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Sc(OTf)s-Catalyzed Dearomatization of Indoles for
the Synthesis of 3,3'-Bisindoles

Wang, Rong*’“’b Xu, Lichen"** Lu, Yi' Jiang, Bo™* Hao, Wenjuan™*
(“School of Chemistry & Materials Science, Jiangsu Normal University, Xuzhou, Jiangsu 221116)
(b C. W. Chu College, Jiangsu Normal University, Xuzhou, Jiangsu 221116)

Abstract A new Sc(OTf)s-catalyzed dearomatization of indole-2-methanols is reported. By using the characteristics of
umpolung of the preformed indole-2-methanols in the presence of acid catalysts, its nucleophilic center at 3-position of indole
ring could be transformed into the electrophilic site, thereby realizing the coupling reaction with another molecule indoles,
which led to the synthesis of a series of 3,3'-bisindoles with exocyclic double bond unit in moderate to excellent yields. Among
them, the strong induction and large steric effects of N-sulfonyl group are the key to the dearomatization of indole ring from
indole-2-methanols. Based on the experimental results and literature reports, the possible reaction mechanism is proposed,
which involves the dehydroxylation and nucleophilic addition of indole-2-methanol derivatives. In addition, this protocol

features high functional group compatibility, mild conditions and simple operation.
Keywords umpolung; dearomatization; indole-2-methanols; 3,3'-bisindoles
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Scheme 1 Synthesis of 3,3'-bisindoles
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ML P29 3a, WOR N 78% (Entry 1). 4% KKk
Sc(OTH)s R K BL: ¥ Sc(OThH); I EIEZE 20 mol%
W, 7290 3a IR ETFHE 82% (Entry 2); 443N
Sc(OTH)s [ &4 30 mol%IF, 724 3a BN B 4k 4t
Tt Entry 3). B S B ER W — S R 4R
[Cu(OTf)]s =5 H IR B[ Mg(OT), 133047 T 24k, #ir&
R R, A D& BARF= YA, 15 # ]
AR , BL57% A5 B 724 3a, {HLEL
Sc(OTH)s IR R 2 (Entry 5 vs Entry 2). BJEik#%
Sc(OTH)s M Ak 77 %F e 37 s 7 34T 1 0 e, 40 2
(CH3CN). Z#(EtOH). N,N-_ 5L F Bk i (DMF) PA A%
LR CER(EA). il VUM FIE AR T B A= Y i %
%, JUFERGAS 2 B bRPE Y0 (Entries 6~9). G HE% T
SR EE. 85 R EoR: BRMIREESE 70 CH, H
FRr=4 )77 20 & R B (Entry 10); 4R THE 90 “Cug
100 CHF, R NG I, HIRr=m =2 T HFE
A (Entries 11~12). & _FRIAGAT H 1% O ) e 1
SN 26 A 20 mol% Sc(OTh); AL, 1,4-dioxane A
T, 80 CAR LI FE.

TERAE RN HE R, X 1225 05 RN 0L PRt 33 1k 3
1T T W7 (Scheme 2). 4] LLICEUARIEWE(2a) WA T ME
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Table 1 Optimization of reaction conditions for the synthesis of

3a“
OH
solvent, t
N Ph ﬁ
Ts 2a
1a

H
N N
\ .y
Ph

L
N Ph

\Ts \Ts
3a 4a (Not observed)

Entry  Cat. (mol%) Solvent t/°C Yield®/%
1 Sc(OTf)3 (10) 1,4-Dioxane 80 78
2 Sc(0Tf)s (20) 1,4-Dioxane 80 82
3 Sc(0OTf)3 (30) 1,4-Dioxane 80 81
4 Cu(OTf)2 (20) 1,4-Dioxane 80 Trace
5 Mg(OTf)2 (20) 1,4-Dioxane 80 57
6 Sc(0Tf); (20) CH3CN 80 N.D.
7 Sc(0Tf)s (20) EtOH 80 N.D.
8 Sc(0Tf); (20) DMF 80 N.D.
9 Sc(0Tf)s (20) EA 80 Trace
10 Sc(OTf)3 (20) 1,4-Dioxane 70 75
11 Sc(OTf)3 (20) 1,4-Dioxane 90 70

