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Synthesis of 1,2,4-Trisubstituted Imidazoles via Sequential
Staudinger/aza-Wittig/Aromatization Reaction

Xie, Hai* Zhang, Yali Qin, Xiuting Gu, Yongxin*
(College of Chemistry and Chemical Engineering, Shanxi Provincial Key Laboratory of Chemical Biosensing,
Shanxi Datong University, Datong, Shanxi 037009)

Abstract An efficient and convenient route for the synthesis of 1,2,4-trisubstituted imidazole derivatives was described.
Benzamide derivatives containing alkenylazide as the basic raw materials were treated with triphenyl phosphorus, and
subsequently 1,2,4-trisubstituted imidazole derivatives were synthesized by a sequential Staudinger/aza-Wittig/aromatization
reaction. The reaction is characterized by cheap and easy to obtain starting materials, mild reaction conditions, metal-free
catalysts, and simple operation. It is an ideal and efficient synthesis strategy of 1,2,4-trisubstituted imidazole heterocyclic

compounds.
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Staudinger 302 H F A HL & B A SV B
WAL, HENEREPNE Ny 8771, RN SREGE
W, RELFHELHE, F5 aza-Wittig SV BAE
M, 1EA—MLEAF &S E C=N 5% HKTF
By — HHEA NI E P, SN, R
PEMRTERL, SR A A A, 3 A RAE B AR IR 1) & BTV
SRR T BB, S FRA TR B 455017 N H R
IX[Y) Staudinger/aza-Wittig & 6 BCHT L& 2 30 5 TH
G 7 — S pl i, T DL S, AN RS
R AR R, H148 1 & A I S W AR I 2K P R AT
Aok b A, BE SR A B BRI Staudinger/aza-Wit-
tig/ 75 MM B e 1,2,4- = HUR DK ERT A4, SR T
C=N HEZmERE, R T aza-Wittig [ 8 7E K
e &PE Berb iR,

1 &HR510R

2, AT 5 A3 M) S U 1 R e N BAR
JEY, F BRI, AL E MBS RR AF AL, nT L
84% 1= &Il 15 0 Jiz. s 1l 75 1) I fig P 2 B AL A Ji
BRI S E M IR Z (22), (H A G, RA
43%, 1 H R Nk RE A, B, FRATIZ I 255 Sk
[51], EF T “—8” RAEWD RPN, WHEARIE)FE R
“—Hy” AT, RR$EE T OB ER 2a PR, RN
AR T MR (Scheme 1), Bl 751 88 A) 44 2a
R R R A — AN BRI A s B, BIVAT DL 88% = 2 il
BEERESEIEN NRERFEZGa) R 1), b5,
T RPRTEE, X TR R R N, To 2 T
B eIt & NE W R R # T LR A2 X F B B, Toie
S 77 B R S 2 B P I gt S, 78 T AR A5 21 25 Y gk
A= 4) 3.

BRI E RS R N- KR 3a
SRR, RAEZ M) Staudinger N, %N
M k. &R e F RS R N T Esk “—H”
JRE 7 A % 22 AT, A R N g F T K R 2R AR R,
Staudinger SV ANFE E N, H IR T AT BB A A,
R LA I S e I ST A 4a, [ I STAE 4a 7N
WA TR RAEDTWI aza-Wittig OB, RIS & 455
I, OB 12 h A2 A7 BRI AT i1 4-753E-1,2- 7R -
1H-IKM:(6a) (Scheme 2). A8 WA g BEATA AL, N
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Scheme 1 Optimization of preparation route of N-(2-azido-3-
phenylallyl)aniline (2a)

1 RPBIEATEY 3 %
Table 1 Preparation of benzamide derivatives 3
H_RZ 3 sz
R1Y R>COCI R1/\K—N7]/R3
N, NEts, CH,Cly, 6 h N, 4

-HCI

2a~2m 3a~3m
Compd. R! R? R? Yield*/%
3a CeHs CeHs CeHs 88
3b CeHs CeHs 4-MeCsHa 84
3¢ CeHs CeHs 4-ClCsHa 89
3d CeHs CeHs 4-BrC¢H4 81
3e CeHs CeHs 4-FCeH4 90
3f CeHs CeHs 4-NO2CsH4 80
3g CeHs 4-ClCsHs  CeHs 86
3h CeHs 4-MeCsHs  CeHs 85
3i CeHs 2-CICéHs  CeHs 84
3j CeHs 4-CIC¢Ha  4-MeOC¢Ha 83
3k CeHs 2-Furyl Ce¢Hs 80
31 4-FCeHs CeHs 4-MeCsHa 86
3m Me CeHs CeHs 79
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@ Isolated yield.

