% 4’1‘ {t % DOI: 10.6023/cjoc201802027

R ER

Chinese Journal of Organic Chemistry

NOTE

1,2,6-= B EH KB & A5

7

i &
5k a7 i

om0 woeE

IR 7? wbe

(R D REAL TR B AL 210000)
( TR B 252 e Eh3W 224002)
(CILIREFEFI AT #h3k 224100)

(“ BRI 25\ A PR 7

hk 224100)

WE WA T 1,2,6-=HUREFFRMAT YA BRI HT 7%, BIRL 3-50-4- R B I A0 057 & IO WIAR JRR), 15 B & ik

AR N-HAR-2-S BE-4-IE B2 (1), 76 NapS,0,EH R, 1EW 1 SAREMEE K, — A 1,2,6- IR IRk
MAT A, BB — D IR NI AR B A, KORARRE T OB R], i TR B Ak, B b OB R R SR 45 1E R
DL F T A(DMSO)-H,0 A, n(RAMAE) @ QW SR REE) @ n(fREEFH=1:1:9, 7£ 80 'C TR 2 h. BAZET
B A2 A 1,2,6- Z AR IR BRIRAT A 4.
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Synthesis of 1,2,6-Trisubstituted Benzimidazoles

Zhang, Fang” Xu, Xiaojuan”

*,b,c
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Abstract A novel synthetic method for 1,2,6-trisubstituted benzimidazole derivatives was developed, which started from
3-fluoro-4-nitrobenzonitrile and aromatic amines to give the intermediates N-substituted-2-nitro-4-cyanoaniline (1) with high
yield and short reaction time under microwave irradiation condition. Then, compound 1 reacted with different aldehydes in the
presence of Na,S,0, to provide the final compounds. Meanwhile, the process of the reactions was optimized in this study and
the optimized conditions are described as: dimethyl sulfoxide (DMSO)-H,O as solvent, n(compound 1) :

n(4-chlorobenzaldehyde) : n(sodium dithionite)=1:1:9 at 80 C for 2 h. Employing the same synthetic method, 21
1,2,6-trisubstituted benzimidazole derivatives were synthesized.

Keywords synthesis; benzimidazole; process optimization; one-pot reaction
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RN 07 AW JEORE, DAZKCRIE ), 4 i F = H R SR e
(TMSCHFI FeCly AT —BEER T 1,2-ZHURE
FEDKMERTAD), W Bq. 1 Fis. (HRAZ 57 e Al 4%
AR FEIRIEER 1 A7 A0 2 AL ERIE R RN, R G EAE S
A R PR .

N
NH A
X 2 TMSCI or FeCl; R:—@ \>—R'
R—i— + R-CHO —— >» Z N (1)
~ N

NH, H,0 .
UEAh, ZHEURZRIEmRME & g2 E EA P4, W
Scheme 1 fi7r: 4% 1 NPe& M BRI pkmel2 14
T B AR S A il — BRI Rk ) 3R 4% 115 B4R
] 25 i i A BIAT X7 2R R 5 1A AR A e, T S
SRR B AR R = B IR IR AR (1) B R
WJE L g A TR, BB, i B SE [%K. Yang
USRI R (D) R — #3543 3 T = B IF ke,
A RS TR K (22 h). BRI, FRATTSEXTEF DT L
SIREMMA, ERREGTERT 21 4 1,2,6- =B
RIIKIEAL EH). BARG 572 0L Scheme 2.

Route |
N
x—N R3—X(X=F,CLBr) o1 S '\ _p2
R N R2 R'=— >—R
H |
R3
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SN R
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| _ R — R,— —_—
X ZN\\HR?  (RE—COOH)
R'=NH,, NO;, R' = NHy, NO;,
X=F, Cl, Br
N
T
7N

R3
BRI 1 =HUCHTFIRmE s IR & s 2k

Scheme 1 Tri-substituted benzimidazole common synthetic

routes

NO,
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T
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Scheme 2 Synthetic route of target compounds 2a~2u
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Yang!"®, Kanhed"”'fl Zhang®"'ff) 5%, LA 3-%-4-h L%
AR ON IR i 1a 9, g5 L 1.

M 1 ATLVEH, I KoCO; Ja, JBER [A) 45 4,
SRR, WoeRSE . JRIRTET K,COs 75 N H BE
Sk, A B EAT, I TT DA N AR B HE,
SN 1E B 5 [ BEA TR0, ARG M b,
EHIE AT 1a~1c H— 2.