Sc(0Tf); (20) 1,4-Dioxane 100 63

¢ Reaction conditions: diphenyl(1-tosyl-1H-indol-2-yl)methanol (1a, 0.2
mmol), 1H-indole (2a, 0.3 mmol), solvent (3.0 mL), air, 80 ‘C. ? Isolated
yield.
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Forp, A7 PHACRR 2-2K 30 W B R R 4 1 OB P,
FRALAH R4 3g F1 3h, WZ57008 68%F1 66%. B
Lz Ah, FEJEY) 1 AR b CS A S AT S
N, #e4k R 3,3-XUEIWEFE) 31, RN 63%. N T IR
ZIR NS, B 3a & o, TEILA A T SEit
10 fFE AL, ENA 2 mmol B9 HE-2- FF g (1a)
SRRl BEIEFR Y 3a, WCRIEH T, A 78%. iX—
SERESE Tz Nl NP, B & B F= 4 3 BS54
)28 NMR BEF1 HRMS RAIE. dhabh, @i 5 g X G247
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Tensor 27 T); it 4% (Bruker microTOF-QIT BY); %
FLPRAY (Bruker DPX 400 MHz 7); | i %6 40 4h 0 B X
(ZF-20D #Y); PU[RATH X (Siemens P4 #Y)5%.

K77 : DMSO-ds( N B A TMS) . CDCl3( N #5 A
TMS). LR OB Tat) A B HTal). 1,4- 508
H(Grifrat). mIesE.

3.2 LWHE

] 10 mL Schlenk Js &% H i A F5] -2 HI (0.2
mmol). M5[k(0.3 mmol), FFIN 3.0 mL 1,4- 4 /NFh. Bl
J5# Sc(OTf); (0.04 mmol)INAFIK R, ZEniE
80 CH#ET I, 8 h f&, HIE ik (TLO)ERER . J
AR, BERERZE 50 mL (BB T s 250,
WA BN N B8 © VR ME) =1 : 5] 5483
&4 3a~3s.

3-(2- 2R FH - 150 FF R Pt g | Ak k-3 - 32 )- 1. H-Ps)|
Wk (3a): 90.5 mg, ;= 82%. A E A, mp. 184~
185 “C; '"H NMR (400 MHz, CDCls) &: 7.85 (d, J=8.0
Hz, 1H, Ar-H), 7.52 (d, J=8.0 Hz, 2H, Ar-H), 7.42 (d, J=
6.8 Hz, 3H, Ar-H), 7.31 (d, J=7.6 Hz, 4H, Ar-H), 7.25~
7.20 (m, 3H, Ar-H), 7.12 (d, J=8.4 Hz, 1H, Ar-H), 7.03~
6.97 (m, 5H, Ar-H), 6.88~6.84 (m, 3H, Ar-H), 6.67 (d,
J=7.6 Hz, 1H, Ar-H), 6.23 (s, 1H, NH), 4.68 (s, H, CH),
2.47 (s, 3H, CHs); '*C NMR (100 MHz, CDCls) &: 144.1,
142.5, 142.0, 140.3, 137.7, 136.0, 134.7, 130.2, 129.4,
129.2, 128.0, 127.7, 127.6, 127.2, 126.8, 126.7, 126.5,
124.8, 124.1, 121.5, 120.0, 119.4, 119.0, 114.3, 110.7,
44.01, 27.7, 15.3; IR (KBr) v: 3566, 2924, 1558, 1507,
1489, 1362, 1175, 1071, 910, 762 cm . HRMS (ESI)
caled for CiHpN,0,S [M — H] ™ 551.1793; found
551.1796.

