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Abstract A simple and efficient Rh-catalyzed the C—H activation/cyclization reaction of indole-2-amides and alkynes was
developed. A series of novel pyrido[3,4-b]indol-1-ones can be efficiently obtained with high to excellent yields using the in-
ternal oxidant at room temperature. The transformations have a wide range of substrates with various functional groups. Inter-
molecular competition experiment was conducted, and a plausible mechanism was proposed. The structures of all conpound

were confirmed by 'H NMR, *C NMR and HRMS.
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SP C—H g 4k & VAT A Rk c—Cl c—NUL
c—of®, ¢—sP, c—XI'""(X=F. CI. Br. I), H£&E#]
UFA A 7 VR e e sSe LA 24, o c—pM'Y, ¢ —
B, Cc—Sil s a2 R, 13 C—H G
1 BETE A VIR PRI — e VS g, ik
TR KR i, i, Rl R R AR 2 IR
WAL A VDR TR ELAS T — e BUaERE. 2010 4F, Jiao
NHUER O, RS AT, RIE T AL ]
WS WP fie 5 AR g B 1 70T 18] C—H i A6/ B, fiE
% RO A RS AL A . BRI N T EINDY T
BB UL R oy AR s g, DAk s S AT
[F4E, Miura Z5UHRIE T 2-55 305k 5 Hu s 7E 2 L1
M FRIBR/C—H &R B, B T WIWE[2,1-a]
SEEMRA A, HE—REMITEH Cu(OAc),/0,
VENFMARFR. 12012 4F, Xiao /NMAHRIE T PA(OAC),
AL 1 X SR BEPE S SR A R B C—H #fky
ISR, DA H A5 B0 AT RSO3 SR AR L 1 W Wk v g
WRRA G, 15 ST FE 48 CBRERRT BRI A Bl
RS 0 25 M PR SN AR . RV I 2 J B RE S A 2k
P2 22 RN e, AELIE: S 87 3o Hp AT 75 BN AT A 1 4
AT B I R B IR FE DL R RO B A ).
2011 4F, Guimond 25" s hith & @ 7 — 2K B S AL
S H, EREODEATIERT, N-F AR H B
Refs SR C—H ISR RN, kB A BR
SEEMREA A A . Rk, BATE BA A S 2tk
P () SR 5| N 05| B 2R AT A, IR C—H s R
AR R KB TR, SEILALIE [3,4-b]05] k-1 - B 8 22 RG] e
(1 = AL 2.
1 ZR5TR
1.1 REFHHMTL

BATE LA N-H AL R B L, KON
JEBMERAOR BL, HEAT T R AL, BRZR L7
RS MR RSIE 7 DA BB EE R 2850 ML s,
AR 1. 5L, T 2.5 mol%I[RhCp*ClL,], &)@ 4%
GYMENMEALT, DLHEEAERIER, AR 2
PR A A I, 5 5% S 7 BE 6 I NSRRI RS (R 1,
Entries 1~3). 7£60 CFAEHSE 10 min Z W58/, LA
98% [ L ZE 3R A5 A0 L [ L e [3,4-b W51 M- 1-Hi (3a). B /o,
BRAR S B FE R 40 CH, WoR s TR, (Hx
NABBELE 30 min P 5E8. MTERE TN, MRS
7E 1 h WSER, FEAEIRTE 96% MR, 25 fe e 1k fay ik
FZEAF IR A, FRATDERAESRFZF THIT R,
WRR T ANERIT SOV 52 (3R 1, Entries 4~8). fE#%2
LR B, G0 CFRRER . BRERET . BERRENSE, R
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HREWE IR H] 90% LA b, JH A Bk R B A ik o Jz 9L 3ok gt
PR, BEBEYE 10 min SR B2 Rk, FRATN OB L
FIF BT T I (E 1, Entries 9~11), K ILHELLFI
F &0 s R BE 2 AR K, 488 1 mol%Bk 0.5
mol% AT, FHE 1 h A Rese =N, I HUBCRRA
TR BRI SRR N A A, FRATERE 0.5 mol%
HIEEAFI R &, X i #2 s i B kAT 7B R (R
1, Entries 12~14). 2RAVER S 240028 H 50 mol%
MBI AR, S SR BEOEIR I A EAT, JF HUSCR IR Z F
SO, YRR = F) 25 mol%I, B A R
KB, (HRUCERH 95% F AR 92%. fm, e
T EAERIIR 2N 50 mol%It, FRATRER T & Fhiasmxt
NGRS (1, Entries 15~21). &0 FPE#
A, WHEE. LR, FNESERIR TR NE, N
R ITF] A A, Forh DR RN 2 ) RO B . AR
TR, nPOERR . 1,2- /& k. IR,
SN ISR AR AR, B fa, TAT R AR T B
BUREEHEAT T % 5(3£ 1, Entries 22~24), RI AL
W, SONVARRAEE B, HFARA IR WIE K. S
FAFRIENE, N HAERE DL 95% IS 2R R AF A0 BL = 4.
L0 ML, BE(T 24 h JE, JFURMIAT Se ) 4.
1.2 N-BSEBMREB RS RN R N

