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Base-Free 5-exo-dig aza-Cyclization of
N-Methoxyl-2-alkynylbenzamides in Water
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Abstract A based-free 5-exo-dig aza-cyclization of N-methoxyl-2-alkynylbenzamides in water is reported for the synthesis
of various N-methoxylisoindolin-1-ones. The transformation proceeds smoothly with high efficiency and good functional
group tolerance. In the process, it is believed that N-methoxyl protecting group serves as “molecular base” to facilitate the
formation of amide nitrogen anion. Interestingly, by increasing reaction temperature, a series of N-free-isoindolin-1-ones were
also obtained.

Keywords water; N-methoxyl-2-alkynylbenzamide; 5-exo-dig aza-cyclization; isoindolin-1-one
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SEWEMR-1-BR. B R SCHRZ R AN R I, 2~ R Ik i
1) N BB S-AMRUIRA s B A — SR IT 78 B e
KM, KRN B REEEMERENBMNS S
(Scheme la). MISFREH, —Ph8r iz 52 U s Ak
e N—H SEEA —e @b, Oy N ey LR gk st
&A1 B T BT Ak

(a) Previous work:

o 0
@ NHR?2 |.3ase @ -
‘i Organic solvents \

R R2= anyl alkyl R
) Thiswork

O
e &
., @ \
1 R 3 R

B 1 KA TR T N-F A -2 R I 5-4k
MG

Scheme 1 Base-free 5-exo-dig aza-cyclization of N-methoxyl-
2-alkynylbenzamides in water

7T, R AT R R
RUBEZEH 0 T o0, % T S| v A S AR,
SARALR I A MR B B & BT, B A
S TR PO TSR, 5K S At
F) SR LA 2 2T, R B, DA (0 5] -1 -
A 2 R S — AR AR R AE A WL AT, b, RJR
NIRRT 258 € 33 01 o B 5B MR 1 PR
R T Y,

fEIE 32 TR BL, AL — PN A B XU
LT X BB LT . FIF oxone 162, &
ST 2B O BB SAMIITFLIR
RO O HEBLI 614 HIFR Ak R X i M1
G R, GO 2- MR I A 5 W1
FO I — T T S S AR S S TR A, A
ST+ S TR 1 5] -1 R A T
(Scheme 1b). AT LIAE G, 7 SCHE 7 W AR UG 251k
SRR 2 5, 1T ELVES8E 6 T 6 P LI L.

1 ER5HR

FE RN S AF e RE p, AR TARRL N-F 4R 222
LRI ZE PR () B S B RRAR . D T 54 i fre it it
RHEACH R SOSE, f F AR F& 32 AL 7RI (PTC) s i,
JRIE T ARBE RS EALTTISR AL | Y Bl B Xt S I R R i,
RN
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Table 1 Screening of reaction conditions

o 0o 0

NHOMe  PTC | N—-OMe + N-OMe
H,0
\\ Temp. \ \
1a Ph 3a Ph pr/ 3a'
Entry PTC Temp./'C  Yield/% n(3a) : n(3a")

3 ik

1 ’ERETJE 80 67 97:3
(0.1 equiv.)

RS

2 i ﬁ“%ﬁ“%m 80 63 91:9
(0.1 equiv.)
= H‘ﬁ—:

3 ARRE=LE o, 60 92:8
#2(0.1 equiv.)

4 — 80 nr —
3 ik

5 ”%%E_Ti% 80 88 98 : 2
(0.3 equiv.)

6 7’%4£E1T%%ﬁ 80 87 98 12
(0.5 equiv.)
N ik

7 ”EWM,TJ# 100 24 90 : 10
(0.3 equiv.)
3 ik

8 ”%%E.Tﬁﬁ 50 75 98 : 2
(0.3 equiv.)

© 2020 Chinese Chemical Society & SIOC, CAS

“ N-Methoxyl-2-phenylethynylbenzamides (1a, 0.2 mmol), PTC, water (2 mL),
overnight; ° isolated yields based on 1a; ¢ N-free-isoindolin-1-ones 4 was
obtained.

