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Cu(OTf), and N-Sulfinylprolinamide Catalyzed Friedel-Crafts
Reaction of Indoles with N-Sulfonylaldimines
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(College of Chemistry, Chemical Engineering and Biotechnology, Donghua University, Shanghai 201620)
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Abstract 3-Indolyl methanamine derivatives have attracted much attention due to their multiple potent bioactivities. The
Friedel-Crafts reaction between indole and N-sulfonylaldimine is a major method for preparation of 3-indolyl methanamine
derivatives, however, abundant bisindolyl methane will be formed during the reaction. 3-Indolylmethanamine derivatives were
selectively synthesized in 65%~93% yields by the Friedel-Crafts amidoalkylation reaction of indoles and N-sulfonylaldimines
utilizing Cu(OTf), and N-sulfinylprolinamide as catalysts. This method exhibited several features such as broad substrate ap-

plicability, mild reaction condition and simple operation.
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| PR 5 2 1717 A s B | Wk B GE P (Scheme 1), 3X R 3-H)
AR NG| W FR R AT A= A A 10 B M s e Pkiik. Carretero /)y
40200143 5T~ 2006 4EAT 2008 4EHRIE T HIH Cu(OTH),
FIVHERT 1,1'-F25-2,2'- 30 — 2K B (BINAP) L [F 1 ] T i
b N- PR NG| e 550 i S B2, 243 A N e s 0 e
I, TV e ol AR Fopth S R, BRI A R A D PR AR
2 A NG| W . B Y B 2- P R G I
I, JLF- 0] LA 0 Wk BB = = AR, LR IF =
19307 3-BACH| M R AT AE Y (Scheme 2). ZILA K,
ARSCIEIE Cu(OTH), FIYH e i i I i e e e L 3 [
TEARAE T, SZBL T 5| 5 N-f RS V% 7] Friedel-Crafts
SN, RG] T 3- B M i AT AE ).
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Scheme 1 Lewis acid catalyzed Friedel-Crafts reaction between
indoles and imines
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Scheme 2 Friedel-Crafts reaction between indoles and imines,
and reactions catalyzed by N-sulfinylprolinamide
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Ellman /NE"9 i, M1y N-TERETERAC 2 I
AR, 1] DAYERE— @ KPR M I B — A S
TR, HFHHSI T AN Aldol &M (Scheme 2).
2014 4E Hao /NHME T IS AT B il A%
L A =3 QIR TE B BR R b A N F- B WL AL
7, D= AR R AR E AR 2] Aldol R M=)
(Scheme 2). [AlT, R FYEAHLNG AL 3-HUH
Wik H AT AE MDA KRB A 8 2 418, 41 Deng /)
UL 2006 4 FH 4 XS ANBRAT AE A BTNR HE AL 75 s o b s
LY 55| AS KRR Friedel-Crafts SN, e Bk iR
B RERIE A — XSS T K. 2007 4F You /NN T
PEEXZEBERR R AT A P (R TAA)SCBL T 3-15| Wk R ke i
AT ARG B A . 1T H Ellman 2514176 2007 4
N- I ifh 5 Jig 5 At 2 (A1 7 2 1 — AN B B4 TR
TEALT, BRI ME AN 3 e ke 2R & W 5 0 TR AN 5 AR
aza-Henry K. [RIH, FRATTHH AR T B0 6 2238 1 A i
A FEBEBERL L S ks Wk 5 30 J% ) Friedel- Crafts
SN, AR R BB KA. BE SR IIN Cu(OTH), 3 [
b, TEBAR AR = R A3 3 T 3-8 Wk F AT AR,
BN FH B2 R R B . L () DU R S AR SRR (R-S, S-S,
R-R, S-R)#FAREL A STARIEBEIER =4,

