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Iron-Catalyzed Green Synthesis of 2-Alkenylazaarenes

Liu, Sensheng” Jiang, Kun“ Pi, Danwei” Zhou, Haifeng**

Uozumi, Yasuhiro® Zou, Kun*
(“ Hubei Key Laboratory of Natural Products Research & Development, College of Biological & Pharmaceutical Sciences,
China Three Gorges University, Yichang 443002)

( Institute for Molecular Science, Okazaki, Japan 444-8787)

Abstract A straightforward and selective synthesis of bioactive frans-2-alkenylazaarenes has been achieved via cheap and
nontoxic iron(II) acetate catalyzed addition and dehydration reactions of 2-methylazaarenes and aromatic aldehydes in the
presence of catalytic amount of trifluoroacetic acid with water as the only byproduct. The low catalyst loading, convenience,
good yield, high selectivity, as well as the broad substrate scope make this protocol very practical. The practical potential was
also demonstrated by gram-scale synthesis of (£)-3-[2-(7-chloro-2-quinolinyl)ethenyl]benzaldehyde (3v), an intermediate of

Singulair.
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Figure 1 Drugs containing 2-alkenylazaarenes

RO RO T — R BRI 2-Be R AT R
L B 22 30 5 0 RS I B A B 2-0 R Rk T e
Tk TR, VR TR I S N R £ A
WHEAER, INAAE] 120~140 “CHLwT LLASBIAH M. (17
Y. 5 CARE I HAR T VEAR LG, SX PR T VLS RS, B
FIER ISR B 15, SR 55 75 I MR R A 9t
2 (ORI V. Jre A 00 185 1) BN, ELONE S P24
AN ORI, b o B A i R AN, SR
TERTFANAE, RA D ETFRE HHE M R
BAE S SEHI A R 2- R R AT R BT . A
AR, FATHRIE T — BRI 2- TR DT ke B 7
LRI B WK BN, EARIE P & i o 24 2
BTN E DRI ITE, AKILEME— (& 3). %5
V2 B P B B 25 R TR TR (E)-3-[2-(7- 5 -
2-MAEMHRHE) £ HE ] A P I8 11 5 .

1 HR5WE

DL 2- IR (1) 2K FH I (2) 1) SN R B 3R AT
TR RIIFIE(E 4). Wk 1 FroR, LU IR GEH,
FE 120 C RN 24 h, B ALFIRIHT T I%iE, B
FHRE. 4. B M. B AR Rk Pe 1S 2 X 2-
K LIGEWR(3a), HorP Fe(OAc), MHELLFIIE, 3a 1174
B E(FR 1, Entries 1~10), 258 740 [ N HAER,
R sp’C-H B, ZFHUR T, BERRARGE TE & 7. MM
B4 K FeClye6H O A AL B 71 I N AR 2
NGRS, P2 260 B KGR 1, Entries 3, 5). H#EX
PYAR ZR I A AL 5 1 FR R (CH3SOsH) . — 35 TR
(CF;SO;H). X 2K R (TsOH). L% (CH;COOH)m, =
S LTR(CFsCOOR)E R B AL, 3a (177 28 73 il 4 g
F] 70%, 82%, 80%, 84%, 98% (% 1, Entries 11~15). &
Ja XA Fe(OAc), MM EREAT Tk, I
M 10 mol% &3 5 mol%, X 7= REAH ), {H L
I EA 1 mol%H, 3a /=2 H A7 82% (5% 1, Entries
16~17). A0tk 45 LR W AL k2 (3R 1, En-
tries 16, 18~20). #f J Wil £ FEAKE] 100 CHF, =%
JUTF3HA W, HEAE 80 CH, PR EAH 72%. N T
WE—HIESE Fe(OAc), AE, FRATHEAT 7% Fo0) sk
5, AR NI Fe(OAc), Al CF;COOH I, 773 H
H 18%; HAER NI AL E) CFsCOOH B, F=2
H29%, X485 R EW] T Fe(OAc), £E [ Vv H (1) B
EH. BEEAM T BRERNEZMEA: 5 mol%
Fe(OAc),, 10 mol% CF;COOH, 1.2 equiv.ff)J5 74, 1.0