TR 2 B G e 15 B Ak 25 A S W Wk R e Jre i 2
¥) 1a (0.3 mmol). ALK 2k 2a (0.36 mmol). f
HEFI[RhCp*CLy], (0.5 mol%). BERH(0.15 mmol) LA K
BE(1.5 mL)ETRREFRIIRY, TEEE T RM. A TIRER
SN FR B3 VG, FRATTIEE T A [R5 7 S5
BLEAT R, BRI T — 4 2 A WRSRATAE (R
2). I3 2 WSEIGHE v LISt FEmS| W FF gt fi b bR
Ko7 Bl NEUREE, OB SRR, #Re S
DA WSR3 AT H AR =4, S mUR AT is 98%(% 2,
Entries 2, 8). 5 %M WIR FHUARFEAS [ X s B Fr) 52 1
(3% 2, Entries 2~9), MWBRIF [ R 5 it 7 [
LR B R AR BRI, PR ERTE 90% LA (3R 2, Entry 2,
6~9). 2 R' IR 7 BRI dn Bl = 5 L
JRBLRESS T BREAT, A3 A3RAT 91%F1 96% I E (K
2, Entries 3, 5). HURSE M7 B AR 4 LK U JE 1 B X
SR 0, R R % DU = R SR A B 1 22
FRIG|GEP=4)(2% 2, Entries 6~9). HIFER, NS EA
BOF B RE R AN, IR B R BT DU K 3
WL E(F 2, Entries 3, 4). HEPEH T EARFEAR
FENT [ RLIFEIA (R 2, Entries 10~15), 2HE 5T H I
BN R A Y B R R A, RO TR T R
AR T, RMAEREG AR AT, FERAF R IR
(£ 2, Entry 10~14). M{HH 3-CURE, KMNIEER TR
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Table 1 Optimization of reaction conditions

