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L R AR

(KA Bt A T2 b JoUR bR BRI B sk D)1 408000)

WE  LL5.0 mol% CsOH+H,O {EAMEAT, M5IMAT A MIAIT7 (e) 2 5t WURR IR A A N-IE Al St LA 7= il 46 17—
A BN e-1-77 (Je) 2k FR IERG AL 590, 207 00 AN [ BN OAT ZE A0 57 (e ) 2k e SRR I 240 LA 5 s P, S 4% g
AR (K 7 SR AR R K H AR . 5 A T b, AT5 A RA B AHRA Y& RIVERE St fa LK
F AR AR, JmGI-1-77 (e) 2 PR R A AL & M A ] 56 4R A R R 42

BRI HOGEIL N-TERZ AL, NI 1- PRI RSIMRATAE A, 0T (Je) ik S R T

Cesium-Catalyzed N-Carboxamidation of Indoles for Synthesis of
Indole-1-carboxamides

Wu, Yan Wang, Shan

Zhang, Hailing

Chen, Rui He, Shuhua™

(Chonggqing Key Laboratory of Inorganic Special Functional Materials, College of Chemistry and Chemical Engineering,
Yangtze Normal University, Fuling, Sichuan 408000)

Abstract A protocol for the synthesis of a series of indole-1-carboxamides was reported via the N-arboxamidation of indole
derivatives with aryl (alkyl) isocyanates catalyzed by 5.0 mol% cesium hydroxide monohydrate (CsOH*H,0). This method is
suitable for different indole derivatives and aryl (alkyl) isocyanates, for giving corresponding products in excellent yields.
Compared to the reported methods, this protocol has the advantages of mild reaction conditions, wild functional group toler-
ance, simple operation and excellent yields. An efficient route to indole-1-carboxamides is previded.

Keywords cesium-catalyzed N-arboxamidation; indole-1-carboxamides; indole derivatives; aryl(alkyl) isocyanates

US| i 28 2 AR AE T B R AR D 1 1 24 P A
RARF= 43 F U4, R R AT R J5 10K AL | A7 A
W AT S R A LA AT B 7 L R R %
US| WRAT AW TG A 4k T8, FEIE I R AL TR 2R
BRI 1 AR SR R R 5 Wiy BRI 6 80TV,
B4 45 Fischer! . Hemetsberger!™ . Sundberg "1l
Madelung FRAb 2 W05 06 k- 1 - B e A5 4 1 kg B
IZGH v BIAR, 72 SRR A PRI I6 T 55 77 T BA =
SRR VO AR, R - - F I R V- R R 2
AT DA Ay L A DR AP B A el T g B 1A, FEA AL 22 e ik
Dy B RS R, AT R A T
R 25 5 k- 1- FR BE AL & 4, JFRE— Dt HAE 25 %)
T RAFERAL R IR, B AR, T - 1-F
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B Je Ak & 0 () 46 7 AR IE B b2 B A
SRS N-THk i £ S I 2 i) 4% 15 - 1- FR B Ak & 1
A ROTIER T BRI, %28 N 5 B FE K R DR e
Gy IR AL, BN 2RO S %, 1% 4 s A A
(PACL,, Aw)fEALTR, 2-ZBRILIRNE 5 7 R R BRI AL [ N
2 1] 4505 - 1 - R R AL S W I B — R 2 O R,
HZ 7 GG T 3L AR BUR IR AT AE R, ShZ &
P A 1) 2% 0] - 1 - FE IR e A A 40 1100 7 1 A R 4 o
TECOE R B IR — R AR, W
HZ RS R A%

SENAE N — PN, EEILE T EA
P R RSBl 5.0 mol% CsOHeH,O 1E i
A7, HEAGISI AT A 5 05 (Fe ) 2k S TR I S B, s 77
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A2 T — R IINGWe-1-57 () 2 LI AL 54, sl
IWfe-1-77 (o) 2k Y B AL 5 0 P o) 26 SRR 3 e R B A

1 HR510R

AT RAEEMACSEAE, PAIE[BE(1a, 0.2 mmol) 5 23
TR 1) S NAE N [ B, R G875 AN R AL 77 B
FR S RPIECHB . 50 SO il 5 R B % 5 B
ma, 255K 1.