Jrik2 Acy0 Y .
AcOH pZ =R
X CO,Et CpRu(PPhs),Cl N”H
| + )
N H NaPFg
' Ag2C0;, or Ni(cod),, AlMe
0 \
Pd(OAc);
Ni(cod),
s e 0, its
X o CuBr - RS
| P + =R PRSWZEN |
N H R . p + O R2
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Figure 2 Reported methods for preparing 2-alkenylazaarenes
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Figure 3 Iron-catalyzed green synthesis of 2-alkenylazaarenes

m i Cat. (1 ~ 10 mol%) N

+ N

NG Ph™ “H  Solvent, 24 h NT " pn
1a 2a 3a

B4 Attt

Figure 4 Optimization of the reaction conditions
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Table 1 Optimization of the reaction conditions

Entry Catalyst (mol%) Additive (mol%) Solvent 7/°C Yield’/%

1 FeCl, (10) None Toluene 120 49
2 FeCl; (10) None Toluene 120 40
3 FeCl3*6H,0 (10) None Toluene 120 30
4 Fe(OAc), (10) None Toluene 120 66
5 Fe(OAc), (10)  None Toluene 120 15
6 Fe(acac); (10)  None Toluene 120 37
7 Cu(OAc), (10) None Toluene 120 36
8 Sc(OTf); (10)  None Toluene 120 44
9 Yb(OTf); (10) None Toluene 120 31
10 In(OTf); (10) None Toluene 120 40
11 Fe(OAc), (10) CH3SOsH (10) Toluene 120 70
12 Fe(OAc), (10) CF3;SOs;H (10)  Toluene 120 82
13 Fe(OAc), (10)  TsOH (10) Toluene 120 80
14 Fe(OAc), (10) CH;COOH (10) Toluene 120 84
15 Fe(OAc), (10) CF;COOH (10) Toluene 120 98
16 Fe(OAc), (5) CF;COOH (10) Toluene 120 97
17 Fe(OAc), (1) CF;COOH (10) Toluene 120 82

CICH,-

18 Fe(OAc)(5)  CR:COOH(10) (" 120 83
1,4-Di-

19 Fe(OAc),(5)  CFsCOOH (10) 120 71
oxane

20 Fe(OAc), (5)
21 Fe(OAc), (5)

CF;COOH (10) CH;CN 120 49
CF;COOH (10) Toluene 100 97
22 Fe(OAc), (5)  CFsCOOH (10) Toluene 80 72
23 None None Toluene 120 18
24  None CF;COOH (10) Toluene 120 29

¢ RN 4 2- BRI (1a) (0.40 mmol), #5HT#¥(2a) (0.48 mmol), (1.0
mL), FEF RNV 24 by P 4p B, FET 1a AL AR AR IR K (100
uL).

mL FZA %5, 100 °C, 24 h.

16 R R VA AT, BATTRHRAE AL 2-0 3 A
Fe IR LR A U T TR . Wk 2 Fiow,
ek A U SR A N A N TN O 7 Rl
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AT LLE 2~ LI g I LLASE ey PR 7 28 45 B AH B 1 e X
- IEE ST A G, AL, 2-FE s nph L i
TR AT RN A7) 3d~3h 177 2% S E
TR AT ) I NI A5 71 3b Al 3¢ i 5 (3K 2, Entries
2~8). AT R SRR I (21) 5 2- FF bRt £
PER N ARG 31, HATEERIE R A N, WA 52 5
(3% 2, Entry 9). a-ZSHI %, p-Z5 H I v DL 2- H JE stk
SV, S ICL 81%F1 84% (177 543 BIAH N ¥ =4 3j Al
3k (3% 2, Entries 10, 11). 534k, &AM H T4
SN, PEURERE (21 2-BEWy FH I (2m) Al 2-HLEIE Y (2n)
b5 2- F IR S N 20 5l LA 84%, 88%, 95% 1= K A9 FIIAH
NI 2-Ms FE MR AT A (3K 2, Entries 12~14). FATIXT 2-
L E A7 R BT T4 8, & Rhg i+ el e
THREAHUR) 2- FREER AT A4 1b~1e #5RE 5 2K A
SN LA 83% ~99% 1477 #8453 R AH N ) Ji 2 245 HE A% 05
%2 30~3r (3 2, Entries 15~18). 1-FFJE Mk (16) 52
I S AT 1-2R S B e E R (3s), 72360 85%. 2- Ak
W IR (1) AT 2,6- — F LN IE 71 5 iy 1L AE (140 °C) R
LR N 48 h 43T LA 59%F1 35% 177 - 45 B Y.
1) 2-1 3R A% 057 4% 3t i 3u.
R2 P 2R AT RN EE B KR ¢

