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Synthesis of 2,3'-Bisindole Derivatives Catalyzed by TfOH
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Abstract A highly efficient TfOH-catalyzed addition of C3-substituted indole derivatives with (1H-indol-2-yl)diphenyl-
methanols has been established, leading to the synthesis of a series of potentially bioactive 2,3'-bisindols in moderate to high
yields (48%~89%) and with broad substrate scope under mild conditions. In addition, the furan-2-yldiphenylmethanol could
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also be applied in the reaction and afforded 2-(5-benzhydrylfuran-2-yl)-1H-indole in good yield.
Keywords addition reaction; synthetic method; 2,3'-bisindole derivatives; (1H-indol-2-yl)diphenylmethanol; TFOH
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Figure 1 Natural products and drugs containing 2,3'-bisindoles

N
H

[Pd], dppp 1,10-phen
CO (608 kPa), DMF, A

previous work:

NBS (0.8 equw
CHCI3, 15 C

Cry o,
Cry

FeCls, CH4CN, 60 C

(0]
OH EtOH
reflux

B 1 2,3-X05IWE B2 G pE
Scheme 1 Synthesis of 2,3'-bisindoles
Mokt T ARSCHRE! Y, ST, AT R A
3- B A M R A D 2 A7) 45 (1LH-2-W5] ek ) — 57 ik
R AR SRAZIN AN, VRS RE S S B 2,3'- M5 AT A
VI i (Scheme 2, b).

1 &HR5WTE

1.1 REZFHRML

T, WEH(1H-M5We-2-58) Z R FE I E (1a) A V-1

Chin. J. Org. Chem. 2018, 38, 2028~2035

© 2018 Chinese Chemical Society & SIOC, CAS

% m e

H

@E“ﬂi

R
OH+®E\S
N

( O
O )
N \ NH
H
Ph
Ph

B2 (1H-2-W5] W dd) — 75 3 R 1) R
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Table 1 Optimization of reaction conditions

NHBoc
N\ Ph N Catal.
OH + —_— >
H Ph N solvent, r.t.

x2 JRWIHRE
Table 2  Substrate scope

Ar NHBoc
= TfOH
R1+ AN\ OH + A\ _ =
Z~N Ar N DCE, r.t.
H
1

H H
1a 2a 2a
NHBoc NHBoc Rt
) ¢
LY )
” N\, NH N \ NH
Ph HAr
Ph Ar
3a 3
Entry Catal. Solvent  Temp./C  Yield®/% Entry 3 R! Ar Yield/%

1 p-TsOH Toluene r.t. 62 1 3a H Ce¢Hs 89

2 CF;COOH Toluene r.t. 59 2 3b H p-MeC¢Hy 86

3 HCl Toluene r.t. 61 3 3¢ H m-FCgH, 67

4 TfOH Toluene r.t. 65 4 3d H p-FC¢H, 78

5 Yb(OTH); Toluene r.t. 27 5 3e H m-MeCgHy 73

6 Sc(0Tf), Toluene r.t. 25 6 3f 5-Br CeHs 61

7 CH;COOH Toluene r.t. 48 7 3g 6-Br Ce¢Hs 60

8 TfOH THF r.t. n.r. 8 3h 7-Br CeHs 58

9 TfOH DCM r.t. 31 9 3i 5-Cl CeHs 64

10 TfOH DCE r.t. 89 10 3j 4-OMe CgHs 66

11 TfOH CCly r.t. 39 11 3k 5-OEt  C¢Hs 69

12 TfOH CHCl; r.t. 64 “Reaction conditions: 1a (0.2 mmol), 2a (0.22 mmol, 1.1 equiv), TfOH (0.02
13 TfOH CH;CN r.t. 70 mmol, 10 mol%) in DCE (2 mL) at r.t. for 15 h,. * Isolated yield.
o foeone . TR, IR 2 A R B ()t T L
16 TfOH DCE 0 61 *H N‘fﬂT%\?ﬁ%‘z‘ugl%‘:}'% Zﬂﬁ(la)ﬁiéﬁfuﬁﬁﬂﬂﬁi
17°  TfOH DCE rt. 74 JRSE, CAEEAT PR 72 2. (50%) AE A 2-Pok e AR 1Y) B i i A=
18/ TfOH DCE rt. 85