1 FFERPFMS N ERLEY 1a 2R

Tabblel Results of compound 1a formation under different

reaction conditions

Solvent Base 7/°C t/h Yield/% Ref.
DMSO — 100 5 92.15 [18]
DMF K,COs 60 5 88.97 [19]
CH3;CN K,CO; 83 0.25 97.63 [20]
CH;CN K,CO; 83 3 97.23

© 2018 Chinese Chemical Society & SIOC, CAS

1.2 Birtkéat) 2a~2u WERI S

BT AEY 2d, HADIE A WSCHERIRIE BT &
Y. B8 Yang ZEUSH J % DL L TE AR (DMSO)-
EtOH NIEH “—H8ik” &, RISz ME K H S
AbEE 2T R B AR, $RAlRME. T2 R 0Bk
TERHEY 1, BE5BERMNERLEY 2. UWLEY
la FIXTE R BN ERL, & RHBRAEY) 2m N, %
BT IRPIE PR R OV R
EE ARV AR LEXS F= 4 7= 2 Remm, SEIG 25 L3k 2.

MR 2 AL, RN EBAER R RN R
80 °C, JNilfla] 2 h, JBRAL K AREKY PR R L
n(3-(CR RS IR )-4- T E R ) © (O EOR ) o n(TR S
H=1:1:9, RFIFEFIN DMSO M H,0, AL A
V(DMSO) : M(H,0)=3 : 2. {b&% 2m MUK E N
87.93%, 44 99.8% (Entry 11). EFIFIMRPEK, &
N TR, ISRk . A DMSO H b N /K A 44 3
], 3 m =i, T RITE T ORISR 75 12 e B2 H ik
JRIAEF, ARSI ISR, (B 5% T K.
TRE D Bk %, P2 28E, L9 equiv. AE. XEERH
WS P REIINES, 2 RAE— IR, 7223 Fr K.
1.3 B#rtEd 2a~2u BIE R

FIFH B SEI6 6 F & AL &) 2a~2u. MR 3 ALL
RO G 1a Sne FE OB 5> A AE K 2a, 2b, 2,
SRS, P22 ARRHRAK. R DT (2r, 28) 2K,
A B RIEAE R IR EANFIA B, AR A7 Rk, Kz
FER R, WRERUNTE 2 SIRS A EALREOK, 1E 4 2
[EALRE AN, [N S T, AN RIS E 238 AR Rl AL
B, FCH; P28 m. B 1a SRSE2K I I N4y
AR 2n F1 20 B, OB TR B2 R EHIK. 75 N
Tob R v R SR R R L () R 2 Bl PR BN O iR R B
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Table 2  Effects of some factors on the yields of compound 2m
Entry Temperature/'C  n(1a) . n(p-CIC(H,CHO) . n(Na,S,0,)  Solvent” Time/h Yield®/%

1 80 1:1:10 EtOH 4 37.93
2 80 1:1:10 DMSO 3 60.72
3 80 1:1:10 DMSO-EtOH 12 78.32
4 80 1:1:10 EtOH-H,0O 3 25.97
5 80 1:1:10 CH;CN-H,O 3.5 64.28
6 80 1:1:10 DMSO-H,0 2 79.84
7 80 1:1:10 DMF-H,0 5 11.66
8 80 1:1:10 PhH >40 —

9 80 1:1:3 DMSO-H,0 6 74.03
10 80 1:1:6 DMSO-H,0 3 80.66
11 80 1:1:9 DMSO-H,0 2 87.93
12 80 1210712 DMSO-H,0 1.5 84.51
13 80 1:1:15 DMSO-H,0 1.5 83.74
14 60 1:1:9 DMSO-H,0 5 79.32
15 70 1:1:9 DMSO-H,0 3 83.62
16 90 1:1:9 DMSO-H,0 1.5 84.38
17 100 1:1:9 DMSO-H,0 1.5 83.88
18 80 121219 DMSO-H,0 2 82.97
19 80 1:14:9 DMSO-H,0 2 83.15
20 80 1:16:9 DMSO-H,0 2 83.18
21 80 1:1.8:9 DMSO-H,0 2 83.13
22 80 1:2:9 DMSO-H,0 2 83.10

VPR © VH0)=3 © 2;" ELEGEFER.
F3 1,2,6-=HUCIEI KL AW 2a~2u FISLIR S

Table 3 Experimental results of 1,2,6-trisubstituted benzimid-
azole compounds 2a~2u

Compd. n R Time/h Yield/%
2a 1 2-Py 2.5 69.25
2b 1 3-Py 2.5 55.91
2c 1 4-Py 2.5 61.02
2d 1 Ph 1.5 84.33
2e 1 C¢H4(CH,), 2.0 93.64
2f 1 m-F-C¢H, 2.5 82.19
2g 1 p-F-C¢H,4 2.5 84.94
2h 1 0-Me-CgHy 2.0 76.40
2i 1 m-Me-C¢H,4 2.0 80.54
2j 1 p-Me-CcH,4 2.0 83.25
2k 1 0-Cl-C¢Hy 2.0 67.21
21 1 m-Cl-C¢Hy4 2.5 76.44
2m 1 p-Cl-C¢H,4 2.0 87.93
2n 1 0-H,N-C¢H,4 4.0 71.45
20 1 p-HoN-CgHy 4.0 71.67
2p 1 2-Furyl 2.5 82.76
2q 1 2-Thienyl 2.0 80.19
2r 1 Et 2.0 43.51
2s 1 n-Butyl 1.5 45.24
2t 2 Ph 1.5 87.17
2u 3 Ph 1.5 91.62