3-(2- 2R P FE R 1 SR T 1 PR R -3- 3 )- 1 - M| Wik
(3b): 76.4 mg, ;= 71%. HEMEME, mp. 137~138 C;
'H NMR (400 MHz, CDCl3) o: 7.84 (d, J=8.0 Hz, 1H,
Ar-H), 7.61 (d, J=7.6 Hz, 3H, Ar-H), 7.46~7.39 (m, 5H,
Ar-H), 7.30 (d, J=7.6 Hz, 4H, Ar-H), 7.21 (d, J=7.6 Hz,
2H, Ar-H), 7.09 (d, J=8.0 Hz, 1H, Ar-H), 7.00~6.94 (m,
5H, Ar-H), 6.85~6.81 (m, 2H, Ar-H), 6.64 (d, J=7.6 Hz,
1H, Ar-H), 6.18 (s, 1H, NH), 4.57 (s, 1H, CH); 3C NMR
(100 MHz, CDCl3) d: 142.4, 141.9, 141.8, 140.1, 137.8,
137.5, 137.4, 136.0, 133.3, 130.2, 129.4, 128.6, 127.9,
127.7, 127.6, 127.2, 126.9, 126.7, 126.6, 124.7, 124.1,
121.5, 120.0, 119.4, 119.0, 114.1, 110.7,44.0, 15.3; IR
(KBr) v: 3566, 2975, 1558, 1506, 1490, 1360, 1173, 1022,
923,767 cm™ '. HRMS (ESI) calcd for C3sHasN20,S [M—
H]™ 537.1637; found 537.1642.
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3-(1-(4-F ORI )-2- — 2 P H P ek -3- 55 )- 1 H-
IWE (3¢): 87.0 mg, F=H 76%. HAEA, mp. 189~
190 °C; 'H NMR (400 MHz, CDCl;) J: 7.82 (d, J=8.0
Hz, 1H, Ar-H), 7.54 (d, J/=8.4 Hz, 2H, Ar-H), 7.41~7.36
(m, 6H, Ar-H), 7.32~7.28 (m, 4H, Ar-H), 7.22~7.18 (m,
2H, Ar-H), 7.10 (d, J=8.0 Hz, 1H, Ar-H), 7.03~6.99 (m,
2H, Ar-H), 6.97~6.94 (m, 2H, Ar-H), 6.86~6.82 (m, 2H,
Ar-H), 6.69 (d, J=7.6 Hz, 1H, Ar-H), 6.25 (s, 1H, NH),
4.70 (s, 1H, CH); '3C NMR (100 MHz, CDCl;) ¢: 142.3,
141.7, 141.5, 139.9, 138.3, 136.1, 130.2, 129.4, 129.3,
128.9, 127.8, 127.7, 127.3, 126.9, 126.9, 126.8, 125.0,
124.2, 121.6, 119.9, 119.4, 119.1, 110.8, 44.1; IR (KBr) v:
3566, 2925, 1559, 1507, 1362,1174, 1065, 940, 753 cm .
HRMS (ESI) caled for C35H24C1N2028 [M - H] -
571.1247; found 571.1250.

3-(2- 2R Y R - 1 - S0of P 2R T 7 M P ik -3- 25 )- 1 - F
FE-TH-W W 3d): 69.1 mg, 77F 61%. FEREE, mp.
194~195 C; 'H NMR (400 MHz, CDCl;) J: 7.84 (d, J=
8.0 Hz, 1H, Ar-H), 7.49 (d, J/=7.6 Hz, 2H, Ar-H), 7.38 (d,
J=7.6 Hz, 3H, Ar-H), 7.30 (d, J=8.0 Hz, 2H, Ar-H),
7.25~7.17 (m, 4H, Ar-H), 7.01~6.97 (m, 5H, Ar-H),
6.88~6.80 (m, 5H, Ar-H), 6.68 (d, /=7.6 Hz, 1H, Ar-H),
4.57 (s, 1H, CH), 3.33 (s, 3H, CH3), 2.44 (s, 3H, CH;); 13C
NMR (100 MHz, CDCls) d: 144.1, 142.5, 142.3, 142.0,
140.7, 137.6, 136.8, 134.7, 130.9, 130.1, 129.4, 129.2,
129.2, 129.0, 128.3, 128.0, 127.7, 127.5, 127.4, 127.0,
126.7, 126.5, 126.1, 1249, 124.8, 121.0, 120.0, 119.5,
118.5, 116.1, 112.6, 109.6, 108.7,43.9, 31.9, 21.7; IR (KBr)
v: 3566, 2924, 1558, 1507, 1489, 1370, 1167, 1066, 927,
762 ¢cm . HRMS (ESI) calcd for C37H20N,0,S [M—H]~
565.1950; found 565.1952.

3-(1-(4-BU T HEZRRHETE)-2- — % 7 F Sl e mpf-3- 35k )- 1-
FEE-1H-W5[k(3e): 81.5 mg, F7% 67%. [, m.p.
160~161 C; 'H NMR (400 MHz, CDCl;) J: 7.81 (d, J=
8.0 Hz, 1H, Ar-H), 7.51 (d, J=8.4 Hz, 3H, Ar-H), 7.43 (d,
J=8.8 Hz, 3H, Ar-H), 7.36 (d, J=7.2 Hz, 2H, Ar-H),
7.31~7.28 (m, 3H, Ar-H), 7.24~7.16 (m, 3H, Ar-H),
7.02~6.98 (m, 3H, Ar-H), 6.898 (d, /=8.0 Hz, 1H, Ar-H),
6.84~6.80 (m, 3H, Ar-H), 6.69 (d, J=7.2 Hz, 1H, Ar-H),
3.34 (s, 3H, CH3), 1.37 (s, 9H, #-Bu); *C NMR (100 MHz,
CDCly) 6: 157.2, 130.2, 129.4, 128.7, 128.5, 128.0, 127.8,
127.7, 127.5, 127.0, 126.8, 126.5, 126.1, 125.5, 124.7,
121.0, 120.0, 119.4, 118.5, 117.3, 112.6, 108.7, 32.0, 31.2,
26.9; IR (KBr) v: 3566, 2925, 1559, 1507, 1385, 1166,
1080, 939, 764 cm . HRMS (ESI) caled for C4H35N202S

Chin. J. Org. Chem. 2021, 41, 1582~1590
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[M—H]™ 607.2419; found 607.2418.