| H . Q o O [RhCp*Cl5]5 (x mol%)
N “OMe T Solvent, Base O
R O Temp.
1a 2a
Entry Base (mol/%) Solvent x/mol% Temp./C R Time Yield®/%
1 CsOAc (200) CH;0H 2.5 60 Me 10 min 98
2 CsOAc (200) CH;0H 2.5 40 Me 30 min 96
3 CsOAc (200) CH;0H 2.5 25 Me lh 96
4 NaOAc (200) CH;0H 2.5 25 Me 4h 93
5 LiOAc (200) CH;0H 2.5 25 Me 5h 95
6 KOAc (200) CH;0H 2.5 25 Me 3h 97
7 K,CO5(200) CH;0H 2.5 25 Me 10 min 97
8 K3PO, (200) CH;0H 2.5 25 Me 30 min 92
9 K,CO5(200) CH;0H 1.5 25 Me 20 min 97
10 K,CO; (200) CH;0H 1.0 25 Me lh 95
11 K,CO; (200) CH;0H 0.5 25 Me lh 95
12 K,CO5(100) CH;0H 0.5 25 Me lh 95
13 K,CO5(50) CH;0H 0.5 25 Me lh 95
14 K,CO5(25) CH;0H 0.5 25 Me 2h 92
15 K,CO5(50) EtOH 0.5 25 Me lh 95
16 K,CO5(50) i-PrOH 0.5 25 Me 2h 84
17 K,CO5(50.) -BuOH 0.5 25 Me 2h 91
18 K,CO5(50) THF 0.5 25 Me 24h 60
19 K,CO5(50) DCE 0.5 25 Me 5h 92
20 K,CO5(50) CH;CN 0.5 25 Me 5h 88
21 K,CO5(50) toluene 0.5 25 Me 24h 85
22 K,CO5(50) CH;0H 0.5 25 H 24h —
23 K,CO5(50) CH;0H 0.5 25 Bn lh 95
24 K,CO5 (50) CH;0H 0.5 25 Allyl 24 h 85

“ Reaction conditions: indole-2-amide 1a (0.30 mmol), alkynes 2a (0.36 mmol), [RhCp*Cl,], (0.5 mol%), K»,CO; (0.15 mmol), solvent (1.5 mL) at the indicated
temperature. ” Isolated yield.

MEHEAT 584, TREAE 60 CR, FFHEmiBRIERH i &,
JEK S SIS A A BERE 315 88% I (R 2, Entry 15). Meom(n\we + Ph—=——ph +
SR HR A AR, A F 5 R S50 S R ) SR 0 036 mmol
I

1.3 ATFERSR KRR

AT T4 T 0349 00(Eq. 1), 45U e FGL:IWLWmme[m@mmmnmm
TR AR T =R R 1 ] KOs (50 o)

0.3 mmol

B, [R50 2 2 AT B, 2 7 M o 0.3 mmol CHiOH, 25°C, 0.25h
I RORORE T e, JE e SR 25 SR AT DU B4 F S
(4] sz 07 3 i AN 250 B S5 AP W FL - 22 T ) JER 4. Ph o Ph
14 HABBHIR B N
N S 4 N = N MeO N NH + F.C N NH (1)
BATHEAT T IR RS K (Eq. 2). 44 5 mmol 1) S 3 Pl
JEVIE, ALFEE 0.2 mol%H &= HIEEMEALT, KIS RE 66% yield 24% yield
determined by HPLC determined by HPLC

NBER) 0 5 A2 L SORE R FE BT W R B, AR F5
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Table 2 The reaction scope

R2 R?
. N _ 4=\ [RhCp*Cl],
OMe <_/ \ /> MeOH, K,CO;

2 25°C
Entry Reactant 1 Reactant 2 Yield”/%
I H _
! Ll O=0 %
o
1 _
> eyt (=) <
0
I d _
s A, O=0) o
‘ (6]
| d _
v A e O=0) .
‘ (6]
o _
D e O—=0 ’
| 0}
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o O—=
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Entry Reactant 1

Reactant 2

Product 3 Yield®/%

13¢ | H\
N OMe
0o

Iy
14 N “OMe
o

1SC ‘ H\
N OMe
o

85

95

88

“ Reaction conditions: indole-2-amide 1 (0.30 mmol), alkynes 2 (0.36 mmol), [RhCp*Cl,], (0.5 mol%), K,COj; (0.15 mmol), MeOH (1.5 mL) at room temperature

(25 C). " Isolated yield. ¢ K,CO;3 (0.60 mmol), 60 C.