2n M 20 ZLAMGIEE 70 HIFE 3442, 3439 cm ™' AbFH N—H
FIRZE IR BN, IS R AR 45 A EDUEZ 458, n AI(E R
K, BPZRIFRKMEER 1 AU B EE R (2d, 2¢, 2u), AH
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JS2 PR 7 2R e, AT RE R O BRBE R, A B, &

2 #ig

DL 3-38-4-RE BTG . S A 2 Fhig o Rkl 2t
P RMNAR T 21 A 1,2,6- =B I kAT AEY)
2a~2u. ZHEEEGE, TERAMK, S, 81
TR, SRSLEAIRAN, B (AR, LA &N RIS F= 23
B, (HLUR I N R 7= 2 K.
3 SRS
31 B 5EHT

%[ CEM Discover Lab-Mate Tl & kiX; 3 E
Waters €2695 & 20 M €& 1% 4% ; 78 [ Bruker Ver-
tex80/Ramanll 18 B IH-A5 e 41 AM G 184%, KBr & F; 7 [E
Bruker Advance 400MHz # i t9%{X, CDCI; 5% DMSO-
ds NF, TMS NN FR; 323 Agilent 1100MSD i AH
P B, 35 METTLER TOLEDO MP90 #4 55
CRSETEARRZIE). BT HRF 0 Hr it
3.2 MikEH

WAH (i 264 XBridgeTM C18 Bifi (4.6 mmX
250 mm, 5 um), AP 293 nm, JiiE 0.8 mL/min,
HEAE S pL, R 25 C, WAFIFEE, FshAH N+
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0.2% ZFREZVET(AFALL 80 & 20, L ik ¥y o 4l fif
R — T 52).
3.3 & 1a~1c AR

L 3-3-4-R 3R T RS L & Ak &9 1a A

TN 0 FE 354 (R A B (K 100 mL ke
AN 1.66 g (10 mmol) 3-%-4-FFEE 1.07 g (10
mmol) ¥ fZ. 2.07 g (15 mmol) BRI 60 mL ZKE, &
T A AL . #E 250 W 83 Clal gt F M 15
min({REFET []). BERHEESE, A 100 mL 4k, 0 CTF
iFE 2 h JEidUE, 20 mL 4Kk, BT, St
[l 2.47 g, 723 97.63%, Z1fE 99.4%.

FEGEIN#TT % 17 100 mL H NN 1.66 g (10
mmol) 3-F-4-FEFEEHE. 1.07 g (10 mmol) ' &, 2.07 g
(15 mmol)BREREF A1 60 mL Z i, 83 ‘C FHt+E/< M 3 h,
JakbFEE . fE R CE R 2.46 g UK 97.23%, 4
99.3%.

3-(WHEEEL)-4-THEE R (1a): s (44, 7
97.63%. m.p. 151.5~152.6 ‘C; 'H NMR (400 MHz,
CDCly) 6: 8.42 (d, J=6.2 Hz, 1H), 8.28 (d, J=8.7 Hz,
1H), 7.44~7.38 (m, 2H), 7.38~7.31 (m, 3H), 7.13 (d, J=
1.6 Hz, 1H), 6.90 (dd, J=8.7, 1.7 Hz, 1H), 4.55 (d, J=5.6
Hz, 2H); *C NMR (101 MHz, CDCly) J: 144.55, 136.00,
134.03, 129.25, 128.25, 127.92, 127.08, 119.29, 118.70,
117.70, 117.41, 47.29; IR (KBr) v: 3393, 3100, 2929,
2226, 1617, 1489, 1412, 1322 cm™'; HRMS calcd for
Ci:HN;0, [M+H]" 254.0924, found 254.0926.

4-THHE-3-CR LR ) TG (1b): A o G [ 44, 7=
# 97.45%. m.p. 131.0~131.5 ‘C; '"H NMR (400 MHz,
CDCly) 6: 8.22 (dd, J=8.8, 2.0 Hz, 1H), 8.07 (d, J=5.4
Hz, 1H), 7.41~7.32 (m, 2H), 7.27 (d, J=6.7 Hz, 3H),
7.11 (s, 1H), 6.84 (d, J=8.8 Hz, 1H), 3.57 (q, J=6.6, 5.8
Hz, 2H), 3.04 (td, J=6.9, 1.9 Hz, 2H); “C NMR (101
MHz, CDCl3) 6: 144.60, 137.67, 133.62, 129.01, 128.74,
127.92, 127.16, 119.24, 118.41, 117.46, 117.16, 44.61,
35.12; IR (KBr) v: 3382, 3092, 2867, 2234, 1618, 1406
cm '; HRMS caled for CisH4N;O, [M+H]" 268.1081,
found 268.1086.