AL T AR R B R, 52T R RNE
FEl, @€ 2 Pros. S5 &GS HI73H 3a~3m 0]
DUAR G 15 B OCH I 5 M4 1724 6a~6m, {H 4 fii
U R e 5 T 7 IR S 1 R B AN RE R AR, AN REAR 3%
=) 6n~6p, FRATIA N AE BT IR a0 5 i 6 A 15 BE A,
PRIEVEFRAR, ARERAED TN aza-Wittig [,

MR A SRR TE S FRATTUR A i 22 5652, HE I 1 )R
MNAVERUNT: Mt SR 1 A5 Fiier-=4Wig, HiE
SR AT B RN S AL BNIR S, B 5 A4S B () R 5L B B A
PIEEIR AT AR 2 TN 05 TR SR AR R e Ak, 3152
AIGE B EIEN) N-RER AW 3, 3 HHEAEEH =
FRIE AL F B R, KA Staudinger [ A5 F [V %
MarfE 4, 4 THESE, BEKESTH aza-Wittig K
N, 153 AR SR 5, 5 IR AU R A T R
L, BRI R H AR A 1,2,4- —HURBRATAEDY) 6
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Table 2 Preparation of 1,2,4-trisubstituted imidazoles 6

R1\/\

~R% (1) PPh,, toluene, rt. R!
N (1) PPhg, ) /Y\N—Rz

N3)\

(0]
3a~3m

R3

(2)115°C, 10 h

CH
6b, 76%

6a, 79%

F NO,

6e, 80% 6f, 79%

Sanle

6i, 82% 6, 82% C'
H3C/Y\N_© N
N= N=
6m,71% 6n, NR

@/\’\’:\N_Q_OCH3 m/\\N_Q

6¢c, 84%

O -0

6d, 73%

N= ’

6g, 90% 6h, 93%

CH
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Ol onsYe
N§<N\
60, NR 6p, NR
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N, NaBH(OAc);3 N3 NEt3, CH,Cl, N o
AcOH -HCl ®
1 2
Staudinger reaction PPhj | toluene
-N2 r.t.
R1’Y\ N H BZ
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\< s [1,3]-H migration Nx - OPPh3 N//—‘\g]/
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Scheme 3 Proposed reaction mechanism

MEENAL S, A TR B« 2RI 35 AT A &
IR L, IRIESRAL SR A T — R (K & OV, TH]
I 2 B AT SEEL vE 5 A, AT T8 KPR S5 A LT
2o T IETERTE.

3 XIS

B 5t F

OO AR E T R LR IE; 4 A 6
Perkin-Elmer Spectrum One ZL 46 G 7€ ; "H NMR Al
13C NMR {# il AVANCE NEO 500M A%t 3L 4R (43 591 9
500 F1 125 MHz), bl CDCL 7EH7], TMS NN R34,
173 FR T (HRMS) i 225848 6224 TOF LC/MS Jgitk
e, N EL.

JT AR 3 S5 35 O [ = A 22 2l sl o i, FR A
AU B K E A T 3~5 d. AR 200~
300 HEER:, HEMO(TLOEREM 60F254 i FitkiT,
I = FHEE MY 265 nm 2240 HE S 0 82
3.2 ZLWHE
32.1 PIEAK 3 894 %

SRR 115225 CR[53] & . H &R A HEE 1
(20 mmol). FFFZEfEZ (20 mmol ) FIVKESEZ (40 mmol)iE T
30 mL CH,Cl, H, ¥ MR A WiE T VKoK it FE,
I NESBR B E AL #5(60 mmol), 7 MEasE, 2K
KW, FEIE RHEEE 3 h TLC W e M se e, 5 I Bl
BIAIKF, B CH,Cly (20 mL X 3)ZHL, AT HhK ik
— WK, TCKBREREE T 1, Bk, el ks e, M
FEMA RO VA | MR =15 1175k
g, 153 A AR RS E RGN R AEY 2, 77
K 74%~88%.