Ph——

2a, 6 mmol Ph
IR [RhCP*Clyl, (0.2 mol%) ‘ Ph ,
N “OMe K,CO3 (50 mol%) N NH )
CHg © o ‘
1 3 CH3OH, 25°C, 6 h Sh, O
a
5 mmol, 1.021 g 3a 92% yield

WIS C—H iEA/AMLIIF=1. [Rk, FRATR BRI
AL G| R R i 5 pu 1) C—H 35031 s B AE e
BB RE EEAT Tl A 7 g R
1.5 REHIIE

R DL b s st g B, BATHEN 7 nT RE Y S ML HLER
(K 2). w2 Fow, 1550, N-FAE SRR W BERZ (12) 5 1#
L FI[Cp*RhCLy], TEBR W B T & AE FL AL T B B 44 1L
b5 S IRAAL C—H Wk, JEE R ILCHIRI & R 4%
B R, 5@ R AR R A TV, &
I JE IR DA N—O BERIWT 2 C—N . [k
V BTG TE =1, RO AL 7 5 B HE AL DB A

2 Zhig
DU C—H 354 R A Eb I, B HAA A
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POPE R T U2 B SN BISIAT A 737 N, RS ek
AR SE, e RO S 2 SRS RS B ). AL S
R AARUGTIHRR, TR ALT], R

H., 259 9MEE [3,4-b105 We- 1- B SEAT A= 0 1) £ e it
TR BT

3 SCIEES

3.1 UE5EFA

Bruker Avance 11-400 MHz #Z i 3 9R 1L (LA TMS A A
¥, CDCl; &2 DMSO-ds }#%77); Bruker micrOTOF-QII 4
N P A Bruker TENSOR27 %4 HLIH-AS 4T 4R
TSR 52 ); WRS-2 BRI LA #1453 HCF-1 AL #4
FHHA AEENTH 200~300 HEERS. FA R4 8 T
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Figure 2 Proposed reaction mechanism

BT alisi v g, S bR ET A T KA
i
3.2 LWHE

£ 10 mL [ Schlenk s N2 HIIA N-F 48 JE 5] e F
fER%(1) (0.30 mmol). %RJE 2 (0.36 mmol). /K K,COs
(0.15 mmol) . f# 1L 7] [RnCp*,CL], (0.5 mol%) LA %
CH;OH (1.5 mL), 7E=iR FHFERPL, HEZEN G
ERM R BIERE, MR N SE A T, 17 IR R, RV
BAYIH CHCL; (20 mL)##2 5 MfiH(50 mL), MIAGE
JBE Uk e e i, FHRE IR AT JZ AT 43 B8 bl = M [V (A i )
VIR HE)=2 2 18 1 ¢ 2], RIFE34fid ) % PRmg e =
) 3.
3.3 B EEHERIE

9- F JE 3,4 O S -1 H- M 0 [3,4-b] 5] Wk -1- i
G e, % 96%. mp. 295~296 C; 'H
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NMR (CDCls, 400 MHz) d: 10.61 (s, 1H), 7.43 (s, 2H),
7.34 (m, 7H), 7.25 (s, 3H), 6.92 (d, J=4.4 Hz, 1H), 6.85
(d, J=8.0 Hz, 1H), 4.30 (s, 3H); "C NMR (CDCl;, 100
MHz) §: 156.9, 141.4, 136.6, 134.8, 133.7, 131.3, 129.7,
128.4, 128.0, 127.9, 127.5, 126.5, 126.1, 125.9, 123.1,
121.9, 119.7, 116.2, 109.8, 31.2; IR v: 3019, 2928, 1641,
1586, 1529, 1485, 1451, 1287, 1130, 1102, 970, 920, 740,
698 cm .