1 ATH, ANEEA I R = 2 mER, 2
L 20 mol% CsOH<H,O 1 AMEMTIT, W 3545 5 = )
F#(Table 1, Entry 3, 73%). #&/5LL 20 mol% CsOHs
H,O AENHEAGT, 25 52 i SIS [ Eb A5 0T B 7 14D 5 el
(Table 1, Entries 5~8), 5% IR, MR FHIRE AN
50, N3RS 5 ()72 #(Table 1, Entry 7, 84%), 4k
SN O R FEREE N R, RN FERAA. BNk
IS A B R DA 5 S N 77 % (Table 1, Entry 9, 87%).
e B b, B ZAN[A (W DMF, THF, DMSO,
CH;CN, acetone)X 2 B [ 52 M (Table 1, Entries 10~13).
G IR, DMSO & fE R B 77(Table 1, Entry 11),
%N T LRI 93% (1077 . FRAT Tk Pl ot o v i P
TEK 2 B B[] SR B ARG M AL R P &, A R R

=L
Pas
H
=4
52

5.0 mol%, FHIEK M2 15 h i, Z&MAIRTAS
IR )72 23 (Table 1, Entry 17, 93%). 4k AR ALF
EE 2.5mol%, NFERE R, Kb 5.0 mol%
VERIZIR B A AL & Bea, 25 %8 N FE T
SR, R NI FET R S0 CHE, R
MREA, AT REZ AT R RSB INE T 2.5 7 SR S
KA. 2 G B B U R 1 S B ) L~ A S
HIRESRAG = 177 R (Table 1, Entry 20, 93%). it bl E
LA, 15 B S [ L2614 Wk AT (1a)
H5ERAREQaMMRMELIL A 112, I
CsOH+H,0 F&E N 5.0 mol%, MNEFHIA DMSO (1.0
mL), N AZERE, KNI 15 h (Table 1, Entry
17).

TERIF IR BL S A JE A b, FR G075 54N [ s
WRAT AR 5 05 (be) B e FURER R BB DL, 2R R 2.
FHF 2 AIAN, 12N AS ] s AT AR R () 2 57
TR S35 B A B 3@ R v, O 24 BE SR AFAR 47 il
R YU ATAE R IR FIEA B FREF, CHE, Hx
[ 7 %45 i (Table 2, Entries 2, 3, 94%#1 95%). 1M 24U
B Reh H (OB, [ 22 B K (Table 2, Entry 4,
86%). FRIERES L (I HUIREE X S B FEM AN K, ANE RNt

R1 RPN

Table 1 Optimization of reaction conditions”

Catalyst (mol%)

N—Et o Et
A\ v N
+ C - W/ NH
H I Solvent, temp., time

1a 2a 3a ©
Entry Catalyst (mol%) n(1a) : n(2a) Solvent (mL) Temp./'C Time/h Yield’/%
1 NaOH (20) 1:1 DMF (2.0) rt. 6.0 55
2 KOH (20) i1 DMF (2.0) rt. 6.0 61
3 CsOH+H,0 (20) 1:1 DMF (2.0) rt. 6.0 73
4 Cs,CO; (20) 1:1 DMF (2.0) rt. 6.0 49
5 CsOH+H,0 (20) 1:12 DMF (2.0) rt. 6.0 78
6 CsOH+H,0 (20) 1:15 DMF (2.0) rt. 6.0 81
7 CsOH+H,0 (20) 1:20 DMF (2.0) rt. 6.0 84
8 CsOH+H,0 (20) 1:3.0 DMF (2.0) rt. 6.0 84
9 CsOH+H,0 (20) 1:20 DMF (1.0) rt. 6.0 87
10 CsOH+H,0 (20) 1:20 THF (1.0) rt. 6.0 69
11 CsOH+H,0 (20) 1:20 DMSO (1.0) rt. 6.0 93
12 CsOH+H,0 (20) 1:20 CH;CN (1.0) rt. 6.0 73
13 CsOH+H,0 (20) 1:20 Acetone (1.0) rt. 6.0 86
14 CsOH+H,0 (10) 1:2.0 DMSO (1.0) r.t. 6.0 86
15 CsOH+H,0 (10) 1:20 DMSO (1.0) rt. 10 93
16 CsOH+H,0 (5.0) 1:20 DMSO (1.0) rt. 10 85
17 CsOH<H,O0 (5.0) 1:2.0 DMSO (1.0) r.t. 15 93 (91)°
18 CsOH+H,0 (2.5) 1:20 DMSO (1.0) rt. 20 82
19 CsOH+H,0 (5.0) 1:20 DMSO (1.0) 50 15 80
207 CsOH+H,0 (5.0) 1:20 DMSO (1.0) It 15 93