4-fHHE-3-B- R HEE L) T (1e): MR (il ik, =
K 97.52%. m.p. 93.2~94.7 ‘C; 'H NMR (400 MHz,
CDCly) 6: 8.24 (dd, J=8.7, 2.0 Hz, 1H), 8.05 (d, J=5.4
Hz, 1H), 7.37~7.29 (m, 2H), 7.23 (dd, J=15.7, 7.0 Hz,
3H), 7.06 (s, 1H), 6.85 (dd, J=8.9, 1.7 Hz, 1H), 3.30 (q,
J=6.7, 6.3 Hz, 2H), 2.79 (td, J=7.4, 2.0 Hz, 2H), 2.09
(pd, J=7.2, 1.9 Hz, 2H); *C NMR (101 MHz, CDCl;) ¢:
144.70, 140.36, 133.59, 128.73, 128.37, 127.97, 126.46,
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119.27, 118.40, 117.47, 117.01, 42.32, 32.98, 30.08; IR
(KBr) v: 3377, 3023, 2929, 2228 1617, 1443 cm™'; HRMS
caled for C;HigN;O, [M + H] © 282.1237, found
282.1237.

34 k&Y 2a~2u EMBE

1) 250 mL N FIIAN 1 mmol 4L&4) 1, 1 mmol
A& K, 15 mL DMSO, 9 mmol {RK A VEMAE 10 mL
IKFTE AR, (E 80 C R ¢ M i 2 0 i (TLC) IR i
RMELER, BFEZR, A 50 mL 4K, 0 CHiH:
1.5~4h, 98, 20 mL 4K skuED:, WERELS S, &
hamcs

1-7F% JE-2- (M g -2-38)- 1 H- 2 5F: [d] WK e -6- F JiF (2a):
HOREK, P 69.25%. m.p. 168.8~170.3 C; 'HNMR
(400 MHz, CDCl;) d: 8.70~8.65 (m, 1H), 8.46 (d, J=8.0
Hz, 1H), 7.92~7.86 (m, 2H), 7.65 (d, J=1.4 Hz, 1H),
7.54 (dd, J=8.3, 1.4 Hz, 1H), 7.40 (ddd, J=7.7, 4.8, 1.2
Hz, 1H), 7.31~7.26 (m, 3H), 7.19~7.14 (m, 2H), 6.22 (s,
2H); “C NMR (101 MHz, CDCl3) J: 152.94, 149.57,
148.95, 145.54, 137.21, 136.33, 128.91, 127.91, 126.80,
126.26, 125.25, 124.76, 121.05, 119.84, 115.83, 106.26,
49.40; IR (KBr) v: 3056, 2217, 1580, 1436, 1333 cm
HRMS caled for C,H;sN; [M+H]" 311.1291, found
311.1291.

1-"% JE-2- (M e -3- 38 )- 1 H- 2K I [ ] K P -6- 5 (2b):
FOREK, 7% 55.91%. mp. 163.9~164.5 C; 'HNMR
(400 MHz, CDCl3) 6: 8.96 (d, J=2.2 Hz, 1H), 8.77 (dd,
J=4.9, 1.7 Hz, 1H), 8.05 (dt, J=7.9, 2.0 Hz, 1H), 7.97~
791 (m, 1H), 7.60 (d, J=8.2 Hz, 2H), 7.45 (dd, J=7.9,
4.8 Hz, 1H), 7.40~7.33 (m, 3H), 7.06 (dd, J=7.3, 2.1 Hz,
2H), 5.51 (s, 2H); *C NMR (101 MHz, CDCl;) 0: 154.39 ,
151.61, 149.69, 146.02, 136.76, 135.75 , 134.72, 129.54,
128.60, 126.56, 125.72, 125.48, 123.73, 121.24, 119.57,
115.57, 106.47, 48.79; IR (KBr) v: 3039, 2215, 1567,
1453, 1329 cm '; HRMS caled for C,oHsN, [M+H]"
311.1291, found 311.1292.

1-7F% FE-2- (M g -4- 328 )- 1 -2 5 [d] WK W -6- IS (2¢):
FOREK, 7 61.02%. m.p. 148.1~148.9 C; '"HNMR
(400 MHz, CDCl;) 6: 8.78 (m, 1H), 8.54 (dd, J=4.9, 1.7
Hz, 1H), 8.15 (dt, J=7.9, 2.0 Hz, 1H), 7.89~7.94 (m,
1H), 7.74 (d, J=8.5 Hz, 2H), 7.45 (dd, J=7.5, 4.5 Hz,
1H), 7.45~7.38 (m, 3H), 7.06~7.11 (m, 2H), 5.79 (s,
2H); “C NMR (101 MHz, CDCl3) d: 153.33, 149.80,
147.03, 137.37, 134.95, 134.02, 128.64, 127.69, 126.51,
125.73, 121.34, 120.56, 118.63, 115.74, 105.41, 50.76; IR
(KBr) v: 3024, 2216, 1523, 1450, 1313 cm”'; HRMS calcd

http://sioc-journal.cn/ 2133



BIHE

for CoH 5N, [M+H]" 311.1291, found 311.1289.

