€v0°L

z61°L]
vLTL]
61211
€ve L
6522 |
0221
Y121
812/ 1
0622 1
G622 Y
zLE 27
z6€ 27
L0V LA
AR A
Lz’
9582\
668°LT
mrms\

1958 —
n S/@/
$ 3
ZT o

=20'8

MG AR

NN ©OW®
C® -OowQ

30 25 20 15 1.0 05 0.0

3.5

85 80 75 7.0 65 6.0 55 50 45 40
1 (ppm)
"H NMR spectrum (400 MHz, CDCl3) of compound 3ab

9.0

10.0 9.5

ov'Le
14 Fmv
8V’ ve

YZ'L0L~
21'S0L~
ZLoLL~\
Zl
Lv°0ZL
69°0ZL A
AN
81’5zl %
¥8's21
88'521
11°92Z1 “
vZ'9zL
zsvel ]
N@.vm;
€G'8EL |
vSEDL ]
Adad
L bl ]
zs'8vl
09°8¥1°

—_——

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50
1 (ppm)
BC{'H} NMR spectrum (101 MHz, CDCI3) of compound 3ab

200

S50



60 50 40

70

)
o
©
o
RS
©
| o
=
GzZe'S ] Lo e
. )
6969 2
v16°9 J o =
586'9 o g
166'9 © g
1669 L2 S
80072 —
v10°2 o ©
LELL [ < =
evLL O
n
vSL2 e e
6SL°L1 e O
€912 od )
mt.ﬁ Fo2 m 65001 ~
1 T 8E YOl ~
g81°2 ] — e 0t = £Z0LL
¥62'L 1 e o e
86Z°L 1 S ]
. o = 69021
0LE 2L F o ~ 180z}
YLEL] g roont
8LE /] © = 81221~
0ge 1 [° 9 £z'621
SEE L] 2, om.mmr\
AR IR vs6el 2 @ a7 1oL
ZeV LA fe6'e = LV'9EL
6vy L oLl 3 09°9€E1
iy iz~ Z 8p'8EL
69y'L°, 680/ an) SEEYL
1Z8 N* f00° L - PEYYL
10672 .
e o Vel S
: 9 |
— F oy O o
Q z zT © 3 | Z e 8
= N ™ (@] T
A & O
o
Lo

190 180 170 160 150 140 130 120 110 100 90 80
1 (ppm)
BC{'H} NMR spectrum (101 MHz, CDCI3) of compound 3ac
S51

200




8LE'S
150°2
190°2
v20°L
810°L
2802
¥60°L
6602
zoL'L
L9L'L
s9L'L
6LL°L
98l'L
00Z'2
90Z°2
9222
S |
€221 1
G8Z'L 1
682, |
£62°L |
S0E'L
0LE LY
G8e'L Y
Sov'L Y
zey' LA
9zv' LY

b LN
vy L7
19872\
206°LT
wmm.n\

1968 —

i

SOQJ@

ZT

HoN
3ad

J

Hoz

6'S
790°L
0z
16°0
oL

oot

30 25 20 15 1.0 05 0.0

3.5

85 80 75 7.0 65 6.0 55 50 45 40
1 (ppm)
"H NMR spectrum (400 MHz, CDCl;3) of compound 3ad

9.0

10.0 9.5

68001 ~
ZL 0L~
LLOLL A
8L LLL
16024

69°0214

9e'€zL 7
6262l
€521
LGzl ]
Nm.mwi
96521 |
216zl |
oz'6zt

=

_—

o

SOQJ@

ZT

H,N

3ad

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50
1 (ppm)
BC{'H} NMR spectrum (101 MHz, CDCI3) of compound 3ad

200

S52



aLLEn
gzre”

b22G 1
62291
25291
mR.m:/
G90°L
52021
1801
16021
15217
€211
1121y
65€ /1
6LE° LY
96€°L
LOP 2
gLyL”
ov8'LY
v18°2
€682 !

eS8 —

Fo€9

ooz

EEZ'Y
40y
oL
Lz
60
0L

F00'L

10.0 95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20

1.0 05 0.0

1.5

1 (ppm)

"H NMR spectrum (400 MHz, CDCIs) of compound 3ae

8€'GG —

6%°204 1
LT°904 1
ZL0kL
667041 1
LIl
veviL |
ze0zl |
15°0Z1 |
vTEzL |
90°5Z1

€0'8G1 V

oL'8g1

T T T T
60 50 40 30 20 10

T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70
1 (ppm)

T
200

BC{'H} NMR spectrum (101 MHz, CDCI3) of compound 3ae

S53



182
S6v°Z |
882's
619'9
1£9'9
z.9'9
9.9'9
z69'9
569'9
0069
916’9
5€6'9
8560
z96°'9
116'9
186'9
066'9
669
0002
6002
v20'L
1202
Zro'L
0L
LR
oLz
VA
08121
09221
882/ 1
€622
€0€Z
80€"/ ]
€LE2
€2€ 1
82€/ 1
002
0zt L
gEYL %

LEV'L
€Sv° L
Nom.n\
1€6°L
1G6°L
1€G°8 —

Me

Me

3af

I

=<

0

O OB GO B D

S

09

0¢

QRO O0Q0
oA TAN®M- -

60 55 50 45 40 35 30 25 20 15 10 05 0.0

6.5

7.0

7.5

8.0

8.5

9.0

1 (ppm)

"H NMR spectrum (400 MHz, CDCl3) of compound 3af

LL'oc—

Me

pe

H,oN

ZT

Me

3af

el

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50
1 (ppm)
BC{'H} NMR spectrum (101 MHz, CDCls) of compound 3af

200

S54



YVe 9
€15°9
1159
€659
1659
v€9'9
ov9'9
€59'9
859'9
v26'9
826'9
£¥6'9
L¥6'9
£96'9
196'9
¥66'9
8102
zeo'L
z€0'L
ov0'L
S¥0'L
0SZ'2
1622
S62°L
L0€L
zies
SLeZ]
Lze L
zee L
£vEL
LyE L
bseL
L9g LY
19821
L€ LT

Lov'L
Lzl
vy L
6vi L
6282\

1€6°L

0198 —

Cl

pe

HoN

ZT

Cl

3ag

|

5.5

feoz

160
0l
6C

fooe

661

¥86°0

5zo'L

2060

oot

30 25 20 15 1.0 05 0.0

3.5

85 80 7.5 7.0 65 6.0 50 45 4.0
1 (ppm)
'"H NMR spectrum (400 MHz, CDCl3) of compound 3ag