TEVKAKMT AT, KR B BRI R AT AR
2 (5 mmol) A1 = Z. (5.1 mmol)¥& T 20 mL CH,CL, 7, [
SNSRI R 05 mmol), i 0 5 B,

s vOKH, RN RNZ) 6 h. TLC Bl 8 58

3.1
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e, K R NI K, H 48R 4HEQR0 mL X 3)AEHL,
TR SRR P — IR, ToKBREREE T 15, ik, WeEEw
R AR I, M= ik [VCaE M) @ LR 4
BE)=9 : 1] E4eal, 530 aE1E 3, 72 80%~90%.

(2)-N-(2- B k-3 T8 05 T 2k )-N- 2R 2% R 19t fiz (3a):
FOE K, 1.56 g, 7% 88%. m.p. 84.0~85 C; 'H NMR
(500 MHz, CDCL) d: 7.53~7.09 (m, 15H, ArH), 5.71 (s,
1H, CH), 4.93 (s, 2H, CH,); 3C NMR (125 MHz, CDCl;)
5: 170.7, 142.0, 135.6, 134.6, 131.4, 130.0, 129.4, 129.0,
128.7, 128.3, 128.1, 127.9, 127.5, 127.5, 126.1, 119.2,
52.1; IR (KBr) v: 2108, 1640, 1596, 1491, 1444, 1394,
1370, 1281 cm '; HRMS (ESI) caled for CxHisNsNaO
[M+Na]" 377.1481, found 377.1371.

(2)-N-(2-78 B Fk-3- 2805 T4 Jk )-4- FH - N- 2R R HA
i (3b): WEEAEK, 077 g 77F 84%. m.p. 89.0~
90.5 ‘C; '"H NMR (500 MHz, CDCls) d: 7.51~6.96 (m,
14H, ArH), 5.69 (s, 1H, CH), 4.93 (s, 2H, CH,), 2.23 (s,
3H, CHs); 3C NMR (125 MHz, CDCl3) 8: 170.7, 142.4,
140.3, 134.6, 132.6, 131.5, 129.4, 129.0, 128.56, 128.3,
128.0, 127.4, 127.4, 126.1, 119.0, 52.2, 21.5; IR (KBr) v:
2105, 1647, 1596, 1495, 1450, 1375, 1269 cm '; HRMS
(ESI) caled for CysHaN4O [M+H]" 369.1637, found
369.1715.

(2)-N-(2-7 B FE-3 -8 M5 T4 Jik )-4- S -N- 2R 5 K T
(3e): L EEA, 086 g FFF 89%. mp. 101.0~
101.5 °C; '"H NMR (500 MHz, CDCls) d: 7.50~7.07 (m,
14H, ArH), 5.68 (s, 1H, CH), 4.92 (s, 2H, CH,); '*C NMR
(125 MHz, CDCly) 6: 169.6, 141.7, 136.1, 134.5, 134.0,
131.1, 130.5, 129.7, 129.4, 129.0, 128.2, 128.0, 127.8,
127.8, 126.0, 119.5, 52.2; IR (KBr) v: 2105, 1656, 1593,
1492, 1450, 1385, 1278, 995 cm™!; HRMS (ESI) calced for
C2HsCIN4O [M+H]" 389.1091, found 389.1175.