“Unless otherwise indicated, the reaction was carried out at a 0.1 mmol scale
in a solvent (1 mL) at r.t. for 15 h, and the molar ratio of 1a : 2a was 1 : 1.1.
P Isolated yield. ¢ 5 mol% of TfOH was used. ¢ 15 mol% of TfOH was used.
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R ZE R, BIRELMRUT I AR B R MR 2, En-
tries 6~11).
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¥ 3v (Eq. 1).
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Table 3 Substrate scope
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'HNMR 1 °C NMR K Bruker AMX500 (500
MHz) 8 5 1% 1 S 4R A0 & (TMS N AR, N
CDCl; fl DMSO-ds; HRMS K & H R R A (2 5 e
Agilent 5975) Wl %€ ; 5 502 H AU A0 G S0 R A
(SGWX-4A)M €. B¢ %4 i Bruker D8 VENTURE
PHOTON A5, HEH{EH 200~300 HEk, ¥
FE 750 A T Bk (60 ~90 CYFI 2R Z.l5. 5735 A T 5
yMT AR, 4 B T B — b Al A B
3.2 XWHE
3.2.1  (1H-"31"k-2-#)=
k69 B

TEF R, I 3-BURWIAT A 1
(0.2 mmol), (1H-M|Mk-2-55) —ZEFLHFEEATAY) 2 (0.22
mmol) Al = Fi#2(0.01 mmol), FFIMA 1,2- 2k
(2.0 mL), AEH RN ET=ETHEE 15 h 2O
(TLO)R IR 7R N5 5, 4 S REVR &4 B 4l i ik
JRAF (LR SR ) Alifk, 5 15 3] H AR~
.

N-FUT A Bk FE-2-(2'- 2R B 2E)-1 H,1' H-[2,3'- XU
-3-JL]1 2% (3a): AR, P23 89%. m.p. 216~

R FEATA MY 3-BUR
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217 °C; 'H NMR (500 MHz, CDCl;) é: 8.10 (s, 1H), 7.28
(s, 1H), 7.66 (d, J=8.5 Hz, 2H), 7.39 (d, J=7.9 Hz, 1H),
7.29~7.22 (m, 6H), 7.19~7.07 (m, 10H), 5.68 (s, 1H) ,
4.27 (s, 1H), 3.20 (s, 2H), 2.82 (s, 2H), 1.33 (s, 9H); "°C
NMR (125 MHz, CDCl;) d: 155.9, 138.9, 136.1, 135.5,
129.0, 128.9, 128.7, 128.6, 127.2, 122.4, 121.7, 120.6,
119.6, 119.4, 119.1, 111.3, 110.7, 106.2, 78.8, 48.7, 41.0,
28.4, 27.0. HRMS (ESI+) calced for C3HsgN;O, (M+H)"
542.2802, found 542.2805.

N-BUT S FE-2-(2'- 5 F R 38 F 38 - 1 H, 1'H-[2,3'-
G -3-3L] 2. 1% (3b): A A, 773 86%. m.p. 177~
178 °C;'H NMR (500 MHz, CDCl5) d: 7.90 (s, 1H), 7.62
(d, J=6.9 Hz, 1H), 7.54 (s, 1H), 7.34 (d, J=7.9Hz, 1H),
7.23 (d, J=8.1Hz, 1H), 7.12~7.02 (m, 9H), 6.93~6.95
(m, 4H), 5.54 (s, 1H), 4.16 (s, 1H), 3.16 (s, 2H), 2.77 (s,
2H), 2.27 (s, 6H), 1.27 (s, 9H); “C NMR (125 MHz,
CDCly) d: 155.8, 139.2, 136.8, 136.0, 135.4, 129.6, 128.7,
124.4, 122.2, 121.7, 120.5, 119.6, 119.3, 119.1, 112.0,
111.1, 110.6, 105.9, 78.8, 48.0, 41.0, 29.7, 28.4, 21.1.
HRMS (ESI+) caled for C3gHyoN30, (M+H)" 570.3115,
found 570.3107.