“ Reaction conditions: 1a (0.2 mmol), 2a, solvent, air. > GC yields. ¢ Isolated yields. ¢ The reaction was performed under nitrogen amosphere.
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K2 AFIIGATA S 57 () B R TR I Y S ¢
Table 2 Reaction of various indole derivatives with isocya-
nates”

—_R3
" (T{}Rz C//N R
- p +
/
I\ “ N O/

CsOH-H,0 (5.0 mol%)
DMSO (1.0 mL), r.t., 15 h

o CH"(’)r N , n(1):n(2) = 1:2.0
1
RN }\},Rz
Ikx/ N R3
al
3
Entry R! R? R’ Product Yield®/%
1 H H Et 3a 91
2 5F H Et 3b 94
3 5-Cl H Et 3¢ 95
4 4-OBn H Et 3d 86
5 H H Cyclopentyl  3e 83
6 H H Adamantyl 3f 78
7 H H Bn 3g 91
8 H H BnCH, 3h 87
9 H H 4-MeCgHy 3i 93
10 5-OMe H 4-MeCgHy 3j 87
11 5-F H  4-MeC¢H, 3k 94
12 5Cl H  4-MeC¢H, 31 91
13 5-Br H  4-MeC¢H, 3m 90
14 5-CN H  4-MeC¢H, 3n 87
15 5-CO,Me H 4-MeCgHy 30 81
16 H H  4-FCH, 3p 92
17 H H  4-CIC(H, 3q 91
18 H H  4-BrC¢H, 3r 90
19 H 3-Me 4-MeC¢H, 3s 85
20 H H 4-MeCgHy 3t 83
214 — — Et 3u 90

“ Reaction conditions: 1 (0.5 mmol), 2 (1.0 mmol), CsOH*H,O (0.025 mmol),
DMSO (1.0 mL), r.t., 15 h. ® Isolated yields. ¢ 1H-pyrrolo[2,3-b]pyridine was
used. ¢ Pyrrole was used as substrate.

e S R R IE A 07 2 e IR IR, S 3% RE SR A5 e 17
H.OORIM, B ek o SRR IR b RCACE f) 22 1) 57 FEL A 1

(a) Larger-scale reaction

Ox
C

CsOH-H,0 (5.0 mol%)

fN(Bu, cyclopentyl, adamantyl), /=% flf F#1iK(Table 2,
Entries 5~7, 78%~85%). LA 4-F 5 5 F BB/ NIEY)
I, G AT A B AR JE, NP AR AN K
(Table 2, Entries 10~15, 81%~94%). {H&, XLl 5-f
S| WAR Sy BRI, v N RS SRS IR B B bR e
. TR, Oy kR R R 05 B BRI IR (4-F, 4-Cl,
4-Br) X R MRS K, S S35 g LAR & 1 77 R A5 3 H
FRF=#)(Table 2, Entries 16~18, 90%~92%). Zx it
FAFFEREEH T 3-FAEm b 4-FOR I S JURR I 11
B, JRSLLL 85%I = 263845 HbR =4, e, %% 7 H
S BA IR R G T, 24 A 7- 4| W sl i ik
VIWT, %A RE SR AL = 7= % (Table 2, Entries 20, 21,
83%H1 90%).

TR EEAL [, DAWSI R 4- F L S ORI 1) S B Ay
B, SO N R (Scheme 1a). I Scheme 1a A] 4,
2 IR TROR AR, SR F A W R FEAIC (31, 90%).
AR O A SCIRIRIET S, B AR s - 1-55 (ot ) 5 H Bk
i T DAAE g o T F o D)k S92 P T At 3| R AT A 0 1 B
terb, B —5€ 15 1% (Scheme 1b).

MR A SCIRARIED, $2HT CsOH-H,0 ]
WRATAEY) 5 05 (ot ) 5 7 U RR T S B 1Y) BT e AL EE (Scheme
2). H %, CsOHHO 51|k g B AF Fsg 1| Wi e 2 v i) 4
A, AR A 5 23 5 F TR KA RS N A5 31 e A
B, 5 &KIRFEN NGRS C, & HAR ST
Hbrr=9) 3a. FTA BEs=938%4 "H NMR, °C NMR i
ITRAEHIE, FE, $E7iE% HRMS RIEHIE. H
Fr =40 3m 1) &5 K B A AT 5 E 47 7 iE (CCDC:
1908851)( 1).