Table 2 Iron-catalyzed green synthesis of 2-alkenylazaarenes:
substrate scope

Entry 1,R 2, Ar Product Yield®/%
1 1a,H 2a, C4H; 3a 97
2 1a,H 2b, 2-C,Hs0C4H, 3b 89
3 1a,H 2¢, 4-C,Hs0C4H, 3¢ 85
4 1a,H 2d, 2-BrC¢H, 3d 99
5 1a,H 2e, 3-BrCgH, 3e 99
6 1a,H 2f, 4-BrCqH, 3f 96
7 1a,H 2g, 2-CF3C¢H, 3g 93
8 1a,H 2h, 4-CF;C4H, 3h 90
9 1a,H 2i, 4-CH;COC4H, 3i 76

10 1a,H 2j, a-naphthyl 3j 81
11 1a,H 2k, f-naphthyl 3k 84
12 1a,H 21, 2-furyl 31 84
13 1a,H 2m, 2-thienyl 3m 88
14 1a,H 2n, 2-pyridyl 3n 95
15 1b, 6-CH50 2a, C¢H; 30 83
16 1¢, 8-CH50 2a, C¢H; 3p 99
17 1d, 6-Br 2a, C¢H; 3q 86
18 1e, 8-NO, 2a, C¢H; 3r 89
19 lf,' l-n.lethyhso- 22, C Hs 36 25
quinoline
poc 18 2methylaui- o e b 3t 59
noxaline
21¢ 1h, 2,6-lutidine  2a, C¢H; 3u 35

© 2014 Chinese Chemical Society & SIOC, CAS

* ]2V 41 Fe(OAc), (0.02 mmol), CFsCOOH (0.04 mmol), 2- FFIEE A I5 /4%
1 (0.40 mmol), 757 2 (0.48 mmol), HIZE(1.0 mL), 100 °C, 24 h; ® 43 &
BT RN 15,140 C,48 h.
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Figure 5 Synthesis of (£)-3-[2-(7-chloro-2-quinolinyl)ethenyl]-
benzaldehyde (3v)

R — B URZ I E R LR E, AT T b
s 24505 /K T PR [)A (E)-3-[2-(7-F-2- WMk L) 20 HE 2R
WS () S B . TP TR ) T Ak A BT 702 7-5-2-
FR RS IR (1) 55 W) 2 — R Qo) Rk 22T H R I SR AN &
BREFIIVER FRET, 7= HAE 60%A 40, BARIZITVEAT
AT, (HEH BRI CRE LR, [N )5 Ab PR
e, M H OB RIS mE S PR, 7-3-2-
FHJL IR (10) 5 1.2 equiv. Al K — H i (20)7F 5 mol%
Fe(OAc), F1 10 mol% CH3;COOH 775 K, LA 2 A,
110 ‘CMN 30 h, f3(E)-3-[2-(7-5-2-MEMAIE) 245 14
HEE3Y) 2.16 g, =% 65%, 5 HETHRIE 5 i 7= 2 A1
M, AITVEEA R ALY FH i

FATDOS v REIG S N AR HEAT THED, Wil 6 PR,
2-FARL T IR A 1 5 Fe(OAcC), 1F I Az ek~ i
AW A, IRIG SRR ISR 07 R AR 0 R N A
Fh a4 B, Fe(OAc), 51 a4k B AR FRLLT, L1R
MRAE A sp’-C—H, ZFHURF, Wil E2 JHBR &N
RE— o FARKIERE AT B R A 2-0 3 R e 05 e tb
&4 3178,
2 #ig