(2)-N-(2-B B HE-3- TR M5 T 2L )-4-JR-N- 2R B 2 FR e
(3d): K E A, 0.88 g FFE 81%. mp. 89.5~
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90.5 ‘C; '"H NMR (500 MHz, CDCl3) &: 7.50~7.07 (m,
14H, ArH), 5.68 (s, 1H, CH), 4.92 (s, 2H, CH,); '*C NMR
(125 MHz, CDCls) 6: 169.6, 141.7, 134.5, 131.2, 131.1
130.4, 129.6, 129.0, 128.3, 128.1, 127.8, 127.6, 126.0,
124.6, 119.6, 52.2; IR (KBr) v: 2105, 1647, 1590, 1492,
1450, 1382, 1275, 989 cm™!; HRMS (ESI) calcd for Cpo-
HsBrN,O [M+H]" 433.0586, found 433.0675.
(Z)-N-(2-78 B8 HE-3- TR M5 T 5 )-4- Fi. - N- 2R 5k 2% P g e
(Be): RE OB A, 1.67 g 7% 90%. mp. 76.5~
77.0 “C; 'H NMR (500 MHz, CDCls) J: 7.51~6.84 (m,
14H, ArH), 5.69 (s, 1H, CH), 4.94 (s, 2H, CH,); *C NMR
(125 MHz, CDCl3) 8: 169.7, 165.8 (J=248.8 Hz), 142.0,
140.4, 134.5, 131.5, 131.1, 129.7, 129.6, 129.0, 128.4,
128.3, 128.1, 127.7, 127.5, 127.3, 126.0, 119.4, 115.0 (J=
6.25 Hz), 52.3, 48.4, 36.3; '°F NMR (500 MHz, CDCl;) ¢:
109.49 (s, 1F); IR (KBr) v: 2108, 1647, 1596, 1492, 1450,
1385, 1278, 989 cm '; HRMS (ESI) caled for CyH,7F-
NyNaO [M+Na]" 395.1386, found 395.1291.
(Z)-N-(2-7 ZFE-3- 2R T4 2k )-4- il i - -2 5 2 T
i 3f): A EE R, 079 g 75 F 80%. m.p. 99.6~
100.1 “C; '"H NMR (500 MHz, CDCls) 6: 7.52~7.08 (m,
14H, ArH), 5.69 (s, 1H, CH), 4.95 (s, 2H, CH,); '*C NMR
(125 MHz, CDCly) 6: 170.6, 140.5, 135.3, 134.4, 133.3,
130.6, 129.6, 129.4, 129.3, 129.1, 129.0, 128.7, 128.4,
128.1, 127.6, 119.6, 52.1; IR (KBr) v: 2105, 1652, 1596,
1492, 1349, 1278, 989 cm !'; HRMS (ESI) caled for
C2HsNsOs [M+H]" 400.1331, found 400.1397.
(Z)-N-(2-B B FH-3- IR U J5)-N-(4- R 5L 2K Ik
f&(3g): F B A, 083 g ;% 86%. m.p. 94.0 ~
94.5 °C; 'H NMR (500 MHz, CDCl3) &: 7.52~7.01 (m,
14H, ArH), 5.69 (s, 1H, CH), 4.92 (s, 2H, CH,); *C NMR
(125 MHz, CDCLs) d: 170.6, 140.5, 135.3, 134.4, 133.3,
130.6, 129.6, 129.4, 129.3, 129.1, 129.0, 128.7, 128.4,
128.1, 127.6, 119.6, 52.1; IR (KBr) v: 2111, 1644, 1602,
1492, 1450, 1385, 1287, 989 cm ™ '; HRMS (ESI) caled for
C2H7CINyNaO [M+Na]" 411.1091, found 411.0998.
(Z)-N-(2-78 ZHE-3- 28 I A 22 )-N- (o H 2 058 ) 24 P G
% (3h): RFE A A, 0.78 g, F°F 85%. m.p. 73.5~
74.0 ‘C; '"H NMR (500 MHz, CDCl3) &: 7.51~6.96 (m,
14H, ArH), 5.69 (s, 1H, CH), 4.93 (s, 2H, CH,), 2.23 (s,
3H, CHs); 3C NMR (125 MHz, CDCly) &: 170.7, 142.4,
140.3, 134.6, 132.6, 131.5, 129.4, 129.0, 128.9, 128.6,
128.3, 128.0, 127.4, 127.4, 126.1, 119.0, 52.2, 21.5; IR
(KBr) v: 2106, 1644, 1580, 1514, 1384, 1281, 992 cm !;
HRMS (ESI) caled for Cz;3HoN4NaO [M + Na] *
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391.1630, found 391.1534.

