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Design, Synthesis and Antioxidant Activity of Tetrahydro-f-carbolines

Zhang, Xiaoyu Li, Xinyan Cui, Bing Shao, Zhihui* Zhao, Mingqin*
(College of Tobacco Science, Henan Agricultural University, Zhengzhou 450002)

Abstract Tetrahydro-f-carbolines (THBCs) are important structural units of indole alkaloids, most of which have significant
biological properties, such as anti-inflammatory, antiviral, anticancer, antibacterial, and antioxidant properties. Herein, a
Pictet-Spengler oxidation reaction with 3-(2-methylaminoethyl) indole and alcohols as starting materials was developed over
the pincer manganese catalyst. The reaction system showed good substrate applicability, 12 kinds of THBC products were
synthesized from aromatic alcohols and aliphatic alcohols with the yields of 43%~99%. The structures of the products were
confirmed and characterized by 'H NMR, 3C NMR, IR and HRMS. The antioxidant activity of these compounds were inves-
tigated by scavenging ABTS "+ and DPPH*. The results showed that in the two test systems, all of those compounds had good
free radical scavenging ability, indicating that those compounds are a class of potential antioxidant. Among them, 1-(4-fluoro-
phenyl)-2-methyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indole (3¢), 2-methyl-1-(naphthalen-2-yl)-2,3,4,9-tetrahydro-1H-pyrido-
[3,4-b]indole (3e), 2-methyl-1-propyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indole(3h), 2-methyl-1-propyl-2,3,4,9-tetrahydro-
1H-pyrido[3,4-b]indole (3j) and 2-methyl-1-(2-(pyridin-3-yl)ethyl)-2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indole (31) showed the
best effect on scavenging ABTS ¢, while 1-cyclohexyl-2-methyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indole (3i) and 2-methyl-
1-(2-(thiophen-2-yl)ethyl)-2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indole (3k) were slightly weaker, followed by 2-methyl-1-phe-
nyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indole (3a), 2-methyl-1-(4-(methylthio)phenyl)-2,3,4,9-tetrahydro-1H-pyrido[3,4-b]-
indole (3b), 1-(furan-2-yl)-2-methyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indole (3d), 2-methyl-1-(pyridin-3-yl)-2,3,4,9- tetra-
hydro-1H-pyrido[3,4-b]indole (3f) and 2-methyl-1-(thiophen-2-yl)-2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indole (3g), and ICso

*

Corresponding authors. E-mail: shaozh21@henau.edu.cn; zhaomingqin@126.com

Received January 8, 2023; revised March 19, 2023; published online April 13, 2023.

Project supported by the Top-Notch Personnel Program of Henan Agricultural University (No. 30501028), and the Natural Science Foundation of Henan
Province (No. 232300420376).

TR A K 2 4RGN (No. 30501028)F13 F 44 H S8 2% 4x(No. 232300420376) F BT H .

Chin. J. Org. Chem. 2023, 43, 2885~2894 © 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences ~ http://sioc-journal.cn/ 2885



BIKE

MRILX

could reach 0.073 mgemL™! or above. Among of the target compounds, 3a, 3¢, 3e and 3h had the best effect on scavenging
DPPH, followed by 3d, 3i, 3j and 31, and 3b, 3f and 3g had the worst effect. In conclusion, compounds 3¢, 3e and 3h had
good scavenging ability on ABTS " and DPPH*, while compounds 3b, 3f and 3g had poor scavenging ability on 2,2'-azino-
bis(3-ethylbenzothiazoline-6-sulfonate) cationic radical (ABTS"*) and 1,1-diphenyl-2-picrylhydrazyl free radical (DPPH®).
Keywords tetrahydro-f-carbolines; manganese catalysis; alcohols; Pictet-Spengler reaction; antioxidation
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Figure 1 Examples of natural products or drugs containing the
tetrahydro-f-carbolines (THBC) scaffold
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TH B B ) N IBCR AR, R, FF R — oy B mE A
17 B 3% fie v RCE VY S -B- R kAL & P 1 T, X T
Pictet-Spengler 237 [RIHF 58 A1 DU - B- Wbk AL 420 1140 87 FH
e B BA o EER R X
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Scheme 1 Synthesis of THBCs catalyzed by Ru and Ni cataly-
sis
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Figure 2 Catalyst structure
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Table 1 Effects of reaction conditions on the synthesis of the target compound 3a