9.0

10.0 9.5

7966 ~
veE0L —
LZ0LL
o€ Ll —
59021

8,021

LZ'ezL —
05°621 7
117921
0z'921
127924
ez
ov'22L]
WALTAR
€162l
L20€L ]
66°0EL ]
z6'9¢€1 |
8z’ LEL
6t°8€L
ReE
69 bl
1L1pL

Cl

pe

H,N

L

E
!

|

H‘ J lHl L

Cl

3ag

ZT

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50
1 (ppm)
BC{'H} NMR spectrum (101 MHz, CDCl;3) of compound 3ag

200

S55



S ]
295’9
195'9
z85'9
985'9
v29'9
829'9
vr9'9
8v9'9
626'9
£€6'9
1¥6'9
2s6'9
196'9
0.6'9
086'9
586'9
686'9
266'9
0002
002
ov0'L
0S0°2
9902
092°L ]
862/ ]
voe'L |
v1eL
61E°L 1
geeL
geeL |
6€€°L |
eV L
8viL
825,
ze5'L
9€G°L 1
875G

GG LA
ggg s’

6€8°L ¢
Gl6°L N
GE6°L

L¥9'8 —

Br

pe

H,oN

ZT

Br

3ah

L k61

zo'L
60
ze
0L
Sl
Hoz
"oz

1660
Yoot

Fs6°0

10.0 9.5

30 25 20 15 10 05 0.0

50 45 40 35
1 (ppm)

"H NMR spectrum (400 MHz, CDCl;3) of compound 3ah

80 75 70 65 6.0 55

9.0 8.5

82°001 ~
€0v0L —
LZ'0LLA
o€ LLL—
ve0ZL
v9°0ZL
mhomrwﬁ
vzezL If
lsszL
zz'9zl
62°9zL 1
ov'ozL
A TAS |
06°221
86°LZ1 1
16°ZEL ]
00°eel ]
t°8¢eL |
g8'8€el ]
€Z'6EL
Le'evL
R
zL L

Br

e

H,N

ZT

Br

3ah

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50
1 (ppm)
BC{'H} NMR spectrum (101 MHz, CDCls) of compound 3ah

200

S56



gee’s
8/8°9
868°9
z16'9
1£6'9
1¥6°9
956'9
096'9
V102
¥60°L
€012
gLz
AN
zvi
09Z°L ]
i |
G62°L 1
L0E" L
80€°L 1
GLE L]
1282
82€°L
16€° L1
00¥"Z 1
02y L1
Sev LN

€592°¢C
._RN.N/

€eP L
oy s’
16872\
0z6'LT
mmms\

1098 —

Me

SOSQ

ZT

H,N

Me

3ai

L€
6°C

Feoz

7819
LT
=ZLL
“eLe
0L
0l

F00'L

30 25 20 15 1.0 05 0.0

3.5

85 80 75 7.0 65 6.0 55 50 45 40
1 (ppm)
"H NMR spectrum (400 MHz, CDCl3) of compound 3ai

9.0

10.0 9.5

cs'le
mm.rNV

18°001 ~
08'v0L ~
9L 0LL~
Ll
L7702

59021

86221 ]
90'€2L
1€°€2L 7
81’5zl

om.mmi

©
<
©
I
-

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50
1 (ppm)
BC{'H} NMR spectrum (101 MHz, CDCls) of compound 3ai

200

S57



96€e°'S
80.°9
€129
6LL°9
12.°9
zeL'9
1€1°9
ZvL'9
0S.°9
962°9
192°9
L2229
111°9
88.°9
¥6.°9
6089
9€8'9
Lb8'9
958'9
098'9
698'9
v18°9
688'9
€689 1
CIAWA
RAWE
Ve
€G1°L 1
LOL 'L
191721
€LL L]
Z8L°L 1
881/ 1
Y6L°L Y
09Z°L
zoe'L
90¢" L
6LE L]
zze L

€ve L]
8Ly
8¢y,
65V 'L |
€9vL ]
6.2

vmv&%

e

wmm.iﬁ

9e82
026°2
6€6°L
658"

J

5.5

(] S/@
ﬂ M = ZT T J
(3}
umz L
O

6L

pee

202
€02
2€0'L
90z
/96°0
0’1

F96°0

30 25 20 15 1.0 05 0.0

3.5

85 80 7.5 7.0 65 6.0 50 45 4.0
1 (ppm)
"H NMR spectrum (400 MHz, CDCl3) of compound 3aj

9.0

10.0 9.5

o
[32]
—
N
-~

N
) <
o
™
-~
_

n

3aj

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)
BC{'H} NMR spectrum (101 MHz, CDCI3) of compound 3aj

200

S58



-120 -140 -180 -2

-100

-160

1.0

2.5

0.0

0.5

1.5

2.0

3.0

-80

60
1 (ppm)
F NMR spectrum (376 MHz, CDCl;3) of compound 3aj
o
@
9

-40

8€0°L1 L .
9L L Hoz

-20

o'l
60
(XA F/8L

” %) ° 80LL ) » Yot
ro 6282
. 6v8°L
ZT [ : = zT foo't
[T P|v N —_
L - oz o
o

20

40
N
[}
[32]
~

—
o
N

HoN
3aj
@
<
©
I
Cl
3ak

3.5

4.0

4.5
1 (ppm)

"H NMR spectrum (400 MHz, CDCl;3) of compound 3ak

S59

5.0

5.5

6.0

6.5

7.0

7.5

8.0




3ak

90

90 180 170 160 150 140 130 120 110 100
1 (ppm)
BC{'H} NMR spectrum (101 MHz, CDCls) of compound 3ak

190

200

110

120

160

170

Me

Me

0.5 0.0

1.0

1.5

2.0

o

©Q

©
25

3.0

3.5

50 45 40

1 (ppm)

"H NMR spectrum (400 MHz, CDCl;3) of compound 3al

Fooz

5.5

70 6.5 6.0

7.5

“-a~-a+-«-
8.0

88229883

8.5

.
J
Q
=

9.0

10.0 95

S60



90°0¢
80°0¢
¢8'0¢
mw.om\

2010~
Z8'0L ~
ZZT0LL~
bbLL T
cr ozl
19021 A
ceezL
AN T4
rw.mwi
52l
wm.nmi
Szl

e

Me

Me

Me

"