2 i

PL 5.0 mol% CsOH<H,O 1E LT, MEALIEIEAT A
W15 55 () Fk S BRI 10 S N A R0k AT, Il T —
RN e-1-55 (52 3k R Ak & 9. & v B AT e B4k

1a, 5.0 mmol

(b) Aplication of N-arylcarboxamide

R2
W
N R?

NRR')Qo

Fagnou etal.

T Retpe [19]

DMSO (1.0 mL), r.t,, 15 h
n():n(2) = 1:2.0

oy o

o o

3i, 1.125 g, 90%

Klmetal A /R
“Ref.18 N
H

B 1 (@& 3i ORI TEA (b) H AR P08 BT FE

Scheme 1 (a) Larger-scale synthesis of 3i and (b) application of compound 3i
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o oD
N Et «——> N Et
/
=N ,
cn i
N 3a

HO
c
1a 1 CsOH-H,0
H,0
H,0
o
N Et

Et—N=C=0
2a
B 2 WIRRATAEY) S 0 (e ) 2k o SRR Ta Tk i 4 S5 I 1) 7] BE L
b4l

Scheme 2 Proposal mechanism of N-carboxamidation of in-
doles with isocyanates

B 1 &%) 3m i S AL

Figure 1 Crystal structure compound 3m

PREAN BRAERIAE PR R, Junglbe-1-57 (be) 2
FH IR A £ 0 B 1) 2 SR M v R i A

3 XIS
3.1 NBES5RHF

'H NMR(LA TMS AP HR) AT °C NMR(EA T™MS AP
Fr), Hl INOVA-400 BUAEME, Bt HP5989A Wl
€, TERNTE B L) 7 5. #4655 NaOH. KOH.
CsOHH,0. Cs,COs, AR AT AP A m iR i, %57
VU &K I (THF) . N,N- — 1 3 H Bt fi% (DMF) . 2 i
(CH;CN). - H A (DMSO)F1 75 il (acetone) 5 M AL H A
WL RARIIE, HERHE— 008, B
3.2 ZLWAHE

# 0.5 mmol W5|BEATAEY) 1.0 mmol 75 (k)3 57 FUR
Fi§ A1 1.0 mL DMSO A F] 10 mL Schlenk M H, &
VR A VRAE IR R RS 15 h. RINEE G, [N IRE

3570 http://sioc-journal.cn/

© 2019 Chinese Chemical Society & SIOC, CAS

W 5 mL H,0, 3/ 2 ZEEREL(10 mL X 3), &
HAVIAH, JoK NaSO, T, ZBRIEFI, LPdEdr
F3M5] - 1-75 (bt ) 22k H Bk iz Ak 540 3a~3t.

N-BE-1H-W|Wk-1-F Bk 2 (3a): KB R, 723
91%. m.p. 104~106 “C; 'H NMR (400 MHz, CDCl;) o:
8.09 (d, J=8.0 Hz, 1H), 7.57 (d, J=7.6 Hz, 1H), 7.44 (s,
1H), 7.28 (t, J=7.6 Hz, 1H), 7.19 (t, J=7.4 Hz, 1H), 6.56
(s, 1H), 5.91 (s, 1H), 3.46~3.44 (m, 2H), 1.25 (t, J=7.2
Hz, 3H); “C NMR (100 MHz, CDCl;) d: 152.3, 135.2,
130.2, 124.2, 124.1, 122.2, 121.2, 114.2, 106.9, 35.9, 15.1;
HRMS calcd for C;H;,N,0 188.0950, found 188.0954.

N- & H-5-56 - LH-P5| We-1- F K i (3b): 2K T Bk oK,
FEE 94%. mp. 116~118 ‘C; 'H NMR (400 MHz,
CDCly) 6: 8.10~8.08 (m, 1H), 7.44 (s, 1H), 7.23 (t, J=
10.4 Hz, 1H), 7.02 (t, J=9.2 Hz, 1H), 6.54 (s, 1H), 5.70 (s,
1H), 3.50~3.47 (m, 2H), 1.28 (t, J=7.2 Hz, 3H); °C
NMR (100 MHz, CDCl;) &: 158.9 (d, Jr—c=237 Hz),
151.9, 131.83, 130.7 (d, Jr—c=10 Hz), 125.2, 115.3 (d,
Jr—c=9.0 Hz), 112.1 (d, Jy—c=25 Hz), 106. 8 (d, Jp—c=
4.0 Hz), 106. 2 (d, Jr- =23 Hz), 35.9, 15.0; HRMS calcd
for C;;H;;FN,0 206.0855, found 206.0858.