[Mn] (n mol%)

N—
H

Q . ©/\OH Base (x mol%)
N Solvent (0.5 mL)
H T°C,16 h
1 2a
Entry [Mn] Base Solvent  n/mol x/mol% 7PC  Yield/% 3a
1 [Mn]-I Na,CO3 Dioxane 1 10 165 >99
2 [Mn]-ll Na,CO3 Dioxane 1 10 165 92
3 [Mn]-lll Na,CO3 Dioxane 1 10 165 29
4 [Mn]-l NaOH Dioxane 1 10 165 89
5 [Mn]-I ‘BuONa Dioxane 1 10 165 90
6 [Mn]-I Na,CO3 Dioxane 1 10 140 93
7 [Mn]-l Na,CO3 Dioxane 0.5 10 165 84
8 [Mn]-l Na,CO3 Dioxane 1 5 165 78
9 [Mn]-I Na,CO3 Toluene 1 10 165 88
10 [Mn]-I Na,CO3 THF 1 10 165 92
11 [Mn]-l None Dioxane 1 10 165 Trace
12 None Na,CO3 Dioxane 1 10 165 Trace

mmol 2a, 1 mol%HIEHLF, 10 mol% NaCO; 7E %
ANHEFIF 160 Cl 16 h(FEAN X MNAEFEFH F5E
FR), SN &5 AR I o R A R b AN R R
SERLRY: fF ] PPNP (AL AL [Mn]-1, 7247 3a 1)
WA >99% (Entry 1), FLIEN 2644 R A2 H e
AT RERI B R =2, [ OYPNP AR AR M AL 77 [Min]-1T
AT S LA B R AL BRI 3a BN 92%
(Entry 2). 5 g5 SR, BABREURIER BuPNP
EROR B AREA 77 [MIn ) - S5 1 3R 0 M 6 2 P it e AL S
WG YEEntry 3). tbAk, MHFEZMA T HEBR A
Mn AT ES8) $5) A A I 2] H b5 =2 (1) 42 i (Entries 11,
12). 5, 570 H e RN S HON T A R
N FZm . Bl an, ff H5ESE NaOH 8¢ ‘BuONa R
Na,COs i, 193] 7 AL 45 R (Entries 4, 5); MM
FEFRRRZE 140 CHF, Ak Za =2 5 3 B (K (Entry 6);
I A ) B P B 2 PR AE R WA 26 Ik % 1% (Entriess
7, 8); tJa, A H IR E DY SRR R i 2 S EE bn
FE e 20 AT K (Entries 9, 10).
1.3 RMER MR

BB RER MRG0 2 R0y B ki AT i
AL S DL T R & (R 2). BAAASFEEUR
BRI IR RE LA R AP0 2 B9 r= 215 BIAE R =), 1
W B RIFRIETE. Bk, RSk
RPN T AT R G EERELEE ), &R
RS2 HFRr=4 3b, 31, 3g. MbAh, BRI BE R
HH,, (BEZIEJEEAME TN, ks B fed] C—F 10
R I IN 52 1 (3e). T4, MEE S B 5 KA P45 R4 1
2-Z% AR R0 R S 275 2 H bR =4 3d F1 3e. 5 T
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S N AR T — e Tk, 3 R M g 3
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Al— 2 (2) i EAHEL A B THBCs (7] g /e N 4%, G
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Table 2 Manganese-catalyzed dehydrogenative coupling of 3-(2-methylaminiethyl) indole with various alcohols to synthesis THBCs

[Mn] (1 mol%)

{ NT R~ Na,COs (10 mol%) N N
N + Dioxane (0.5 mL) N
H 165 °C, 16 h H R
1 2 3
Entry Product Yield/% Entry Product Yield/%
N
1 O 99 2 81
N
"LO
3a
N—
N—
L, 3
3 N O 86 4 N o) 81
H [
3c 7
F 3d
N—
s -
5 N 95 6 N 72
H N
OQ H o/ N
3e 3
N—
N—
7 h} S 89 8 N 69
N
H // H 2
3g 3h
N— N—
9 N 58 10 N 51
N Cy N 7\
H H ,.
3i 3
N— N—
N A\
1 N 78 12 N 43
H s H
/ N
3k // 3l _
N~ [Mn] BRN R 3. Mo fEWTE PR — 7271
B N— = / th > S e
\ + R on — 2 R[] AL 775 ) A 0 R (MK 6 AU S 7
N