3-(1-(4- SRR )-2- — % 0 356 15| e I -3- % ) - 1- FY
F-1H-W5|%(30): 73.8 mg, F7ZF 63.0%. HEMEAE, mp.
164~165 “C; 'H NMR (400 MHz, CDCl3) 6: 7.83 (d, J=
8.0 Hz, 1H, Ar-H), 7.54 (d, J=8.4 Hz, 2H, Ar-H), 7.40 (d,
J=8.4 Hz, 2H, Ar-H), 7.37~7.29 (m, 5H, Ar-H), 7.25~
7.17 (m, 3H, Ar-H), 7.05~7.00 (m, 5H, Ar-H), 6.848~
6.81 (m, 4H, Ar-H), 6.72 (d, J=7.6 Hz, 1H, Ar-H), 4.62 (s,
1H, CH), 3.35 (s, 3H, CH3); 3C NMR (100 MHz, CDCl5)
5: 142.2, 142.0, 141.5, 140.2, 139.9, 138.2, 136.0, 130.1,
129.3, 129.3, 128.9, 128.4, 127.8, 127.1, 126.9, 126.8,
126.3, 125.1, 121.1, 119.9, 118.5, 108.8, 32.0; IR (KBr) v:
3629, 2925, 1559, 1508, 1373, 1169, 1083, 918, 763 cm .
HRMS (ESI) caled for CsHyCIN,O,S [M — H] ~
585.1404; found 585.1406.

3-(2- R F - 1 - 2R T I M| b -3 - 35 ) -2- 2R k- 1 H-
W5k (3g): 83.5 mg, F=H% 68%. MHEMAK, mp. 195~
196 ‘C; 'H NMR (400 MHz, CDCls-d) d: 7.88 (d, J=
8.0 Hz, 1H, Ar-H), 7.54~7.51 (m, 3H, Ar-H), 7.45 (s, 1H,
Ar-H), 7.39~7.36 (m, 6H, Ar-H), 7.34~7.28 (m, 5H,
Ar-H), 7.22~7.20 (m, 1H, Ar-H), 7.15 (d, J=8.0 Hz, 1H,
Ar-H), 7.10~7.04 m, 3H, Ar-H), 7.02~6.96 (m, 3H,
Ar-H), 6.91~6.81 (m, 4H, Ar-H), 6.49 (s, 1H, NH), 4.68
(s, 1H, CH); 3C NMR (100 MHz, CDCls-d) &: 142.4,
140.7, 137.2, 136.2, 133.3, 130.4, 128.6, 128.3, 127.8,
127.7, 127.0, 126.8, 126.6, 126.3, 124.1, 121.9, 120.6,
120.2, 119.3, 110.4, 42.5; IR (KBr) v: 3548, 2969, 1558,
1507, 1490, 1367, 1178, 1020, 922, 769 cm '. HRMS
(ESI) caled for C4iHpoN,0,S [M—H]™ 613.1950; found
613.1959.