H Y6, BET AN [E AH B RS R A RN SR IR 5
(Entries 1~4, & 1). g E7x, DR T 28 (TB-
AB). T RN SRR = 2N PTC B
BIRER BRI 9. (B2, I "TH NMR 4911850, %
FEVR TCIEAEJZ T 43 B R A ()-S5 151 We-1- B (3a) Al
(E)-715|We-1-Ff (3a"). TBAB et i s M 44 H Fefd: s B
RN X IRIE RN, SN 67%, (2)-795|Wk-1-Hi(3a)
FI(E)-F05We-1-Fi (3a) I LLAE 97 © 3 (Bntry 1, R 1). 24
RG] PTC B, RMAKLE, JEE 1a [\ (Entry 4,
£ 1). #hn TBAB W & 0.3 equiv.i, MNRCRG
FIRKIE R, P 3a A1 3a' 1 ECRIE R E] 88%,
ZIE-PiRh SERIE N 98 12 (Entry 5, % 1). #t—B4i
TBAB HIJH R E] 0.5 equiv., SN R AN I81% £ 7%
AN (Entry 6, 3 1), £, H5 7 HEEN RN )
SO b R SR N R J ZIE B AA R
LR EFF R A 100 C I B AEINHI B2, 11 H,
ZIE-WiFh SRR ELGI PR A 90 & 10 (Bntry 7, & 1).
B2, RMNIEEEE 100 CHE, 729 N—O ##
G, LA 60% A5 2 N JGORY 14 5795 ] Wie-1-
SER UL 4. MPRAR OB R, AR SN 1 i B R
RRZE 0] (Entry 8, 3 1). HT Ik, 15 HBRSN #)
B N 264 TBAB (0.3 equiv.), 80 ‘CF1 H,0 (2 mL).
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TERAE RN ZAE T, 3R T 1% SN 1 SIS 438 FH 12k,
SERIFR 2. MR 2 A1, — BB 505 W-1-FR(3) Tl ik
IR AR, R 30%~99%. —LEAER], H
WR, PSS, AR RNMEM S RERLT RS, B, 7E
PRUESEAE T, N-H AR R -5-1R-2- e 5 % H Ik i (1b) 1D S 2
DL 71%0S 2645 2IAH B2 IR g k-0 3b. %R 2 A
— PR AR (Z)- 5051 k- 1-F 3b P2 AE. N-HIAE E-5-5-2-
I IR I (1) V-4 2 5- B A 2 - 2 - ol 25 2 R g
(1)~ N-HEIE-2-3-F A L dh) 28 IR (10) . N-FAR
F-2-(1-28 ZIRIE) K FBERZ (1K) N-F 43 -2- 2K 2 -
1-ZE e () AN N-FF A JE-2-(3- VAR 32 A b 3 ) 2 G
(In) P B DA R G e 26453 B A B 1) B — R A4 (2)- 7
F 2 KM ERANE T N-F RS2 kA 541
BRI N 1) JEC 3 P 1 2 5%