"

L] h L

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50
1 (ppm)
BC{'H} NMR spectrum (101 MHz, CDCls) of compound 3al

200

1902\
aLL'ez”
€5v'C
_‘wv.NV
682°G 1
¥8¥°9
8169
6189
0€8'9
9€8'9
L¥8°9
58°9
2s0°L
6S0°L
L2072
8.0°L1
L0€™L 1
90€L 1
LLE 21
12€°1 1
G2e L
LEE LY
e L f
[V §
vev' L
6vvL ,F
Sy L\
onv.&
viv .
082
rmm.n\w
L1672
99G6'8 —

Me

Me

H,N

Me

Me

3am

b

Mvo.m
16°C
09

el
¥66'L
¥66'L
420°L
0z
JE6°0
00°L

86°0

10.0 9.5

1.0 05 0.0

1.5

25 20

3.0

3.5

70 65 6.0 55 50 45 4.0
1 (ppm)
"H NMR spectrum (400 MHz, CDCls) of compound 3am

7.5

85 8.0

9.0

S61



81’8l
SL02”

0£'66 ~
ZZE€0L ~
20760}
2001~
62°6LL
95°6LL
62221
€0 vzl 1
LovzL
Szvzl ﬁ
9.vzL A
z8veL ﬁ
00621 |
50621 |
€60} ]
19°0€L ]
20°GEL ]
6L°GEL ]
6e'sEL
€o'gel
9e /€L
652ZhL
Le7€PL
Z0°9pL

Me

Me

H,N

Me

3am

il 1]

90 80 70 60 50 40 30 20 10

100
1 (ppm)

190 180 170 160 150 140 130 120 110
BC{'H} NMR spectrum (101 MHz, CDCls) of compound 3am

200

2]
<
> ©
~
_

3an

—

F00'¢C

Er.m
w\o_‘.w
H\NO.N
¥20'¢
o'l
LL'e
MTO._‘
160
HOL

1.0 05 0.0

1.5

2.0

2.5

40 35 3.0

55 50 45
1 (ppm)
"H NMR spectrum (400 MHz, CDCls) of compound 3an

85 80 75 7.0 6.5 6.0

9.0

10.0 9.5

S62



S6°00) ~
SLP0L ~
LEOLL
Gedst
89'02Z)

9g'ezL
(AR AN
99'vZ 1
S.¥TL]
oe'szl ]
S¥'GZL ]
$5°62Z1
99'92Z1 ]
€2°9Z1 ]
o2z ]
ve 2zl ]
9,821
v8'82Z1
L9°LEL
v6'ect
6v'sEl
SG'sEl
Lg'8cl
09'evl
LE YL

90 180 170 160 150 140 130 120 110 100
1 (ppm)
BC{'H} NMR spectrum (101 MHz, CDCls) of compound 3an

190

200

90

120

170

162°S ]
960°Z ]
601L1
L
0EL L]
6YLL]
09121
18172
8612
91Z'21
GECT L
v9Z1 |
€822 |
L0E'L Y
G8e LY
SOV 27
LR
8y L’
Y062\
£26°L

0so'g”

9€G'8 —

Se

H,N

®
N

)

H

3ao

¥ 10

F oo

1.0 05 0.0 -0.

1.5

10.0 95 90 85 80 75 7.0 65 60 55 50 45 40 35 3.0 25 20

1 (ppm)

"H NMR spectrum (400 MHz, CDCI3) of compound 3ao

S63



Se

H,N

®
N
H

Se

3ao

Y ROV B

T T T T
60 50 40 30 20 10

T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70
1 (ppm)

T
200

BC{'H} NMR spectrum (101 MHz, CDCls) of compound 3ao

LET LN
A

3bb

L

1.5

V18

F10%¢

10.0 9.5

0.0

0.5

1.0

2.0

35 3.0 25

75 70 65 6.0 55 50 45 4.0
1 (ppm)

8.5 8.0

9.0

"H NMR spectrum (400 MHz, CDCls) of compound 3bb

S64



8¢€'LE
Iv'ie V
67'v€

SV L0L A\
G8'50k
GE'60L\
YETLL~
oter’
9g'ezl

zLszL M
68'GZL %
90°9Z1
22921 |
om.omi
6821

oLvEL %
9evel |
ZLEL

ZL vl ]
17844%
L0721
12°8¥1 1
108717

—_

>
o

o

omn

O

ZT

Bu

3bb

ol

90

90 180 170 160 150 140 130 120 110 100
1 (ppm)
BC{'H} NMR spectrum (101 MHz, CDCls) of compound 3bb

190

200

110

120

160

170

TN
89z'L”

¥9Z'G
00°2 1
G202 Q/
1£0°L

850°Z |
91z 2
12z
6€2 L
vS2 . |
862/ 1
10821
8z€/
LbE 2N
Ge LA
298L 7
19€°2

G982~
veg' s’

€998 —

06
06

Feoe

ZLY
60
902

Feo'e

860

10.0 95

30 25 20 15 1.0 05 0.0

3.5

85 80 75 7.0 65 60 55 50 45 40
1 (ppm)
"H NMR spectrum (400 MHz, CDCls3) of compound 3¢cb

9.0

S65



6€°LE
34 Fmv
6V'vE

LY L0L~
8.°G0L ~
67601 ~
68 LLL
€02\
25veL
A TAN
§8'6ZL %
06621
¥0'921
NN.@NL
o9zt

om.vmi
BEVEL |
z89¢eL

ZL bl |
1CR4ds
60" L1 |
0.°8v1 1
12°8vL°

—_—

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)
BC{'H} NMR spectrum (101 MHz, CDCls) of compound 3¢b

190

200

YA
9oe'L”

9.€'G —

G80°L

Q0L L=
182 LT
86¢°L \

mmv.m\
0cs'L
_.NO.N\

Lv0°L
wwo.n%

c69°L
19671
6.8

(!9}
\@\N
=} N
o T

(J

F3C

ey

ZT

B

3db

06
06

Iee'1L

R0y
=20
5oL
%60
€60
¥66°0

0.5 0.0

1.0

1.5

2.0

75 70 65 60 55 50 45 40 35 3.0 25

9.0 85 8.0

10.0 9.5

1 (ppm)