9- I 5E-3,4- R BL-7- WIS B 1 H-FIEIE[3,4-b] 15| - 1-
B (3b): A EEAK, 23R 98%. mp. 239~240 C; 'H
NMR (CDCls, 400 MHz) &: 9.19 (s, 1H), 7.41~7.34 (m,
3H), 7.31 (m, 2H), 7.25~7.24 (m, 6H), 6.77 (d, J=8.4
Hz, 1H), 6.70 (d, J=8.3 Hz, 1H), 4.33 (s, 3H), 2.49 (s,
3H); *C NMR (CDCls, 100 MHz) J: 156.6, 153.5, 136.4,
134.7, 132.7, 130.3, 129.4, 128.5, 128.2, 127.8, 127.4,
126.2, 125.0, 121.8, 117.4, 115.9, 110.5, 103.6, 55.0, 31.2;
IR v: 3019, 2916, 2815, 1647, 1447, 1293, 1339, 1176,
1101, 917, 804, 769, 699 cm !; HRMS caled for
C,sH,0N,0,Na [M+Na ] 403.1417, found 403.1395.

9- F 3k -3 4- — R FL -7 G- 1 H- M 1 [3,4-b] W5 W - 1- i
(3c): A, P25 91%. m.p. 301~302 ‘C; 'H NMR
(400 MHz, CDCLy) &: 10.20 (s, 1H), 7.37 (s, 3H), 7.30~
7.26 (m, 7H), 7.07 (d, J=9.6 Hz, 1H), 6.75 (d, J=5.0 Hz,
1H), 6.67 (t, J=9.1 Hz, 1H), 4.26 (s, 3H); °C NMR (100
MHz, CDCLy) 8: 161.2, 156.4, 142.1, 142.0, 136.3, 134.7,
134.2, 131.2, 129.6, 128.5, 128.2, 128.1, 127.7, 126.6,
126.1, 124.6, 124.5, 118.5, 115.8, 109.0, 108.8, 96.1, 95.8,
31.42. IR v: 3079, 2943, 2847, 1647, 1485, 1391, 1283,
1198, 1152, 939, 758, 695 cm '; HRMS caled for
C»sH,7FN,ONa [M+Na']391.1217, found 391.1191.

9- 38 -3,4- — KB -7- G- LH- T g [3,4-b] W5 W -1- i
(3d): A, P75 95%. m.p. 247~248 C; '"H NMR
(400 MHz, CDCl;) 8: 10.24 (s, 1H), 7.42 (d, J=1.7 Hz,
1H), 7.40~7.33 (m, 3H), 7.32~7.22 (m, 7H), 6.88 (dd,
J=8.7, 1.8 Hz, 1H), 6.72 (d, J=8.7 Hz, 1H), 4.27 (s, 3H);
3C NMR (100 MHz, CDCly) 6: 156.6, 141.8 136.2, 134.6,
134.2, 132.8, 131.2, 129.6, 128.6, 128.2, 127.8, 126.5,
125.9, 124.1, 120.6, 120.5, 115.8, 109.8, 31.4; IR v: 3062,
2928, 1648, 1485, 1452, 1387, 1281, 1136, 1066, 891, 767
cm '; HRMS caled for C,4H;,CIN,ONa [M + Na ]
407.0922, found 407.0947.

9- F 38 -3,4- - ZR HE-7- = B 1 2L -1 H- L e [3,4-6] 95
Wk-1-f(3e): H A, =% 96%. mp. 295~296 C;
'H NMR (400 MHz, CDCl3) &: 10.95 (s, 1H), 7.71 (s, 1H),
7.42~7.36 (m, 3H), 7.35~7.29 (m, 4H), 7.28~7.24 (m,

Chin. J. Org. Chem. 2015, 35, 688~697
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3H), 7.15 (dd, J=8.6, 1.2 Hz, 1H), 6.92 (d, J=8.5 Hz,
1H), 4.32 (s, 3H); °C NMR (100 MHz, CDCl;) §: 156.9,
140.2, 136.1, 134.5, 134.4, 131.1, 129.7, 128.6, 128.2,
128.1, 127.8, 127.6, 125.9, 125.5, 124.2, 123.8, 123.2,
116.1, 115.9, 107.4, 107.3, 31.4; IR v: 3062, 2935, 1643,
1499, 1451, 1393, 1338, 1169, 1062, 973, 896, 772 cm ';
HRMS caled for CysHj;F3N,ONa [M+Na'] 441.1185,
found 441.1203.