BAVRE T —FLL Fe(OAc),/CF;COOH M fifk 7],
IR K R N A AT A s A 1) 2- M R
AITIRAE DR IREE AU Sk — g e s
BT, TR R I 20697 B 2R T v )
PR(E)-3-[2-(7-5-2-MEWh L ) 20 3L 1 2K RS 1K) &5 . %
TAZR N PEA LIRS R, DLk T At
sp’-C—H ‘¥ BEAb SN IEAERFF 9 .

3 ZERS
3.1 XFE5EHF
S0 BT P 700 A0 P T 35 42 J AR B9 500 PR o oA 75
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Figure 6 The proposed reaction pathway

HEAT, BT FAEAFIFRAFI N TCT Al ACROS 3£, K&
YDA AT, AE 2B 200~300 B, J&
TFRI A Ak (60~90 CYF LR 215, "H NMR F1 °C
NMR 7£ JEOL INM-AS500 AZ G - I5e; w3
#E7E JEOL AccuTOF GC JMS-T100GC i, 45 SifE
Yanaco micro MP-J3 L 5E, W EEARZLHrIE.

32 2-BEARFEHEH

7 10 mL Jififi 7 38 A Fe(OAc), (0.02 mmol),
2-FIILE 255 44(0.40 mmol), 7575 #5(0.48 mmol), 4
(1.0 mL), JIRIRIEHE, M, A EH, T
FEZS NN =9 £ F%(0.04 mmol), 100 °C J W 24 h, TLC
PR, RN EERE, ORI, HENT, 2 H AR
).

(E)-2- 7 LA 3k 3a)™: (a4, 7% 97%.
m.p. 99~101 ‘C; "H NMR (500 MHz, CDCl;) J: 8.14 (d,
J=8.5 Hz, 1H), 8.08 (d, J=8.0 Hz, 1H), 7.79 (d, J=8.0
Hz, 1H), 7.73~7.64 (m, 5H), 7.52~7.32 (m, 5H); *C
NMR (125 MHz, CDCl;) 6: 156.0, 148.3, 136.5, 136.3,
134.4, 129.7, 129.2, 129.0, 128.8, 128.6, 127.5, 127.3,
1272, 126.1, 119.2; HRMS (EI) caled for Cj;H3N:
231.1048, found 231.1054.

(E)-2-(2- LEAHER LML)k (3b): % s iR ),
7% 89%. 'H NMR (500 MHz, CDCl5) d: 8.10~8.02 (m,
3H), 7.77~7.67 (m, 4H), 7.49~7.45 (m, 2H), 7.29~7.25
(m, 1H), 6.98 (t, J=7.5 Hz, 1H), 6.91 (d, J=8.5 Hz, 1H),
4.13 (q, J=6.5 Hz, 2H), 1.51 (t, J=6.5 Hz, 3H); C NMR
(125 MHz, CDCLy) 6: 156.8, 156.7, 148.2, 136.1, 129.7,
129.5, 129.4, 129.3, 129.2, 127.4, 127.2, 127.1, 125.9,
125.6, 120.7, 119.0, 112.1, 63.9, 14.9; HRMS (EI) calcd
for CoH;,NO: 275.1310, found 275.1307.

(E)-2-(4- LB FE TR M H) Mk (3e): 1 (il 44, 7=

Chin. J. Org. Chem. 2014, 34, 1369~1375
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% 85%. m.p. 139~141 °C;'H NMR (500 MHz, CDCl;)
5: 8.09~8.05 (m, 2H), 7.76 (dd, J=8.0, 1.0 Hz, 1H),
7.70~7.56 (m, 5H), 7.48~7.45 (m, 1H), 7.29~7.25 (m,
1H), 6.92~6.91 (m, 1H), 4.06 (q, J=7.0 Hz, 2H), 1.43 (t,
J=17.0 Hz, 3H); “C NMR (125 MHz, CDCl;) é: 159.5,
156.4, 148.3, 136.2, 134.1, 129.6, 129.1, 128.6, 127.4,
127.2, 126.7, 125.9, 119.1, 114.7, 63.5, 14.8; HRMS (EI)
calcd for C;oH7NO: 275.1310, found 275.1306.