"H NMR spectrum (400 MHz, CDCls) of compound 3db

S66



GN.rmV

8¢'LE
8€'VE

0910}
L¥°901 1
12601}
96011
G8LLL 1
68°LLL ]
€621
167211
86121 |
1022}
0221 Y
80221
6£2Z)
zL2zL
00°€Z1
Le'gzL ]
209z1 ]
3.8;
gzt ]
SEEE |
ELVEL ]
666

12 vl ]
L6 1L
G6°9V1

e S

LL8YL 1
10°8pL 7

Ao

100
1 (ppm)

150 140 130 120 110

200

180 170 160

190

BC{'H} NMR spectrum (101 MHz, CDCls) of compound 3db

81°09-—

-100 -120 -140 -160 -180 -2

-80

20

60

1 (ppm)

F NMR spectrum (376 MHz, CDCl3) of compound 3db

S67



8ET L~
vge L’

G68°€ —

852G
€669 |
86679 |
0L0°L 1
v10°L ]
220°L
120°2
€02 |
6402 |
Z61° L7
€122
02227
|
862 L
0ze 'Lt
Lov' L

B,:N
ze8L—

9¢v'8 —

MeO

3eb

e

e

*90'8

80

-
o
N

4 80°
+ 00'%
T vo

86’

00

25 20

‘ 0 55 50 45 4.0
1 (ppm)
"H NMR spectrum (400 MHz, CDCl3) of compound 3eb

6.5

e

7.0

<

9.0 7.5

10.0 9.5

0.0

0.5

1.0

1.5

3.0

3.5

5.5

6.0

8.0

8.5

ov'Le
crLe V
Ly'vE

cv'9G —

Ll

"

L

3eb

'l L

il

"

m

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50
1 (ppm)
BC{'H} NMR spectrum (101 MHz, CDCls) of compound 3eb

200

S68



gsc’L
€9¢'L V

ELE'S
820°2
602
9,02
L60°2
vee'L
0T’ 2
6vZ L
gee’L
9’2
sre°L
vOb'L ]
8012 |
L1y L]
zey L]
L2¥° L]
YEVL ]
bGP L]
Yoy L]
89/ |

LIV LA
98y’ ]
682
298 2]
1882
906°L
965'8 —

M 618

90

96’
> 10
80"

1

je{e}

N

-0

1.0 0.5 0.0

10.0 95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15

N

<

T T -

1 (ppm)

"H NMR spectrum (400 MHz, CDCls) of compound 3fb

cv'Le
ev'ie
67 vE
mm..va

18201~
10°s01L 7
St oLL—
08'6LL

167021\
99°€ZL ~
90°52Z1 7]
ge'szL
€8szl ]
61921
9z'9zL
€e'/2L ]
v8° /21
Gz'8zl |
8621 |
L8°EEL
S5 pel |
1Z9EL ]
9g'8€lL
8ezvlL
65°EvL
68'97L
zs 8yl
LZ'6vlL

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50
1 (ppm)
BC{'H} NMR spectrum (101 MHz, CDCI3) of compound 3fb

200

S69



AN
gsz L’

L0G5'C —

€62°G —

zLo'.
¥€0°L
1S0°L
861/
¥0Z'L
€Lz.
sze L
€T’ L
mvm.nw
8G/ L~
8€8' L~

06€'8 —

17} S/@/
O >
= ZT m
=} N
o T °
=

3gb

=90'8

P

Feo

50 45 40

.
8
1 (ppm)

"H NMR spectrum (400 MHz, CDCl3) of compound 3gb

5.5

6.0

6.5

T ec
=10

<O

W wo“

66

8.0

10.0 9.5

30 25 20 15 1.0 05 0.0

3.5

7.0

7.5

8.5

9.0

S0LL —

6e’Le
crLe
VA4
(G174 N

99'L0L
v1°G0L
c9°0LL
€e'8ll
8c'oclh
€9°0¢lt
18'¢ccl
18'g¢cl
v6'Gcl
Sl'ocl
€c¢'9¢cl
9G'veEl
89'vEl V
08°L€l P
6L°evl
oc' vl \
80°Lv1L
Ly'8vlL
€L°8v1

T T T T
160 150 140

200

120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)
BC{'H} NMR spectrum (101 MHz, CDCls) of compound 3gb

130

180 170

190

S70



60 50 40

70

o
o
©
o
)
8vZ L~ o .
voe =208t evie
L@ ZrLe
0L'Le”.
o vv.vm\
TN o pbe
0 -
S o
s
o =
= g
© g
\nJ. m
G
o =]
Y =
B * N p—
mwmmg <o 0 O
£V6'9 | -]
8v6'9 | oE Q
wwm.ﬂ rog m GELOL~
01021 Fe0te™ 3 wm.mmww
L10°L] i S gL
2202 ] S &
££0'L | o F vToziy
ro ev ozl
650°L 1 g Lz’
1612 0 2 gy
i 00'sZ1
1611 © 8
| O 6z'GZL]
wom.Tﬁ 0% g ezset|
. o g ogszL
€1Z'2 Y 00°¢ 2 gi19zL]
6122 vecy & erozi
s2z'2 ] § 60} @ = Nm.vf%
se2L] MM SUET Z gyl ]
Lv2'L] =00 o T oveun
ooz 2§ 12600 = goepy ]
62, 1 00° . |
4] 1% 16'9bL
z1eL o L 9z Ll ]
LeE'L ] ® zL8pl 1
pLyL] ~ >— o2 o L8yl
sev'L | 5 Z, > o
yov'L ] o T
888°L |
956'L | o
G162 LS

100 90 80

1 (ppm)

190 180 170 160 150 140 130 120 110
BC{'H} NMR spectrum (101 MHz, CDCIl3) of compound 3hb
S71

200




JAZAN N
L9t

62¢C'S —

966'9
1102
¥€0'L
G502
vizL
0€Z'2L
1€2°2
1622
6522 7
19v°2
888\
ee6'L”

6168 —

=

7

i

1.5

2.0

3.5

4.0

66°

oLt
6l°1
00’
86’
0’

16’