1 HERER
1.1 RMEHHK

1%, DAMIME 1a FIENE 2a ABURIEY, LLE R4
LA e AR RS IR AL L A RN S N A R EEAT
THRALGE 1). SRR, B Cu(OThH, BAMIKIER,
RELL 93% )7~ 2645 B = M) 55| W™= 4) 3a, Tfil Cul,CuCl.
CuBr, fl Cu(CH;COO), MR (EE 1, Entries 1,
5~8). HAMIA Cu(OTe),, RA MR % L A77E
W, RN AKRA(E 1, Entry 4). B, Cu(OTH), X151k 5
W JHZ &A= Friedel-Crafts W72 2 0 B E ). H2SAUNA
Cu(OTY),, AR WAEEEE L L i, &MAE 3 h
N 75 O b AE OB Wk FR e PR ) 4a, RS R T DR
3a (K 1, Entry 2~3). HULTTLUEH, W BEBIZ L
HIFAAESE (R = 2 M & AR IS R F=) 3a BB R, It
Ab, W51k 1a FERE 2a B0 (1) 58 LT =40 P 5 T 2
WKW, M1a2a 510, BERELL 93%M =R 155
3a, Mla:2aJy2:1801:1K, 3a %8RI,
FRA B T2 R Mk B B P2 40 4a(3K 1, Entries 1, 9~
10). U BIIHERE E ] 2 RE =452 25 5 5 2006
F Jia PREERZECIRT 2007 4F You PHRHZE L I 45 R —
35, BINGIPR s S 490 P 388 o sz i T LA st LN | =42 ) A
B HUk, IR CHLCly 42 1% 5 3 ) 5t R VA 7]
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(3 1, Entries 1, 13~18). fEHZKX.CH,CN 8 DMF #', x
RI¥JARBERAE; 75 ELO 1, BAELAR R~ %15 8] 3a, (H
W, 5] B A B 22 | FRBE = 4) 4a; TTAE THF Al
CHCI; ", 3a (W7 R# K. e, SN E iR 1,
0 CAEftl NI (# 1, Entries 1, 11~12); @& AN —
5 CHY, RFERZEE, (L&Y 3a FIF= 2R KE 80%;
MR TR 10 CHE, RBIEZ KT S, =
Yy 3a PEAERT, FEBEAE ORI BUSIVR FRGE =) da. JE
TUAESLIRgE R, e sl N2 A: 15 mol%f) L
A1 10 mol% Cu(OTf),, CH,Cl, NN, N E N
0 C.
1.2 RYIRVAR

BT IR R B AE, BATTR I S &
YO FEIEHT T B8R 2). HIHEE T AR5 ) [ B
RZIR, R BN S o B s 2R R IV M sl A i I i
HRRELAME R (177 2453 2 B A5~ 3a (93%)5 3b (92 %).
BN RHEE T ORE N-TETE RS et S B gem, 24 R
RIEFENS, %N BETRE] 93%MIFE R 3a). AVATT
5, Ul R AR 4-CH;0 8L 4-Me
R, P30, 729 3¢ 1 3d 722555008

65%F1 67%, i H BEMLE2 2 K& [ XU kR =), g
VR 23R AT W - FE 20 4-Cl. 4-Br. 4-CF5 88 3-NO,
BRI, 77 AR 5 (79%~ 89%, 3f. 3g. 3i Fl 3j); 24
RPN 1-ZE5E0), PoRBAEIA R 76% (3K); T 2488 %)
AR LN 4-F 5 4-CN HURES, $mgier=4) 3e 5% 3h (1]
FE R 5 A B B EUR I A 24, 230008 73%A0 65%.

XI5 P JEE A b B L (R 5 e 25 5 R I, N- FR g | e
WHEENF 2 5 B, L 90 %17~ 2619 2 724 31. 405|Wk
KIS LN 5-NO, HURES, [BIARRERA, BRIECAREEET
SR TP ROR PR T IR BT =%, 38
FEHEUCIY Friedel-Crafts o b LLIEAT. 24050 o4
5-Cl. 5-Br 8, 5-CH;0 BUHE, #BAEMS BRI (IR
¥ 3m~30, = 70%~91%). WM At B 3L 4
2-Me HURHF, &MiFRFIAK K465, R 3 h, HRIAER
(3q, 92%). MWk 2 A7 ZARFEHRES, 7223 AR F|
89% (3r), AT S Ml Wk b i AR 9 fit o - AR BE B
B R F 1z N AT
1.3 HIBRR