(E)-2-Q2-T 2K L7 55k 3a)™: 3% 3¢ 6 il IR 40,
4% 99%. "H NMR (500 MHz, CDCl3) : 8.13 (d, J=8.5
Hz, 1H), 8.09 (d, J=8.5 Hz, 1H), 8.00 (d, J=16.5 Hz,
1H), 7.81~7.69 (m, 4H), 7.62 (d, J=8.0 Hz, 1H), 7.51 (t,
J=8.0 Hz, 1H), 7.38~7.33 (m, 2H), 7.19~7.15 (m, 1H);
C NMR (125 MHz, CDCLy) d: 155.7, 148.2, 136.4, 136.3,
133.2, 132.9, 132.0, 129.8, 129.7, 129.3, 127.7, 127.5,
127.4, 127.1, 126.4, 124.7, 118.9; HRMS (EI) calcd for
Cy7H,BrN: 309.0153, found 309.0160.

(E)-2-3-1R7K LI 3o sk 3e) ™ (A (a4, =%
99%. m.p. 104~106 C; '"H NMR (500 MHz, CDCl;) ¢:
8.12 (d, J=8.5 Hz, 1H), 8.07 (d, J=9.0 Hz, 1H), 7.79~
7.70 (m, 3H), 7.63~7.59 (m, 2H), 7.54~7.49 (m, 2H),
7.44~724 (m, 3H); “C NMR (125 MHz, CDCL) ¢:
155.3, 148.2, 138.7, 136.4, 132.6, 131.3, 130.3, 130.2,
130.0, 129.8, 129.3, 127.5, 127.4, 126.4, 125.8, 122.9,
119.4; HRMS (EI) caled for C,;H,BrN: 309.0153, found
309.0157.

(E)-2-(4-WK LA 3o ) ek 3R (il i, 7= %
96%. m.p. 139~141 °C; '"H NMR (500 MHz, CDCl;) ¢:
8.11 (d, J=8.5 Hz, 1H), 8.07 (d, J=8.5 Hz, 1H), 7.77 (d,
J=17.5 Hz, 1H), 7.72~7.69 (m, 1H), 7.63~7.60 (m, 2H),
7.52~7.47 (m, 5H), 7.37 (d, J=16.5 Hz, 1H); °C NMR
(125 MHz, CDCl3) d: 155.6, 148.3, 136.4, 135.5, 133.0,
132.0, 129.8, 129.6, 129.2, 128.7, 127.5, 127.4, 126.3,
122.5, 119.4; HRMS (EI) calcd for C;;H;,BrN: 309.0153,
found 309.0160.

(E)-2-Q2- =5 I 32K 20 Kk 3g)™: 11 € [ 4,
P % 93%. m.p. 94~95 “C; '"H NMR (500 MHz, CDCl;)
d: 8.17 (d, J=8.0 Hz, 1H), 8.10 (d, J=8.5 Hz, 1H), 8.00~
7.92 (m, 2H), 7.81 (d, J=8.0 Hz, 1H), 7.76~7.71 (m,
3H), 7.61~7.40 (m, 4H); *C NMR (125 MHz, CDCl;) ¢:
155.4, 148.1, 136.4, 135.5, 133.3, 132.0, 129.7, 129.3,
128.0, 127.8, 127.4, 127.3, 126.5, 126.0, 125.9, 125.8,
125.4, 123.3, 118.7; HRMS (EI) caled for C;sH;,F;N:
299.0922, found 299.0914.

