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Efficient Synthesis of 3-Azaarene-substituted 3-Hydroxy-2-oxindoles
via Aluminium Chloride Catalyzed sp®>-C—H Functionalization

Xu, Fan*

(College of Chemistry, Chemical Engineering and Materials Science, Soochow University, Suzhou 215123)

Zhai, Jiaojiao Yao, Zhigang

Abstract The synthesis of 3-azaarene-substituted 3-hydroxy-2-oxindoles has been receiving considerable attention in recent
years. This paper describes an efficient method for the synthesis of 3-azaarene-substituted 3-hydroxy-2-oxindoles by alumin-
ium chloride catalyzed reaction of 2-methylpyridines with isatins, which provides a practical and atom-economical process to
afford this type of biologically important compounds in good yields using commercially available and inexpensive catalyst. A
mechanism involving an aluminium chloride-catalyzed sp>-C—H activation is proposed and the evidence of that is provided

by in situ "H NMR.

Keywords 3-hydroxy-2-oxindole; aluminium chloride; catalysis; C—H bond activation

3-FR Ak -2- PR A Ol — P B W E M F0 ) I A
FET 2 MRAR I B M A EY) 5t . 20T
W, & 3-FRAE-2-FRMIDR Y LI AL S AT IR
Yris e, JOF ORI Tou . PG PURAA
P Ry AR, o NIEOGE T, AR 3-FH-
2-FRMGIRAL AW COYRL B A HRIEAERR TR SE b esE
EWEW AR, DL, KNI 6% R Al
A CERYIAREER) 3-F2HE-2-F2 MWk 5 M) & BT
% REAT 2 UM EUL T IXTT IR, AT
MHCEIN 3-FedkEl 3-057 BRI B SAL S5 R
AU HOG T 3T IR 3R k-2 R WAL A
Wit OTEIIGE R A L. B2 2012 4F, JLAN0F
FUNHAZIM RIS ARIE T 3-R k07 Hk-3-Fadk-2-F%
WAL AP (KA 206 T 15 Xiao A1 Li 251 Bronsted
R HOTS AL 2- LSO DT I e 4l N, Bl — RS
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3-FRHE-2-FRWWAL . TR, Lewis R Yb(OTH); thh
RIOLAEMEAZ N (HEAT, EEHE AR IE. Lee /N4
VLR ff Ak o 20 K AP AE NSl T IR R R, )
&b, Meshram /N 2 T KA B OB AR 10 (1K) 45k 3-
FRRE-2- W WAL S W) I 2RA T . R SRR I 40
N RN L 2- IR AT KR 3L sp-C—H #i51L
2117 A B C—C i S .

AR, JE C—H BT SEIL L Refk 1)
B S s DR HL R B 1 2 v K T A% 2 0 H
MAEN sp-C—H BEH LA B 841k, T 2-F3k
RIATT IR, sp-C—H BIGIL IS L5 R E A E
BEEAE 3R AR e -3-FR - SR WAL A 1K B
MM, BAR—1% Bronsted BRI Lewis BRS04k 3 T T4
b 2- BB AR IT IR IE sp®-C—H BERTAL LUSZEL H bk
ST IE R, AR SR8 FA R 10~20 mol% A
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REAS SR EAT. AEFRATIREIA A 10 Lewis MRfE1L
BELL 0 347 S5 K e B AT 5T T AR O EAE 12 341
LT AT LTI AICLAF A Lewis BRAEAFITE 2-F L
M IE AL A 4 5 40 S N R (TG, SR A T U TR 4 R
FEBRATI TAERLK 52 2 B, Reddy /MU T 78
PEG-400 ', JoHEAFIAAT: N A A 1 A RE N e R g 21 1)
TR N, BRI T 3-8 E-3-(2- ML me F 35 ) g k-2 - il
&Y. XN VESARRA . . A AR, R
B, BAMA B MHGE AT TAE, A 3-5 407
SRR 3-F2H-2-F2 W WAk S W W & AL 57 — i 2
Gy RIS

1 ZR5WE

e, BATLL 3 mol%[f) AICI ik N-J P Hehe 4
(1a)t5 2,6-—FRENERE (2a) 1 S NOW AR )R (R 1), ]k
JVEALE IR RS R 34T 24 h )RR 1, Entry 1), LA
TO%HINCRAF RN T 1005 A Fk-3- 52 Fk-3-[2-(6- F FEALL e ) F
SEI0Ge-2- Wi (3a). (EIH I H A AR IR . . 40 Ak
EMER T BN T =i 2 5, AT aRRER. i
B RNV R S LG AE N TR N A EEAT T A, A
1 ATLLE W, EFTTRE A, a S HR SO
N,N- "W JE FU i (DMF) B3 25 H T Jedf I 45 SR (R 1,