N-BUT S HE-2-(2'- - [H) G R s F 8- L HL 1 H-[2,3 -
RG-3-31 2. 1% (3e): E AL, 775 67%. m.p. 203~
204 ‘C; 'H NMR (400 MHz, CDCls) 6: 7.93 (s, 1H), 7.62
(d, J=7.4 Hz 2H), 7.36~7.20 (m, 4H), 7.18~7.12 (m,
3H), 7.10~7.04 (m, 2H), 6.93~6.75 (m, 6H), 5.62 (s,
1H), 4.26 (s, 1H), 3.16 (s, 2H), 2.75 (t, J=7.0 Hz, 2H),
1.25 (s, 9H); *C NMR (100 MHz, CDCl;) d: 162.2 (d, J=
248.7 Hz), 154.7, 136.2, 135.1, 134.6, 129.6 (d, J=8.3
Hz), 127.5, 127.1, 123.4, 121.8, 120.9, 119.9, 118.7, 118.5,
118.1, 114.7 (d, J=22.2 Hz), 113.5 (d, J=21.2 Hz), 110.2,
109.7, 105.8, 77.8, 47.0, 39.9, 28.7, 27.3. HRMS (ESI+)
caled for CiHyF.N;O, (M + H) © 5782614, found
578.2607.

N-FUT E R FE-2-(2'- — X i A 3 H 388)- 1 H, 1'H-[ 2,3
WG -3-3E 2, (3d): I EIE R, 722 78%. m.p. 150~
151 ‘C; '"H NMR (500 MHz, CDCly) d: 7.99 (s, 1H),
7.68~7.64 (m, 2H), 7.41 (d, J=7.8 Hz, 1H), 7.33 (d, J=
8.1 Hz, 1H), 7.24~7.17 (m, 3H), 7.15~7.07 (m, 6H),
7.02~6.99 (m, 4H), 5.67 (s, 1H), 432 (s, 1H), 3.23 (s,
2H), 2.82 (s, 2H), 1.32 (s, 9H); “C NMR (125 MHz,
CDCly) &: 161.9 (d, J=247.5 Hz), 155.8, 138.3, 136.1,
135.5, 130.3 (d, J=6.2 Hz), 128.5, 128.3, 122.6, 121.9,
120.8, 119.6, 119.5, 119.1, 115.9 (d, J=21.3 Hz), 111.2,
110.7, 106.4, 78.9, 47.2, 40.9, 29.7, 28.3. HRMS (ESI+)
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caled for CiHyFaN3O, (M + H) ™ 5782614, found
578.2605.

N-BUT S Ak -2-(2'- — [B) F R B T ) -1 HL1'H-[2,3'-
KU Wk-3-5E] 2. [ (3e): I EAIEER, 722 73%. m.p. 121~
122 °C; 'H NMR (500 MHz, CDCl;) 6: 7.93 (s, 1H), 7.62
(d, J=6.7 Hz, 1H), 7.51 (s, 1H), 7.34 (d, J=7.9 Hz, 1H),
7.25 (d, J=8.1 Hz, 1H), 7.16~7.12 (m, 2H), 7.10~7.09
(m, 2H), 7.07-7.01 (m, 5H), 6.86~6.85 (m, 4H), 5.53 (s,
1H), 4.19 (s, 1H), 3.16 (s, 2H), 2.77 (t, J=6.7 Hz, 2H),
2.22 (s, 6H), 1.27 (s, 9H); °C NMR (125 MHz, CDCl;) ¢:
155.8, 139.1, 138.7, 136.0, 135.3, 129.2, 128.8, 128.6,
128.5, 128.0, 125.9, 122.2, 121.7, 120.6, 119.6, 119.3,
119.1, 111.2, 110.6, 106.0, 78.7, 48.7, 41.0, 29.7, 28.4,
21.5. HRMS (ESI+) caled for Cs;gHsN;0, (M+H)"
570.3115, found 570.3113.