1R JE-2- IR B 1 H- 2R I [d] DKk E-6- FR i (2d): IR B 8
WK, % 84.33%. m.p. 163.8~164.7 C(CCHER(ER!:
161~163 ‘C); NMR. IR Al HRMS %z F1SCHR[2 1147 [F.

1-"R 520K 3L - 1 H-ZR FE[d] DK e -6- H I (2e): A
WA, 7% 93.64%. m.p. 53.8~55.2 C; 'H NMR (400
MHz, CDCl) 6: 7.94 (d, J=8.3 Hz, 1H), 7.51 (d, J=8.2
Hz, 2H), 7.34~7.29 (m, 3H), 7.25~7.19 (m, 3H), 7.15~
7.09 (m, 2H), 6.97~6.90 (m, 2H), 5.21 (s, 2H), 3.31 (dd,
J=8.9, 6.5 Hz, 2H), 3.18 (dd, J=8.9, 6.6 Hz, 2H); "*C
NMR (101 MHz, CDCly) &: 157.86, 139.60, 133.89,
133.83, 129.44, 128.82, 128.73, 128.41, 127.14, 126.83,
126.24, 119.44, 119.23, 115.23, 106.71, 47.69, 33.59,
29.30; IR (KBr) v: 3030, 2216, 1611, 1502, 1331, 1251
cm '; HRMS caled for CyH;gN; [M+H]" 338.1652,
found 338.1648.

1-7F JE -2-(3- 9 2K 58 )- LH- 248 1 [d] WK e -6- Y Ji (21):
HERAR, 7% 82.19%. m.p. 183.5~184.8 C; 'H NMR
(400 MHz, CDCly) 6: 7.84 (dd, J=8.4, 0.7 Hz, 1H),
7.55~7.44 (m, 2H), 7.44~7.35 (m, 3H), 7.35~7.23 (m,
3H), 7.20~7.16 (m, 1H), 7.05~6.95 (m, 2H), 5.43 (s,
2H); *C NMR (100 MHz, CDCL;) ¢: 162.8 (d, "Jer=
2473 Hz), 155.9, 145.9, 135.6, 134.9, 131.0 (d, *Jcr=8.2
Hz), 130.7 (d, *Jer=9.1 Hz), 129.4, 128.5, 126.4, 125.8,
124.9 (d, *Jer=4.0 Hz), 121.1, 119.6, 117.9 (d, *Jer=
21.4 Hz), 116.6 (d, 2Jcr=23.0 Hz), 115.5, 106.2, 48.8; IR
(KBr) v: 3064, 2217, 1582, 1451, 1336, 1259 cm'; HRMS
caled for C, H sFN; [M+H]" 328.1245, found 328.1241.

-7 2-(4- 5 2K 5 )- | H- 8 FF [d] WK e -6- H i (2g):
HE AR, 77% 84.94%. m.p. 137.9~139.4 C; '"H NMR
(400 MHz, CDCls) &: 7.88~7.78 (m, 1H), 7.67~7.57 (m,
2H), 7.50 (dd, J=8.4, 1.5 Hz, 1H), 7.46 (d, J=1.3 Hz,
1H), 7.35~7.26 (m, 3H), 7.17~7.05 (m, 2H), 7.05~6.92
(m, 2H), 5.40 (s, 2H); *C NMR (100 MHz, CDCl;) ¢:
1642 (d, "Jer=251.2 Hz), 156.4, 145.9, 135.6, 135.0,
131.4, 131.3, 129.4, 128.4, 126.4, 125.7, 125.1 (d, *Jep=
3.1 Hz), 1209, 119.7, 116.3 (d, YJe.r=21.2 Hz), 115.4,
105.9, 48.7; IR (KBr) v: 3027, 2218, 1607, 1457, 1334,
1231 cm~'; HRMS caled for CyH;sFN; [M+H] ™
328.1245, found 328.1243.

1= 38240 F 2R 3L )- 1 -2 5F: [ K Ik -6- F Ji (2h):
AR, 77 76.40%. m.p. 111.9~113.4 ‘C; '"HNMR
(400 MHz, CDCly) §: 7.85~7.76 (m, 1H), 7.49 (d, J=
7.5 Hz, 2H), 7.36 (td, J=7.5, 1.6 Hz, 1H), 7.31~7.26 (m,
2H), 7.20 (dd, J=6.7, 3.2 Hz, 4H), 6.91~6.83 (m, 2H),

2134 http://sioc-journal.cn/
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5.16 (s, 2H), 2.14 (s, 3H); °C NMR (101 MHz, CDCL) ¢:
157.17, 146.06, 138.19, 134.89, 134.45, 130.85, 130.55,
129.80, 129.11, 128.77, 128.37, 126.57, 126.03, 125.97,
120.97, 119.88, 115.50, 105.71, 48.37, 19.74; IR (KBr) v:
3029, 2945, 2858, 1612, 1453, 1282 ¢cm™'; HRMS calcd
for Co,H sN;3 [M+H]" 324.1495, found 324.1497.