SRS R R I, Cu(OTH), M2 WAL L L 75 5%
1E CH,CL H =R B, 2 h, RGN G & A ng| e e 4 74

R RMFMLAL

Table 1 Screening and optimization of reaction conditions

e 9
TS (i)O””\N/SK
N H
NH
H L

o

Cu(OTf),, DCM

P O
HNT'S

+N1 \

1a I':II
2a
3a 4a
. b 0

Entry Copper salt Indole/Imine Solvent t/°C Time/h 3 Yield % i
1 Cu(OT9), 5.1 CH,Cl, 0 12 93 5
2¢ Cu(OT9), 5.1 CH,Cl, 0 12 3 95
3¢ Cu(OT9), 5.1 CH,Cl, 0 3 5 92
4 — 501 CH,Cl, 0 24 0 0
5 Cul 5.1 CH,Cl, 0 12 0 0
6 CuCl 501 CH,Cl, 0 12 0 0
7 CuBr, 501 CH,Cl, 0 12 0 0
8 Cu(CH;C00), 501 CH,Cl, 0 12 0 0
9 Cu(OT9), 2.1 CH,Cl, 0 12 6 35
10 Cu(OT9), 1:1 CH,Cl, 0 12 50 40
11 Cu(OT9), 5.1 CH,Cl, =5 12 80 Trace
12 Cu(OT9), 5.1 CH,Cl, 10 12 56 42
13 Cu(OT9), 5.1 Toluene 0 12 0 0
14 Cu(OT9), 5.1 CHCl; 0 12 37 0
15 Cu(OT9), 5.1 CH;CN 0 12 0 0
16 Cu(OT9), 5.1 THF 0 12 8 0
17 Cu(OT9), 5.1 DMF 0 12 0 0
18 Cu(OT9), 5:1 Et,0 0 12 85 10

“ Reaction conditions: copper salt (10 mol%), L (15 mol%) in solvent (5 mL). ®Isolated yield. ¢ No catalyst L.
Chin. J. Org. Chem. 2016, 36, 1351~1358 © 2016 Chinese Chemical Society & SIOC, CAS http://sioc-journal.cn/ 1353
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Table 2 Cu(OTY), and N-sulfinylprolinamide catalyzed Friedel-Crafts reaction of indoles with N-sulfonylaldimines
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[ S ROR
A\ QR @ H “]< \S//O
R'-— -8 NH N\
Z~N + 1 R1-— N R4
o RTH Cu(OTf), = N
2
1 R? 4
un-TS NHSO,Ph NS NS HNTS
o Yo Yo, Yo, Y
N N N OCHs N CHj N F

3a 12h,93%

HNTS HN

I
Cl

3f 16 h, 83%

&

HN/TS HN/TS
2ep ey ®
N
SO
Me

3k 16 h, 76%

3p 24h,0%

3c 12 h,65%

Ts

3m 18 h, 70%

/T
HNT'S

L
Me

3q 3h,92%

e

L

NPh‘

H
3r 12 h, 89%

N
H

30 10h,91%

“ Reaction conditions: 1 (2.5 mmol), 2 (0.5 mmol), Cu(OTf), (10 mol%), L (15 mol%) in CH,Cl, (5 mL) at 0 C. ” Isolated yields.

Re 5 2 B0 W L = 9). #5085 Cu(OT), M L 5 R M JEY)
A IF FRE U R 1S 20 e R e =), 456X — IR
AL ST MR B AR E 0L B AT N % & B AT BE L E
Scheme 3 fizn. A Cu(OT), AL M, HrjajfA 1
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TEERE, HAES Cu(OTH, TR &), PRI T Hiafk I
] XL AL, AT R X G| W = P i A il 75 22
REAITE R, 245 Cu(OT ), R 273 1 1 il 2 TP it
Wt fic L W, SNSRI 7 2 AN SZ 5, AH = FEA
BA ARG RENE.

2 g
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WRPE I AR R, = R A B 3- B Wk R AT AR
Y. 5 Carretero /N Cu(OT), FYHJiE) BINAP ££
[F Ak, FEASE A 2- bt i i Pk Jak 42 i XS W 7= A A= B 1) 7
VRO, ARSI R NAA R B R & A R A7)
Dt IRLGFARA . AR AL, A 3-BUAR| b
FREATAE )& B it T —Fhm 3. @Bk,

3 SCIEES

EE 55

'H NMR Al °C NMR ] Bruker AM-400 (400
MHz) B AZ ARG 2, TMS AWAR; IR #&H Avatar
380 FT-IR #3745 ¥ 47 4 6 i A%l %2 ; HRMS
Finnigan MAT 8430 AYJ53iACIIE ; J4 st e R EE T [ IR
= 25 44 BR A m g s (RS RY-D)IAS, BT
FEVFRERIE. BRI A al, RHEd ik
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FR7K T MR Ab 2.
3.2 ZWHE
3.2.1 R R AT 69 5 A%