N-BUT S B0 3 -(2-(2'- — 2K 35 F 36 )-5- IR -1H,1'H-
[2,3'-XUM5| WE-3-2] 2 % (30): F 4K, =% 61%. m.p.
110~111 °C; 'H NMR (500 MHz, CDCl5) : 7.98 (s, 1H),
7.61 (d, J=9.4 Hz, 1H), 7.49 (s, 1H), 7.45 (s, 1H), 7.27~
7.18 (m, 7H), 7.13~7.04 (m, 8H), 5.62 (s, 1H), 4.22 (s,
1H), 3.14 (s, 2H), 2.75 (s, 2H), 1.26 (s, 9H); *C NMR
(125 MHz, CDCLy) 6: 154.7, 139.1, 135.0, 132.9, 129.3,
128.0, 127.7, 127.4, 126.6, 126.3, 124.2, 121.1, 121.0,
120.9, 118.5, 118.1, 112.9, 111.6, 111.4, 109.7, 104.7, 77.8,
47.6, 39.9, 28.7, 27.3. HRMS (ESI+) calcd for CsgHis-
BrN;0, (M+H)" 620.1907, found 620.1899.

N-BUT S8 BR 56 -2-(2'- — 2K 2 B6)-6- L -1H,1'H-
[2,3-XUH5|k-3-FE ] 2% (3g): FIEEA, 7% 60%. m.p.
149~150 °C;'H NMR (500 MHz, CDCl;) : 8.03 (s, 1H),
7.67 (d, J=7.4 Hz, 1H), 7.56 (s, 1H), 7.47 (d, J=5.1 Hz,
1H), 7.34~7.27 (m, 7H), 7.22~7.20 (m, 1H), 7.17~7.16
(m, 2H), 7.14~7.11 (m, 5H), 5.68 (s, 1H), 4.29 (s, 1H),
3.23 (s, 2H), 2.81 (t, J=6.5 Hz, 2H), 1.34 (s, 9H); "°C
NMR (125 MHz, CDCly) o: 155.8, 139.5, 136.1, 136.0,
129.0, 128.8, 128.4, 1282, 127.7, 127.3, 127.2, 123.9,
121.9, 120.8, 119.5, 119.1, 115.7, 114.1, 110.7, 106.3,
100.0, 78.9, 48.7, 40.9, 28.3, 26.9. HRMS (ESI+) calcd
for C36H3sBrN;0, (M+H)" 620.1907, found 620.1906.

N-BUT S8 BR 56 -2-(2'- — 2K 2% Y B6)-7- L -1H,1'H-
[2,3- X005 Wk-3-FE ) 2. B (3h): F AR, 7223 58%. m.p.
173~174 °C; 'H NMR (400 MHz, CDCl;) J: 7.98 (s, 1H),
7.29 (d, J=8.9 Hz, 1H), 7.49 (s, 1H), 7.30~7.17 (m, 8H),
7.11~7.04 (m, 7H), 6.93 (t, J=9.7 Hz 1H), 5.63 (s, 1H),
421 (s, 1H), 3.16 (s, 2H), 2.76 (t, J=9.7 Hz 2H), 1.26 (s,
9H); *C NMR (100 MHz, CDCl;) 8: 154.7, 138.5, 135.0,

Chin. J. Org. Chem. 2018, 38, 2028~2035
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133.1, 128.6, 128.0, 127.9, 127.7, 127.4, 126.8, 126.4,
123.7, 120.9, 120.8, 118.5, 118.1, 117.8, 111.5, 109.7,
106.4, 103.7, 77.8, 47.8, 40.0, 28.7, 27.3. HRMS (ESI+)
caled for C;cH3sBrN;O, (M—|—H)+ 620.1907, found
620.1913.

N-BUT P -2-(2'- R B 4E)-5-8- 1 H, 1'H-[2,3'-
WG -3 2. % (31): AR, 7% 64%. m.p. 84~
85 °C; '"H NMR (500 MHz, CDCls) &: 8.03 (s, 1H), 7.68
(d, J=7.3 Hz, 1H), 7.55 (s, 1H), 7.37~7.29 (m, 7H),
7.25~7.23 (m, 1H), 7.18~7.12 (m, 8H), 5.69 (s, 1H),
4.29 (s, 1H), 3.22 (s, 2H), 2.83 (s, 2H), 1.34 (s, 9H). °C
NMR (125 MHz, CDCl;) d: 155.8, 140.3, 136.0, 133.7,
129.7, 129.0, 128.8, 128.4, 127.7, 127.4, 126.5, 122.7,
122.0, 119.5, 119.1, 119.0, 112.4, 112.2, 110.7, 105.9, 78.9,
48.7, 40.9, 29.7, 28.4. HRMS (ESI + ) caled for
C36H35CIN;O, (M+H)" 576.2412, found 576.2413.