F [Mn] ’
Base 5

[MnH,]

N

B 2 R 3-(2- FF AL EHE 2 0 g Wi 5 1 it S AR IR 1 P g
SN

Scheme 2 Proposed reaction mechanism for dehydrogenative
coupling of 3-(2-methylaminiethyl) indole with alcohol
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HIEAL AL, AT 58 A AL 2R
1.5 THBCs F~=#IHIInEWiE MR

ABTS o2 —F LA N JEF O MRS HE FH
HJE, 78 734 nm A RIS, 24 ABTS /& 0
APUEMTG, IO RART, BB K, o
SRR CRERRAR, X — R B T A AR P
AATEPERY, RE AR BT & ALY THBCs b & 41E it
FXT R, ANFEYFE R K) THBCs il Ve X} ABTS '
BRSO X L DL P 3. B 3 AT Ve X ABTS e )3
BREBZIT 99.99%. THBCs F=#%F ABTS 38 HA — & 1)
BRI, XA A5 R AT X AT AL, FE 0.2~04
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mmolemL ' ¥R E VG Y, THBCs X} ABTS iR 8 5
WEEIEMZE, £ 04~1.0 mmolemL ! I{REEHE N,
THBCs X ABTS "7 b 0 R Bl ARG A I . 7RI
43 1.0 mmolemL I, THBCs % ABTS " f{)if5 4 %Kik
Fligrm, HBMET Ve,

M 3 iH5 THBCs P4 F1 Ve i&KR ABTS  * ] 1Cso
1T 3. 1R 3 HdETT R, ALAY 3h. 3is 3j 19 ICso
435124 0.102.0.137 F1 0.109 mmolemL !, 5 Ve (ICso A
0.099 mmolemL "%, HIZAKTHAREY 3a (ICso N
0.170 mmolemL "), i B HUAR 3k 45 44 o 2 F 25 (CHL) 1)
SINBERFHEEAYIHIE ABTS «EES), AW 3g
(ICso N 0.166 mmolemL ")Fl1 3k (ICso ¥ 0.126 mmole
mL "), BLA% 3f (ICso 9 0.165 mmolemL ™)1 31 (ICso N
0.111 mmolemL Y ELER S5 Witk — P IHE T %4518, &
B b 5 A &85 g v I FR R (CHL) Bl 1 488 i, AR
S5 B 7R uksm B Bh T A AR, BEim g
3k ABTS «[WBESIANBI G, 734k, TEFRIANAL 5]\
FIR TR BT m b &K ABTS [ffe 11, th
Wt &9 3¢ HEIN T F EFHREE, 3¢ 1 ICs 4 0.114
mmolemL ™!, iZKTILEY) 3a. 51L& 3a fHLL, L&
Y 3e MIZE AR R A SR SLHEPE, F 1Cso M 0.115
mmolemL !, HIZKTHEY) 3a, WHIMLEYF TN
SR FAEA R BE L = THBCs 1518 ABTS «[RRE /1. ¥
WEY) 3a FIRIREE M NIRRT HIR, BT 4h
HUAR1E &9 3d. 3. 3g 19 1Cso 731 A 0168+ 0.165 0.166
mmolemL !, 5{&%) 3a MILLEE A ZR. (L&Y 3b 1)
ICso >4 0.192 mmolemL ', 5T 3a HEFrG W EWHIA
P, WTReRAmT S R T aEMALA gE H R LA E
B 5 ABTS o RAE T 46 8L, W sem e hu b g ok,

ABTS"
100

80

60 -

404

20~

Free radical scavenging rate/%

T T
0.0 0.2 0.4 0.6 0.8 1.0
c¢/(mmol-mL™")

B3 THBCs fl Vo % ABTS «jiiFR i
Figure 3 ABTS "+ scavenging ability of of THBCs and Vc
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FB, BRI L EE o th, OB/, B2
F T PP A UL R B R R i B2 AR Rk
FE1) THBCs A1 Ve X} DPPHe [ i 5 (1975 BR R % b AL
4. K 4 A%, 1E 1.0~2.0 mmolemL ™ W JEE HE A,
THBCs X DPPH -« b 2R BE R B 3G KA R, 78
2.0~10.0 mmolemL ' J&JEJE [, THBCs %} DPPHei#
B R R P B A AR 2%, RV IAE] 10 mmole
mL ™', THBCs X} DPPHe {3 i 3R 1A 2 % i HAME T
Ve.