1-75 3 -2-( 0] B 28 366 )- 1 H- 25 9 [d] K 2 -6- FF JFS (2i):
WK R, 772 80.54%. mp. 1522 ~153.1 C; 'H
NMR (400 MHz, CDCl;) 6: 7.82 (dd, J=8.3, 0.7 Hz, 1H),
7.52~7.46 (m, 2H), 7.45~7.43 (m, 1H), 7.37 (dt, J=
6.7, 2.2 Hz, 1H), 7.33~7.29 (m, 2H), 7.28 (q, J=1.6, 1.0
Hz, 3H), 7.01 (dd, J=7.6, 1.9 Hz, 2H), 5.41 (s, 2H), 2.32
(s, 3H); *C NMR (101 MHz, CDCl;) d: 131.55, 130.20,
129.36, 128.82, 128.33, 126.29, 126.07, 125.93, 120.87,
115.43, 48.83, 21.39; IR (KBr) v: 3062, 2218, 1615, 1453,
1336, 1290 cm '; HRMS caled for C,,HsN; [M+H]"
324.1495, found 324.1490.

1-75 38 -2 (X % 38 )- 1 H- 4% 5 [d] K e -6- F IS (2)):
ORI, P 83.25%. m.p. 182.3~183.6 C; 'HNMR
(400 MHz, CDCl;) d: 7.91 (d, J=8.4 Hz, 1H), 7.66~7.60
(m, 2H), 7.57 (dd, J=8.3, 1.5 Hz, 1H), 7.52 (d, J=1.3 Hz,
1H), 7.42~7.35 (m, 3H), 7.32 (d, J=7.9 Hz, 2H), 7.13~
7.03 (m, 2H), 5.50 (s, 2H), 2.44 (s, 3H); C NMR (101
MHz, CDCly) 0: 146.17, 141.15, 135.69, 135.31, 129.75,
129.36, 129.20, 128.30, 126.27, 126.05, 125.88, 120.77,
119.87, 115.36, 105.59, 48.78, 21.50; IR (KBr) v: 3059,
2957, 2915, 2214, 1610, 1455, 1293, 1186 cm'; HRMS
caled for Co,H gN; [M+H]" 324.1495, found 324.1498.

1-7 3 -2-(2- U 3L )- L H- 2 5 [d] WK e -6- i (2K):
WORER, PE 67.21%. mp. 95.6~96.7 C; '"H NMR
(400 MHz, CDCl;) 6: 7.95~7.89 (m, 1H), 7.57 (d, J=
7.5 Hz, 3H), 7.51 (dd, J=7.9, 6.4 Hz, 2H), 7.43~7.35 (m,
3H), 7.29~7.26 (m, 3H), 5.28 (s, 2H); *C NMR (101
MHz, CDCly) 0: 154.62, 145.65, 134.57, 134.35, 134.11,
132.12, 130.09, 129.13, 128.83, 128.49, 127.89, 127.29,
126.69, 126.22, 121.20, 119.68, 115.83, 106.28, 77.25,
48.79; IR (KBr) v: 3030, 2218, 1593, 1447, 1285, 1168
cm '; HRMS caled for C, HsCINy [M+H]" 344.0949,
found 344.0957.

1-7 38 -2-(3- G 2K 38 )- 1 H- 7 I [d] WK M -6- i (21):
HER AR, 723 76.44%, m.p. 186.4~189.1 C; "H NMR
(400 MHz, CDCl;) &: 7.84 (dd, J=8.4, 0.7 Hz, 1H), 7.68
(t, J=1.9 Hz, 1H), 7.51 (dd, J=8.4, 1.5 Hz, 1H), 7.48
(ddt, J=4.38, 2.9, 1.4 Hz, 2H), 7.44 (ddd, J=8.1, 2.1, 1.1
Hz, 1H), 7.36 (d, J=7.8 Hz, 1H), 7.34~7.28 (m, 3H),
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7.04~6.95 (m, 2H), 5.41 (s, 2H); °C NMR (101 MHz,
CDCly) d: 155.82, 145.94, 135.70, 135.22, 134.93, 130.89,
130.74, 130.27, 129.62, 129.48, 128.53, 127.17, 126.48,
125.86, 121.16, 119.65, 115.54, 106.27, 48.84; IR (KBr) v:
3063, 2216, 1611, 1456, 1400 cmfl; HRMS calcd for
CH;sCIN; [M+H]" 344.0949, found 344.0959.