N-TE RS W0 g6 N- R R D) VAT 3 I
T 35 A 2 I e (L) O T P 2800 P il e R AT 3 STV e P e
HR NI AL A1 SRR T I A R
3.2.2 3,307 AR A P b 89 Sk

N, fR47 R, 1) 25 mL [ S H I Cu(OTH), (0.018
g, 0.5 mmol). M|PE(0.293 g, 2.5 mmol). X FF LRk 7
ff(2a) (0.130 g, 0.5 mmol). CH,Cl, (5 mL), 7£ 0 CHi#E
RBL 3 h, RMEW)E, RN E 2B K00
mL X 2)Pei, HHAMHTEK Na,SO, T4, HHF=4
JENTAACRERE, Vo © V zmew=10 0 DR LLELE A4
3,3"- WG| W L AL F e (4a) (0.148 g, 723 92%~95%).
m.p. 90~92 ‘C(lit.”! 119~120 C); '"H NMR (400 MHz,
CDCly) 6: 7.86 (s, 2H), 7.38 (d, J=7.9 Hz, 2H), 7.34 (d,
J=8.0, 4H), 7.27 (t, J=7.5 Hz, 2H), 7.21 (d, J=7.2 Hz,
1H), 7.16 (t, J=8.0 Hz, 2H), 6.99 (t, J=7.8 Hz, 2H), 6.63
(s, 2H), 5.88 (s, 1H); *C NMR (101 MHz, CDCl;) o:
143.98, 136.65, 128.69, 128.19, 127.05, 126.10, 123.58,
121.88, 119.90, 119.66, 119.20, 111.01, 40.17.
323 4 3a~3r 895

N, fR37F, W 25 mL KIRMEF A Cu(OTH),
(0.018 g, 0.5 mmol). L (0.016 g, 0.0075 mmol). CH,Cl, (3
mL), FilR FHFRN 2 h B RRRERE 0 C, K
WAL A0 1 (2.5 mmol) A N-f# IS % 2 (0.5 mmol)
(1) CH,Cl, (2 mL)¥ETRFHTES SHENRNEH, HE A
TSI A 2 Fefh e A, WHE R E 3~18h. KN IRE R
TIFI B £R7K (10 mL X 2)¥ess, AHIAHA /K Na,SO, T
e, M= A ENT A EERS, Vs 0V 2eew=10 1 1)
BELEY) 3a~3r.
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N-[(1LH-W5] W -3- 35 )—( 2R Ji ) FH 3 ]-4- R 35k O Tk 1 i
(3a): AMGEE, 7% 93%. mp. 146~148 C (lit.*
146~147 C); '"H NMR (400 MHz, DMSO-d;) 6: 10.87
(s, 1H), 8.49 (d, J=8.8 Hz, 1H), 7.50 (d, J=8.2 Hz, 2H),
7.32~7.26 (m, 4H), 7.19~7.11 (m, 5H), 7.04 (t, J=7.6
Hz, 1H), 6.88 (t, J=7.5 Hz, 1H), 6.78 (d, J=2.2 Hz, 1H),
5.74 (d, J=8.7 Hz, 1H), 2.27 (s, 3H); *CNMR (101 MHz,
DMSO-dg) 6: 142.28, 142.21, 139.29, 136.82, 129.39,
128.32, 127.52, 127.07, 126.84, 125.92, 124.14, 121.66,
119.34, 118.99, 116.17, 111.88, 54.93, 21.35.

N-[(1H-P5|We-3-J )~ (R 3 ) H Ok - FH R DR T /¥ (3b):
FOEE, 775 92%. mp. 132~134 C (lit.* 130~
132 C); '"H NMR (400 MHz, DMSO-dq) d: 10.88 (s, 1H),
8.59 (d, J=9.0 Hz, 1H), 7.61 (d, J=8.5 Hz, 2H), 7.44 (t,
J=7.4 Hz, 1H), 7.34~7.25 (m, 6H), 7.18~7.11 (m, 3H),
7.04 (t, J=8.1 Hz, 1H), 6.89 (t, J=8.0 Hz, 1H), 6.75 (d,
J=2.0 Hz, 1H), 5.77 (s, 1H); *C NMR (101 MHz,
DMSO-dg) 6: 142.07, 141.95, 136.81, 132.16, 128.97,
128.32, 127.49, 127.15, 126.75, 125.90, 124.14, 121.69,
119.32, 119.01, 116.11, 111.90, 54.96.