6.5 6.0 4.5

=

9.0

10.0 9.5

1.0 05 0

2.5

3.0

55 5.0

7.0

7.5

8.5 8.0

1 (ppm)

"H NMR spectrum (400 MHz, CDCl;3) of compound 3i

6€°LE
Iv'ie V
4l 4

08101 ~
15901 \
ZL'60L —
AaATN
€1zl

gzezL
gLvel
10921 %
21921 ]
12921 %
1£'9Z1 1
18821
16°€€EL
80°vEL
6€°L€EL
SEPYL ]
€16l |
18°9v1
98'8L |
968yl

L

3ib

100
1 (ppm)

90 180 170 160 150 140 130 120 110
BC{'H} NMR spectrum (101 MHz, CDCls) of compound 3i

190

200

80

90

120

130

170

180

S72



AR
eszL”’

=10'8

[ 207

> 14X
E e

L0’
= zo
I S6°

o] .
- 00
« H% c0’

%

4

10.0 9.5 9.0

0.0

0.5

1.5 1.0

50 45 40 35 3.0 25 20
1 (ppm)

5.5

75 7.0 6.5 6.0

8.5 8.0

"H NMR spectrum (400 MHz, CDCIs) of compound 3jb

or'Le
cr'Le v
8V'veE

59'66 —
100l —
0Z'80L ~
6L°LLL

Lo'eLL
zrszL
v0°9Z1
sL-ozl
szozl

69°LEL J
sevel
8L vel
zezyl
L6°EpL
89 vyl
19°SpL
6L°8vL
Ls'8pl
zo'syl

C

e e

Bu

By

L

“h‘ L

100
1 (ppm)

90 180 170 160 150 140 130 120 110
BC{'H} NMR spectrum (101 MHz, CDCI3) of compound 3j

190

200

80

90

120

130

170

180

S73



rmN.r/
oLe'L &
NNm._‘\

S00°Z
0L0°Z
vL0'L
220°L
120°L
GE0'L
1222
vz L
6LEL
vze'L
Gee'L
6€€°L
e L]
1S€°L1
09€'/ 1
98/ 1
6./ 1
€8¢/ 1
88€°/ 1
00"
SOV 27
oL 2
YL LA
8L
gev'L
8ev L ]
estL ]
1G¥° L
891"/ |
SivL
08t 2 |
z6t2 ]
961 L
€1S°L
265°L
G6S'L
9192

By

3kb

Hee

Fos

—H R
O ©ONO®®©O

Qoo oo

WO

7.0

12

7.5

25 20 0.5

5 50 45 4.0
1 (ppm)
"H NMR spectrum (400 MHz, CDCl;3) of compound 3kb

N

10.0 9.5

0.0

1.0

1.5

3.0

3.5

5.5

6.0

6.5

8.5 8.0

9.0

6L°L€E
wN.rmW
Lv'ie
wv.#m\

S9'20L
20801
SZTLLLN
2917

90 180 170 160 150 140 130 120 110 100
1 (ppm)
BC{'H} NMR spectrum (101 MHz, CDCI3) of compound 3kb

190

200

80

90

120

130

170

S74



8L —

686'G
68,91
018'91
Bm.?/
296'9 1
€16'91
816'91
¥86'91
A |
G2 )W
29172
8127
G65° L~
91927

16€°8 —

€96 —

Bu

3Ib’

=906

-

F00'L
Ig6'L
Moz

-

ho

30 25 20 15 1.0 05 0.0

3.5

85 80 75 7.0 65 60 55 50 45 4.0
1 (ppm)
"H NMR spectrum (400 MHz, CDCl3) of compound 31b’

9.0

10.0 9.5

e~
Ly've —

26°001
1ZV0L ~
66'G0L 7

v6'5ZL N
1oz’
9EVEL \
eLogL
oe'LeL
mm.mmr\
80°zhL

wrsi\
1S'8bL

Bu

3ib’

90 80 70 60 50 40 30 20 10

100
1 (ppm)

190 180 170 160 150 140 130 120 110
BC{'H} NMR spectrum (101 MHz, CDCl;3) of compound 31b’

200

S75



AR
2Lz’

SYZ'S Y
886'9
600°2
050°2
L1202
9LL'L
1612
6€2'L
0sZ'L
68%°L ]
€6Y'L ]
905/ 1
0LG'Z]
YLG L]
925°L 1
2e5° . |
1€G°L ]
6V L
€667/
9662 |

04G°L )W
V.G~
L8 L\

616
ovr8~
09v'8”

Bu

Bu

3mb

1L

20’8

25 20 0.5

50 4.5 4.0
1 (ppm)

"H NMR spectrum (400 MHz, CDCl;3) of compound 3mb

8.5

10.0 9.5

0.0

1.0

1.5

3.0

3.5

5.5

70 6.5 6.0

7.5

8.0

9.0

0¥ LE\
£¥'pE
LS PE 7

82'801 —
18 LLL

102zl \
L6'ETL A\
€6'S2L
66521 7
12921
TR
€9'9Z1
€€°221
AR:TAR
LLeel
89'GEl
vL9EL ]
ve'svl |
29°LvL
9zZ'8vl |
968yl

-
L

Bu

By

3mb

100
1 (ppm)

BC{'H} NMR spectrum (101 MHz, CDCl;3) of compound 3mb

160 150 140 110

190

200

80

90

120

130

170

180

S76



o
o
©
[ o
|
ST — =0L'6] 4
B ov'Le~
5 LS vE—
L2 -
=
| © -
N e
=
) =
L2 g
120°G © m
980°G | ) 3
vEL'G o
. o @)
290°2 . =
£80°2 <
6ve'. 2902\ § L@ 5
0LT2 = 104 = s . A
£80°2 ~ O
€62, . €
8622 ove N/ N a2 N
0LZ'L F~ e
g2 ] o 6 o o0z 2 W
8LELY 862°Lf A L2 Sv'80L —
08Y"/ eLeL N = zLezl
. ) NS S
005 | gLes ~E o N9 zeezl
£0G°2 08t 2 — ol 2a ro = z.L62L
EL1SL] 1052 6¢ < ° 5 sz'9zL\
8LS°L] €LG . N L g g 629217
825°L | o ~ Q Szl
8€G°L . Foo 10'2 [} . |
1 8z5'L ~ k ‘o Q, 6G°.2L
£YG L 865/ ® IS “ 1e82L §
895"/ 1 evG s ol s 4% = srezi |
. . [Te)
¥2'2A 5 896"/ e 01| @ W osoel |
S¥8'L o vLSL 6c LLel |
Sy O = [ARAIS
€582 | 0L evzel %
698" | 601 9L7zel |
598 | - 4 i szeel |
mmw.N_ (%)) (@] om ON.vm:
8682] o | o Eg0vl |
s682| O ‘ 5 o 2097l |
€06 © 88'8vl
21672 ] Lo
8162
o
O