N- . H5-5-50-1H-W| W -1- O BE 2 (Be): 2K Bk oK,
FEE 95%. mp. 123~126 C; 'H NMR (400 MHz,
CDCly) &: 8.04 (d, J=8.8 Hz, 1H), 7.50 (s, 1H), 7.41 (s,
1H), 7.20 (d, J=8.8 Hz, 1H), 6.47 (s, 1H), 5.92 (s, 1H),
3.46~3.43 (m, 2H), 7.20 (t, J=7.0 Hz, 3H); “C NMR
(100 MHz, CDCly) §: 151.9, 133.7, 131.1, 127.8, 125.0,
124.3, 120.5, 115.5, 106.3, 35.9, 15.0; HRMS calcd for
C11H,;;CIN,O 222.0560, found 222.0564.

N- 4R - H-W5) W - 1- R B B (3d): K A (ks
K, PEF 94%. m.p. 126~128 C; '"H NMR (400 MHz,
CDCLy) &: 7.58 (d, J=8.4 Hz, 1H), 7.40 (d, J=7.2Hz, 2H),
7.33~7.25 (m, 4H), 7.17~7.11 (m, 1H), 6.70 (s, 1H),
6.62 (d, J=8.0 Hz, 1H), 5.58 (s, 1H), 5.12 (s, 2H), 3.43~
3.40 (m, 2H), 1.20 (t, J=7.2 Hz, 3H); *C NMR (100
MHz, CDCly) d: 152.4, 152.2, 137.2, 136.4, 128.6, 127.9,
127.4,125.1, 122.8, 121.0, 107.3, 104.1, 103.9, 70.0, 35.9,
15.1; HRMS caled for C;sHgN,O, 294.1368, found
294.1365.

N-FR IR H -1 H-W5| e-1- F BE i (Be): K LR R, 72
% 83%. m.p. 131~132 “C; '"H NMR (400 MHz, CDCl;)
8: 7.95 (d, J=8.4 Hz, 1H), 7.53 (d, J=7.6 Hz, 1H), 7.40
(d, J=3.6 Hz, 1H), 7.24 (t, J=7.6 Hz, 1H), 7.14 (t, J=17.6
Hz, 1H), 6.52~6.51 (m, 1H), 5.45 (s, 1H), 4.30~4.25 (m,
1H), 2.08~2.02 (m, 2H), 1.71~1.61 (m, 4H), 1.52~1.47
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(m, 2H); *C NMR (100 MHz, CDCl3) §: 151.7, 135.0,
130.3, 124.3, 124.1, 122.2, 121.3, 113.8, 106.7, 52.9, 33.3,
23.7;, HRMS caled for C;4;H;(N.O 228.1263, found
228.1263.

N-4 W o 32 - 1 H-15| Wi 1- B i (36), 2K (1t K,
FEE 78%. mp. 151~154 C; 'H NMR (400 MHz,
CDCly) 0: 7.98~7.93 (m, 1H), 7.62~7.60 (m, 1H),
7.48~7.42 (m, 1H), 7.31~7.18 (m, 2H), 6.59~6.56 (m,
1H), 5.34 (s, 1H), 2.15~2.12 (m, 10H), 1.74~1.71 (m,
5H); *C NMR (100 MHz, CDCl;) d: 150.2, 134.8, 130.4,
124.7,123.9, 121.9, 121.3, 113.6, 106.2, 52.6, 41.9, 36.3,
29.5; HRMS caled for C;oH;,N,O 294.1732, found
294.1734.

N-"FHE-1H-P5We-1- B i (3g): K E Bk R, 7%
91%. m.p. 125~127 °C; '"H NMR (400 MHz, CDCl;) ¢:
8.09 (d, J=8.0 Hz, 1H), 7.58 (d, J=7.6 Hz, 1H), 7.43 (s,
1H), 7.35~7.27 (m, 6H), 7.23~7.21 (m, 1H), 6.58 (s,
1H), 6.02 (s, 1H), 4.60~4.59 (m, 2H); *C NMR (100
MHz, CDCls) 6: 152.2, 137.7, 135.2, 130.2, 128.9, 127.9,
1243, 124.0, 122.4, 1213, 1142, 107.3, 100.0, 44.9;
HRMS calcd for Ci¢H,4N,0 256.1106, found 256.1107.