(E)-2-(4- =55 I HE K 205 ) sk )™ 19 ¢ [ 4,

Chin. J. Org. Chem. 2014, 34, 1369~1375
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FEE 90%. mp. 123~125 C; '"H NMR (500 MHz,
CDCLy) d: 8.17 (d, J=8.5 Hz, 1H), 8.10 (d, J=8.5 Hz,
1H), 7.81 (d, J=8.0 Hz, 1H), 7.74~7.65 (m, 7H), 7.55~
7.46 (m, 2H); “C NMR (125 MHz, CDCly) ¢: 155.1,
148.2, 139.9, 136.4, 132.5, 131.3, 130.1, 129.9, 129.8,
129.3, 127.5, 127.2, 126.4, 125.7, 125.6, 125.1, 123.0,
119.4; HRMS (EI) calcd for CgH,F3N: 299.0922, found
299.0925.

(E)-2-(4- LWL 2R L0 B )Mk (3i): o (A [l 44, ™~
% 76%. m.p. 169~171 “C; '"H NMR (500 MHz, CDCl;)
o: 8.16 (d, J=8.5 Hz, 1H), 8.09 (d, J=8.5 Hz, 1H), 7.99
(d, J=8.5 Hz, 2H), 7.80 (d, J=8.0 Hz, 1H), 7.75~7.71
(m, 4H), 7.67 (d, J=8.5 Hz, 1H), 7.54~7.49 (m, 2H),
2.63 (s, 3H); C NMR (125 MHz, CDCly) 6: 197.4, 155.2,
148.2, 141.0, 136.6, 136.5, 132.9, 131.5, 129.8, 129.3,
128.8, 127.5, 127.4, 127.2, 126.5, 119.5, 26.6; HRMS (EI)
calcd for CoHsNO: 273.1154, found 273.1164.

(E)-2-(a-25 247 ) e Wk 3j)™): 2% o [ 1A, 7= 3
81%. m.p. 101~103 ‘C; 'H NMR (500 MHz, CDCl;) ¢:
8.51 (d, J=16.0 Hz, 1H), 8.32 (d, J=8.5 Hz, 1H), 8.12 (d,
J=8.5 Hz, 2H), 7.89~7.69 (m, 6H), 7.58~7.44 (m, 5H);
3C NMR (125 MHz, CDCls) d: 156.0, 148.3, 136.3, 134.0,
133.7, 131.7, 131.5, 131.3, 129.7, 129.3, 128.9, 128.6,
127.5, 127.4, 126.3, 1262, 125.9, 125.7, 124.2, 123.7,
119.5; HRMS (EI) calcd for CyH;sN: 281.1204, found
281.1207.

(E)-2-(B-25 LRI EK): SR, 725 84%.
m.p. 169~171 ‘C; '"H NMR (500 MHz, CDCl3) ¢: 8.15
(d, J=8.5 Hz, 1H), 8.10 (d, J=8.5 Hz, 1H), 8.00 (s, 1H),
7.88~7.70 (m, 6H), 7.74~7.70 (m, 2H), 7.55~7.47 (m,
4H); *C NMR (125 MHz, CDCL,) d: 156.0, 148.3, 136.3,
134.5, 134.1, 133.6, 133.5, 129.7, 129.3, 129.2, 128.5,
1282, 128.1, 127.7, 127.5, 127.3, 126.4, 126.3, 126.2,
123.6, 119.3; HRMS (EI) caled for C,H;sN: 281.1204,
found 281.1193.

(E)-2-Q2-WRI Z I 36 mkBD™: s iRy, 72
84%. 'H NMR (500 MHz, CDCl;) d: 8.10 (d, J=8.5 Hz,
1H), 8.05 (d, J=8.5 Hz, 1H), 7.76 (d, J=8.5 Hz, 1H),
7.71~7.68 (m, 1H), 7.58~7.46 (m, 4H), 7.28 (d, J=16.5
Hz, 1H), 6.55 (d, J=3.0 Hz, 1H), 6.48~6.47 (m, 1H); "*C
NMR (125 MHz, CDCly) d: 155.5, 152.8, 148.3, 143.1,
136.2, 129.6, 129.1, 127.4, 127.3, 126.8, 126.0, 121.7,
119.9, 111.9, 111.1; HRMS (EI) caled for C;sH;NO:
221.0841, found 221.0835.