9-HI5E-3,4- R BL-6- HI S8 B 1 H-FIEIE [3,4-b]M5| k- 1-
B (3f): kO EE, 77 F 95%. mp. 311~312 C; 'H
NMR (400 MHz, CDCl5) 6: 10.01 (s, 1H), 7.43~7.29 (m,
8H), 7.25 (m, 3H), 7.07 (d, J=9.0 Hz, 1H), 6.17 (s, 1H),
4.29 (s, 3H), 3.46 (s, 3H); *C NMR (100 MHz, CDCl;) §:
156.8, 153.6, 136.7, 136.6, 134.8, 132.8, 131.4, 129.5,
128.4, 128.2, 128.0, 127.5, 126.4, 125.2, 122.0, 117.5,
116.1, 110.6, 103.7, 55.2, 31.3; IR v: 3080, 2933, 1641,
1485, 1387, 1294, 1221, 1141, 915, 863, 766 cm '; HRMS
caled for C,sH,)N,O,Na [M+Na+] 403.1417, found
403.1406.

9-FA5E-3,4- IR BL-5-F A k- 1 H-MIERE [3,4-b] 15| k- 1-
i (3g): AMEE, 7% 92%. mp. 327~328 C; 'H
NMR (400 MHz, CDCl5) d: 9.18 (s, 1H), 7.37 (t, J=8.1
Hz, 1H), 7.24~7.11 (m, 10H), 7.05 (d, J=8.3 Hz, 1H),
6.37 (d, J=7.8 Hz, 1H), 437 (s, 3H), 3.10 (s, 3H); °C
NMR (100 MHz, CDCLy) J: 156.8, 148.5, 142.9, 140.9,
135.6, 135.0, 132.9, 131.8, 130.3, 129.8, 128.5, 128.4,
128.3, 127.7, 126.6, 125.8, 118.6, 115.9, 99.4, 55.7, 33.9;
IR v: 3071, 2927, 2844, 2321, 1636, 1483, 1441, 1352,
1175, 1133, 1041, 905, 723 cm '; HRMS caled for
CasHy)N,O,Na  [M+Na']403.1417, found 403.1400.

9-F 33 ,4- — A FE-6,7- — A FE- 1 H-MLIE[3,4-b] 5]
We-1-Fi (3h): B A, 753 98%. m.p. 316~317 C;
'H NMR (400 MHz, CDCl;) 6: 9.82 (s, 1H), 7.49~7.28
(m, 7H), 7.25 (dd, J=6.6, 2.5 Hz, 3H), 6.81 (s, 1H), 6.14
(s, 1H), 4.30 (s, 3H), 3.98 (s, 3H), 3.48 (s, 3H); °C NMR
(100 MHz, CDCl3) 0: 156.3, 150.5, 144.6, 136.8, 136.7,
134.9, 133.0, 131.5, 129.5, 128.4, 128.2, 128.0, 127.4,
125.9, 1249, 115.6, 114.1, 103.5, 91.7, 56.0, 55.5, 31.4; IR
v: 3013, 2928, 1632, 1466, 1343, 1242, 1101, 1027, 898,
850, 752 cm'; HRMS caled for C,¢H,,N,03Na [M+Na ']
433.1523, found 433.1501.