N-(2-ZK 5 2, H5)-1H-15| Wi -1- FH Bt i (3h): K A %
K, PEH 87%. m.p. 130~132 C; '"H NMR (400 MHz,
CDCly) 6: 7.91 (d, J=8.0 Hz, 1H), 7.61 (d, J=7.6 Hz,
1H), 7.39~7.37 (m, 3H), 7.30~7.24 (m, 5H), 6.61 (s,
1H), 3.79~3.77 (m, 2H), 3.02 (t, J=6.6 Hz, 2H); "°C
NMR (100 MHz, CDCLy) d: 152.0, 138.6, 134.9, 130.2,
1289, 128.9, 126.9, 124.1, 122.3, 121.3, 113.9, 107.0,
100.0, 42.1, 35.7; HRMS calcd for Cj;H;N,O 264.1263,
found 264.1265.

N-(4-F 2 2R 5 )- 1 -1 Wie-1- FE G i (3i): 2k 1 (0
K, PEE93%. mp. 120~122 C (1it* 119~120 C);
'H NMR (400 MHz, CDCl;) &: 8.10 (d, J=8.4 Hz, 1H),
7.61 (d, J=7.6 Hz , 1H), 7.53~7.52 (m, 1H), 7.43~7.30
(m, 4H), 7.24 (t, J=7.4 Hz,1H), 7.16~7.13 (m, 2H),
6.64~6.62 (m, 1H), 2.32 (s, 3H); *C NMR (100 MHz,
CDCly) 8: 149.8, 135.2, 134.6, 134.4, 130.35, 129.8, 124 4,
124.2,122.6, 121.4, 120.8, 114.1, 107.6, 20.9.

N-(4- F JE 2 3 )-5- i A - 1 -5 - 1 - R B e 3) -
KAGKHAE, 7F 87%. mp. 125~126 C; 'H NMR
(400 MHz, CDCls) 6: 8.04 (d, J=8.8 Hz, 1H), 7.52 (d, J=
3.6 Hz, 1H), 7.44 (s, 1H), 7.41~7.38 (m, 2H), 7.17 (d, J=
8.0 Hz, 2H), 7.09 (d, J=2.4 Hz, 1H), 6.99~6.96 (m, 1H),
6.59~6.58 (m, 1H), 3.88 (s, 3H), 2.36 (s, 3H); °C NMR
(100 MHz, CDCl3) d: 155.7, 149.8, 134.5, 134.4, 131.1,
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130.1, 129.7, 124.6, 120.8, 115.0, 113.5, 107.5, 103.5,
55.7,20.9.

N-(4- 3 2R )-S5 5 - L H-15| Wi - 1- FF Ik e (Bk): 2K 1
Bk, F2FE 94%. mp. 134~136 ‘C; 'H NMR (400
MHz, CDCl;) d: 8.13 (dd, J=9.0, 4.5 Hz, 1H), 7.54 (d,
J=4.0 Hz, 1H), 7.48 (s, 1H), 7.37 (d, J=8.5 Hz, 2H), 7.26
(dd, J=8.5, 2.5 Hz, 1H), 7.16 (d, J=8.0 Hz, 2H), 7.06 (td,
J=9.0, 2.5 Hz, 1H), 6.59 (d, J=3.5 Hz, 1H), 2.35 (s, 3H);
C NMR (100 MHz, CDCl;) 6: 159.1 (d, Je—c=237.5 Hz),
149.7, 134.8, 1342, 131.9, 1309 (d, Jz—c=10.2 Hz),
129.7, 125.2, 120.9, 115.5 (d, Jrc=9.2 Hz), 112.5 (d,
Jr-c=25.4 Hz), 107.4 (t, Jr¢=3.9 Hz), 106.4 (d, Jr-c=
23.5 Hz), 20.9; HRMS calcd for C;¢H;3FN,O 268.1012,
found 268.1010.