20 10

30

60 50 40

70

80

90

100
1 (ppm)
BC{'H} NMR spectrum (101 MHz, CDCI3) of compound 3nb
S77

110

120

130

L

160

Cl
3nb
170

NH,
Co
Cl
190 180

200




tm.o;

3oa

£)
©
25 20

50 45 40

1 (ppm)

"H NMR spectrum (400 MHz, CDCI3) of compound 30a

oz

6.5

Y

¥20'L

7.0

7.5

ks60
oot

F00'L
To60

9.0

10.0 9.5

0.0

0.5

1.0

1.5

3.0

3.5

5.5

6.0

8.0

8.5

il Lo aad

90 180 170 160 150 140 130 120 110 100
1 (ppm)
BC{'H} NMR spectrum (101 MHz, CDCl5) of compound 30a

190

200

80

90

120

130

170

S78



-2

-180

-160

n
T

-140

-120

L6°9LL- r
6L°9LL- V
988°¢€ — =00'¢

-100

6169 L
6€6'9 1
090°Z L
290"/ 1
v20°L 1 b
€80/ 1
060°Z 1 Tes'L|
16072
[43Wa r
8¢l /A

mM—.”N)W H/N@.O\
mmv.N/ H/mo.¢
) ot
6GG°L B0
m_.mm.ﬁxﬁ
9108
8€8'8 — J Feo'L

-80

-60

1 (ppm)

9F NMR spectrum (376 MHz, CDCl;3) of compound 30a

-40

MeO2C !
3oa

©
[ 998°LL — QO.. J T66°0|
O
N
@]
[5)
=

6.0 5.0 4.0 3.0 2.0 1.0 0.0

1 (ppm)

"H NMR spectrum (400 MHz, DMSO-ds) of compound 30a’
S79

12.0 11.0 10.0 9.0

13.0



NOTOOLTNTIONTOONTN© DM N
NOOT--NROOARDNONNO M DN ©
NETrOoOANWOONNOUONSGGS DN @
OQOOITITITOMOOANNNNNN—-——OOO ~
g AR AR R R R L L 0
NI P |
F
H,N S
o)
N
H

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O
1 (ppm)

BC{'H} NMR spectrum (101 MHz, DMSO-ds) of compound 30a’

o
&
~
F i
H,N S
MeO,C O O
N
H
KLEY
00 80 60 40 20 0 -20 -40 -60 -80  -100 -120 -140 -160 -180 -2

f1 (ppm)

YF NMR spectrum (376 MHz, DMSO-d) of compound 30a’

S80



eclelL —

B

o961
r00°'8
oL
w\hoe
16°0

— f¢o’L

— Foo'L

6.0 5.0 4.0 3.0 2.0 1.0 0.0

1 (ppm)

11.0 10.0 9.0 8.0 7.0

12.0

"H NMR spectrum (400 MHz, DMSO-ds) of compound 3pa

80 70 60 50 40 30 20 10

100 90
1 (ppm)

190 180 170 160 150 140 130 120 110
BC{'H} NMR spectrum (101 MHz, DMSO-ds) of compound 3pa

200

S81



—-117.42

T T T T T T T T T T
-180 -2

T T T T T T T
-40 -60 -80 -100 -120 -140 -160
1 (ppm)

F NMR spectrum (376 MHz, DMSO-d) of compound 3pa

T
00 80 60 40 20 0 -20

TANOOANNND-NONMNODOWUNNTNOOON ©

OCUNOTNOUNTIIONODOVOONO—D O

CTOONMUVETILITNNNNT-T--~O0O0O0O0OMN® O

ONMNMNMNMNMNMNMNMNMMMMNMMNMMMNMNNMNNOO O

_______ e
e e

H2N S’@
‘ N
H 3aa’
I}

CETBTI BB B 3
eeoeQocoow® <
T e - N®MO N

100 95 90 85 80 75 70 65 6.0 55 50 45 40 35 30 25 20 15 1.0 0.5 0.0
1 (ppm)

"H NMR spectrum (400 MHz, DMSO-ds) of compound 3aa’

S82



06'1L0L ~\.
GG'E0L —
0S°0LL

£9°0LL >
1021

s8'0zt A
16'22L 7

96'vCl
PAVR TA"
9/.'9¢l
€0'6cl \
6.°GEL
19'8¢€1L
80°6€1

Levl
18'GvL

3aa’

i

T T T T
60 50 40 30 20 10

T
70

80

190 180 170 160 150 140 130 120 110 100 90
1 (ppm)
BC{'H} NMR spectrum (101 MHz, DMSO-ds) of compound 3aa’

T
200

€velL —

901G —

v18°9
vmw.L
266°9 1
€10°21
10221
12227
192 1A

ﬁwN.NMW

88Z'L
28¢€° L7
Lov' L]
6Lt L]
GEV'L
SSt'L
nmmi
855°L

0€6°L |
6v6'L |

—

G518’

Bu

M =006

— kze'L

30 25 20 0.0

: ‘ ‘ 5.5 50 45 4.0
1 (ppm)
"H NMR spectrum (400 MHz, CDCI3) of compound 3ab’

7.0

7.5

85 8.0

10.0 9.5

1.0 05

1.5

3.5

6.0

6.5

9.0

S83



S 1
| ©
o
r N
L o
ZrLe~ ©
Y e — — . =
r< <
3 -
i)
o
F o n
=)
2
8 g ]
3
LR fm
=
L % G
o A
LS @)
N
o m. T
98'L0L G ree S B %
€0v0L — = z = 280°' 402
050k i 2 = 5+89]
. = = GE8'9 |
09°0LL ) .
0L0Zk o = LoL'2 7
v80zL = - S 8LL LY
. VA — m o€l L
86221 o S YAWR
06'vZL L& 5] )
09'ozL - a, 991"/ Y
AT —% ° - 682\ £60
wo.mm_\ @ —] S = 20221 oo
wn.mm_\ " 3 = 21z L 61
. — = Z oz L 190°1
80°6€1 e i P
) - 9522 z0'Z
i{‘x44" an Sk H/m .
11°SvL 2 z ese 3 60
oz'8yl B S) Lee Ly A
» a 5% oze s hoe
o 3 | Q - 06€°. 1
Y - L0¥° L] N
z zT 3 o 9zy'L ] ® 9
£ ] L@ 592 ] @ ™
|8 Bmi > .
- £26L | =
L O
N