N-[(1H-W5] W -3-F5 )~ (4- HH 40 R 2k ) Y R )4 PP R OK
I i (3e): A A, 2% 65%. mp. 135~136 C
(1it.*! 147~148 °C); '"H NMR (400 MHz, DMSO-dj) J:
10.86 (s, 1H), 8.41 (d, J=8.8 Hz, 1H), 7.48 (d, J=8.0 Hz,
2H), 7.30 (d, J=8.3 Hz, 2H), 7.13 (t, J=7.0 Hz, 4H), 7.03
(t, J=7.6 Hz, 1H), 6.88 (t, J=7.5 Hz, 1H), 6.80 (s, 1H),
6.71 (d, J=8.5 Hz, 2H), 5.68 (d, J=8.6 Hz, 1H), 3.68 (s,
3H), 2.28 (s, 3H); *C NMR (101 MHz, DMSO-d,) o:
158.46, 142.18, 139.36, 136.87, 134.18, 129.36, 128.72,
129.36, 128.72, 125.92, 124.01, 121.62, 119.43, 118.93,
116.44, 113.69, 111.86, 55.47, 54.50, 21.34.

N-[(1H-P5] W -3- J5 )-(4- F Ik 2 Ok ) FR i 1-4- PP R DR i

http://sioc-journal.cn/ 1355
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Bk iz (3d): E i A, % 67%. mp. 166~167 C
(1it.*°! 171~172 “C); '"H NMR (400 MHz, DMSO-d) o:
10.86 (s, 1H), 8.42 (d, J=6.5 Hz, 1H), 7.49 (d, J=7.9 Hz,
2H), 7.29 (d, J=8.1 Hz, 2H), 7.21 (d, J=7.6 Hz, 4H), 7.03
(t, J=7.5 Hz, 1H), 6.96 (d, J=7.7 Hz, 2H), 6.87 (t, J=17.5
Hz, 1H), 6.80 (s, 1H), 5.69 (d, J=5.7 Hz, 1H), 2.28 (s,
3H), 2.21 (s, 3H); C NMR (101 MHz, DMSO-d;) d:
14223, 139.35, 139.22, 136.85, 136.13, 129.36, 128.85,
127.49, 126.84, 125.93, 124.08, 121.61, 119.38, 116.26,
111.86, 54.75,21.34, 21.08.

N-[(1H-W5] W -3-J5 )~ (4- 53 2R S5t ) P 05k ]-4- 5k 2T 7k
fiz(3e): AMELER, 775 73%. mp. 147~149 C (lit.*
148~149 °C); '"H NMR (400 MHz, DMSO-dy) d: 10.91
(s, 1H), 8.51 (d, J=8.9 Hz, 1H), 7.49 (d, J=8.1 Hz, 2H),
7.34~7.26 (m, 4H), 7.14 (d, J=8.0 Hz, 2H), 7.06 (t, J=
7.5 Hz, 1H), 6.97 (t, J=8.8 Hz, 2H), 6.90 (t, J=7.5 Hz,
1H), 6.76 (d, J=2.0 Hz, 1H), 5.76 (d, J=8.9 Hz, 1H), 2.28
(s, 3H); *C NMR (101 MHz, DMSO-ds) J: 162.65,
160.24, 142.38, 139.19, 138.27, 136.88, 129.52, 129.44,
129.41, 126.88, 125.86, 124.16, 121.75, 119.36, 119.05,
116.03, 115.09, 114.88, 111.93, 54.30, 21.33.

N-[(1H-M5| W -3- 35 )-(4- G 2R 58 ) L ]-4- R 5L DR Tl
[z (3f): A, P2E 83%. mp. 189~191 C (lit.!**!
191~192 “C); '"H NMR (400 MHz, DMSO-d) ¢: 10.91
(s, 1H), 8.52 (d, J=8.5 Hz, 1H), 7.49 (d, J=7.6 Hz, 2H),
7.33~7.30 (m, 2H), 7.27 (d, J=8.0 Hz, 2H), 7.21 (d, J=
8.0 Hz, 2H), 7.14 (d, J=7.8 Hz, 2H), 7.05 (t, J=7.6 Hz,
1H), 6.91 (t, J=7.5 Hz, 1H), 6.78 (s, 1H), 5.74 (d, J=8.5
Hz, 1H), 2.30 (s, 3H); *C NMR (101 MHz, DMSO-d;) o:
142.48, 141.05, 139.08, 136.88, 131.73, 129.46, 128.27,
126.92, 125.83, 124.24, 121.80, 119.32, 119.10, 115.65,
111.96, 54.35, 21.36.