N-UT S8 30 i 2-(2- — 2 R RP R )4 FRR K-
LH,1'H-[2,3"- XM Wk -3-35 ] 2, 1% (3j): [ ([ 4k, 77 %
66%. m.p. 125~126 ‘C; 'H NMR (400 MHz, CDCl;) ¢:
7.94 (s, 1H), 7.70 (s, 1H), 7.56 (d, J=7.6 Hz, 1H), 7.19~
7.12 (m, 7H), 7.10~7.02 (m, 5H), 6.95~6.88 (m, 3H),
6.45 (d, J=7.8 Hz, 1H), 5.43 (s, 1H), 4.55 (s, 1H), 3.60 (s,
3H), 3.19 (s, 2H), 2.72 (s, 1H), 2.55 (s, 1H), 1.21 (s, 9H);
3C NMR (100 MHz, CDCl5) d: 155.0, 152.6, 137.1, 136.0,
134.9, 129.0, 127.7, 127.3, 126.0, 124.5, 122.0, 120.3,
118.0, 117.9, 117.5, 111.3, 109.6, 103.7, 103.5, 99.9, 96.3,
77.5, 66.9, 54.3, 47.2, 28.7, 27.4, 24.6. HRMS (ESI+)
caled for C3;H3sN3;0; (M + H) * 5722908, found
572.2899.

N-AL T SHR JE -2-(2- — 2 k3L )5 2 A -
LH,1'H-[2,3"- XU M| W -3-FE ] 2 i (3k): A [l 4, 7= %
69%. m.p. 87~88 ‘C; 'H NMR (500 MHz, CDCly) ¢:
7.88 (s, 1H), 7.70 (d, J=3.7 Hz 1H), 7.56 (s, 1H), 7.34~
7.26 (m, 6H), 7.21~7.12 (m, 8H), 6.86~6.82 (m, 2H),
5.67 (s, 1H) , 4.30 (s, 1H), 3.9 (q, J=6.9 Hz 2H), 3.22 (s,
2H), 2.86 (s, 2H), 1.36 (m, 12H); *C NMR (125 MHz,
CDCly) d: 155.8, 154.2, 139.4, 136.0, 130.3, 129.0, 128.8,
128.6, 127.2, 122.1, 121.7, 119.4, 119.4, 119.0, 113.2,
112.1, 111.9, 111.1, 110.7, 106.0, 102.0, 78.8, 64.1, 48.8,
41.1, 29.72, 28.4, 15.0. HRMS (ESI+) caled for CssHyo-
N;0, (M+H)" 586.3064, found 586.3066.

N-BUT SR IE-2-(2'- R B 1 L -5-50)- 1 H, 1'H-[2,3'-
RG-3-3E 2. 8% (31): AR, 7% 65%. mp. 150~
151 °C; 'H NMR (500 MHz, CDCls) 6: 7.95 (s, 1H), 7.54
(d, J=9.8 Hz, 2H), 7.33~7.11 (m, 9H), 7.07~7.00 (m,
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7H), 5.61 (s, 1H), 4.23 (s, 1H), 3.11 (s, 2H), 2.73 (t, J=8.5
Hz, 2H), 1.28 (s, 9H); >C NMR (125 MHz, CDCl) o:
155.7, 139.4, 139.0, 135.3, 134.2, 130.1, 129.7, 129.0,
128.8, 128.3, 127.3, 125.1, 122.5, 121.9, 120.8, 119.5,
118.4, 112.1, 111.6, 111.2, 105.6, 79.0, 48.8, 41.1, 29.7,
28.4. HRMS (ESI+) caled for CyHssCIN3O, (M+H)"
576.2412, found 576.2407.