(Z)-N-(2- 7B B HE-3- 005 T 3 )-N-(2- S 2R Jk ) 2R H I
J(3i): WFE O, 081 g % 84%. m.p. 100.5~
101.5 °C; '"H NMR (500 MHz, CDCl;) &: 7.48~7.10 (m,
14H, ArH), 5.63 (s, 2H, CH,), 4.25 (d, J=15 Hz, 1H, CH);
13C NMR (125 MHz, CDCl3) 6: 171.0, 138.7, 135.5, 134.5,
133.0. 131.9, 131.1, 130.6, 130.1, 129.6, 129.0, 128.3,
128.0, 127.8, 127.7, 127.6, 120.2, 50.4; IR (KBr) v: 2102,
1646, 1578, 1479, 1449, 1382, 1283, 986 cm '; HRMS
(ESI) caled for C»H;7CINyNaO [M+Na]® 411.1091,
found 411.0992.

(Z)-N-(2- 8 5 -3- 8 I 9 2k )-4- G i -N-(4- 48U 0k
ARH) R LI (3)): A, 1.74 g, 773 83%. m.p.
89.3~90.1 “C; 'H NMR (500 MHz, CDCl3) §: 7.52~6.72
(m, 13H, ArH), 5.66 (s, 1H, CH), 4.88 (s, 2H, CH,) 3.73 (s,
3H, CHs); 3C NMR (125 MHz, CDCl3) d: 169.8, 158.8,
135.9, 134.5, 134.3, 134.2, 131.3, 130.2, 129.3, 129.0,
128.3, 128.2, 127.5, 119.6, 114.7, 55.5, 52.4; IR (KBr) v:
2102, 1644, 1586, 1516, 1456, 1384, 1272, 989 cm !
HRMS (ESI) caled for CaHoCINyNaO, [M + Na] *
441.1193, found 441.1097.

(2)-N-(2-B B HE-3- 2R T 25k )- V- 2R D5 I g - 2- P 5 e
(3k): TELEE, 0.69 g, =% 80%. m.p. 89.5~90.3 C;
'H NMR (500 MHz, CDCl;) 0: 7.66~7.19 (m, 10H, ArH),
6.56~6.55 (m, 1H, CH), 6.21~6.20 (m, 1H, CH), 5.77 (d,
J=5Hz, 1H, CH), 5.64 (s, 1H, CH), 4.86 (s, 2H, CH,); 1*C
NMR (125 MHz, CDCls) 6: 159.2, 145.0, 144.3, 141.1,
134.5, 131.1, 129.8, 129.0, 128.7, 128.3, 127.5, 124.6,
120.0, 119.7, 117.3, 115.4, 112.7, 111.2, 52.3; IR (KBr) v:
2104, 1644, 1592, 1472, 1403, 1279, 992 c¢m !; HRMS
(ESI) caled for Ca0HsN4NaO, [M+Na]™ 367.1263, found
367.1165.

(Z)-N-(2- 3 B HE-3-(4- A FE) M T 5 )-4- F e -N- 2K
FLOR R R 3)): BEE AR, 070 g FFE 86%. m.p.
102.0~102.6 ‘C; '"H NMR (500 MHz, CDCls) 6: 7.50~
6.95 (m, 13H, ArH), 5.65 (s, 1H, CH), 4.92 (s, 2H, CH,),
2.25 (s, 3H, CH3); 3C NMR (125 MHz, CDCl;) d: 170.7,
162.8, 160.8, 142.4, 140.4, 132.6, 131.2, 130.8, 130.7,
129.4, 129.0, 128.6, 128.0, 127.4, 117.8, 115.3, 115.1,
52.1, 21.5; 'F NMR (500 MHz, CDCl3) 6: 113.77 (s, 1F);
IR (KBr) v: 2110, 1650, 1592, 1505, 1380, 1281, 986
cm '; HRMS (ESI) caled for Ca3HoN4FNaO [M+Na]®
409.1543, found 409.1442.