2 Reaction scope on base-free 5-exo-dig aza-cyclization of
N- methoxyl 2-alkynylbenzamides in water

NHOM TBAB (0.3 equw
OMe —OMe
HZO 80 °C
@ié\ OMe \©:‘<<\ OMe \@Elé\ OMe
3a, 88% 3b, 71% 3¢, 77%
98:2 (ZIE) only Z-isomer 964 (ZIE)
Cl
N— OMe —OMe —OMe
Ph 4- MeCGH4
3d, 61% 3e, 55% 3f, 76%
only Z-isomer only Z-isomer 96:4 (ZIE)
@iéi OMe @iéi OMe @Eléi OMe
2-OMeCgHy4 2-CICgH,4 3-FCgHy
39, 77% 3h, 82%
70:30 (Z/E) 96:4 (ZIE) only Z -isomer
o pMe N/OMe
vow () o Q y
\ \ Ph
3j 99% 3k, 86% 3| 93%
48:52 (ZIE) only Z-isomer only Z-isomer
OMe N—OMe N—OMe
/
3m, 82% 3n, 40% 30, 30%
96:4 (Z/E) only Z-isomer
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N5|WE-1-F 3d. 3e. 3i. 3k. 31 F13n. FpifESMET, N-H
KL -2-(4-TiH TR LRI ) 28 FR R e (Y S N AR R 4, L
SE FE WS A 30 AH IV 1) 2 A e g - 1- 8 (3). HLA2,
2 N AF B (1) 508 M- 1-FR (3K Z/E SFEARREEZ )N 1
1, Tl A R B A ) Z-R B 3
(CCDC: 1988857)F11 E-#47! 3j' (CCDC: 1988858) %1l F
Ly AR E T
B, BRTHRAR T LR BRERE
AN N-"RERJE-2-2K OB 2R R it R AE AR 7B 2% AF T DA
78%5@%%4&1{%%5}*5’3(2) 05| Wk-1-Ff 3p, Z/E=
85 1 15. IBIRMZ, ik HEE FUR I PR A S IR
@E(OAC)\ 773 (Ph). KEE(CH,) FE(H)I, AH RN [ B
WA RKE, KAEFEIREY), FE 7R RE
B(Scheme 2), J5k} 1 A B IL ZUORS HEXT N 3E S 5-
HMRIIAb S SRR B T R H B R A B A .

Q 0
N TBAB (0.3 equiv.)
H —OC> N—R
H,0, 80
A \
Ph Ph
1 3
(6] 0O (6]
N—0Q N-Q N—Ph
\ \—ph (ke {

Ph Ph Ph
3p, 78% no reaction no reaction
85:15 (ZIE)

: /é\ \
Ph Ph
no reaction no reaction

B2 FriER TR R R R R f
Scheme 2 Reaction scope on the substrats with various amide
N-protecting groups

UIRTIR(Entry 7, R 1), BATEIL, 270 SRR
I, 74 N-F AR S I M- 1B ) 1 N R A S 5
%, BEIN BA R RE-1-00 4. T2, 2T N-H
SHE-2- R FR I 1 1) S-AMBURR AL SO, AR T HE
KM B 100 CocfF T REFIERE N JEORY 157
05| - 1-1 4 ) /2 N (Scheme 3). 5B E7R, — &R N %
A ORI ) 505 - 1-1 4 LArpEE DL B RAG 3.

45 B HAB VR AL R A I, A SCHRE 7K A e ok
PER N-F -2 PR IE TR LR 1) 5-AM IR S M 28 5
T N-PRIPEEHEBIE 5-AMUIME SOBGRE. 40 Scheme 4
PR, BT N-FER R R AR, N-F AR
1,2-ZE R i T ) e e — PP U 1 1 T4 AL 2R
J&, TSR It i — P AU B8 1 0 A A AR N ETL)
5-AM IR S BT B gl - 1-BR N B B. dRJE, IR
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(ZF-20D ). CDCl; (A5 TMS) LR ZE&(7r 4t
FEE (AT, AR 1 BTEE S SCRR[13]A AR
F.

42 N-BHFEZER-1-ECE 3 ERK

4 N-H R R -2- o B R R JiZ (1) (0.2 mmol) A1
TBAB (0.3 equiv.) A R MAREH, SAEMA 2 mL 7K
IR B B NVAEE T 80 CHIMM . FE
JEETE(TLC) R RS, ek 1 VH R, RN ZE R, £
WEPIMA S B 5EG mLX)EBAEILEY. &3F
AHLE, H NaSO, T, I8, JEMEIEZEM. K58
i E T iR Ai ik & 3.

N ARG 1) S50 Wk-1-F AL 59 4 & S &9 3
FHARL, ARl Ak, RBEEEEN 100 C.