1.5 1.0 05 0.0

2.0

3.0 25

3.5

50 45 4.0
1 (ppm)
S84

5.5

75 7.0 6.5 6.0

"H NMR spectrum (400 MHz, DMSO-ds) of compound 3ac’

8.5 8.0

10.0 9.5 9.0




L0204 ~,
gezoL
8Z'0LL~
L5017
90°0Z}

98'0zZ1 A
B.NNQ

€6'vCl
88'G¢Cl
65821
6c'6cl
geeel
18°9¢€1
16°8€1
LLevi
ov'avl

Se

N '
H 3ac

HoN

T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

T
200

BC{'H} NMR spectrum (101 MHz, DMSO-d) of compound 3ac’

HO,

ZT

4aa

10.0 9.5

0.0

0.5

1.5 1.0

50 45 40 35 3.0 25 20
1 (ppm)

5.5

85 80 75 70 65 6.0

9.0

"H NMR spectrum (400 MHz, CDCl;3) of compound 4aa

S85



4aa

ONT—LOOMO
CNR®RCO Q@
NOMNOIT NN
COUTOHMNHOHM
eerIreen
PR SRENN

128.29
128.21
125.77
123.25

122.46

120.57

116.42
116.20
111.53
110.36
104.86

104.33

%

T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90

200 190 80 70 60 50 40 30 20 10
1 (ppm)
BC{'H} NMR spectrum (101 MHz, CDCl5) of compound 4aa
(o]
[oe]
©
'\
F
HO SO
L,
H
4aa
00 80 60 40 20 0 20 40 -60 -80 -100 -120 -140 -160 -180 -2
1 (ppm)

9F NMR spectrum (376 MHz, CDCl;3) of compound 4aa

S86



AN
A

.

Bu

S
7O
H

5a’

A

H,N

t)
O C
M

5a

H,oN

»
N
H

=0l'6

Ferez

6'v
%mm
750°L

0'¢
W/Mm.o
o'l

HoL

10.0 9.5

0.0

0.5

1.5 1.0

50 45 40 35 3.0 25 20
1 (ppm)

5.5

85 80 75 70 65 6.0

9.0

"H NMR spectrum (400 MHz, CDCI3) of compound 5a + 5a’

ov'Le
eV’ rmv
61'v€

zL00L
o€’ ::/
vo'pOL
sz's0L —
ELoL

wm&;

02024
ov'eTt ~
sz'seh ]
ve'szl
8€'GZl
og'szi
se'szh |
ze'geL
66’ mmi
0z9Z} |
1Z9Z1 |
FARTAR
61624
v0'8€L ]
€58 )
esevl |
z9€hh
YL LbL
ST iYL
99°8¥

Bu

H,N

H,oN

»
N
H

)
H

t
O C

5a

ol

5a’

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

200

BC{'H} NMR spectrum (101 MHz, CDCl;3) of compound 5a + 5a’

S87



FACAN
gsz'L”

———

——

OMe

O

Bu

@»OMe

H,N S H,N S
N S N S

H

H

5b'

5b

|

1.5

F00'6

e6C

Hoz

10.0 9.5

0.0

0.5

1.0

2.0

50 45 40 35 30 25

1 (ppm)

5.5

85 80 75 70 65 6.0

9.0

"H NMR spectrum (400 MHz, CDCI3) of compound 5b + 5b’

ov.rm
m:L
6vve |
15°GS |
€L L0l
9,201
90°501 *
257901
8L 0Ll
6L0kL
ZU L
L6vLL
86°vLL
9'0zL
8 0zL
L2°0Z)
0r'ETL ]
Zv'eel

ITA%
18°SZL |
¥8'SZL ]
61921 1
9z'921 |
8€'821 |
6v'8Z1 |
¥9°821 ]
ZSYEL ]
L9PEL |
S'8El |
S6°ZhL 1
bZEYL
80'vYL |
LETYL

——

egrovL |
¥6°9%1
€581
N@.miw
61°8S1
mm.mmrv

OMe

Iy
O

5b’

Bu

HoN

H,N

®
N

N

H

S,@»@\Ae O

5b

H

R 1 B

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)
BC{'H} NMR spectrum (101 MHz, CDCl;3) of compound 5b +5b’

200

S88



OMe

S
N
H

L g2

K Fooz

)

5c¢’

H,N

161
lese
e
Coo

fe60

S@OMe O

5¢c

H,N

®
N
H

10.0 9.5

0.0

0.5

1.5 1.0

50 45 40 35 3.0 25 20
1 (ppm)

5.5

85 80 75 70 65 6.0

9.0

"H NMR spectrum (400 MHz, CDCl3) of compound 5¢ + 5¢’

Ly gy
9L'1L0L
L0°€01L
80°G01L
04901
v2c oLl
Lc0LL
€L L
8L LLL
[4n43%
00°'GLL
80°9LL
9L'9LL
0e9LL
8e9llLy
pANIAN
65°0CL
020ct
Leeect
Le7€2l

98°221 |
68221 ]
£6°LZ1 ]
16°L2L ]
£2'821 |
1£°821 ]
£5°8Z1 ]
02821 ]
00°€ElL |
zg8el |
sg8el |
19°Thl |
soevl |
90" ¥l |
ZLrL

SL9pLAL
v6°9v1

GZ'8G1L
Nm.wm_‘w
€0°091 \
9¥'29l

F OMe
H,N S H.N S
H H
5¢c 5c’

Al 1hj i

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

200

BC{'H} NMR spectrum (101 MHz, CDCI3) of compound 5¢ + 5¢’