£1

Entries 2, 6, 8). {HJ&, BT H] 2R HR 1) e B S ff Rl
A2 (PRI RN, T SR AR T N R e — AN EREE A
7, DR, RATERLL N,N-—H F L% (DMP)E b
PR FINT R NAERE— P %2, 2 [ Bl BE 100 “C T
& 110 CH, OVIBCE H 30%3E M2 74% (R 1, En-
tries 8, 9), {HARLLTHE S 140 CJalCR i N, 734k,
XN T 2 g i, ROVIEAT 8 h S, R RN EED
P (K 1, Entry 13). JTA B RS R, KM
ISk R 1) S I ()4 2 B Y AN 58 4, i ik
e PG FEE AR It ) BRF i) T v i il R A 22 R S . (LA
RN, BARFYE s 5 2,6- —HEntmell 121
M EL s N KA, B A7 1% R ROR EL B4, P AR
AR 1, Entry 16), {4 53%. {524 itk &9 in At
0 2,6- — FAENERE J5, 7= &4 24 SR 1, Entries
13, 15). ZIM%AE I Bronsted FRF Lewis FRAEAL IS
B N Hh A AR GER ), X L ) 2,6- - AR,
W Xof (R B 5 21 5 Ak D P ) AR L, (R DR A T
HN. IR, RIS FE TR G 45 R O S AL 1) B Mk
B4 2 mol/L B, Je Wl I8 25 AE (SR 1, Entry 17).
AT 22252 T AR & 8 SAE N Lewis IR
WZ N AR, IR 2 AT UE H, A I
AT, IR 10% (3 2, Entry 1). LaCls, YbCls

N-Ifi N HFESELL L 2,6-— FIERHENE e W 26 AL @

Table 1 Condition screening for the reaction of N-allylisatin with 2,6-lutidine

O
Cﬁg: X 3 mo% AICl3
o + \ P _
N N
BN
1a 2a
Entry Solvent Solvent loading/mL Temp./C Time/h la : 2a Yield/%

1 Toluene 1.0 110 24 1:25 70
2 m-Xylene 1.0 110 24 1:25 74
3 Dioxane 1.0 110 24 1:25 63
4 EtOCH,CH,OEt 1.0 110 24 1:25 69
5 n-BuOH 1.0 110 24 1:25 51
6 Chlorobenzene 1.0 110 24 1:25 74
7 Cl,CHCHCI, 1.0 110 24 1:25 Trace
8 DMF 1.0 110 24 1:25 74
9 DMF 1.0 100 24 1:25 30
10 DMF 1.0 120 24 1:25 75
11 DMF 1.0 140 24 1:25 48
12 DMF 1.0 110 12 1:25 76
13 DMF 1.0 110 8 1:25 76
14 DMF 1.0 110 6 1:25 67
15 DMF 1.0 110 8 1:12 56
16 DMF 1.0 110 8 1:1.0 53
17 DMF 0.5 110 8 1:25 87
18 DMF 0.2 110 8 1:25 70

“ Reactions conditions: N-allylisatin (1a) (1 mmol) with 3 mol% AICl; relative to 1a.
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LUK ZnCl, 18 A AL 5o B [P35 P4 22(3R 2, Entries
2~4), {HLL FeCls, CuCl, 33 SnCl, A6 1Z 5 W ] 21
A LU W45 21 H A5 = #)(3R 2, Entries 5~7). AICl;
TEFTAT W 075 6 IR HEA R s P dse e, DRI FRATIN HE ] 1
AT THE— 0. g5 R EoR, £ AICL MHEM 1
mol%ZHH N4 5 mol%(FK 2, Entries 8~ 10)1iLfiH,
PR 3a IR BRI SE Tt S BRI AR Ak, dL Y
AICL IR0 3 mol% it s Wk Bl i IBCR 87%. XH
FEEEAT 1 43 B 5 s ik vy R AR S 2 2 B0
N3 2, NI T2 E AR =R 1 B, B 2 RATTf
SE TSN B A AT AICL (RN 3
mol%, ¥4 DMF, RN 2 mol/L, #E4lL 2,6-
TR RE I RORIEE A 100 2.5, RNIREE 110 °C, KMV
INTE] A 8 h.