-7 3 2-(4- SR 55)- 1 H-2K FF [d] WK e -6- i (2m):
WK R, I 87.32%. m.p. 199.5~ 2009 C; 'H
NMR (400 MHz, CDCLy) 6: 7.91 (d, J=8.3 Hz, 1H),
7.68~7.62 (m, 2H), 7.58 (dd, J=8.4, 1.5 Hz, 1H), 7.54 (d,
J=1.3 Hz, 1H), 7.51~7.45 (m, 2H), 7.41~7.34 (m, 3H),
7.10~7.04 (m, 2H), 5.47 (s, 2H); *C NMR (101 MHz,
CDCly) d: 156.23, 146.00, 137.21, 135.75, 134.98, 130.58,
129.50, 129.40, 128.50, 127.42, 126.48, 125.75, 121.04,
119.71, 115.46, 106.11, 48.78; IR (KBr) v: 3402, 3064,
2220, 1615, 1596, 1450, 1438 cm™'; HRMS caled for
CoH sCIN; [M+H]" 344.0949, found 344.0948.

-8 3-2-(2-F 3 2K 3h)- 1 H- 2K I [d] WK E-6- F IS (2m):
ORI AR, WE 71.45%. mp. 97.7~98.6 C; 'H NMR
(400 MHz, DMSO-dj) o: 8.21 (d, J=1.4 Hz, 1H), 7.90 (d,
J=8.3 Hz, 1H), 7.70 (dd, J=8.3, 1.5 Hz, 1H), 7.29 (s,
1H), 7.27 (d, J=2.1 Hz, 2H), 7.26~7.23 (m, 2H), 7.07~
6.99 (m, 2H), 6.93~6.86 (m, 1H), 6.66 (td, J=7.5, 1.0 Hz,
1H), 5.56 (s, 2H); *C NMR (101 MHz, DMSO-d;) d:
155.97, 148.01, 145.12, 136.45, 135.05, 132.21, 130.78,
129.22, 128.22, 127.09, 126.62, 120.11, 119.89, 117.01,
116.69, 116.50, 111.30, 105.08, 48.38; IR (KBr) v: 3442,
3032, 2222, 1615, 1452, 1329 cm '; HRMS caled for
CoH 2N, [M+H]" 325.1448, found 325.1448.

1-R 30 (4- B FE K ) -1 H-K I [d] K E-6- H i (20):
R OK AR, 77F 71.67%. mp. 1504~1512 C; 'H
NMR (400 MHz, DMSO-d;) J: 8.28 (d, J=1.5 Hz, 1H),
791 (d, J=8.4 Hz, 1H), 7.87~7.79 (m, 1H), 7.59~7.53
(m, 2H), 7.44~7.28 (m, 4H), 7.14 (dd, J=8.5, 6.7 Hz,
2H), 6.80~6.72 (m, 2H), 5.75 (s, 2H); “C NMR (101
MHz, DMSO-ds) J: 156.09, 152.03, 149.40, 135.93,
134.82, 131.50, 131.02, 129.44, 128.39, 128.21, 126.88,
126.80, 119.63, 117.82, 117.37, 114.72, 106.08, 48.90; IR
(KBr) v: 3442, 3032, 2222, 1615, 1452, 1329 cm'; HRMS
caled for Cy H 7N, [M+H]" 325.1448, found 325.1446.

1= -2~ (WR I -2- 58 )- 1 H-2K I [d] WK P -6- F I (2p):
WO AR, 77F 82.76%. mp. 1923~193.8 C; 'H
NMR (400 MHz, CDCl;) d: 7.93~7.84 (m, 1H), 7.61~
7.52 (m, 3H), 7.44~7.33 (m, 4H), 7.12 (td, J=7.1, 6.3,
2.7 Hz, 3H), 5.64 (s, 2H); >*C NMR (101 MHz, CDCl5) ¢:
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145.96 , 135.96, 134.86, 130.87 , 130.25, 129.48, 129.00,
128.42, 128.31, 126.59, 125.75, 120.70, 114.81, 105.93,
48.63; IR (KBr) v: 3126, 2219, 1603, 1501, 1456, 1414
cm '; HRMS caled for CoH42N;O [M+H]" 300.1131,
found 300.1131.

1-"% JE-2- (W) -2-38)- 1 H-2K I [d] WK e-6- FF i (2q):
HEF AR, 723 80.19%. m.p. 221.9~223.4 C; '"HNMR
(400 MHz, CDCLy) 8: 7.86 (d, J=8.4 Hz, 1H), 7.63 (d, J=
1.7 Hz, 1H), 7.59 (d, J=1.4 Hz, 1H), 7.54 (dd, J=8.4, 1.5
Hz, 1H), 7.38~7.30 (m, 3H), 7.25 (d, J=3.6 Hz, 1H),
7.14 (d, J=2.1 Hz, 1H), 7.13 (t, J=1.8 Hz, 1H), 6.62 (dd,
J=3.6, 1.8 Hz, 1H), 5.75 (s, 2H); °*C NMR (101 MHz,
CDCly) d: 147.32, 145.98, 145.14, 144.32, 135.36, 135.23,
129.23, 128.31, 126.62, 126.25, 120.66, 119.74, 114.90,
112.46, 105.94, 48.84; IR (KBr) v: 3109, 3056, 2214,
1611, 1454, 1283 cm'; HRMS caled for CioH;4,N;3S M-+
H]" 316.0903, found 316.0907.