(E)-2-(2-WEWy 2,045 3 )M mk 3m)™: 3k o5 €8 [l 44, 7=
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% 88%. m.p. 89~91 ‘C; 'H NMR (500 MHz, CDCl;) o:
8.07 (dd, J=15.5, 8.5 Hz, 2H), 7.84 (d, J=16.0 Hz, 1H),
7.76 (d, J=8.0 Hz, 1H), 7.71~7.67 (m, 1H), 7.56 (d, J=
8.5 Hz, 1H), 7.49~7.46 (m, 1H), 7.29~7.18 (m, 3H),
7.05~7.04 (m, 1H); “C NMR (125 MHz, CDCL) o:
155.5, 155.4, 148.2, 142.0, 136.2, 129.7, 129.1, 128.1,
128.0, 127.7, 127.4, 127.2, 126.0, 125.9, 119.3; HRMS
(EI) calcd for C;sH{NS: 237.0612, found 237.0614.

(E)-2-Q2-ME e Z A 36 ) s bk 3m)™): 3 2 ([ i, 7
% 95%. m.p. 96~98 C;'H NMR (500 MHz, CDCl;) 6:
8.65 (d, J=3.5 Hz, 1H), 8.12 (dd, J=16.0, 8.5 Hz, 2H),
7.87~7.66 (m, 6H), 7.57~7.49 (m, 2H), 7.21~7.19 (m,
1H); *C NMR (125 MHz, CDCl3) §: 155.2, 154.9, 149.7,
1482, 136.5, 136.4, 133.6, 132.5, 129.6, 129.3, 127.5,
127.4, 126.3, 122.7, 122.6, 120.2; HRMS (EI) calcd for
C16H ,N5: 232.1000, found 232.1006.

(E)-2-7K L) F-6- A SE IR (30)™: (I [ 4k, 7
% 83%. m.p. 148~150 °C;'H NMR (500 MHz, CDCl5)
9: 7.99 (dd, J=14.0, 8.5 Hz, 2H), 7.63~7.60 (m, 4H),
7.41~7.29 (m, 5H), 7.05 (d, J=2.5 Hz, 1H), 3.92 (s, 3H);
C NMR (125 MHz, CDCl;) d: 157.5, 153.6, 144.2, 136.6,
134.9, 133.1, 130.5, 129.0, 128.7, 128.3, 128.2, 127.0,
122.2, 119.5, 105.2, 55.4; HRMS (EI) calcd for CsH;sNO:
261.1154, found 261.1143.

(E)-2-7K L5 F5-8- A FE R 3p)™: Tt ik,
% 99%. "H NMR (500 MHz, CDCl5) d: 8.09 (d, J=8.5
Hz, 1H), 7.76 (d, J=8.5 Hz, 1H), 7.64~7.52 (m, 4H),
7.49~7.29 (m, 5H), 7.05 (d, J=8.0 Hz, 1H), 4.11 (s, 3H);
C NMR (125 MHz, CDCl;) d: 155.0, 139.9, 136.5, 136.2,
133.9, 129.5, 128.6, 128.4, 128.3, 128.2, 127.1, 126.2,
119.3, 119.0, 107.9, 55.9; HRMS (EI) calcd for C,sH;sNO:
261.1154, found 261.1162.

(E)-2-7 LI B -6- 1R 3q)™: (e il 44, F= %
86%. m.p. 167~169 ‘C;'H NMR (500 MHz, CDCl;) ¢:
8.02 (d, J=8.5 Hz, 1H), 7.94~7.93 (m, 2H), 7.77~7.63
(m, 5H), 7.42~7.32 (m, 4H); “C NMR (125 MHz,
CDCly) d; 156.3, 146.8, 136.3, 135.2, 134.9, 133.1, 130.8,
129.5, 128.8, 128.7, 128.5, 128.3, 127.3, 120.1, 119.9;
HRMS (EI) caled for C;;H;;BrN: 309.0153, found
309.0159.