F2 NIHHIESTL Y 2,6-— FIEAIE S 3 A AL 770 1) 9 ik @

Table 2 Catalyst screening for the reaction of N-allylisatin with
2,6-lutidine

Entry Catalyst (mol%) Yield/%
1 — 10
2 LaCl; (3) 30
3 YbCl; (3) 31
4 ZnCl, (3) 45
5 FeCl; (3) 76
6 CuCl, (3) 77
7 SnCl, (3) 80
8 AlCl; (3) 87
9 AlCIL; (1) 60
10 AlCl; (5) 68

K3 AICL AL 2- FUEEENE AL A5 1) S e 4L 10 S @
Table 3 AlCl;-catalyzed reaction of 2-methylpyridines with
various isatins

0
X X
RZ—— 0 + R-—
Z~N N7
| N
R

RS

3 mol% AICI3

DMF, 110°C, 8 h

3
Entry R! R? R® Product Yield/%
1 Allyl H 6-Me 3a 87
2 Et H 6-Me 3b 77
3 n-Pr H 6-Me 3c 79
4 Benzyl H 6-Me 3d 74
5 Allyl 4-Cl 6-Me 3e 83
6 Allyl 4-Br 6-Me 3f 80
7 Allyl 5-F 6-Me 3g 73
8 Allyl 5-Cl 6-Me 3h 81
9 Allyl 5-Br 6-Me 3i 79
10 Allyl 5-Me 6-Me 3j 78
11 Allyl 5-MeO  6-Me 3k 76
12 Allyl 7-F 6-Me 31 85
13 Allyl 7-Cl 6-Me 3m 79
14 Allyl H H 3n 79
15 Et H H 30 76

“ Reactions conditions: N-allylisatin (1a) (I mmol) and 2,6-lutidine (2a) (2.5
mmol) in DMF (0.5 mL) at 110 C for 8 h.

1E EIREAAAE T, BATN — R R G5 REE L
(R NG HEREAT T 25%%, S5 RA TR 3 . AT,
TCWHELLH N _ER eI . M LIS IR, N
Y16 LA RO T 4 19 BAH L) 3-F838-2-F2 15 DA,
HEW. A, TCREEA IR I HURIE A 4 47,5 A1k
K& 7 A, WBICT W T IS R R, R Y
REMAI AT, LA 2-FA b me AR 2,6-— FF 3Lt me 1
IR, R AL KRB, A NBOSHER I, 4
LA 2- F LIRS INE, S N AERRTE SR PE T LA 53% (1
FAERT oY1 2- M S B 20 (00 ™= #0(Eq. 1).
XA A DA HRIESY) HOTE BLAL Yb(OTE),
AR 2- A Sk b 5 20 10 Jg Jo B4,

h TR T i AICL A N ST, FRAT
F A R AR R 5 3255 ALCT; &5 2- B RE NI I AR E A
R G 907 SRR T AL 22 A S AR A A T R 2. s 2-
RS RE 70 SRS T 1) "H NMR 3% (K] 1, A)5 AICL; Al
2-FHFEIEIE VR A 5 2SR A TH NMR 3 B (B 1, B)*T
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“ Reactions conditions: isatin (1 mmol) and 2-methylpyridine (2.5 mmol) with
3 mol% AICI; relative to isatin in 0.5 mL of DMF at 110 ‘C for 8 h.

3 mol% AICI3

6]
X
o+ [ 5
N DMF, 110°C, 8 h
" N

HERT DU I, 2- FE R me o (0 PO T AL 3R 55 K3
B T4 6 0.11, 5kt 6-67 51335 5t
WA S T 216 0.20, —EEEW AICI; 55 2- F L b
BN JRFRA T A REA, MG T R gy Ak i 7
YERSHE, LaCls 55 2-FEIEIE R A 51 'H NMR 3%
(K 1, O)FF AN M ZE 21 2- F LR IE Ak 2217 B2 1 ] AR
fh, X—I% Y LaCls AL 2-FLMEse b &9 St

http://sioc-journal.cn/ 1641
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Figure 1 'H NMR spectra of (A) 2-methylpyridine, (B)

[2-methylpyridine+ AICl;], and (C) [2-methylpyridine+LaCls]

in benzene-d
(a) CH; protons; (b) H-6 proton of the pyridine; (c) benzene proton in
benzene-d;

ZE4y LR 5 RIS 2 M Uk [4), AT Z R
N FIHLEE(Scheme 1)3E = Db FE: () AP Hbne
AT A EE O A, TECHIE C—H B (i) R
FHELT 3 A I R A S R G (i) BT A (A1) Al—O
R AR, A H AR 3, A EAEIS TR AL BL
G A SEELIRIE AL ANt T HRIE, [H
I PIT T 2-FSEnt e R £ (a2, [RIRyEPE o A
(10 A Jt 12 S N AR R R )47 4 S T L