(2)-N-(2- BRI -2-H5 -1 )-4- F I V-4 3 2 A
2 (3m): A EEA, 049 g F5HE 79%. mp. 60.6~
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61.1 ‘C; '"H NMR (500 MHz, CDCl;) §: 7.30~7.03 (m,
10H, ArH), 4.91 (dd, J=5Hz, 1H, CH), 4.74 (s, 2H, CH,),
1.57 (d, J=10 Hz, 3H, CH3); '*C NMR (125 MHz, CDCl5)
9: 170.7, 142.2, 135.9, 131.9, 129.9, 129.2, 128.7, 128.1,
127.9, 127.8, 127.3, 116.3, 51.3, 12.2; IR (KBr) v: 2104,
1640, 1595, 1493, 1396, 1283, 914 cm !; HRMS (ESI)
caled for Ci7HsN4NaO [M-l-Na]+ 315.1324, found
315.1217.
322 1,2,4-ZBURRLET A4 6 696 A%

VI e B U 1 2R FR BRI AR 3 (2 mmol)¥ T+ 15
mL F2RH, FEREAE T oMM =52 B2 mmol),
SN2) 10 h. TLC Wil S 7S 2B i, K S S m #4
& 115 C, FFgR M 12 h. TLC Wil Bisg ke, ek
FIRAGTHRL =), AL EIEVCHME) @ (LR LTR)=
9 I 1] Esieal, SR MR EY 1,2,4- = BURIKPAT A
Y6, 173 65~86%.

4-7RH-1,2- T OR L L H-IK I (6a): ¥ 1R EA L] 1A, 0.47
g, IHF 76%. m.p. 90.1~90.6 C; 'H NMR (500 MH,
CDCl;) d: 7.41~7.16 (m, 15H, ArH), 6.69 (s, 1H, CH),
4.07 (s, 2H, CH,); 3C NMR (125 MHz, CDCl;) ¢: 146.2,
142.5, 140.0, 138.7, 130.5, 129.4, 129.2, 128.8, 128.5,
128.4, 128.2, 128.0, 126.3, 125.9, 119.99, 35.23; IR (KBr)
v: 1595, 1555, 1500, 1413, 1328, 1190, 1068, 980 cm !;
HRMS (ESI) caled for CpHpN; [M+H]" 311.1470,
found 311.1547.

4RI -1- IR B -2-(4- FHRR R L )- 1 H-K e (6b): [ 5
44, 0.21 g, 773 65%. m.p. 100.9~101.5 C; 'H NMR
(500 MHz, CDCls) 6: 7.39~7.03 (m, 14H, ArH), 6.65 (s,
1H, CH), 4.06 (s, 2H, CHy), 2.30 (s, 3H, CH;); *C NMR
(125 MHz, CDCLy) J: 146.4, 142.4, 140.0, 138.8, 138.3,
129.4, 129.3, 129.0, 128.7, 128.5, 127.9, 127.6, 126.3,
125.9, 119.8, 35.3, 21.41; IR (KBr) v: 1597, 1561, 1498,
1423, 1394, 1182, 1070, 976 cm ™ '; HRMS (ESI) calcd for
Ca3HaN; [M+H]" 325.1626, found 325.1700.

4-"RHE-2-(4-FUR L) 1- TR - L H-WK M (6¢): 1 E4 [F]
1%, 025 g, F2F 72%. m.p. 157.2~158.9 C; 'H NMR
(500 MHz, CDCl3) d: 7.39~7.15 (m, 14H, ArH), 6.68 (s,
1H, CH), 4.05 (s, 2H, CH,); 3C NMR (125 MHZ, CDCl;)
5: 145.1, 142.7, 139.8, 138.4, 134.4, 130.0, 129.6, 128.9,
128.7, 128.5, 128.4, 128.3, 126.4, 125.9, 120.3, 35.2; IR
(KBr) v:1595, 1555, 1496, 1450, 1424, 1296, 1070, 976
cm '; HRMS (ESI) caled for CpH;gCIN, [M+H]'
345.1080, found 345.1151.

4-TRFED-(4-TR IR FE)-1- TR B L H-IK W (6d): 35 5[]
&, 032 g, 7*% 81%. m.p. 178.6~179.2 C; 'H NMR
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(500 MHz, CDCLy) 6: 7.38~7.14 (m, 14H, ArH), 6.69 (s,
1H, CH), 4.04 (s, 2H, CH,); C NMR (125 MHz, CDCl;)
5: 145.1, 142.7, 139.8, 138.4, 131.5, 130.2, 129.7, 129.2,
128.6, 128.4, 126.4, 125.9, 122.8, 120.4, 35.2; IR (KBr) v:
1597, 1557, 1496, 1424, 1298, 1182, 1073, 974 cm
HRMS (ESI) caled for C»H;sBrN, [M+H]" 389.0575,
found 389.0653.