N-fUT S B Bk -2-(2'- R B F O -5- 1 J)-1H,1'H-
[2,3'-XUM5|Wk-3-3E] 21 (3m): ALK, P25 71%. m.p.
111~112 °C;'H NMR (500 MHz, CDCl5) &: 8.00 (s, 1H),
7.47 (d, J=15.0 Hz, 2H), 7.40 (d, J=7.8 Hz, 1H), 7.23~
7.33 (m, 7H), 7.16~7.20 (m, 1H), 7.06~7.13 (m, 6H),
6.99 (d, J=8.3 Hz, 1H), 5.68 (s, 1H), 4.30 (s, 1H), 3.23 (s,
2H), 2.81 (t, J=6.5 Hz, 2H), 2.47 (s, 3H), 1.34 (s, 9H); "*C
NMR (125 MHz, CDCly) d: 155.8, 138.8, 135.4, 134.3,
129.0, 128.8, 128.7, 128.6, 128.5, 127.2, 123.3, 122.3,
120.6, 119.6, 118.7, 111.7, 111.1, 110.4, 106.3, 78.8, 48.7,
41.2, 28.1, 27.0, 21.6. HRMS (ESI+) calcd for Csy7Hss-
N;0; (M+H)" 556.2959, found 556.2943.

N-BUT SR HE -2-(2'- 2R R k-5 4 Bk )- 1 HL 1 H-
[2,3'- X005 Me-3-3E ] Z. f%(3n): A GEE, 77 89%. m.p.
157~158 °C; 'H NMR (400 MHz, CDCl;) d: 8.07 (s, 1H),
7.52 (s, 1H), 7.41 (d, J=9.8 Hz, 1H), 7.33~7.24 (m, 7H),
7.18~7.05 (m, 8H), 6.82 (dd, J=8.7, 2.2 Hz, 1H), 5.70 (s,
1H), 4.33 (s, 1H), 3.88 (s, 3H), 3.22 (s, 2H), 2.81 (t, J=6.8
Hz, 2H), 1.33 (s, 9H); >C NMR (100 MHz, CDCl;) o:
155.8, 154.1, 138.8, 135.5, 131.2, 129.5, 128.9, 128.8,
128.5, 127.2, 122.3, 120.6, 119.6, 112.0, 111.9, 111.4,
111.2, 103.6, 101.0, 100.0, 78.8, 56.1, 48.7, 40.9, 29.7,
28.4. HRMS (ESI+) caled for CiHyN;O3; (M+H)"
572.2908, found 572.2903.

N-BUT AR L -2-(2- 2R R -5~ S Bk )- 1 HL 1 H-
[2,3- X005 Wk-3-38 ) 2. (30): A EAE, P23 88%. m.p.
103~104 °C; 'H NMR (400 MHz, CDCl;) d: 7.95 (s, 1H),
7.42 (d, J=7.4 Hz 3H), 7.34~7.29 (m, 3H), 7.25~7.15
(m, 8H), 7.10~6.97 (m, 8H), 6.82 (dd, J=8.7, 2.4 Hz
1H), 5.62 (s, 1H), 5.05 (s, 2H), 4.23 (s, 1H), 3.13 (s, 2H),
2.73 (t, J=6.9 Hz, 2H), 1.25 (s, 9H); *C NMR (100 MHz,
CDCly) 6: 155.8, 153.3, 138.8, 137.8, 135.4, 131.4, 129.6,
129.5, 129.0, 128.9, 128.5, 127.8, 127.7, 127.2, 122.4,
120.6, 119.7, 112.5, 112.0, 111.9, 111.4, 111.2, 106.3,
102.7, 78.8, 71.2, 48.7, 40.9, 29.7, 28.4. HRMS (ESI+)
caled for C4;HpN;O3 (M + H) © 648.3221, found
648.3217.