CL
‘ N AICI; ‘ N NN
— P ‘ i:-I
N N L Al <&
H IC| 6]
[A]—CI
: Cr-
3 R
[HCI]
X
| N \
N
N — -
[A]-0 (AT QIQ
0N
R oo N
Scheme 1
2 g

i I Ze i Lewis IR AICL; AL 2-FF ALt 50 5
BELL RTINS, e B T 3-22% 07 RO 3-2
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FE-2-FRMIVRAL A . RN BT AL R 2 1, A
B, HPrRR RIS/, R R, A 3-8 5 HE-3-
FREL-2- I S W B A R A T — AN SEH HAE
AIRFATERIERE. dhah, AT AT Rl 45 8
XS NATLEREAT T HE, TAA SN B B AICL
LI nEReAL 51 (1) sp’-C—H HiGAL.

3 ZWERs

31 NEHIEH

145 0 H SGW - X-4 B s A e, BTV ARARZ IE;
PR ('H 8 )R 2 Varian Unity-INOVA
400 RS LHRTEACI E, LL CDCls AT, TMS A PIFE;
ZEHNERER T Scimitar 1000 21480 e e -l i
R 5 Agilent 1200/6220 TB0HH €635 — 5 18 55 FHAX
Mg . SEE PR RY K Schlenk £ ARBEAT.
FEZ M 300~400 H K.

32 IWAHE

3-F AR )5 H-3-FRHE-2- SR W I — e A AP R AE
WARYTE, PR 4 mg AICI; (0.03 mmol), KAANMA 2-
FHEIEE AL & 9)(2.5 mmol). HEZL(1 mmol)F! 0.5 mL
DMF, JR&HAGT 110 C/RMN 8 h. MWEEH G IMA
biEK, H 30 mL 4R SERFICAHLZ 3 IR AHUAHE
TR B PR AN 45 5 e e 28 A B 2009, A= &
Tk BT JZ A CRDE TR V(AT - (TR 2B =7 1114
S H AR

1045 A FE-3- 2 I -3-[2-(6- FF SE L I ) FH 1 051 e -2 i
(3a): AWK, 773 87%. mp. 99~100 ‘C; 'H NMR
(CDCls, 400 MHz) 6: 8.05 (s, 1H), 7.54 (t, J=7.7 Hz, 1H),
7.22 (t, J=7.8 Hz, 1H), 7.13 (d, J=7.8 Hz, 1H), 6.92 (t,
J=17.5 Hz, 1H), 6.85 (d, J=7.6 Hz, 1H), 6.82~6.80 (m,
2H), 5.88~5.79 (m, 1H), 5.36~5.20 (m, 2H), 4.37 (dd,
J=16.0, 5.2 Hz, 1H), 4.25 (dd, J=16.0, 5.2 Hz, 1H), 3.30
(d, J=14.8 Hz, 1H), 3.02 (d, J=14.8 Hz, 1H), 2.60 (s,
3H); *C NMR (CDCl;, 100 MHz) d: 176.6, 157.3, 156.9,
142.1, 137.5, 131.4, 131.3, 129.2, 124.0, 122.7, 122.0,
121.6, 117.6, 109.2, 76.2, 42.5, 42.3, 24.4; IR (KBr) v:
3322, 1707, 1614, 1590, 1491, 1465, 1438, 1383, 1176,
995, 772, 761 e¢m'; HRMS (ESI) caled for CigH;oN,O,
[M+H]" 295.1441, found 295.1452.

1- £ K5 -3- 33 e -3-[2-(6- F JE ML W ) Y 3 105 Wi -2- il
(3b)%: FAE LK, 7% 77%. m.p. 109~110 ‘C; 'H NMR
(CDCls, 400 MHz) 8: 8.01 (s, 1H), 7.54 (t, J=7.6 Hz, 1H),
7.25 (t, J=7.6 Hz, 1H), 7.13 (d, J=7.6 Hz, 1H), 6.91 (t,
J=17.6 Hz, 1H), 6.85 (d, J=7.2 Hz, 1H), 6.83 (d, J=7.2
Hz, 1H), 6.76 (d, J=7.2 Hz, 1H), 3.80~3.67 (m, 2H),
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3.30 (d, J=14.8 Hz, 1H), 2.98 (d, J=14.8 Hz, 1H), 2.60
(s, 3H), 1.26 (t, J=7.2 Hz, 3H).