4RI 2-(4- TR FL)-1- IR BE - L H-IK W (6e): 7% 35 4
[E4A, 0.51 g, 773 78%. m.p. 119.2~119.9 ‘C; '"H NMR
(500 MHz, CDCL3) d: 7.39~6.91 (m, 14H, ArH), 6.68 (s,
1H, CH), 4.05 (s, 2H, CH,); 3C NMR (125 MHz, CDCl;)
5: 163.9 (J=246.25 Hz), 161.9, 145.3, 142.4, 139.9, 138.5,
130.7, 129.6, 129.2, 128.6, 128.2, 126.4, 125.9, 120.0,
115.4 (J=21.25 Hz), 35.2; '°F NMR (500 MHz, CDCl;) §:
112.66 (s, 1F); IR (KBr) v: 1600, 1528, 1502, 1425, 1161,
1070, 980 cm '; HRMS (ESI) calcd for CoH sFN, [M—+
H]" 329.1376, found 329.1457.

4- L 2-(4- P I TR L )-1- TR FE -1 H-K e (6f): ¥ (8
[E1A, 0.24 g, 773 70%. m.p. 169.1~169.9 “C; 'H NMR
(500 MHz, CDCL3) d: 8.10~7.22 (m, 14H, ArH), 6.78 (s,
1H, CH), 4.07 (s, 2H, CH,); 3C NMR (125 MHz, CDCl;)
5: 146.4, 143.7, 143.6, 139.5, 138.1, 136.2, 134.1, 129.9,
129.2, 129.1, 128.7, 126.5, 126.0, 123.6, 122.6, 121.7,
35.1; IR (KBr) v: 1597, 1517, 1456, 1422, 1336, 1178,
1070, 974 cm™'; HRMS (ESI) caled for Ca,H sN30, [M+
H]" 356.1321, found 356.1406.

4-EF1-(4-FFR ) 2-FR -1 H-PK M (6g): IR P R
[, 0.29 g, 7% 86%. m.p. 162.5~163 ‘C; 'H NMR
(500 MHz, CDCL3) d: 7.39~6.91 (m, 14H, ArH), 6.69 (s,
1H, CH), 4.04 (s, 2H, CH,); 3C NMR (125 MHz, CDCls)
5: 146.3, 142.8, 139.8, 137.2, 133.7, 130.2, 129.6, 129.1,
128.8, 128.5, 128.4, 127.0, 126.3, 119.7, 35.2; IR (KBr) v:
1596, 1553, 1495, 1421, 1182, 1068, 976 cm '; HRMS
(ESI) caled for CpHisCIN, [M+H]" 345.1080, found
345.1157.

4-R I TR I -1-(4- F L ZRIE)- 1 H-IK M (6h): 1 (8
[E4A, 0.28 g, 7% 86%. m.p. 50.7~51.3 ‘C; 'H NMR
(500 MHz, CDCL3) d: 7.41~7.03 (m, 14H, ArH), 6.65 (s,
1H, CH), 4.05 (s, 2H, CH,), 2.36 (s, 3H, CH3); '*C NMR
(125 MHz, CDCly) 6: 146.2, 142.2, 139.9, 138.1, 136.1,
130.4, 130.1, 129.3, 128.8, 128.6, 128.4, 128.3, 126.3,
125.7, 120.2, 35.2, 21.2; IR (KBr) v: 1564, 1516, 1467,
1411, 1184, 1068, 980 cm '; HRMS (ESI) calcd for
Ca3Hy N, [M+H]" 325.1626, found 325.1705.

4-7F - 1-(2- FUR I )-2- TR - 1 H-WK P (6i): 1 (5[]
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1%, 0.27 g, 773 78%. m.p. 48.8~49.1 °C; 'H NMR (500
MHz, CDCl) d: 7.47~7.20 (m, 14H, ArH), 6.65 (s, 1H,
CH), 4.08 (s, 2H, CH,); *C NMR (125 MHz, CDCl;) ¢:
147.1, 142.4, 139.9, 136.6, 131.9, 130.7, 130.1, 129.6,
129.2, 128.6, 128.3, 128.1, 127.8, 126.3, 120.1, 35.2; IR
(KBr) v: 1559, 1487, 1469, 1401, 1192, 1060, 976 cm !;
HRMS (ESI) caled for CHisCIN, [M+H]" 345.1080,
found 345.1153.