3-(1-(4- FARTHE YL )-2- — 2K 3E H J 0G| W g -3- 3% ) -2- 2%
Fe-1H-M5| W& (3h): 85.6 mg, =% 66%. H A, mp.
219~220 ‘C; 'H NMR (400 MHz, CDCls) &: 7.86 (d, J=
8.0 Hz, 1H, Ar-H), 7.46~7.43 (m, 7H, Ar-H), 7.39~7.35
(m, 4H, Ar-H), 7.31~7.28 (m, 4H, Ar-H), 7.23 (d, J=7.2
Hz, 1H, Ar-H), 7.13~7.10 (m, 2H, Ar-H), 7.07~7.02 (m,
3H, Ar-H), 7.00~6.96 (m, 1H, Ar-H), 6.92~6.82 (m, 4H,
Ar-H), 6.62 (s, 1H, NH), 4.79 (s, 1H, CH); 3C NMR (100
MHz, CDCly) 6: 142.2, 141.9, 140.5, 139.9, 138.8, 138.3,
137.1, 136.2, 135.8, 131.7, 130.3, 129.2, 128.7, 128.7,
128.1, 127.9, 127.7, 127.3, 126.9, 126.7, 126.4, 124.3,
122.0, 120.6, 120.1, 119.4, 110.5, 108.9, 42.6; IR (KBr) v:
3628, 2925, 1558, 1507, 1395, 1172, 1091, 918, 758 cm .
HRMS (ESI) caled for CyHxCIN,O,S [M — H] ~
647.1560; found 647.1561.
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3-(2- R NP HR - 1 - 2T Pt ) M| PRk bR -3 - 2 )-5- FH A
-1H-W5|Wk(3i): 98.2 mg, F=% 86%. HEEA, mp. 127~
128 “C; 'H NMR (400 MHz, DMSO-ds) 6: 10.21 (s, 1H,
Ar-H), 8.33 (s, 1H, Ar-H), 7.77~7.73 (m, 1H, Ar-H), 7.70
(d, J=8.0 Hz, 1H, Ar-H), 7.62~7.58 (m, 2H, Ar-H), 7.54
(d, J=7.6 Hz, 2H, Ar-H), 7.34 (d, J=7.6 Hz, 1H, Ar-H),
7.29 (d, J=4.8 Hz, 4H, Ar-H), 7.19 (s, 1H, Ar-H), 7.05~
7.00 (m, 2H, Ar-H), 6.98~6.92 (m, 3H, Ar-H), 6.57 (d,
J=7.2 Hz, 1H, Ar-H), 6.51 (d, J=10.4 Hz, 1H, Ar-H),
6.33 (s, 1H, Ar-H), 6.27 (s, 1H, NH), 4.64 (s, 1H, CH),
3.54 (s, 3H, OCH3); 3C NMR (100 MHz, CDCl3) 6: 153.2,
142.4, 141.8, 139.9, 137.8, 137.4, 133.3, 131.2, 130.2,
129.4, 128.6, 127.9, 127.7, 127.7, 127.2, 126.9, 126.8,
126.7, 124.8, 119.9, 113.8, 111.7, 111.4, 101.1, 55.6, 44.1;
IR (KBr) v: 3649, 2975, 1559, 1507, 1339, 1178, 1090,
917, 760 cm™ . HRMS (ESI) calcd for C36Ha7N203S [M—
H]™ 567.1743; found 567.1750.

3-(2- 2R Y Y - 1 - S%of P 2R Tk 7 s P k-3 - 25k )-5- F
AIE-1H-BE(3)): 73.4 mg, P73 63%. HMGEAE, mp.
149~150 ‘C; 'H NMR (400 MHz, CDCls-d) J: 7.83 (d,
J=8.0 Hz, 1H, Ar-H), 7.49 (d, J=8.4 Hz, 2H, Ar-H), 7.42
(d, J=7.2 Hz, 2H, Ar-H), 7.30~7.28 (m, 4H, Ar-H),
7.22~7.20 (m, 4H, Ar-H), 7.02~6.96 (m, 3H, Ar-H), 6.89
(s, 2H, Ar-H), 6.67~6.62 (m, 3H, Ar-H), 6.38 (d, J=2.4
Hz, 1H, Ar-H), 6.16 (s, 1H, NH), 4.62 (s, 1H, CH), 3.64 (s,
3H, OCH3), 2.44 (s, 3H, CH3); *C NMR (100 MHz,
CDCls-d) o0: 157.2, 1533, 142.4, 142.1, 1348, 131.1,
130.2, 129.5, 128.3, 127.8, 127.7, 127.6, 127.1, 126.9,
126.7, 126.5, 125.5, 124.7, 124.6, 119.9, 111.8, 111.4,
101.1, 55.6,35.2, 31.2; IR (KBr) v: 3566, 2924, 1558,
1507, 1472, 1354, 1171, 1085, 915, 756 cm™'. HRMS
(ESI) calcd for C37H29N20s5S, 581.1899 [M—H] ; found
581.1892.

3-(1-(4- A0 T Jok 2R il Pk )-2- — 2R . Pk — g e k-3 -
F)-5-F A -1 H-M5| W (3K): 101.1 mg, P2 81%. A
[E44, m.p. 162~163 ‘C; 'H NMR (400 MHz, CDCl) 4
7.81 (d, J=8.0 Hz, 1H, Ar-H), 7.51 (d, J=8.4 Hz, 2H),
7.44~7.39 (m, 5H, Ar-H), 7.29 (d, J=8.4 Hz, 3H, Ar-H),
7.24~7.17 (m, 2H, Ar-H), 7.03~6.86 (m, 6H, Ar-H),
6.69~6.63 (m, 2H, Ar-H), 6.38 (d, J=2.0 Hz, 1H, Ar-H),
6.16 (s, 1H, NH), 4.58 (s, 1H, CH), 3.65 (s, 3H, OCH3),
1.36 (s, 9H, ¢-Bu); *C NMR (100 MHz, CDCls) 8: 157.2,
153.3, 142.4, 142.1, 1419, 140.2, 137.3, 134.8, 131.1,
130.2, 129.5, 128.3, 127.8, 127.7, 127.6, 127.1, 126.9,
126.7, 126.5, 125.5, 124.7, 119.9, 111.8, 111.4, 101.1,
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55.6, 35.2, 31.2; IR (KBr) v: 3567, 2958, 1559, 1508,
1395, 1165, 1065, 919, 760 cm™'. HRMS (ESI) calcd for
C4oH35N205S [M—H]™ 623.2369; found 623.2374.