DPPH-
100

80

60 +

404

Free radical scavenging rate/%

¢/(mmol-mL™")

B4 Hirtb&HA Ve X DPPH-E K fE

Figure 4 DPPH?- scavenging ability of THBCs and V¢

1 4 1H5 THBCs F=##1 Ve Ji Kk DPPH*ff] ICso,
FITEE 3. 3R 3 BdEmran, (a4 3, 3e, 3h 1) 1Cso 73
A9 1.090, 1.115. 1.115 mmolemL !, #i& Ve (ICso A
1.003 mmolemL ") AR T BRI 3a (ICso A 1.621
mmolemL ™). Ui B[ R 5] A H I (CH,) . = &R R
T, PAAE A & YRR L Be v SE A R T & R
BEIUH 7% 5 DPPHeBCXT, &% 3g (ICso N>10
mmolemL )l 3k (ICso & 9.479 mmolemL 1Y), PLK 3f
(ICsp 4>10 mmolemL ™ ")F1 31 (ICso N 6.141 mmolemL )
SIS Rk — P IRE Tz g5 . (BALEY 3i, 3j I
REEP WM EH CHy, H ICs 7074 8.581. 4.275
mmolemL !, 5T 3a, WHHBRIEH & C=C XNk
RAL B IR e e U FE 25 B A AL & 7% K DPPH *
Ae/1. t&9) 3d. 3f. 3g 1 ICso 2300 2.737. >10.
>10 mmolemL !, ¥JETHEY) 3a, Uil ISR HE
XfiERR DPPHA MM, i, &5 3d HIERAL
FAt T HAl 2 MEEY), AR B & AR R
TR fE 5 55 5 %55 JF 5 DPPH LA 17X &5
&, IWIMRIL R sEztE. &4 S R BAREEML
&%) 3b, H 1Cs50>10 mmolemL !, W HERH T &Y T
) S J5i 15 DPPH KA GAEH, 52mi iz -a it
FAIETE.
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Table 3 Antioxidant activity of compounds

ICso/(mmolemL ")

Compound Structure ABTS' DPPH-
N/
A\
3a N 0.170 1.621
O
N——
U
3b ” O 0.192 >10
SMe
Co~<
3¢ O 0.114 1.115
F
N——
A\
3d 0.168 2.737
N J o
H %

N——
0
3e N 0.115 1.115
"D
N———
N
3f N 0.165 >10
H (/N
N———
3 ) 0.166 >10
g N y s .
H V4

N/
3h N 0.102 1.090
N 2
H
N/
3i N 0.137 8.581
N Cy
H
N———
3j N 0.109 4275
N N\
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ik
ICso/ lemL !
Compound Structure = sof(mmol-mL. )
ABTS - DPPH-
N—
A\
3k N 0.126 9.476
H ) S
%
31 0.111 6.141
Ve 0.099 1.003

LGEWMERKE, WEY 3¢, 3e, 3h (L7
ABTS +f1 DPPH* J5 [fi ¥R B H G 1, mifh &9
3b. 3f H 3g 7EPIAMA R TR R B A S B AL g
B TCIIE, TUS B RIS S I DT E TS T e 2
S| RIA A N A S0, TS PR A L R B i 2 i g L
PUAAIETE. 12 A B bs b S 7E M R i R IR
7 0

2 g

DL 3-(2- H Rk 2 58 | R Ay sk, ) A4k
Pt JI S0 7 VR R R T — P A R A 0 R 10 1 Ak
Pictet-Spengler . 1% M.AK 5 B A BT 1) A & H
P, XA R B 95 A A A R A A 65 DL (43% ~
99%) = Z A E] 12 MIUE-S-HEM R EY). @it H
NMR. 3C NMR. IR #1 HRMS Xtk &4 45 tdk47 1
PANMIRAE. & MITERA M. SO R, IR
YIiE FPET 2 55 5, WA Pictet-Spengler I 5T
TRt DU S -B- R bR Ak A5 400 110 S0 P ) 0 A 3 11 S 56 A 3
KA.