(2)-3-T0 6 32 403 S s - 1-F (3a) ) (1 € ith
RY, 44 mg, W 88%. 'H NMR (400 MHz, CDCl;) o:
7.83 (d, J=17.5 Hz, 1H), 7.72 (d, J=7.8 Hz, 1H), 7.60 (t,
J=17.6 Hz, 1H), 7.55 (d, J=7.5 Hz, 2H), 7.48 (t, J=7.5
Hz, 1H), 7.35 (t, J=7.4 Hz, 2H), 7.30~7.25 (m, 1H), 6.69
(s, 1H), 3.46 (s, 3H); “C NMR (100 MHz, CDCl3) o:
162.7, 134.4, 133.1, 132.4, 130.1, 129.4, 129.1, 127.7,
127.6, 125.8, 123.3, 119.3, 106.9, 63.2; IR (KBr) v: 3056,
2933, 1716, 1472, 1303, 1183, 993, 762 cm '. HRMS
(ESI-TOF) calcd for C¢H;3NO,Na [M+Na]* 274.0844,
found 274.0845.

(2)-3- 0.7 -6 -2- H 4 2k e g - 1 -l (3b): 1 7
44, 47 mg, WCF 71%. mp. 125~127 C; 'H NMR
(400 MHz, CDCLy) 0: 7.94 (s, 1H), 7.72~7.69 (m, 1H),
7.58 (d, J=8.2 Hz, 1H), 7.53 (d, J=7.4 Hz, 2H), 7.35 (t,
J=17.4 Hz, 2H), 7.32~7.27 (m, 1H), 6.68 (s, 1H), 3.46 (s,
3H); *C NMR (100 MHz, CDCL3) d: 161.2, 135.3, 132.9,
132.7, 130.1, 128.7, 127.9, 127.8, 127.4, 126.4, 123.2,
121.0, 107.9, 63.4; IR (KBr) v: 3053, 2934, 1706, 1649,
1491, 1130, 826, 691 cm™'. HRMS (ESI-TOF) calcd for
C¢H;,NO,NaBr [M+Na]" 351.9949, found 351.9952.

(2)-3- 0.7 B -6-Fi.-2- FF 4805 S Mg k- 1-F (3¢): 1 (1
Ak, 42 mg, WF 77%. mp. 114~116 C; 'H NMR
(400 MHz, CDCLy) 0: 7.72~7.69 (m, 1H), 7.53 (d, J=7.4
Hz, 2H), 7.51~7.49 (m, 1H), 7.38~7.26 (m, 4H), 6.65 (s,
1H), 3.46 (s, 3H); °C NMR (100 MHz, CDCL3) 6: 163.3
(d, J=250.2 Hz), 161.5, 132.8, 130.2 (d, J=2.7 Hz),
130.1, 129.3, 128.7, 127.8, 127.6, 121.5 (d, J=8.5 Hz),
120.1 (d, J=24.0 Hz), 110.1 (d, J=24.0 Hz), 107.2 (d, J=
1.8 Hz), 63.4; IR (KBr) v: 3056, 2928, 1706, 1477, 1120,
816, 694 cm . HRMS (ESI-TOF) calcd for C;sH,NO,-
NaF [M+Na]" 292.0750, found 292.0751.
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(2)-3- W7 F-6-50-2- H1 4 2k e g | - 1 -l (3d): I 7
44, 35 mg, UCF 61%. mp. 130~132 C; 'H NMR
(400 MHz, CDCLy) 0: 7.80~7.79 (m, 1H), 7.67~7.64 (m,
1H), 7.58~7.54 (m, 2H), 7.53 (d, J=0.6 Hz, 1H), 7.38~
7.32 (m, 2H), 7.32~7.27 (m, 1H), 6.68 (s, 1H), 3.46 (s,
3H); *C NMR (100 MHz, CDCly) §: 161.3, 135.3, 132.7,
132.5, 130.1, 128.7, 127.9, 127.8, 127.3, 123.4, 120.8,
107.8, 63.4; IR (KBr) v: 3047, 2937, 1707, 1646, 1125,
828 cm '. HRMS (ESI-TOF) calcd for C;¢H;;NO,NaCl
[M+Na]" 308.0454, found 308.0460.