3-(2- TP R -5 B R - 1St R R A I | PR k-3 -
H)-5-FHAEIE-1H-I5|E3D): 75.1 mg, P& 63%. [
&, m.p. 143~144 ‘C; 'H NMR (400 MHz, CDCl3) o:
7.69 (d, J=8.4 Hz, 1H, Ar-H), 7.49 (d, J=8.0 Hz, 2H,
Ar-H), 7.41 (d, J=7.2 Hz, 2H, Ar-H), 7.28 (d, J=7.2 Hz,
3H, Ar-H), 7.25~7.17 (m, 5H, Ar-H), 7.08 (d, J=8.0 Hz,
1H, Ar-H), 6.98 (d, J=8.8 Hz, 2H, Ar-H), 6.87 (s, 2H,
Ar-H), 6.66~6.63 (m, 1H, Ar-H), 6.46~6.43 (m, 2H,
Ar-H), 6.16 (s, 1H, NH), 4.56 (s, 1H, CH), 3.67 (s, 3H,
OCHs), 2.45 (s, 3H, CHz), 2.14 (s, 3H, CHs); '*C NMR
(100 MHz, CDCl3) 0: 142.6, 141.9, 141.7, 140.1, 137.6,
137.5, 133.3, 130.2, 129.4, 128.6, 128.3, 127.9, 127.7,
127.6, 127.3, 127.1, 126.8, 126.7, 126.6, 125.5, 124.7,
124.1, 123.9, 123.1, 119.9, 119.2, 110.3, 65.9, 21.5, 15.3;
IR (KBr) v: 3560, 2924, 1558, 1509, 1362, 1169, 1064,
909, 766 cm™'. HRMS (ESI) calcd for C3sH3N,03S [M—
H]™ 595.2056; found 595.2060.

5-50-3-(2- = 2K 7 FH 3 -1 ) T 7Bk s PR bk -3-
F)-1H-M|W(3m): 83.2 mg, F=% 71%. AR, mp.
156~157 °C; '"H NMR (400 MHz, CDCls-d) &: 7.82 (d,
J=8.4 Hz, 1H, Ar-H), 7.48 (d, J=8.0 Hz, 3H, Ar-H), 7.39
(d, J=7.6 Hz, 2H, Ar-H), 7.32~7.28 (m, 4H, Ar-H), 7.22
(d, J=8.0 Hz, 4H, Ar-H), 7.03~7.00 (m, 2H, Ar-H),
6.96~6.86 (m, 5H, Ar-H), 6.64 (d, J=7.2 Hz, 1H, Ar-H),
6.29 (s, 1H, NH), 4.63 (s, 1H, CH), 2.45 (s, 3H, CH3); 1*C
NMR (100 MHz, CDCL) d: 150.1, 147.6, 144.2, 142.4,
141.9, 130.2, 129.8, 129.7, 129.4, 129.2, 127.9, 127.8,
127.2, 126.9, 126.8, 126.5, 124.7, 124.5, 123.9, 121.9,
121.1, 120.1, 118.8, 111.7, 21.7; IR (KBr) v: 3566, 2925,
1559, 1507, 1362, 1182, 1085, 935, 768 cm '. HRMS
(ESI) caled for C36H26CIN,O,S [M—H]  585.1404; found
585.1405.