9-FA FE-3.4- T FHE-5,6,7- = F A FE- 1 H-MHE I [3,4-h)
MgIk-1-H(30): FHEEA, 7% 90%. mp. 315~316 C;
'H NMR (400 MHz, CDCl;) d: 9.93 (s, 1H), 7.41~7.30
(m, 7H), 7.25~7.24 (m, 3H), 5.87 (s, 1H), 4.54 (s, 3H),
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4.00 (s, 3H), 3.90 (s, 3H), 3.42 (s, 3H); >C NMR (100
MHz, CDCL3) 0: 156.6, 148.2, 142.6, 140.6, 136.6, 134.7,
133.1, 131.5, 130.0, 129.5, 128.4, 128.2, 128.0, 127.5,
126.4, 125.7, 118.3, 115.6, 99.1, 62.0, 61.2, 55.4, 33.6; IR
v: 3067, 2933, 1642, 1453, 1416, 1254, 1191, 1112, 908,
831, 697 cm '; HRMS caled for C,7H,,N,O,Na [M+Na']
463.1628, found 463.1600.

9- FA 23 4- — (K FH 2R 288 )- 1 - ML WE [3,4- ] W5 k- 1 - i
(3j): A, P25 95%. m.p. 324~325 C; 'H NMR
(400 MHz, CDCl;) 6: 9.75 (s, 1H), 7.41 (d, J=13.7 Hz,
2H), 7.21~7.16 (m, 6H), 7.05 (d, J=7.4 Hz, 2H), 6.94 (t,
J=6.6 Hz, 1H), 6.87 (d, J=8.0 Hz, 1H), 4.33 (s, 3H), 2.42
(s, 3H), 2.30 (s, 3H); “C NMR (100 MHz, CDCl3) o:
156.6, 141.3, 137.8, 137.1, 133.5, 132.1, 131.0, 129.3,
129.2, 128.9, 126.4, 126.2, 126.0, 123.2, 122.0, 119.6,
115.9, 109.7, 31.2, 21.4, 21.2; IR v: 2918, 2866, 1636,
1507, 1454, 1391, 1335, 1104, 1019, 901, 819, 739 cm ™ ';
HRMS calcd for CosH,,N,ONa [M+Na '] 401.1624, found
401.1633.

9- FA 23, 4- — ([] F 2K 228 )- 1 H- ML WE [3,4-b ] W5 k- 1- i
(3k): AMEE, P55 93%. m.p. 253~254 C; '"H NMR
(400 MHz, CDCl3) 6: 10.92 (s, 1H), 7.41 (s, 2H), 7.23 (d,
J=4.3 Hz, 1H), 7.20~7.07 (m, 6H), 7.04 (s, 1H), 6.92 (s,
1H), 6.85 (d, J=7.7 Hz, 1H), 4.28 (s, 3H), 2.31 (s, 3H),
2.26 (s, 3H); *C NMR (100 MHz, CDCl3) 6: 157.0, 141.3,
137.8, 137.5, 136.5, 134.7, 133.8, 131.8, 130.3, 128.5,
128.3, 128.1, 127.7, 126.9, 126.4, 126.0, 123.2, 122.0,
119.6, 116.2, 109.7, 31.1, 21.4, 21.3; IR v: 3025, 2923,
1644, 1485, 1458, 1337, 1294, 1110, 902, 793 cm™';
HRMS calcd for CosH,,N,ONa [M+Na '] 401.1624, found
401.1640.

9- Rk -3.4- — (O F AR 2 R L )- 1 H- L g [3,4-5] 1
M- 1-BR3D): R O, 773 96%. m.p. 324~325 C;
'H NMR (400 MHz, CDCls) 6: 9.77 (s, 1H), 7.43 (s, 2H),
7.21 (m, 4H), 6.93~6.91 (m, 4H), 6.78 (d, J=7.6 Hz,
2H), 4.34 (s, 3H), 3.87 (s, 3H), 3.78 (s, 3H); °C NMR
(100 MHz, CDCly) §: 159.2, 158.9, 156.7, 141.4, 133.5,
1329, 132.3, 130.7, 1289, 127.4, 126.5, 125.9, 123.2,
122.0, 119.7, 115.4, 114.0, 113.9, 113.7, 109.8, 55.3, 55.2,
31.2; IR v: 2898, 2836, 1640, 1606, 1506, 1458, 1389,
1336, 1176, 1104, 1021, 912, 743 cm”'; HRMS caled for
Ca6H,,N,05Na [M+Na ] 433.1523, found 433.1527.