N-[(1H-M5| W3- 35 )-(4- YR 2R 55 ) Y 35 1-4- W 5 O T ik
fiz(3g): FIaE R, 772 89%. m.p. 189~190 C (lit.*
196~197 “C); '"H NMR (400 MHz, DMSO-d) &: 10.92
(s, 1H), 8.51 (d, J=6.0 Hz, 1H), 7.48 (d, J=8.0 Hz, 2H),
7.32 (dd, J=5.9, 13.6 Hz, 4H), 7.20 (d, J=8.2 Hz, 2H),
7.14 (d, J=8.0 Hz, 2H), 7.05 (t, J=7.6 Hz, 1H), 6.90 (t,
J=17.5Hz, 1H), 6.78 (s, 1H), 5.72 (d, J=6.0 Hz, 1H), 2.30
(s, 3H); *C NMR (101 MHz, DMSO-ds) J: 142.49,
141.43, 139.04, 136.86, 131.18, 129.81, 129.45, 126.90,
125.81, 124.23, 121.79, 120.24, 119.30, 119.09, 115.54,
111.95, 54.40, 21.38.

N-[(1H-P5] W3- J5k )-(4- Tk IR Ik ) Y 6 ]-4- Y DR
B3P [ A, 25 65%. mp. 208~210 C;
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'H NMR (400 MHz, DMSO-d;) 6: 10.97 (s, 1H), 8.62 (d,
J=7.6 Hz, 1H), 7.63 (d, J=8.0 Hz, 2H), 7.48 (t, J=8.7
Hz, 4H), 7.33 (t, J=9.2 Hz, 2H), 7.14 (d, J=8.0 Hz, 2H),
7.06 (t, J=7.5 Hz, 1H), 6.92 (t, J=7.4 Hz,1H), 6.76 (s,
1H), 5.83 (d, J=7.6 Hz, 1H), 2.30 (s, 3H); *C NMR (101
MHz, DMSO-ds) 6: 147.59, 142.64, 138.84, 136.82,
132.37, 129.52, 128.54, 126.94, 125.75, 124.3, 121.91,
119.29, 119.22, 115.00, 112.02, 109.82, 54.57, 21.33.

N-[(1H-M5] W -3-J5 )-(4- = 980 FH 2 2R k) P 6 ]-4- Ok
MM 31): A@EE, 77 % 87%. mp. 176~177 C
(1it.*°! 178~180 “C); '"H NMR (400 MHz, DMSO-dj) o:
10.96 (s, 1H), 8.60 (d, J=8.8 Hz, 1H), 7.50~7.45 (m,
6H), 7.37 (d, J=17.9 Hz, 1H), 7.32 (d, J=8.0 Hz, 1H), 7.07
(dd, J=8.0, 15.4 Hz, 3H), 6.94 (d, J=7.4 Hz, 1H), 6.77
(s,1H), 6.76 (s, 1H), 5.82 (d, J=8.8 Hz, 1H), 2.26 (s, 3H);
BC NMR (101 MHz, DMSO-dg) J: 146.47, 142.44,
138.85, 136.84, 129.40, 128.35, 126.92, 125.81, 125.22,
125.18, 124.33, 121.88, 119.25, 119.19, 115.20, 112.01,
54.60,21.21.

N-[(1H-P5] W -3-FE )-(3- i ik < ik ) Y i ]-4- PR R DR
Mz (35): A B E AR, P2 F 79%. mp. 203~205 C
(1it.**! 189~190 C); '"H NMR (400 MHz, DMSO-dj) o:
10.99 (s, 1H), 8.68 (d, J=8.7 Hz, 1H), 8.08 (s, 1H), 7.99
(d, J=8.2 Hz, 1H), 7.74 (t, J=7.6 Hz, 1H), 7.49~7.45
(m, 3H), 7.41 (d, J=7.9 Hz, 1H), 7.34 (d, J=8.1 Hz, 1H),
7.10~7.06 (m, 3H), 6.95 (t, J=7.4 Hz, 1H), 6.79 (s, 1H),
5.93 (d, J=8.7 Hz, 1H), 2.30 (s, 3H); °C NMR (101 MHz,
DMSO-dg) o: 147.99, 143.99, 142.55, 138.85, 136.91,
134.45, 129.88, 129.45, 126.90, 125.79, 124.54, 122.22,
122.07, 121.97, 119.29, 119.27, 115.16, 112.04, 54.27,
21.24.