1- A 3 3-8 3 -3-[2-(6- F Lt i ) FFF 66 1 W) e -2 il
3o): WELA, % 79%. m.p. 101~102 °C; 'H NMR
(CDCls, 400 MHz) 6: 7.95 (s, 1H), 7.54 (t, J=7.6 Hz, 1H),
7.26~7.22 (m, 1H), 7.12 (d, J=7.6 Hz, 1H), 691 (t, J=
7.6 Hz, 1H), 6.85~6.79 (m, 3H), 3.71~3.57 (m, 2H), 3.28
(d, J=14.8 Hz, 1H), 2.99 (d, J=14.8 Hz, 1H), 2.60 (s,
3H), 1.76~1.66 (m, 2H), 0.96 (t, J=7.2 Hz, 3H).

1- 3 3-8 3 -3-[2-(6- S bt e ) FFF 66 11| e -2- il
@) AMnEAE, 5 74%. mp. 175~176 C; 'H
NMR (CDCl;, 400 MHz) o: 8.14 (s, 1H), 7.55 (t, J=7.8
Hz, 1H), 7.33~7.26 (m, 5H), 7.15~7.12 (m, 2H), 6.91~
6.86 (m, 2H), 6.80 (d, J=7.8 Hz, 1H), 6.69 (d, J=7.8 Hz,
1H), 4.95 (d, J=16.0 Hz, 1H), 4.82 (d, J=15.6 Hz, 1H),
3.35 (d, J=14.8 Hz, 1H), 3.06 (d, J=14.8 Hz, 1H), 2.61
(s, 3H).

1475 P H-4- 5 -3- R 3E-3-[2-(6- FF L nL ) FF 61051 Wik
2-Fi(3e): FOE A, 7% 83%. mp. 130~131 C; 'H
NMR (CDCls, 400 MHz) d: 7.78 (s, 1H), 7.50 (t, J=7.8
Hz, 1H), 7.18 (t, J=8.0 Hz, 1H), 7.06 (d, J=7.8 Hz, 1H),
6.99 (d, J=8.0 Hz, 1H), 6.88 (d, J=7.8 Hz, 1H), 6.68 (d,
J=7.8 Hz, 1H), 5.81~5.71 (m, 1H), 5.20~5.15 (m, 2H),
4.27 (dd, J=16.0, 4.8 Hz, 1H), 4.20 (dd, J=16.0, 4.8 Hz,
1H), 3.91 (d, J=14.4 Hz, 1H), 3.00 (d, J=14.4 Hz, 1H),
2.55 (s, 3H); *C NMR (CDCl;, 100 MHz) 6: 176.3, 157.0,
156.1, 144.1, 137.1, 131.6, 130.9, 130.4, 126.5, 123.9,
121.6, 121.0, 117.6, 107.6, 77.1, 42.2, 40.2, 24.2; IR (KBr)
v: 3356, 1703, 1612, 1590, 1457, 1432, 1377, 1177, 1069,
1007, 997, 775, 759 cm '; HRMS (ESI) caled for
C1sH,5CIN,O, [M+H]" 329.1051, found 329.1054.