1- R 5E-2- FE- 1 H- R IE[d) K E-6- F T (2r): 1Rk 2E
WA, % 43.51%. m.p. 118.8~119.5 ‘C; 'H NMR (400
MHz, CDCL) d: 7.72 (d, J=8.4 Hz, 1H), 7.47~7.37 (m,
2H), 7.30~7.20 (m, 3H), 6.98~6.90 (m, 2H), 5.28 (s,
2H), 2.84 (q, J=7.5 Hz, 2H), 1.36 (t, J=7.5 Hz, 3H); 1°C
NMR (101 MHz, CDCly) &: 158.98, 144.54, 134.03,
133.75, 128.23, 127.35, 125.05, 124.76, 119.13, 118.90,
113.25, 104.12, 46.18, 20.04, 10.39; IR (KBr) v: 3451,
3033, 2215, 1613, 1457, 1252 c¢cm™'; HRMS caled for
C7H,¢N3 [M+H]" 262.1339, found 262.1342.

1R 2E-2-T B L H- 2R IR [d] KPR -6- FF i (2s): 3 (2 [
&, PRER 45.24%. m.p. 127.4~128.6 C; 'H NMR (400
MHz, CDCL) d: 7.72 (d, J=8.2 Hz, 1H), 7.46~7.37 (m,
2H), 7.31~7.22 (m, 3H), 7.02~6.84 (m, 2H), 5.29 (s,
2H), 2.94~2.68 (m, 2H), 1.89~1.63 (m, 2H), 1.34 (dt,
J=14.7, 7.4 Hz, 2H), 0.85 (t, J=7.3 Hz, 3H); °C NMR
(101 MHz, CDCl;) &: 158.18, 144.57, 133.90, 133.80,
128.23, 127.36, 125.04, 124.78, 119.09, 118.91, 113.32,
104.07, 46.27, 28.40, 26.34, 21.49, 12.71; IR (KBr) v:
3444, 3028, 2952, 2215, 1616, 1500,1457 cm'; HRMS
caled for CioHaoN; [M+H]" 290.1652, found 290.1649.

1-2K 2,38 -2- 2R B - L H- 2R FF [d k-6 FE G (2t): 1 £
WA, P2% 87.17%. m.p. 133.3~134.1 “C; 'H NMR (400
MHz, CDCl3) 6: 7.85 (d, J=8.3 Hz, 1H), 7.65 (s, 1H),
7.59~7.42 (m, 6H), 7.18 (d, J=7.4 Hz, 3H), 6.84 (d, J=
6.9 Hz, 2H), 4.49 (t, J=7.3 Hz, 2H), 3.03 (t, J=7.3 Hz,
2H); °C NMR (101 MHz, CDCly) &: 157.19, 145.83,
136.71, 135.04, 130.41, 129.25, 129.19, 128.88, 128.83,
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128.58, 127.26, 126.01, 120.90, 119.92, 115.07, 105.53,
46.60, 35.91; IR (KBr) v: 3449, 3056, 3026, 2218, 1609,
1443 cmfl; HRMS caled for CyH;gNj [M—I—H]+
324.1495, found 324.1498.

2- TR FE1-(3- AN 3 )-1H-2K 3 [d] K ML -6- H i (2u):
MR, 77F 91.62%. m.p. 132.7~134.1 ‘C; '"HNMR
(400 MHz, CDCl;) 6: 7.87 (dd, J=8.2, 2.0 Hz, 1H), 7.65
(d, J=7.4 Hz, 2H), 7.60~7.44 (m, 5H), 7.33~7.27 (m,
2H), 7.25 (d, J=6.6 Hz, 1H), 7.09 (d, J=7.3 Hz, 2H), 4.26
(td, J=7.8, 2.0 Hz, 2H), 2.68~2.57 (m, 2H), 2.23~2.09
(m, 2H); *C NMR (101 MHz, CDCl3) J: 156.67, 145.61,
139.72, 135.13, 130.63, 129.21, 129.12, 129.04, 128.77,
128.31, 126.66, 126.13, 120.83, 119.85, 114.96, 105.63,
44.30, 32.67, 31.04; IR (KBr) v: 3446, 3025, 3026, 2929,
2217, 1611, 1446 cm™'; HRMS caled for Co3HyoN; [M+
H]" 338.1652, found 338.1653.

4 BT KL (Supporting Information) L&) 1a~1c
2a~2u (] '"H NMR, “C NMR, IR Al HRMS &, ixsk
FEEFAT PL 50 9% AT X 38 (http://sioc-journal.cn/) b F %%,
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