(2)-3- 0.7 3 -2,6- — FH 48 35k 5 W5 e bk - 1- ] (3! :
@4k, 31 mg, R 55%. mp. 130~132 C; 'H
NMR (400 MHz, CDCLy) 6: 7.61 (d, J=8.5 Hz, 1H),
7.55~7.53 (m, 2H), 7.37~7.31 (m, 3H), 7.30~7.24 (m,
1H), 7.17~7.15 (m, 1H), 6.57 (s, 1H), 3.87 (s, 3H), 3.46
(s, 3H); C NMR (100 MHz, CDCl;) J: 162.8, 160.9,
133.3, 130.1, 129.4, 127.7, 127.4, 127.3, 127.1, 120.8,
120.8, 105.9, 105.9, 63.2, 55.7; IR (KBr) v: 3059, 2940,
1708, 1496, 1338, 1122, 798 ¢cm '. HRMS (ESI-TOF)
caled for C;;H;sNO;Na [M—|—Na]+ 304.0950, found
304.0948.

(2)-2- PP AR k- 3-(4- P 356 304 32 ) S5 W6 WAk - 1- i (32
HEE AR, 41 mg, IR 76%. m.p. 92~94 C; 'H NMR
(400 MHz, CDCl3) 6: 7.84 (d, J=17.5 Hz, 1H), 7.71 (d, J=
7.8 Hz, 1H), 7.62~7.58 (m, 1H), 7.50~7.46 (m, 3H), 7.17
(d, J=17.9 Hz, 2H), 6.67 (s, 1H), 3.50 (s, 3H), 2.37 (s, 3H);
C NMR (100 MHz, CDCl;) d: 162.7, 137.6, 134.6, 132.3,
130.1, 130.1, 128.9, 128.7, 128.6, 125.8, 123.3, 119.2,
107.2, 63.2, 21.3; IR (KBr) v: 3024, 2928, 1712, 1654,
1465, 1117, 765 cm™'. HRMS (ESI-TOF) calcd for Cy7H;s-
NO,Na [M+Na]" 288.1000, found 288.0996.

2- FAA R -3-(2- AR I 5k ) S g k- 1- B (Bg):
RYD, 43 mg, WE 77% (Z: E=3:1). '"H NMR
(400 MHz, CDCl3) &: 7.84~7.82 (m, 1.13H), 7.79~7.74
(m, 1.05H), 7.63~7.54 (m, 1.98H), 7.53 ~7.33 (m,
2.73H), 7.32~7.24 (m, 1.10H), 7.02~6.93 (m, 1.67H),
6.91~6.88 (m, 1.04H), 6.82~6.81 (m, 0.95H), 6.75 (d,
J=2.2 Hz, 0.26H), 4.10 (s, 0.90H), 3.88 (s, 3.00H), 3.85
(s, 0.90H), 3.46 (s, 3.00H); *C NMR (100 MHz, CDCl;) ¢:
162.7, 157.5, 134.5, 132.2, 132.1, 131.8, 130.8, 129.8,
129.5, 129.3, 129.2, 128.9, 125.8, 123.2, 123.1, 122.8,
121.9, 120.3, 119.8, 119.6, 110.7, 109.8, 106.7, 102.8,
64.1, 63.0, 55.5, 55.4; IR (KBr) v: 3053, 2928, 1717, 1489,
1249, 1104, 1024, 755, 683 cm” . HRMS (ESI-TOF) calcd
for C;,H;sNO;Na [M+Na]™ 304.0950, found 304.0953.
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(2)-3-(2-F AR 5k )-2- FH A8 8 e s We-1-F (3h): 1 €7
4k, 47 mg, WF 82%. m.p. 117~119 C; 'H NMR
(400 MHz, CDCls) 6: 7.85~7.81 (m, 1H), 7.77~7.75 (m,
1H), 7.64~7.60 (m, 1H), 7.57~7.55 (m, 1H), 7.52~7.48
(m, 1H), 7.41~7.37 (m, 1H), 7.26~7.20 (m, 2H), 6.70 (s,
1H), 3.41 (s, 3H); *C NMR (100 MHz, CDCl3) &: 162.6,
134.0, 133.9, 132.6, 132.5, 131.8, 130.9, 129.5, 129.0,
128.7, 126.0, 125.8, 123.4, 119.8, 103.3, 63.0; IR (KBr) v:
3056, 2928, 1720, 1649, 1474, 994, 905, 754 cm™'. HRMS
(ESI-TOF) caled for C;H;,NO,NaCl [M + Na] *
308.0454, found 308.0458.