S89



|

-160 -180

-140

-120

1S LLL- -
SELLL- >

8169
6€6°9
6569
0869
8012
eLLL
0zLL
gzLL
zeL'L
el L]
ZrLL ]
G512
162721
SLE L]
zee L
8Ly L]
L€V L]
2SY° L
oA |
692
€LV L
9Lt L ¥ 150k

061" L 0'¢c

T
€612 2 z fz6'0
6922 Q

vEV8

vmv.wﬂ el
081’8

-100

T
-80

OMe

U
40 -60
1 (ppm)

o6'e

HN 8
N S
H
5c'
o0 20

T
20

9F NMR spectrum (376 MHz, CDCl;3) of compound 5¢ + 5¢’

F
OOMe
T 4\0 T

e

HN S
N S
H
5¢c
00 80 60
F N3
6

1.0 05 0.0

1.5

25 20

3.0

3.5

50 45 4.0

1 (ppm)

"H NMR spectrum (400 MHz, CDCls) of compound 6
S90

5.5

70 6.5 6.0

7.5

9.0 85 8.0

10.0 9.5




S
NH

S
N3

90 80 70 60 50 40 30 20 10

100
1 (ppm)

180 170 160 150 140 130 120 110
BC{'H} NMR spectrum (101 MHz, CDCls) of compound 6

190

200

€L9LL-~
6€'GLL-

N

NH

N3

-100 -120 -140 -160 -180 -2

-80

40 20

60

1 (ppm)
YF NMR spectrum (376 MHz, CDCl3) of compound 6

S91



629'9
6699
€28'9
818'9
v68'9
0L6'9
916'9
€56'9
8569
v26'9
0669
966'9
1002
v10°L
8L0°L
120’2
v€0'L
8€0°L
9el’L
vrLL
671,
912
9912
€L1L
812
6022 |
2122
zez L
0£Z'L |
5€z'L
6€Z'L |
z9e'L
TCOUR
z8e'L
58€°L 1
66€°L1
20t LA

€Ly L

zey' L
szvL]
zev 2]
8L¥'L
4
£6v°L 1
16V ]
G162
G852 |
296°L ]
0862
1108

30 25 20 15 1.0 05 0.0

3.5

50 4.5 4.0
1 (ppm)

"H NMR spectrum (400 MHz, CDCl3) of compound 7

5.5

6.0

6.5

75 7.0

~arraNoaNSa -
8.0

OO0O0O+-+-0OO« O
8.5

NBSF S BTN

g

———

9.0

9z.'8”

10.0 9.5

6vLLL
1€91L
65911
GL9LL
86911
ve'8LL
95021
or'izL
zL1eL
oL'zz |
Lezezl |
or'vel |
50921 1
TOR:AR
v9°821 |
50621 1
60621 1
SL'621 1
L70EL ]
86'0€1 1
LO'LEL
€L1el
18 LEL
szZEL
z6zEL

oo.mm_‘\
wm.mmr\

98'6€1
6.°0v1
00'8¥l
607191 ~
SG'e9lL

1

60 50 40 30

70

80

90

100
1 (ppm)

190 180 170 160 150 140 130 120 110
BC{'H} NMR spectrum (101 MHz, CDCls) of compound 7
S92

200




-2

-180

0267
z29'9
929'9
£v9'9
1¥9°9
626'9
££6'9
8v6'9
256'9
896°9
126'9
ge0°L
8€0°L
¥50°L
020°L
£0°L
9.0°2
69L°L
981,
061L]
90z2 |
0LZ'2]
91z 21
02z L1
92z L1
622 L1
§€Z'2 1
ecz L
gees |
vie LAt
€682
66v'L
momsgm
o 1052 ﬁ
-2 025°2
£25°L

%)
" ~ 1251 1 0
» [ mmm.&
O vsL =
(1

-140 -160

-120

€8°CLL-
mw.m_‘_\.v r

-100

-80

S

1 (ppm)

9F NMR spectrum (376 MHz, CDCl3) of compound 7

T

Br

60

L 0982 ]

agspte . B o
- [ © 26’ L
N\N O

H,N

€v6°L
290°'8
LS €80°8

1.0 05 0.0

1.5

25 20

3.0

3.5

50 45 4.0

1 (ppm)

"H NMR spectrum (400 MHz, CDCls) of compound 8
S93

5.5

6.0

70 6.5

7.5

85 8.0

9.0

10.0 9.5




817901 1
80201 |
08°0LL |
ISVLL
16°GLL |
15021 |
167124
617221 |
£6'221
10621
65621 Y
19'SZL

ce9ClL

y/
J

ge'9zl
81 .zl
96221
t\wmi
vo'6zL |
68'ZEL

3

L

:

r—

L

Br

RSP

H,N

T |1 I —

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50
1 (ppm)
BC{'H} NMR spectrum (101 MHz, CDCls) of compound 8

200

98.°9
989
598'9
£88'9
086'9
866'9
¥50°L
150°2
v20°L
160°L
601721
CIVE
€Lz L]
vz L1
€92/
28211
68€°L
801 L |
Jra A
8es sk
8552 F
VI-UR ¢
1G8LA*
8.8,

S0L'8\
9zL'8 7
G818 /
999'8~\
98987

)

TR T e

S®00000O+-000

3

B S

10.0 9.5

1.0 05 0.0

1.5

25 20

3.0

3.5

70 65 60 55 50 45 40
1 (ppm)
"H NMR spectrum (400 MHz, DMSO-ds) of compound 9

7.5

85 8.0

9.0

S94



§2'801 1
LZ°0bL ]
S5 LLL
0S Vbl ]
62°GLL 1
G 9L
9e'8 1L |
szoLl |
10°121
cg Lzl

90

100
1 (ppm)

90 180 170 160 150 140 130 120 1
BC{'H} NMR spectrum (101 MHz, DMSO-ds) of compound 9

190

200

110

120

160

170

v€6°0
jejoron
vev
887"

V.G
1)
€L9°
808"

T e—

U

cL8

LSV L

_‘NV.NV
115°LT
Nmm.ﬁ\

o-n

10

Bu

N N

00°€¢
= 016

%@o.mr

v ¥0°'Z]
2oz

10.0 9.5

0.0

0.5

1.5 1.0

2.0

35 3.0 25

50 4.5 4.0
1 (ppm)

5.5

75 7.0 6.5 6.0

8.5 8.0

9.0

"H NMR spectrum (400 MHz, CDCls) of compound 10
S95