N-FUT SR IE-2-(2'- R HE 1 B -6-380)- 1 H, 1'H-[2,3'-
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WG -3-381 2. 1% (3p): EEEAE, 773 67%. m.p. 102~
103 “C; '"H NMR (400 MHz, CDCl5) J: 8.02 (s, 1H), 7.56
(s, 2H), 7.40 (d, J=7.8 Hz, 1H), 7.35~7.28 (m, 7H),
7.20~7.11 (m, 6H), 6.92~6.81 (m, 2H), 5.69 (s, 1H),
4.27 (s, 1H), 3.20 (s, 2H), 2.80 (t, J=7.0 Hz, 2H), 1.34 (s,
9H); '*C NMR (100 MHz, CDCl3) 6: 159.8 (d, J=237.8
Hz), 155.8, 138.9, 135.9 (d, J=12.4 Hz), 135.4, 128.9 (d,
J=15.3 Hz), 128.5, 127.3, 125.2, 122.4, 120.7, 119.8,
119.7, 119.6, 112.2, 111.2, 107.9 (d, J=24.5 Hz), 106.8,
105.9, 97.1, 96.9, 78.9, 48.8, 41.0, 29.7, 28.4. HRMS
(ESI+) caled for C3gH3sFN;0, (M+H)" 560.2708, found
560.2710.

N-BUT 48 B 25 -2-(2'- 5% 9 R 5 L -5- HE O )-
1H,1'H-[2,3"- XU M| W3- 3] 2 % (3q): A B[l 4k, 7=
86%. m.p. 101~102 C; '"H NMR (400 MHz, CDCl;) &:
7.96 (s, 1H), 7.54 (s, 1H), 7.46 (s, 1H), 7.40 (d, J=7.8 Hz,
1H), 7.34 (d, J=8.1 Hz, 1H), 7.25~7.19 (m, 2H), 7.14~
7.07 (m, 6H), 7.03~6.99 (m, 4H), 5.66 (s, 1H), 4.34 (s,
1H), 3.24 (s, 2H), 2.80 (s, 2H), 2.48 (s, 3H), 1.33 (s, 9H);
3C NMR (100 MHz, CDCl) &: 161.9 (d, J=248.0 Hz),
155.8, 138.3, 135.6, 134.4, 130.3 (d, J=7.8 Hz), 129.3,
129.2, 128.8, 128.7, 128.5, 123.5, 122.6, 120.8, 119.6,
118.7, 115.8 (d, J=21.4 Hz), 111.9, 111.2, 110.4, 106.6,
78.9,47.2,41.0,29.7, 28.3, 21.5. HRMS (ESI+) calcd for
C37H36F,N;0, (M+H) " 592.277, found 592.2768.

N- BT BB HE 22 oK O 6 ) -5
F)-1H,1'H-[2,3"- 00| We-3-3£] 2 % (3r): A AE A, 7223
68%. m.p. 80~81 ‘C; 'H NMR (500 MHz, CDCl;) &:
7.94 (s, 1H), 7.39 (d, J=8.6 Hz 3H), 7.28~7.21 (m, 5H),
7.19~7.13 (m, 3H), 7.05~6.99 (m, 5H), 6.94~6.92 (m,
2H), 5.59 (s, 1H), 4.23 (s, 1H), 3.15 (s, 2H), 2.72 (t, J=6.6
Hz, 2H), 2.40 (s, 3H), 1.27 (s, 9H); *C NMR (125 MHz,
CDCly) 6: 155.8, 139.5, 136.1, 134.4, 130.9, 129.0, 128.8,
128.7, 128.3, 128.2, 127.9, 127.4, 127.3, 123.9, 123.5,
120.8, 118.7, 115.7, 114.1, 110.4, 106.5, 78.8, 48.7, 29.7,
28.5, 28.4, 21.5. HRMS (ESI+) calcd for C;,H3;BrN;0,
(M+H)" 634.2064, found 634.2062.