(2)-3-(3- T 325 )-2- FF 4 32 S M| - 1- R 3y A
EAAR, 33 mg, WE 60%. mp. 70~72 ‘C; 'H NMR
(400 MHz, CDCl5) o: 7.87~7.85 (m, 1H), 7.74~7.72 (m,
1H), 7.66~7.62 (m, 1H), 7.54~7.50 (m, 1H), 7.36~7.27
(m, 3H), 7.04~6.96 (m, 1H), 6.63 (s, 1H), 3.52 (s, 3H);
C NMR (100 MHz, CDCl;) J: 163.4, 161.8 (d, J=169.9
Hz), 135.3 (d, J=8.3 Hz), 134.2, 132.5, 130.2, 129.5,
129.1 (d, J=8.4 Hz), 126.0 (d, J=2.9 Hz), 125.9, 123.5,
119.4, 116.8 (d, J=22.4 Hz), 114.5 (d, J=21.2 Hz), 105.2
(d, J=2.6 Hz), 63.3; IR (KBr) v: 3056, 2934, 1708, 1465,
1121, 918, 764, 685 cm '. HRMS (ESI-TOF) calcd for
C16H2NO,NaF [M+Na]™ 292.0750, found 292.0752.

(2)-2- VA FE -3 (4- i 25 V7.5 35 ) S s PO ik - 1 - P (3):
H &, 59 mg, SUFE 99%. mp. 130~132 C;
CCDC: 1988857; 'H NMR (400 MHz, CDCl3) ¢: 8.21~
8.19 (m, 2H), 7.87~7.85 (m, 1H), 7.77~7.65 (m, 4H),
7.58~7.54 (m, 1H), 6.65 (s, 1H), 3.50 (s, 3H); °C NMR
(100 MHz, CDCly) §: 162.6, 146.6, 140.1, 133.9, 132.8,
132.0, 130.8, 130.1, 125.8, 123.7, 122.9, 119.7, 103.5,
63.3; IR (KBr) v: 3107, 2931, 1719, 1585, 1510, 1341,
1102, 763 cm '. HRMS (ESI-TOF) calcd for C;sH{,N»-
O,Na [M+Na]* 319.0695, found 319.0698.

(E)-2- 48 B -3-(4- i 26 0 28 ) S Mg e - 1- P (3):
H &, 59 mg, SIFE 99%. mp. 145~147 C;
CCDC: 1988858; 'H NMR (400 MHz, CDCl3) ¢: 8.35~
8.23 (m, 2H), 7.86 (d, J=7.3 Hz, 1H), 7.67 (d, J=8.6 Hz,
2H), 7.53~7.39 (m, 3H), 6.70 (s, 1H), 4.12 (s, 3H); "*C
NMR (100 MHz, CDCly) 0: 161.0, 147.1, 141.6, 133.9,
132.3, 130.7, 130.4, 130.2, 127.8, 123.9, 123.7, 122.7,
106.8, 64.4; IR (KBr) v: 3107, 2949, 1720, 1643, 1590,
1506, 1344, 1182, 762 cm”'. HRMS (ESI-TOF) calcd for
Ci16H12N,O4Na [M+Na]" 319.0695, found 319.0698.

(Z)-2-FF AR - 3-(Z5 -1 - 55 1 Y 356 ) S5 5 - 1 - (3K
&, 52 mg, HF 86%. mp. 155~157 C; 'H
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NMR (400 MHz, CDCl;) d: 8.07~8.05 (m, 1H), 7.91~
7.84 (m, 4H), 7.72~7.64 (m, 2H), 7.58~7.48 (m, 4H),
7.14 (s, 1H), 3.24 (s, 3H); *C NMR (100 MHz, CDCl5) ¢:
162.8, 134.0, 133.1, 132.4, 132.0, 131.4, 130.1, 129.4,
128.7, 128.6, 128.2, 126.3, 126.1, 125.8, 124.9, 124.8,
123.4, 119.6, 104.1, 63.3; IR (KBr) v: 3053, 2928, 1706,
1468, 1134, 999, 764 cm™'. HRMS (ESI-TOF) calcd for
CaoH sNO,Na [M+Na]" 324.1000, found 324.1007.