1475 P H-4- P13 -8 3 -3-[2-(6- FF L nb ) AR 61051 Wik
2-Fil(36): s A, 2% 80%. m.p. 140~141 C; 'H
NMR (CDCls, 400 MHz) ¢: 7.70 (s, 1H), 7.50 (t, J=7.8
Hz, 1H), 7.19 (d, J=8.0 Hz, 1H), 7.11 (t, J=8.0 Hz, 1H),
7.05 (d, J=7.8 Hz, 1H), 6.88 (d, J=7.2 Hz, 1H), 6.72 (d,
J=7.6 Hz, 1H), 5.80~5.70 (m, 1H), 5.20~5.15 (m, 2H),
4.26 (dd, J=16.4, 4.8 Hz, 1H), 4.19 (dd, J=16.4, 4.8 Hz,
1H), 4.01 (d, J=14.4 Hz, 1H), 2.96 (d, J=14.4 Hz, 1H),
2.55 (s, 3H); *C NMR (CDCl;, 100 MHz) 0: 176.3, 156.9,
155.9, 144.2, 137.0, 130.8, 130.5, 127.9, 126.9, 121.5,
121.0, 119.5, 117.5, 108.0, 77.5, 42.0, 40.1, 24.1; IR (KBr)
v: 3347, 1707, 1607, 1590, 1454, 1432, 1419, 1176, 1069,
1006, 997, 773, 759 cm '; HRMS (ESI) caled for
CisH;sBrN,O,Na  [M+Na]" 395.0366, found 395.0365.
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1975 TR - 5- G- 3- FR - 3- [ 2-(6- FF L L I ) HH 2k 15 Wi -
2-fi(3g): wtalEfA, =% 73%. mp. 110~111 C; 'H
NMR (CDCls, 400 MHz) d: 8.17 (s, 1H), 7.57 (t, J=7.6
Hz, 1H), 7.15 (d, J=8.0 Hz, 1H), 6.95~6.90 (m, 1H),
6.87 (d, J=7.6 Hz, 1H), 6.75~6.72 (m, 1H), 6.51 (d, J=
8.0 Hz, 1H), 5.87~5.77 (m, 1H), 5.25~5.22 (m, 2H),
4.39~4.33 (m, 1H), 4.28~4.22 (m, 1H), 3.34 (d, J=14.8
Hz, 1H), 2.97 (d, J=14.8 Hz, 1H), 2.61 (s, 3H); °C NMR
(CDCls, 100 MHz) : 176.2, 159.0, 157.3, 156.5, 137.9,
137.6, 132.8, 131.1, 122.1, 121.5, 117.7, 115.3, 112.1,
109.8, 76.3, 42.4, 42.3, 24.3; IR (KBr) v: 3321, 1703,
1590, 1577, 1493, 1463, 1438, 1373, 1179, 1149, 988, 912,
889, 818, 771 cm™'; HRMS (ESI) calced for CsHsFN,0,
[M+H]" 313.1347, found 313.1347.

1975 TR - 5- G- 3- FR - 3-[2-(6- FF BE L I ) HH 2k 15 Wi -
2-Fi(3h): A, 7% 81%. mp. 109~110 C; 'H
NMR (CDCls, 400 MHz) d: 8.18 (s, 1H), 7.57 (t, J=7.6
Hz, 1H), 7.21~7.15 (m, 2H), 6.87 (d, J=7.6 Hz, 1H),
6.77~6.73 (m, 2H), 5.86~5.76 (m, 1H), 5.24~5.20 (m,
2H), 4.35 (dd, J=16.4, 4.0 Hz, 1H), 4.24 (dd, J=16.0, 3.6
Hz, 1H), 3.29 (d, J=14.8 Hz, 1H), 3.00 (d, J/=14.8 Hz,
1H), 2.61 (s, 3H); *C NMR (CDCls;, 100 MHz) d: 176.0,
157.0, 156.1, 140.4, 137.4, 132.6, 130.8, 128.8, 127.7,
124.3,121.9, 121.4, 117.6, 110.1, 76.0, 42.2, 42.1, 24.1; IR
(KBr) v: 3311, 1706, 1593, 1577, 1483, 1459, 1436, 1372,
1177, 1105, 999, 804, 775 cm '; HRMS (ESI) calcd for
CisH,5CIN,0, [M+H]" 329.1051, found 329.1054.

1945 TR K -5 -1 -3-F -3 [2-(6- FF BEnik e ) F ik JHg Wik -
2-Tid(3i): sk, P25 79%. mp. 127~128 C; 'H
NMR (CDCls, 400 MHz) d: 8.11 (s, 1H), 7.56 (t, J=7.2
Hz, 1H), 7.33 (d, J=8.0 Hz, 1H), 7.14 (d, J=7.6 Hz, 1H),
6.91~6.87 (m, 2H), 6.69 (d, J/=8.0 Hz, 1H), 5.82~5.75
(m, 1H), 5.22~5.18 (m, 2H), 4.34~4.20 (m, 2H), 3.28 (d,
J=14.4 Hz, 1H), 3.02 (d, J=14.8 Hz, 1H), 2.59 (s, 3H);
C NMR (CDCl;, 100 MHz) d: 175.9, 157.1, 156.1, 141.0,
137.4, 133.0, 131.8, 130.8, 127.2, 122.0, 121.4, 117.7,
115.1, 110.6, 75.9, 42.3, 42.1, 24.2; IR (KBr) v: 3315,
1706, 1612, 1592, 1459, 1435, 1176, 1001, 989, 809, 774
Cmfl; HRMS (ESI) calcd for CgH7BrN,O,Na [M—I—Na]+
395.0366, found 395.0374.