9-FH 33, 4- — (W G 2K 36 )- 1 - e [ 3,4-b] W5 - 1 -l
(3m): FOEEK, 2% 85%. m.p. 375~376 ‘C; 'H NMR
(400 MHz, CDCl;) o: 9.62 (s, 1H), 7.47 (d, J=5.8 Hz,
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2H), 7.38 (d, J=8.3 Hz, 2H), 7.29~7.23 (m, 4H), 7.17 (d,
J=8.5 Hz, 2H), 7.02~6.98 (m, 1H), 6.89 (d, J/=8.2 Hz,
1H), 4.35 (s, 3H); *C NMR (100 MHz, CDCl;) 6: 159.4,
159.0, 156.8, 141.6, 133.9, 132.7, 131.2, 130.6, 129.0,
127.5, 126.6, 126.0, 123.4, 1222, 119.8, 115.2, 114.2,
113.8, 109.9, 31.4; IR v: 3079, 2926, 1642, 1486, 1457,
1394, 1294, 1088, 826, 735 cm '; HRMS caled for
C,sH,4CLN,0Ona [M+Na"] 441.0532, found 441.0537.

9- H Jk-3,4- 7 (3,4- — H FE ORI )-1 H-TE WE [3,4-b] 15
W-1-d(3n): B O[E AR, 772 95%. m.p. 279~280 C; 'H
NMR (400 MHz, CDCL3) §: 9.76 (s, 1H), 7.45~7.35 (m,
2H), 7.11 (d, J=9.9 Hz, 3H), 7.04~6.90 (m, 4H), 6.84 (d,
J=8.1 Hz, 1H), 4.32 (s, 3H), 2.32 (s, 3H), 2.23 (s, 3H),
2.20 (s, 3H), 2.17 (s, 3H); *C NMR (100 MHz, CDCl) ¢:
156.6, 141.3, 136.4, 136.3, 135.5, 133.9, 133.5, 132.5,
132.2, 130.3, 129.6, 129.3, 128.5, 127.0, 126.4, 125.9,
123.3, 122.1, 119.6, 115.9, 109.7, 31.2, 19.8, 19.7, 19.65,
19.5; IR v: 3082, 2922, 1647, 1492, 1450, 1336, 1281,
1099, 1015, 887, 732 cm™'; HRMS calcd for CosH,eN,ONa
[M+Na']429.1937, found 429.1596.

9- F -3 4- — 2, B -1 H-TL g [3,4-b] W] W -1- 1 (30):
W FEA, PEE 88%. m.p. 143~144 C; "H NMR (400
MHz, CDCl3) 0: 11.22 (s, 1H), 8.10 (d, J=8.2 Hz, 1H),
7.58~7.41 (m, 2H), 7.32~7.19 (m, 1H), 4.36 (s, 3H),
3.02 (q, J=17.5 Hz, 2H), 2.77 (q, J=7.6 Hz, 2H), 1.37~
1.32 (m, 6H); “C NMR (100 MHz, CDCly) J: 157.3,
141.3, 135.1, 126.2, 126.1, 125.9, 123.2, 121.4, 119.8,
114.8,109.9, 31.2,23.2, 21.1, 14.8, 14.7; IR v: 3077, 2964,
1647, 1450, 1329, 1298, 1060, 1017, 881, 778 cm ',
C16HsN,ONa [M+Na']277.1311, found 277.1330.

4 Bi#1 kL (Supporting Information) 1t &4 3a~30 I
'"HNMR, "C NMR i & i 2kl n] LA b 2 AT 3l
(http://sioc-journal.cn/) I N %K.
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