N-[(VH-M5] Wi -3-J5 )-(1- 25 K ) PP -4 B 5 R i 9 e
(Bk): AMEE. F5ER 76%. mp. 190~192 C (lit.>
190~191 ‘C); '"H NMR (400 MHz, DMSO-d,) d: 10.83
(s, 1H), 8.58 (d, J=7.9 Hz, 1H), 7.94 (d, J=8.3 Hz, 1H),
7.89 (d, J=8.0 Hz, 1H), 7.77 (d, J=8.2 Hz, 1H), 7.61 (d,
J=17.1 Hz, 1H), 7.47~7.35 (m, 5H), 7.29 (d, J=8.1 Hz,
1H), 7.21 (d, J=7.9 Hz, 1H), 7.06 (dd, J=8.0, 17.4 Hz,
3H), 6.87 (t, J=7.5 Hz, 1H), 6.59 (s, 1H), 6.52 (d, J=7.9
Hz, 1H), 2.28 (s, 3H); *C NMR (101 MHz, DMSO-dj) J:
142.34, 139.15, 137.48, 136.77, 133.66, 130.61, 129.33,
128.95, 127.78, 126.76, 126.49, 126.04, 125.83, 125.54,
125.22, 125.03, 123.54, 121.70, 119.12, 118.96, 115.35,
111.96, 51.08, 21.33.

N-[(1-H - 15| e -3 5 )~ (R 5 ) FH ik ]-4- ik A7 e
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fz@3): AMEE, 72E 90%. mp. 166~168 C (1it.!*”
169~171 °C); '"H NMR (400 MHz, DMSO-d;) J: 8.47 (d,
J=8.7 Hz, 1H), 7.46 (d, J=8.0 Hz, 2H), 7.32 (d, J=
10.1 Hz, 2H), 7.27 (d, J=7.2 Hz, 2H), 7.19~7.08 (m,
6H), 6.92 (t, J=7.5 Hz, 1H), 6.72 (s, 1H), 7.73 (d, J=8.7
Hz, 1H), 3.62 (s, 3H), 2.27 (s, 3H); C NMR (101 MHz,
DMSO-dg) 0: 142.34, 141.94, 139.17, 137.24, 129.32,
128.55, 128.40, 127.55, 126.89, 126.26, 121.83, 119.55,
119.16, 115.30, 110.09, 54.78, 32.74, 21.37.

N-[(5-5- 1 H-M5| -3 5 ) —(ZR J ) 0 )-4- FR L DR T
f(3m): AEREA, P23 70%. mp. 190~192 C; 'H
NMR (400 MHz, DMSO-dg) 0: 11.08 (s, 1H), 8.51 (d, J=
8.6 Hz, 1H), 7.51 (d, J=7.7 Hz, 2H), 7.30 (t, J=7.7 Hz,
3H), 7.23~7.13 (m, 6H), 7.03 (d, J=10.6 Hz, 1H), 6.82
(s, 1H), 5.71 (d, J=8.6 Hz, 1H), 2.28 (s, 3H); *C NMR
(101 MHz, DMSO-dg) 0: 142.47, 142.00, 139.06, 135.29,
129.46, 128.42, 127.48, 127.22, 126.96, 126.84, 126.22,
123.75, 121.63, 118.57, 115.95, 113.46, 54.46, 21.42; IR
(KBr) v: 3408.65, 2923.00, 1456.35, 1417.13, 1322.70,
1148.42, 1092.95, 1039.54, 941.81, 805.81, 696.35 cm ';
HRMS (ESI") caled for CpH,30,N;CIS (IM+NH,]"):
428.1194, found 428.1194.