1045 P 3k -5- 3 -3- 52 3 -3-[2-(6- FF JE AL e ) FR 5]
WE-2-Jf (3j): FEO K, 2F 78%. mp. 69~70 C; 'H
NMR (CDCl;, 400 MHz) 6: 8.00 (s, 1H), 7.55 (t, J=7.6
Hz, 1H), 7.13 (d, J=7.6 Hz, 1H), 7.03 (d, J=7.6 Hz, 1H),
6.86 (d, J=7.6 Hz, 1H), 6.71~6.68 (m, 2H), 5.87~5.77
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(m, 1H), 5.24~5.19 (m, 2H), 4.34 (dd, J=16.4, 4.8 Hz,
1H), 4.23 (dd, J=16.4, 4.8 Hz, 1H), 3.24 (d, J=14.4 Hz,
1H), 3.06 (d, J=14.4 Hz, 1H), 2.60 (s, 3H), 2.21 (s, 3H);
3C NMR (CDCls, 100 MHz) d: 176.4, 156.9, 156.6, 139.4,
137.2, 131.9, 131.2, 130.9, 129.2, 124.6, 121.7, 121.4,
117.2, 108.7, 76.0, 42.5, 42.0, 24.1, 20.9; IR (KBr) v:
3318, 1698, 1605, 1591, 1496, 1458, 1434, 1419, 1368,
1160, 995, 802, 774 cm '; HRMS (ESI) caled for
C1oH0N>O,Na [M+Na]* 331.1417, found 331.1419.

1475 T 3 -5- 4 3 -3- R FE -3-[2-(6- F L b ) FF 3 ]
W5W-2-Wd(3K): £l 44, =% 76%. m.p. 100~100.5
‘C; 'TH NMR (CDCls, 400 MHz) ¢: 8.08 (s, 1H), 7.56 (t,
J=7.6 Hz, 1H), 7.13 (d, J=7.6 Hz, 1H), 6.87 (d, J=7.6
Hz, 1H), 6.76~6.71 (m, 2H), 6.42 (s, 1H), 5.87~5.78 (m,
1H), 5.25~5.20 (m, 2H), 4.35 (dd, J=16.4, 4.8 Hz, 1H),
4.24 (dd, J=16.4, 4.8 Hz, 1H), 3.66 (s, 3H), 3.31 (d, J=
14.8 Hz, 1H), 3.01 (d, J=14.8 Hz, 1H), 2.61 (s, 3H); "*C
NMR (CDCls, 100 MHz) 6: 176.2, 157.0, 156.6, 155.7,
137.3, 135.2, 132.2, 131.3, 121.8, 121.5, 117.4, 113.4,
111.0, 109.5, 76.3, 55.5, 42.5, 42.2, 24.2; IR (KBr) v:
3323, 1697, 1642, 1593, 1578, 1491, 1458, 1434, 1407,
1381, 1270, 1181, 1091, 1031, 884, 816, 756 cm™'; HRMS
(ESI) calcd for CoH,0N,0sNa [M+Na]" 347.1366, found
347.1370.

10455 TR -7 G- 3-FR -3 [ 2-(6- I HERH e ) F 5k g k-
2-M@31): AR, 7% 85%. m.p. 93~94 ‘C; 'H NMR
(CDCls, 400 MHz) 6: 8.22 (s, 1H), 7.56 (t, J=7.6 Hz, 1H),
7.14 (d, J=17.6 Hz, 1H), 7.01~6.96 (m, 1H), 6.90~6.85
(m, 2H), 6.61 (d, J=7.2 Hz, 1H), 5.96~5.87 (m, 1H),
5.25~5.16 (m, 2H), 4.45~4.43 (m, 2H), 3.28 (d, J=14.8
Hz, 1H), 3.02 (d, J=14.8 Hz, 1H), 2.60 (s, 3H); *C NMR
(CDCls, 100 MHz) §: 176.2, 157.1, 156.4, 147.2, 137.4,
134.1, 132.0, 128.4, 123.3, 121.7, 119.8, 119.7, 117.2,
117.0, 76.2, 43.7, 42.4, 24.2; IR (KBr) v: 3201, 1727,
1632, 1596, 1575, 1488, 1462, 1426, 1371, 1242, 1186,
774, 754 cm”'; HRMS (ESI) caled for Ci5H sFN,O, [M+
H]" 313.1347, found 313.1351.