4N FE 2-(4- BUA HE)-1-(4- FP A 3 R R )-1 H- 1k
(6j): FAMEA, 0.61 g, =% 82%. m.p. 112.5~113.2 C;
'H NMR (500 MH, CDCl;) 6: 7.38~6.86 (m, 13H, ArH),
6.64 (s, 1H, CH), 4.04 (s, 2H, CH,), 3.82 (s, 3H, CH3); '*C
NMR (125 MHz, CDCls) 6: 159.5, 145.0, 142.1, 139.7,
134.6, 131.2, 129.9, 129.2, 128.6, 127.2, 126.4, 122.4,
120.6, 114.8, 55.7, 35.0; IR (KBr) v: 1547, 1518, 1458,
1297, 1252, 1180, 980 c¢cm '; HRMS (ESI) caled for
C23Ha0CIN,O [M+H]" 375.1186, found 375.1270.

4-TRBE -2 (PRI -2-F5)-1- R JE- 1 H-BK W (6K): 4 £ [F]
1%, 0.23 g, 773 78%. m.p. 64.2~64.9 ‘C; 'H NMR (500
MHz, CDCls) d: 7.44~7.26 (m, 10H, ArH), 7.23~7.20
(m, 1H, CH), 6.61 (s, 1H, CH), 6.29~6.28 (m, 1H, CH),
6.01 (d, J=5 Hz, 1H, CH), 4.05 (s, 2H, CHy); '*C NMR
(125 MHz, CDCLy) d: 143.0, 142.4, 139.6, 138.6, 138.0,
1323, 129.5, 129.2, 129.0, 128.6, 126.5, 126.4, 119.8,
111.3, 109.9, 34.9; IR (KBr) v: 1559, 1503, 1408, 1218,
1152, 1074, 901 cm™'; HRMS (ESI) calcd for CaoH;7N20
[M+H]" 301.1263, found 301.1346.

A-(4-F K ) 1- A2 -2-ON FE 3L )- 1 H-IK R (61):
E K, 028 g, 7% 81%. m.p. 82.6~83.4 C; 'H NMR
(500 MHz, CDCl3) d: 7.35~6.98 (m, 13H, ArH), 6.66 (s,
1H, CH), 4.03 (s, 2H, CH,) , 2.31 (s, 3H, CH3); *C NMR
(125 MHz, CDCly) 6: 162.7, 160.7, 146.5, 138.7, 130.7,
130.6, 129.5, 129.1, 128.7, 128.1, 125.9, 119.8, 115.4,
115.2, 34.3, 21.4; F NMR (500 MHz, CDCLy) d: 117.32
(s, 1F); IR (KBr) v: 1597, 1559, 1510, 1421, 1394, 1217,
1186, 1073, 976 cm™!; HRMS (ESI) caled for Co3H 1 FN,
[M+H]" 343.1532, found 343.1614.

4- £ HE-1- DR T2 FI 2R IR )- L H-BR P (6m): 1 €4 [
1K, 0.17 g, 725 71%. m.p. 57.1~57.7 ‘C; '"H NMR (500
MHz, CDCl;) d: 7.39~7.21 (m, 10H, ArH), 7.19 (s, 1H,
CH), 2.74 (dd, J=10, 15 Hz, 2H, CH,), 1.32 (t, J=10 Hz,
3H, CHs); 3C NMR (125 MHz, CDCLy) §: 146.0, 144.7,
138.9, 130.6, 129.5, 128.8, 128.3, 128.2, 127.9, 125.9,
118.4, 21.8, 13.6; IR (KBr) v: 1597, 1560, 1496, 1411,
1283, 1194, 1075, 978 cm ™ !; HRMS (ESI) caled for
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Ci7HisN, [M+H]" 249.1313, found 249.1393.

#HBh#1 kL (Supporting Information) Hirfb &%) 3a~
3m fl 6a~6m 1] IR, 'H NMR, '*C NMR Ll & HRMS
T IX L RPRE AT DL A 2 AR T X 35 (http://sioc-journal.
cn/) BN EL.
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