N-[(5-V8-1H-M5| W3- 35 —(ZR 3k ) HH 8k ]-4- R RS DR T e
fz(3n): AGEE, 72% 83%. mp. 196~197 C (lit.[*
184~185 °C); '"H NMR (400 MHz, DMSO-d;) 6: 11.08
(s, 1H), 8.50 (d, J=8.7 Hz, 1H), 7.50 (d, J=8.2 Hz, 2H),
7.36 (s, 1H), 7.27 (t, J=8.2 Hz,3H), 7.23~7.12 (m, 5H),
6.80 (s, 1H), 5.70 (d, J=8.7 Hz, 1H), 2.29 (s, 3H); °C
NMR (101 MHz, DMSO-d) J: 142.42, 141.98, 139.03,
135.50, 129.74, 129.44, 128.39, 127.64, 127.46, 127.19,
126.80, 126.05, 124.13, 121.58, 115.83, 113.90, 111.76,
54.42,21.43.

N-[(5- F A8 - 1 -5 | - 3- 35 )—(ZR 3k ) B L -4 F Lo
TEERZ (30): IR, 773 91%. m.p. 142~143 CI;
'H NMR (400 MHz, DMSO-d;) d: 10.72 (s, 1H), 8.47 (d,
J=8.8 Hz, 1H), 7.50 (d, J=8.2 Hz, 2H), 7.28 (d, J=6.9
Hz, 2H), 7.21~7.11 (m, 6H), 6.82 (s, 1H), 6.67~6.71 (m,
2H), 5.70 (d, J=8.8 Hz, 1H), 3.63 (s, 3H), 2.27 (s, 3H);
BC NMR (101 MHz, DMSO-ds) o6: 153.39, 142.30,
14225, 139.32, 131.93, 129.37, 128.29, 127.49, 127.02,
126.78, 126.27, 124.84, 115.77, 112.48, 111.63, 101.44,
55.72, 54.86, 21.33.

N-[(2- FF - 1 H-P5| W3- 55— (R ) HH ] -4- FEY 6 KTk
Bk % (3p): At E R, 7% 92%. mp. 145~146 C
(lit. ® 147~148 °C); '"H NMR (400 MHz, DMSO-d) o:

Chin. J. Org. Chem. 2016, 36, 1351~1358

© 2016 Chinese Chemical Society & SIOC, CAS

10.74 (s, 1H), 8.36 (d, J=7.3 Hz, 1H), 7.49 (d, J=8.2 Hz,
2H), 7.29 (d, J=7.6 Hz, 2H), 7.21 (t, J=7.4 Hz, 2H),
7.16~7.09 (m, 5H), 6.89 (t, J=7.5 Hz, 1H), 6.73 (t, J=
7.82 Hz, 1H), 5.68 (d, J=7.1 Hz, 1H), 2.28 (s, 3H), 2.06
(s, 3H); “C NMR (101 MHz, DMSO-ds) §: 142.37,
142.27, 138.96, 135.55, 133.25, 129.25, 128.26, 127.19,
126.84, 126.75, 126.66, 120.45, 119.14, 118.57, 110.76,
110.68, 53.55,21.38, 11.73.

N-[(2- K FH- 1 H-P5| W3-~ (R 6 ) FHY 6 ]-4- FFY R ik
BiiZ(3q): AMGEA, 2% 89%. mp. 184~186 C; 'H
NMR (400 MHz, DMSO-dg) 6: 11.19 (s, 1H), 8.49 (d, J=
7.3 Hz, 1H), 7.50~7.41 (m, 4H), 7.32~7.17 (m, 10H),
7.01 (dd, J=8.0, 11.6 Hz, 3H), 6.83 (t, J=7.5 Hz, 1H),
5.84 (d, J=17.3 Hz, 1H), 2.26 (s, 3H); *C NMR (101 MHz,
DMSO-dg) o: 142.19, 142.17, 138.39, 136.68, 136.16,
132.19, 129.04, 128.77, 128.53, 128.40, 127.38, 127.21,
126.52, 126.45, 121.84, 121.05, 119.13, 111.51, 111.02,
54.03, 21.42.; IR (KBr) v: 3413.81, 3053.56, 1491.51,
1451.67, 1406.13, 1320.07, 1155.18, 1089.36, 1038.42,
933.30, 814.39, 741.94, 674.63 cm™'; HRMS (ESI") calcd
for ChgHps0.N3S (M + NH,] ©): 470.1897, found
470.1890.

# Bh#t Bl (Supporting Information) & 1 fir i A4k,
AW "H NMR A1 H NMR 1% 508 DL BB AL &4
(1) HRMS ##5. X Sphkay DL 5 2% AR T 9 358 (http://
sioc-journal.cn/) & T #.
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