1475 TA - 7- 50 -3- F2 HE-3-[2-(6- FF KM e ) FF i e
2-Wi@Bm): [AE A, 2% 79%. mp. 70~71 C; 'H
NMR (CDCls, 400 MHz) ¢: 8.22 (s, 1H), 7.56 (t, J=7.6
Hz, 1H), 7.19 (d, J=8.0 Hz, 1H), 7.14 (d, J=7.6 Hz, 1H),
6.89~6.84 (m, 2H), 6.77 (d, J=7.2 Hz, 1H), 6.01~5.91
(m, 1H), 5.18~5.13 (m, 2H), 4.70~4.69 (m, 2H), 3.23 (d,
J=14.8 Hz, 1H), 3.03 (d, J=14.8 Hz, 1H), 2.60 (s, 3H);
C NMR (CDCl;, 100 MHz) d: 176.9, 156.9, 156.1, 137.7,
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137.3, 133.9, 132.6, 131.4, 123.4, 122.4, 1219, 121.4,
116.1, 115.0, 75.3, 43.0, 42.5, 24.1; IR (KBr) v: 3335,
1709, 1590, 1578, 1461, 1426, 1418, 1378, 1178, 1071,
1030, 755, 738 cm '; HRMS (ESI) calcd for CgH;3ClI-
N,0, [M+H]" 329.1051, found 329.1050.

19755 TA) 5 -3- 12 e -3-(2- HEE I T 5 ) 5| e -2- iid (3m) !
AR, P75 % 79%. mp. 129~130 C; 'H NMR
(CDCls, 400 MHz) &: 8.58 (s, 1H), 7.67~7.49 (m, 2H),
7.28~7.21 (m, 2H), 7.06 (d, J=7.6 Hz, 1H), 6.93 (t, J=
7.6 Hz, 1H), 6.84~6.79 (m, 2H), 5.87~5.77 (m, 1H),
5.35~5.20 (m, 2H), 4.37 (dd, J=16.4, 5.2 Hz, 1H), 4.23
(dd, J=16.0, 5.2 Hz, 1H), 3.35 (d, J=14.8 Hz, 1H), 3.12
(d, J=14.8 Hz, 1H).

1- -3 -3 L -3-(2- ML e FF G I g -2- il (30): 1 4
WA, 773% 76%. m.p. 124~124.5 ‘C; 'H NMR (CDCl;,
400 MHz) 9:8.58 (s, 1H), 7.67~7.47 (m, 2H), 7.29~7.23
(m, 2H), 7.05 (d, J=7.6 Hz, 1H), 6.92 (t, J=7.6 Hz, 1H),
6.83~6.80 (m, 2H), 3.80~3.66 (m, 2H), 3.34 (d, J=14.8
Hz, 1H), 3.08 (d, J=14.4 Hz, 1H), 1.25 (t, J=7.2 Hz, 3H);
3C NMR (CDCls, 100 MHz) d: 176.3, 157.2, 148.0, 141.7,
136.8, 130.8, 129.1, 124.5, 123.9, 122.3, 122.1, 108.2,
76.0, 43.0, 34.4, 12.3; IR (KBr) v: 3268, 2976, 1698, 1592,
1572, 1493, 1469, 1376, 1199, 755 cm™'; HRMS (ESI)
caled for C;¢H;¢N,O,Na [M+ Na]" 291.1104, found
291.1104.

195 TR 6 -3,3- 2 (2- W bR R 6 ) M - 2- - 38 € ] 44,
FEE 53%. m.p. 101.5~102.5 C; '"H NMR (CDCls, 400
MHz) J: 7.86~7.83 (m, 4H), 7.65 (d, J=8.0 Hz, 2H), 7.57
(t, J=7.6 Hz, 2H), 7.40 (t, J=7.2 Hz, 2H), 7.16 (d, J=7.2
Hz, 1H), 7.08 (d, J=8.8 Hz, 2H), 6.93 (t, J=7.2 Hz, 1H),
6.84 (t, J=7.2 Hz, 1H), 6.40 (d, J=7.6 Hz, 1H), 5.48~
5.38 (m, 1H), 4.80~4.69 (m, 2H), 4.16 (d, J=5.2 Hz,
2H), 3.79 (d, J=13.6 Hz, 2H), 3.69 (d, J=14.0 Hz, 2H);
3C NMR (CDCls, 100 MHz) d: 178.6, 157.1, 147.5, 143.0,
135.4, 131.5, 130.3, 129.1, 127.6, 127.3, 126.7, 125.9,
124.6, 122.4, 121.6, 117.0, 109.8, 108.3, 53.4, 46.0, 42.4;
IR (KBr) v: 3446, 1702, 1646, 1612, 1599, 1505, 1467,
1427, 1313, 1183, 1174, 757 cm™'; HRMS (ESI) calcd for
C3H,sN3;0Na [M+Na]" 478.1890, found 478.1892.
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