(E)-2-7K LI H-8- T HEMEMR 3r): YR Bl ik, r=2
89%. m.p. 137~139 °C;'H NMR (500 MHz, CDCl;) ¢:
8.19 (d, J=8.5 Hz, 1H), 8.01~7.96 (m, 2H), 7.83 (d, J=
16.5 Hz, 1H), 7.72 (d, J=8.5 Hz, 1H), 7.66~7.64 (m,
2H), 7.55~7.48 (m, 1H), 7.43~7.34 (m, 4H); *C NMR
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(125 MHz, CDCLy) 6: 157.9, 148.0, 139.5, 136.6, 136.2,
136.0, 133.7, 131.5, 130.2, 129.1, 128.8, 128.5, 128.0,
127.7, 127.6, 124.3, 123.7, 121.4; HRMS (EI) calcd for
C7H,,N,0,: 276.0899, found 276.0886.

(E)-1-Z8 LI R 3s)™: (A, P25 85%.
m.p. 115~117 ‘C; '"H NMR (500 MHz, CDCl;) §: 8.56
(d, J=5.5 Hz, 1H), 8.38 (d, J=8.5 Hz, 1H), 8.04~7.96
(m, 2H), 7.84 (d, J=8.0 Hz, 1H), 7.72~7.62 (m, 4H),
7.57 (d, J=5.5 Hz, 1H), 7.42 (t, J=8.0 Hz, 2H), 7.36~
733 (m, 1H); “C NMR (125 MHz, CDCly) §: 154.4,
142.4, 136.9, 136.6, 135.8, 129.8, 128.7, 128.5, 127.4,
127.2,127.1, 126.7, 124.4, 122.8, 119.9; HRMS (EI) calcd
for C,7H3N: 231.1048, found 231.1049.

(E)-2-2 LAk 30) 7 KAl 775K 59%.
m.p. 98~101 ‘C; 'H NMR (500 MHz, CDCl5) 6: 9.06 (s,
1H), 8.08~8.07 (m, 2H), 7.89 (d, J=16.5 Hz, 1H), 7.78~
7.72 (m, 2H), 7.67 (d, J=8.0 Hz, 2H), 7.45~7.24 (m,
4H); C NMR (125 MHz, CDCL3) d: 150.6, 144.4, 142.4,
141.5, 136.4, 135.9, 130.3, 129.2, 129.1, 129.0, 128.9,
127.4, 125.3; HRMS (EI) caled for C;¢H;,Ny: 232.1000,
found 232.0992.

(E)-2- T H-6- 2 LI FEmb e 3wy & iRy, 7=
% 35%; '"H NMR (500 MHz, CDCly) d: 7.60~7.54 (m,
4H), 7.38~7.35 (m, 2H), 7.30~7.27 (m, 1H), 7.24 (d, J=
7.5 Hz, 1H), 7.17 (d, J=16.5 Hz, 1H), 7.02 (d, J=7.5 Hz,
1H), 2.59 (s, 3H); *C NMR (125 MHz, CDCl3) J: 158.3,
155.1, 136.8, 136.6, 132.4, 128.6, 128.4, 128.1, 127.0,
121.7, 118.8, 24.6; HRMS (EI) caled for C;4H3N:
195.1048, found 195.1049.

(E)-3-[2-(7- 5 -2-WE I ) 245 FE 18 F B (Bv): 3% i
WA, 7% 65%. mp. 150~152 C; 'H NMR (500
MHz, CDCl3) §: 10.08 (s, 1H), 8.15~8.10 (m, 3H), 7.90
(d, J=7.5 Hz, 1H), 7.85 (d, J=7.5 Hz, 1H), 7.81 (d, J=
16.5 Hz, 1H), 7.74 (d, J=8.5 Hz, 1H), 7.64 (d, J=9.0 Hz,
1H), 7.59 (t, J=8.0 Hz, 1H), 7.49~7.45 (m, 2H); "°C
NMR (125 MHz, CDCly) d: 192.0, 156.1, 148.6, 137.3,
136.9, 136.3, 135.7, 133.4, 132.9, 130.1, 129.7, 129.5,
128.7, 128.2, 128.1, 127.3, 125.8, 119.9; HRMS (EI) calcd
for C,sH;,CINO: 293.0607, found 293.0615.
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