3-(2- 7 PR -1 - o) B R T | kb -3- 25 )-5- R
F-1H-MWE(3n): 79.3 mg, % 71%. H AR A, mp.
150~151 °C; 'H NMR (400 MHz, CDCl3) 6: 7.83 (d, J=
8.4 Hz, 1H, Ar-H), 7.49 (d, J=8.0 Hz, 2H, Ar-H), 7.40 (d,
J=7.2 Hz, 2H, Ar-H), 7.31~7.27 (m, 5H, Ar-H), 7.23~
7.20 (m, 3H, Ar-H), 7.01 ~6.94 (m, 4H, Ar-H), 6.85~6.80
(m, 3H, Ar-H), 6.75 (s, 1H, Ar-H), 6.67 (d, J=7.6 Hz, 1H,
Ar-H), 6.17 (s, 1H, NH), 4.63 (s, 1H, CH), 2.44 (s, 3H,
CH3), 2.26 (s, 3H, CHs); *C NMR (100 MHz, CDCL) ¢:
144.1, 142.7, 142.0, 141.9, 139.6, 138.6, 137.5, 136.0,
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134.7, 134.4, 131.2, 131.1, 130.2, 129.5, 129.2, 128.0,
127.7, 127.5, 127.1, 126.7, 126.5, 124.7, 124.1, 123.1,
119.9, 110.3, 21.7, 21.5; IR (KBr) v: 3561, 2924, 1559,
1507, 1490, 1367, 1086, 908, 794 cm '. HRMS (ESI)
caled for CiHyN,0,S [M — H] ™~ 505.1950; found
565.1956.

6- R -3-(2- 2% 7 FY 3 -1 X H 2 T gk W) PRk p -3-
F)-1H-M|P(30): 81.9 mg, =% 65%. HE A, mp.
139~140 ‘C; 'H NMR (400 MHz, CDCLy) &: 7.85 (d, J=
8.0 Hz, 1H, Ar-H), 7.50 (d, J=8.4 Hz, 3H, Ar-H), 7.41 (d,
J=7.2 Hz, 2H, Ar-H), 7.35~7.31 (m, 4H, Ar-H), 7.26~
7.24 (m, 4H, Ar-H), 7.11~7.09 (m, 2H, Ar-H), 7.06~7.02
(m, 1H, Ar-H), 7.00~6.95 (m, 2H, Ar-H), 6.88 (s, 2H,
Ar-H), 6.66 (d, J=7.6 Hz, 1H, Ar-H), 6.3 (s, 1H, NH),
4.65 (s, 1H, CH), 2.48 (s, 3H, CH3); 3C NMR (100 MHz,
CDCly) J: 144.1, 142.5, 142.0, 140.3, 137.7, 136.0, 134.7,
130.2, 129.4, 129.2, 128.0, 127.7, 127.6, 127.2, 126.8,
126.7, 126.5, 124.8, 124.1, 121.5, 120.0, 119.4, 119.0,
114.3, 110.7, 44.1, 21.7; IR (KBr) v: 3549, 2963, 1558,
1507, 1375, 1188, 1079, 912, 757 cm . HRMS (ESI)
caled for CiHyeBrN,0.S [M —H]™ 629.0899; found
629.0901.

6- 1R -3-(1-(4- BT Fk Ml o Jik )-2- — 2R Y H g I
WR-3-35)- 1 H-15] % (3p): 104.8 mg, 773 78%. [{afE 1k,
m.p. 184~185 ‘C; 'H NMR (400 MHz, CDCl;) &: 7.80
(d, J=8.0 Hz, 1H, Ar-H), 7.51 (d, J=8.4 Hz, 2H, Ar-H),
7.43 (d, J=8.4 Hz, 3H, Ar-H), 7.35 (d, J=7.6 Hz, 2H,
Ar-H), 7.30~7.27 (m, 3H, Ar-H), 7.25 (d, J=1.2 Hz, 2H,
Ar-H), 7.22~7.18 (m, 1H, Ar-H), 7.02~6.93 (m, 3H,
Ar-H), 6.86~6.79 (m, 3H, Ar-H), 6.63 (d, J=7.6 Hz, 1H,
Ar-H), 6.50 (s, 1H, Ar-H), 6.18 (s, 1H, NH), 4.60 (s, 1H,
CH), 1.36 (s, 9H, #-Bu); '*C NMR (100 MHz, CDCls) §:
157.3, 142.2, 142.1, 141.8, 140.1, 137.5, 136.8, 134.8,
130.2, 130.1, 129.4, 128.3, 127.8, 127.7, 127.7, 127.3,
126.9, 126.8, 126.5, 125.5, 124.5, 124.0, 122.4, 120.5,
120.1, 115.1, 114.7, 113.7, 43.9, 35.3, 31.2, 31.0; IR (KBr)
v: 3567, 2961, 1559, 1507, 1398, 1179, 1082, 920, 757
cm . HRMS (ESI) caled for CsoH3BrN,O,S, 671.1368
[M—H]; found 671.1369.