N-(4-F 35 28 3 )-5- 50 - LH-V5] Wt - 1 - FR 8k e 3PS 2k
HEMm A, 7% 91%. mp. 138~140 ‘C; 'H NMR (400
MHz, CDCLy) 8: 8.10 (d, J=9.2 Hz, 1H), 7.58 (d, J=2.0
Hz, 1H), 7.53 (d, J=3.6 Hz, 1H), 7.48 (s, 1H), 7.39~7.37
(m, 2H), 7.30~7.27 (m, 1H), 7.17 (d, J=8.0 Hz, 2H),
6.59 (d, J=3.6 Hz, 1H), 2.36 (s, 3H); *C NMR (100 MHz,
CDCly) 6: 149.6, 134.9, 134.1, 133.8, 131.2, 129.8, 128.2,
124.9, 124.6, 120. 9, 120.7, 115.6, 107.0, 20.9.

N-(4- F B 2 3)-5- 78 1 -5 W 1- I BE i (Bm) Y 2K
FER R, 723 90%. m.p. 144~146 ‘C; 'H NMR (400
MHz, CDCLy) 8: 8.07 (d, J=9.2 Hz, 1H), 7.76 (d, J=1.6
Hz, 1H), 7.53 (d, J=3.6 Hz, 1H), 7.46~7.39 (m, 1H),
7.41~7.39 (m, 2H), 7.35 (s, 1H), 7.20 (d, J=8.4 Hz, 2H),
6.63~6.62 (m, 1H), 2.37 (s, 3H); *C NMR (100 MHz,
CDCly) 6: 149.4, 134.8, 134.12, 134.1, 131.8, 129.8, 127.3,
124.8, 123.8, 120.8, 115.9, 115.9, 107.0, 21.0.

N-(4- P 36 2 30 )- 54 3k - 1 -5 - 1- P G Ji2 (3m): 2K
HER A, 77% 87%. m.p. 133~136 ‘C; 'H NMR (400
MHz, CDCLy) d: 8.40 (d, J=8.5 Hz, 1H), 7.61 (d, J=3.5
Hz, 1H), 7.52 (d, J=6.0 Hz, 1H), 7.34 (d, J=8.5 Hz, 3H),
7.24 (s, 1H), 7.15 (d, J=8.5 Hz, 2H), 6.84 (d, J=3.5 Hz,
1H), 2.30 (s, 3H); *C NMR (100 MHz, CDCl;) 6: 149.0,
135.5, 135.2, 133.9, 131.5, 129.9, 127.4, 125.9, 124.4,
120.9, 119.5, 117.8, 106.1, 104.0, 20.9; MS (EI) m/z: 275
(M "); HRMS caled for C;;H;3N;O 275.1059, found
275.1061.

N-(4- W FE 2R B )-6- 2T A 5 - 1 -1 - 1- T I /12 (30):
KAGKHA, PF 81%. mp. 138~140 C; 'H NMR
(400 MHz, CDCL) d: 8.25 (d, J=1.0 Hz, 1H), 8.09 (d, J=
8.5 Hz, 1H), 7.93 (dd, J=9.0, 1.5 Hz, 1H), 7.51 (d, J=4.0
Hz, 1H), 7.39 (s, 1H), 7.33 (d, J=8.5 Hz, 2H), 7.11 (d, J=
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9.0 Hz, 2H), 6.64 (d, J=3.5 Hz, 1H), 3.86 (s, 3H), 2.27 (s,
3H); “C NMR (126 MHz, CDCl3) 0: 167.6, 149.4, 137.9,
134.9, 134.2, 129.9, 129.8, 125.7, 125.2, 124.6, 123.7,
120.8, 114.1, 108.2, 52.1, 20.89; MS(EI) m/z: 308 (M");
HRMS calcd for C15H;N,0; 308.1160, found 308.1161.

N-(4- G0 H5)- 1 H-P5| We-1- R Bk i (3p): K B8 K,
FEER 92%. mp. 132~134 C (1it*”! 130~132 C); 'H
NMR (400 MHz, CDCls) §: 8.14 (dd, J=10.5, 1.5 Hz,
1H), 7.66 (dt, J=10, 1.0 Hz, 1H), 7.57 (d, J=4.5 Hz, 1H),
7.54~7.51 (m, 2H), 7.41~7.37 (m, 2H), 7.31~7.27 (m,
1H), 7.14~7.10 (m, 2H), 6.72 (dd, J=4.5, 1.0 Hz, 1H);
C NMR (100 MHz, CDCl;) d: 159.85 (d, Jr— =195 Hz),
158.9, 149.8, 135.1, 132.9 (d, Jr—=2.0 Hz), 132.9, 130.4,
124.6, 124.0, 122.8, 122.6 (d, Jr—c=7.0 Hz), 122.5, 121.5,
116.1,116.0 (d, Jrc=18 Hz), 114.0, 107.9.