N-BUT % Fk R -2-(2'- = R 2k F k-6~ 5L -5- 4R
B)-1H,1'H-[2,3"- X5 Wk-3- 55 2 i (3s): A Bl 44, F=2
71%. m.p. 142~143 °C; 'H NMR (400 MHz, CDCl;) &:
8.11 (s, 1H), 7.52 (d, J=1.5 Hz 1H), 7.48 (s, 1H), 7.34~
7.25 (m, 7H), 7.19~7.06 (m, 7H), 6.83 (dd, J=8.7, 2.3 Hz
1H), 5.69 (s, 1H), 4.32 (s, 1H), 3.88 (s, 3H), 3.20 (s, 2H),
2.79 (s, 2H), 1.33 (s, 9H); °C NMR (100 MHz, CDCl;) &:
155.8, 154.1, 140.1, 134.0, 131.3, 130.3, 130.2, 129.0,
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128.8, 128.5, 127.3, 125.2, 122.1, 113.9, 112.6, 112.2,
112.1, 111.5, 105.9, 101.0, 78.9, 56.1, 48.7, 40.9, 29.7,
28.4. HRMS (ESI+) caled for C3;H;3;BrN;O; (M+H)"
650.2013, found 650.2013.

2-(2'- IR Ik FIE)- 1 H, 1 H-[2,3"- X8| s -3- 3 ] 2 %
(3t): A, % 86%. mp. 101~102 C; 'H NMR
(400 MHz, CDCl;) o: 8.01 (s, 1H), 7.68 (d, J=9.0 Hz,
1H), 7.58 (s, 1H), 7.43 (d, J=9.8 Hz, 1H), 7.35~7.28 (m,
7H), 7.20~7.13 (m, 9H), 5.71 (s, 1H), 3.70 (s, 2H), 2.98
(t, J=8.6 Hz, 2H); >C NMR (100 MHz, CDCl;) J: 138.9,
136.0, 135.4, 129.0, 128.8, 128.7, 128.4, 127.2, 122.4,
121.8, 119.7, 119.4, 118.8, 111.2, 110.8, 106.2, 63.1, 48.7,
28.62. HRMS (ESI+) caled for C3HyN,O (M+H)™
4432118, found 443.2119.

2 IR L 3 L1 HL 1 H-2,3- XU W (Bu):
E AR, 723 68%. m.p. 57~58 C; '"H NMR (500 MHz,
CDCLy) §: 7.92 (s, 1H), 7.61~7.59 (m, 1H), 7.49 (d, J=
8.1 Hz, 2H), 7.33~7.28 (m, 7H), 7.25~7.18 (m, 2H),
7.15~7.08 (m, 7H), 5.75 (s, 1H), 2.24 (s, 3H); *C NMR
(125 MHz, CDCly) §: 141.2, 137.4, 134.8, 134.3, 127.9,
127.8, 126.9, 126.1, 121.2, 120.4, 119.4, 119.0, 118.0,
117.5, 110.0, 109.4, 105.7, 47.7, 8.8. HRMS (ESI+) calcd
for C30HsN, (M+H)" 413.2012, found 413.2005.

N-AUT BRI -2-(2-(5- — 7 35 B L2 i 98 )- 1 H-3-
M5IWE) 2% (3v): BT, 723 50%. m.p. 56~57 C;
'H NMR (400 MHz, CDCl;) ¢: 8.35 (s, 1H), 7.56 (d, J=
7.9 Hz, 1H), 7.34~7.21 (m, 11H), 7.17~7.07 (m, 2H),
6.64 (s, 1H), 6.01 (d, J=2.8 Hz 1H), 5.53 (s, 1H), 4.53 (s,
1H), 3.34 (d, J=6.3 Hz 2H), 3.06 (t, J=6.8 Hz 2H), 1.42
(s, 9H); *C NMR (100 MHz, CDCl;) d: 156.0, 155.9,
146.7, 141.5, 135.5, 129.1, 128.8, 128.6, 127.0, 126.1,
122.6, 119.9, 118.8, 111.0, 110.7, 109.6, 107.0, 79.0, 51.0,
40.7, 28.5, 25.4. HRMS (ESI+) caled for Cs,H33N,O5
(M-+H)" 493.2486, found 493.2486.

#HBh#1 Bl (Supporting Information) =4 i) % 1 3L R
SUE TR L. X LRk AT DL 3 AR T I3k (hitp://sioc-
journal.cn/) N,
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30.9350(19) A, b=15.8900(8) A, ¢=20.1310(10) A, =90.00°,
£=128.7120(10)°, y=90.00°, D,,=1.119 g/cm’, D, =1.099 g/cm?;
2; F(000)=2704, ©u=3.127, space group P-1 (no. 2)
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