6-15-3-(1-(4-FU AR B I 3L )-2- — 2% WV P 35— 1| e pf -3
H)-1H-W|W((3q): 85.8 mg, 7% 66%. ME[EA, mp.
173~174 “C; 'H NMR (400 MHz, CDCls) 6: 7.82 (d, J=
8.0 Hz, 1H, Ar-H), 7.53 (d, J=8.4 Hz, 2H, Ar-H), 7.42~
7.39 (m, 4H, Ar-H), 7.36~7.28 (m, 6H, Ar-H), 7.23~7.19
(m, 1H, Ar-H), 7.04~7.00 (m, 3H, Ar-H), 6.96~6.91 (m,
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3H, Ar-H), 6.79 (d, J=8.8 Hz, 1H, Ar-H), 6.65 (d, J=7.6
Hz, 1H, Ar-H), 6.22 (s, 1H, NH), 4.68 (s, 1H, CH); 13C
NMR (100 MHz, CDCL) J: 142.0, 141.7, 141.5, 140.0,
138.4, 136.0, 130.1, 129.4, 129.3, 128.9, 127.9, 127.8,
127.4, 127.1, 126.9, 124.9, 122.5, 120.5, 120.0, 115.2,
113.8, 44.0, 26.9; IR (KBr) v: 3550, 2923, 1558, 1507,
1372, 1180, 1091, 933, 763 cm'. HRMS (ESI) calcd for
C3sH23BrCIN,O,S [M—H] ™ 649.0352; found 649.0354.

3-(2- RV F - 1 - R it P J5 Mg | W bR -3- 5 )-7- F -
1H-W| W (3r): 102.7 mg, =% 93%. H & FE A&, mp.
184~185 “C; 'H NMR (400 MHz, CDCl3) &: 7.83 (d, J=
8.0 Hz, 1H, Ar-H), 7.61 (d, J=7.6 Hz, 3H, Ar-H), 7.46~
7.38 (m, 5H, Ar-H), 7.31~7.28 (m, 5H, Ar-H), 7.21~7.18
(m, 1H, Ar-H), 7.01~6.95 (m, 2H, Ar-H), 6.85~6.75 (m,
5H, Ar-H), 6.65 (d, J=8.4 Hz, 1H), 6.19 (s, 1H, NH), 4.57
(s, 1H, CH), 2.30 (s, 3H, CH3); *C NMR (100 MHz,
CDCls) 6: 142.5, 141.9, 141.8, 140.2, 137.8, 137.6, 137.5,
135.6, 133.3, 132.4, 130.2, 130.1, 129.4, 128.6, 128.3,
127.9, 127.7, 127.6, 127.1, 126.8, 126.7, 126.6, 1248,
123.8, 122.0, 120.0, 119.7, 119.2, 117.2, 114.7, 44.1, 16.4;
IR (KBr) v: 3502, 2963, 1556, 1505, 1489, 1362, 1180,
1077, 933, 770 cm™ '. HRMS (ESI) calcd for C3sH27N20,S
[M—H]~ 551.1793; found 551.1794.

3-(1-(4- U T 2 Figh P 25 )-2-( 2% 7 R 6k ) | Wk k-3
Ho)-7-FHRE- 1 H-M5| M (3s): 94.9 mg, 7K 78%. [ ffl{Ak,
m.p. 175~176 °C; 'H NMR (400 MHz, CDCl;) d: 7.79
(d, J=8.0 Hz, 1H, Ar-H), 7.51 (d, J=8.8 Hz, 2H, Ar-H),
7.43 (d, J=8.4 Hz, 2H, Ar-H), 7.38~7.34 (m, 3H, Ar-H),
7.29 (d, J=8.0 Hz, 3H, Ar-H), 7.24~7.18 (m, 2H, Ar-H),
7.01~6.97 (m, 3H, Ar-H), 6.82~6.78 (m, 5H, Ar-H), 6.69
(d, J=7.6 Hz, 1H), 6.22 (s, 1H, NH), 4.60 (s, 1H, CH),
2.30 (s, 3H, CHs), 1.40 (s, 9H, #-Bu); *C NMR (100 MHz,
CDCl3) 6: 157.16, 142.39, 142.06, 141.89, 137.21, 135.54,
134.92, 132.42, 130.23, 130.06, 129.43, 128.28, 127.79,
127.68, 127.48, 127.03, 126.77, 126.59, 126.40, 125.48,
124.62, 123.64, 122.03, 11991, 119.69, 119.18, 117.14,
35.24, 31.16, 16.39; IR (KBr) v: 3566, 2925, 1559, 1508,
1362, 1173, 1070, 915, 767 cm '. HRMS (ESI) calcd for
CaoH3sN,0,8 [M—H]™ 607.2419; found 607.2422.

44 Bh#4 %} (Supporting Information) FT 5 & AL &

) 'H NMR 1 3C NMR & i, X284kl nl BL G 9 A
FI 3k (http://sioc-journal.cn/)_E F#.
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