N-(4-FURF5)- 1 H-M5| W -1- R Bk (3q): K B8 K,
FEFE 91%. mp. 139~141 ‘C; 'H NMR (400 MHz,
CDCl;) d: 8.10 (d, J=8.4 Hz, 1H ), 7.63 (d, J=8.0 Hz,
1H), 7.55~7.51 (m, 1H), 7.50~7.48 (m, 2H), 7.41~7.34
(m, 4H), 7.29~7.27 (m, 1H), 6.70~6.69 (m, 1H); C
NMR (100 MHz, CDCLy) d: 149.4, 135.7, 135.1, 130.4,
123.0, 129.0, 124.7, 123.9, 122.9, 121.6, 121.5, 114.0,
108.1; MS (EI) m/zz 270 (M "); HRMS caled for
Cy5H,,CIN,0 270.0633, found 270.0638.

N-(4- TR 2 58 )-1 H-M5] W -1- H I e (3r): K L B B o,
FEE 90%. m.p. 148~150 C (lit.* 148~149 C); 'H
NMR (400 MHz, CDCLy) ¢: 8.12 (d, J=8.4 Hz, 1H), 7.65
(d, J=7.6 Hz, 1H), 7.56 (d, J=7.6 Hz, 1H), 7.53~7.45
(m, 5H), 7.38 (t, J=7.8 Hz, 1H), 7.31~7.29 (m, 1H), 6.71
(d, J=3.6 Hz, 1H); *C NMR (100 MHz, CDCl;) J: 149.4,
136.2, 135.1, 132.2, 130.4, 124.7, 123.9, 122.9, 121.9,
121.5,117.5, 114.1, 108.1.

N-(4- 1 35 246 3 )-3- B 3 - 1 H- 1] e - 1- T i (3s) %
KA AE, 77FE 85%. mp. 112~114 C; 'H NMR
(400 MHz, CDCls) 8: 8.15 (d, J=8.0 Hz, 1H), 7.59~7.57
(m, 1H), 7.43~7.41 (m, 2H), 7.39~7.35 (m, 1H), 7.32~
7.27 (m, 3H), 7.19 (d, J=8.4 Hz, 2H), 2.37 (s, 3H), 2.32
(d, J=1.2 Hz, 3H); *C NMR (100 MHz, CDCl;) J: 149.8,
135.6, 134. 6, 134.4, 131.1, 129.7, 124.5, 122.2, 121.0,
120.6, 119.3, 117.0, 114.3,20.9, 9.7.

N-(4-FF B DR B )-7- 0 4 i - 1- FR BE iz (3t): K A £
WA, 7% 83%. mp. 125~127 C; '"H NMR (400 MHz,
CDCly) 6: 11.86 (s, 1H), 8.84~8.33 (m, 1H), 8.06~8.05
(m, 1H), 7.94~7.92 (m, 1H), 7.62 (d, J=8.4 Hz, 2H),
7.22~7.20 (m, 3H), 6.57~6.55 (m, 1H), 2.35 (s, 3H); "°C
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NMR (100 MHz, CDCl;) ¢: 148.7, 146.3, 142.2, 135.2,
133.7, 130.1, 129.6, 126.1, 123.6, 120.2, 118.1, 103.3,
20.9; MS (EI) m/z: 251 (M"); HRMS calcd for C;sH3N;0
251.1134, found 251.1136.

N-F-1H-MEE - 1- L fE (Bu): 28 R B4, 7
% 90%, "H NMR (400 MHz, CDCl;) 0: 7.13 (t, J=2.5 Hz,
2H), 6.18 (t, J=2.5 Hz, 2H), 5.70 (s, 1H), 3.38~3.36 (m,
2H), 1.17 (t, J=7.0 Hz, 3H), 2.27 (s, 3H); °C NMR (100
MHz, CDCl;) ¢6: 150.9, 118.3, 111.7, 35.9, 14.9; MS (EI)
mlz: 251 (M+); HRMS caled for C;H;(N,O 138.0793,
found 138.0795.

i Bh#4 #} (Supporting Information) T H AR =1
"H NMR Fil C NMR % LA J A6 3m () 58 S AT G 5256
s, XA R AT DL S 9 AT 935k (http://sioc-Journal.
cn/) BN #LL
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