(2)-1-WEHE-2- 4 Fk-1,2- —&-3H 2 I [e] 55| M-
3-FR @) [ E K, 56 mg, W 93%. mp. 148~
150 ‘C; 'H NMR (400 MHz, CDCl3) J: 8.49 (d, J=8.4
Hz, 1H), 7.96~7.82 (m, 3H), 7.68~7.53 (m, 4H), 7.41~
7.36 (m, 3H), 7.34~7.28 (m, 1H), 3.43 (s, 3H); °C NMR
(100 MHz, CDCl3) 0: 163.7, 136.4, 133.9, 132.0, 130.8,
130.2, 130.2, 130.1, 128.3, 127.7, 127.6, 127.5, 127.5,
125.5, 124.0, 119.2, 113.4, 62.4; IR (KBr) v: 3059, 2931,
1712, 1628, 1381, 1117, 762. HRMS (ESI-TOF) calcd for
CaH sNO,Na [M+Na]" 324.1000, found 324.10003.

(2)-6-W K 3E-5-H 5 FE-5,6- & -4 FiFE[2,3-c]MEng-
4-F(3m): A EEAE, 42 mg, R 82%. mp. 115~
117 “C; 'H NMR (400 MHz, CDCLy) d: 7.69 (d, J=5.1
Hz, 1H), 7.59~7.56 (m, 2H), 7.45~7.41 (m, 3H), 7.18 (d,
J=5.1 Hz, 1H), 6.58 (s, 1H), 3.68 (s, 3H); °C NMR (100
MHz, CDCls) 0: 155.0, 143.7, 143.4, 133.9, 132.5, 129.7,
129.3, 129.2, 128.2, 124.3, 103.3, 63.7; IR (KBr) v: 3068,
2928, 1645, 1581, 974, 819, 774 cm™'. HRMS (ESI-TOF)
caled for C14H;;NO,NaS [M+ Na]" 280.0408, found
280.0414.

(Z)-2- F SR FE -3-(2- WY AU I 2 k) S gl 1ok -1-
@) F kY, 18 mg, WK 40%. 'H NMR (400
MHz, CDCl;) d: 7.82~7.80 (m, 1H), 7.62~7.55 (m, 2H),
7.50~7.45 (m, 1H), 5.74 (t, J=6.7 Hz, 1H), 4.54 (d, J=
6.7 Hz, 2H), 4.03 (s, 3H), 3.45 (s, 3H); °C NMR (100
MHz, CDCl;) 0: 162.8, 133.3, 132.4, 131.3, 129.3, 126.1,
123.2, 119.4, 104.1, 66.7, 64.0, 58.4; IR (KBr) v: 2937,
2812, 1727, 1670, 1468, 1102, 757 cm '. HRMS (ESI
-TOF) calcd for C,H,;sNO;Na [M+Na]" 242.0793, found
242.0787.

2- R -3 10 F 5 5 5 WA - 1 - (30) ) 1 IR
¥, 11 mg, F 30%. '"H NMR (400 MHz, CDCl;) d: 7.81
(d, J=7.2 Hz, 1H), 7.67~7.55 (m, 2H), 7.53~7.47 (m,
1H), 5.21 (s, 1H), 5.10 (s, 1H), 4.02 (s, 3H); *C NMR
(100 MHz, CDCL3) 0: 161.6, 137.5, 132.4, 132.3, 129.7,
127.0, 123.2, 120.1, 88.6, 64.1; IR (KBr) v: 2937, 1786,
1732, 1462, 1081, 700 cm™'. HRMS (ESI-TOF) calcd for
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C1oHo0NO, [M+H]" 176.0712, found 176.0701.

(2)-3- WA FE2-(R S ) S - 1-FF (3p)P>: (1 6
B4, 41 mg, WE 78%. m.p. 127~129 C; 'H NMR
(400 MHz, CDCls) 8: 7.90~7.87 (m, 1H), 7.75~7.73 (m,
1H), 7.65~7.61 (m, 1H), 7.57~7.50 (m, 3H), 7.35~7.30
(m, 3H), 7.28~7.24 (m, 1H), 7.20~7.14 (m, 2H), 6.90~
6.83 (m, 2H), 6.71 (d, J=2.4 Hz, 1H), 4.66 (s, 2H); "°C
NMR (100 MHz, CDCly) o: 162.8, 134.5, 133.2, 133.1,
132.4, 130.6, 130.2, 130.1, 129.1, 128.8, 128.1, 127.8,
127.6, 125.9, 123.4, 119.4, 106.9, 78.0 cm '. HRMS
(ESI-TOF) caled for CpH;sNO, [M+H]" 328.1332,
found 328.1332.

(2)-3-(4- 1 56 045 3 ) 53 1| e -1 - (4a) ;3 [
&, 28.2 mg, WFH 60%. m.p. 207~208 ‘C; 'H NMR (400
MHz, CDCLy) 6: 8.65 (s, 1H), 7.86 (d, J=7.4 Hz, 1H),
7.75 (d, J=7.6 Hz, 1H), 7.60 (t, J=7.3 Hz, 1H), 7.48 (t,
J=7.3 Hz, 1H), 7.37~7.35 (m, 2H), 7.23~7.21 (m, 2H),
6.51 (s, 1H), 2.37 (s, 3H); *C NMR (100 MHz, CDCl;) ¢:
169.1, 138.3, 137.7, 132.3, 132.1, 131.9, 129.8, 128.9,
128.5, 128.4, 123.4, 119.6, 106.2, 21.3 cm '. HRMS
(ESI-TOF) calcd for C;¢H;sNO [M—+H]" 236.1070, found
236.1074

(2)-3- 77K F-5- F AL 7 05 ok - 1- B (4b): - 3 €7 [ 4
30.6 mg, WHE 65%. m.p. 99~101 C; 'H NMR (400
MHz, CDCLy) 6: 8.64 (s, 1H), 7.74 (d, J=7.7 Hz, 1H),
7.56 (s, 1H), 7.49~7.39 (m, 4H), 7.31~7.25 (m, 2H),
6.49 (s, 1H), 2.49 (s, 3H); *C NMR (100 MHz, CDCL) ¢:
169.3, 142.9, 138.6, 135.0, 133.1, 130.2, 129.1, 128.5,
127.5, 126.2, 123.2, 120.0, 105.6, 22.1 cm '. HRMS
(ESI-TOF) caled for C;¢H;,NONa [M+Na]" 236.1070,
found 236.1062

(2)-3-(WE Wy -2-FE W FF 36 ) S5 W5 Wk - 1- il (40) ). (A £
[E4A, 18.1 mg, YF 40%. m.p. 190~191 ‘C; '"H NMR
(400 MHz, CDCl;) §: 8.24 (s, 1H), 7.85 (d, J=7.3 Hz,
1H), 7.70 (d, J=7.6 Hz, 1H), 7.59 (t, J=7.5 Hz, 1H), 7.47
(t, J=7.4 Hz, 1H), 7.36 (d, J=4.9 Hz, 1H), 7.18~7.17
(m, 1H), 7.13~7.05 (m, 1H), 6.68 (s, 1H); *C NMR (100
MHz, CDCly) 6: 168.5, 138.0, 137.9, 132.3, 131.2, 129.0,
128.5, 128.1, 127.8, 126.1, 123.7, 119.6, 99.4; IR (KBr) v:
3447, 1695, 1640, 1099, 762 cm™'. HRMS (ESI-TOF)
caled for C,;H,NONaS [M + Na] * 250.0303, found
250.0300.

$#H B#1 KL (Supporting Information) L&) 3a~3p
4a~4c [f) NMR K3, DL RAEY) 3j (CCDC: 1988857)
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