XT VY Z-B-FR IR = P i 0 A AT T AT T i BRI
I3 5K ABTS '« fil DPPHJERRVZEINR T 12 Fh H 5=
YR AR 7). AR, 12 P& AE 2 ANl
WERFEIH T —EMPrEiE T, MMeEds
MEEEXRRE, HAAFRBRER THBCs 2153
AN HUEATEYE, Z5E PR RIS A I 77 T R 45
FKE, LAY 3c. 3e. 3h XF H HILIERREE LT HoAth
&, SRS AN I (CH,) . MR T, BLASLHir:
B m R R i mtb &bt E Lk ge, ey
3b. 3f. 3g X H HEEMTERRAEIEE, WIS T
R NS & S 5 1248 05 0 DU A-B- AL S P B
e Re A MGEIER. 28 ERTR, ARG B A BT
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PURARE ), RIEERPURNL, 2GRN R
WEYTUEMNE BRI TSR R S5

3 XIES
31 E5EHA

53 BT RKF(0.00001 g), %t Mettler Toledo A 7l
RCT Basic fHii 4 748, 8 KA A F; SHB-D(III)
RYNIEFR KL A, N-1300 fight 25 KA, HAZE R
LR A 24 CCA-20 (IR A HUKMEA S, TP
I E A R TTAE A |5 7890A/5975C < i Ik A, 35
Agilent A F]; Avance I BYRZHEIEHRIE 1 (400 MHz,
VU F S REE TMS 1E N FR), Fiit: Bruker /A ]; Triple
TOF 5600 + 5 73 #¥ i i 1%, £ E AB Sciex 2 #;
UV-1800PC 254h—1] WAor e BT, bilg#s 4Rl A
AIRAF]; 100 pL fEESds, Bl TRAR AR
T BTN (DMSO), s Hrall, bk R 404k 2
FRAF] 2,218 %W —(3- 2, LR B e k-6 R — iz #h
HHZE(ABTS »). KT BRELFE B 55 (DPPH.), #rifE
i, 3% [ Sigma-Aldrich 2 w5 it 209 = 45 dr 46
Bk 2= AR, BT P VA RS BT R AL .
32 ARFEE

ERASRTITFERS, B 3-Q-F R L5
& 1 (0.5 mmol, 87.06 mg). % 2a~21 (2 mmol). FRERHN
(5.30 mg, 0.05mmol). f# k7 [Mn]-I (2.5 mg, 0.005
mmol). 1,4- 4 75FA(0.5 mL), KKIMAZ] 15 mL i &
IR ST, B R T ERBGH IR 3]
BB, 76 165 CHMTRE 16 h. RN RS,
VKA, ANOFT IS, X R BP0 47 S A (i
(GC)sE B H K JE T 70 B, 15 2 H bx /=4 DY & -B-H ik
.

FHOGBRAL B e 2540 S e Bl n
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2-FH L -1- 2K 3 -2.3.4,9- DU & -1 H- 1L WE -[3,4-b] 5] Mk
(32)3: 31.1 mg WA A, F7F>99%. m.p. 95~96 C;
'H NMR (400 MHz, CDCls)d: 7.47~7.36 (m, 1H), 7.21
(s, 5H), 7.03~6.91 (m, 3H), 4.16 (s, 1H), 3.11 (dd, J=
12.2, 5.1 Hz, 1H), 2.98 (q, J=9.9, 5.4 Hz, 1H), 2.73 (d,
J=15.6 Hz, 1H), 2.63 (dt, J=11.1, 5.6 Hz, 1H), 2.21 (s,
3H); 3C NMR (101 MHz, CDCl) §: 139.5, 136.4, 134.3,
134.0, 130.5, 129.0, 127.1, 121.8, 119.6, 118.4, 110.0,
109.1, 66.6, 53.0, 43.5, 21.6.

2- F 3 -1-(4- FF AL K 2 )-2,3,4,9- DU & -1 H- L B -
[3,4-b]"51(3b)34): 124.79 mg, BOME, 7% 81%. 'H
NMR (400 MHz, CDCls) d: 7.47~7.40 (m, 1H), 7.15 (d,
J=4.4 Hz, 4H), 7.10~7.03 (m, 1H), 7.01 (dd, J=6.4, 3.0
Hz, 2H), 4.16 (s, 1H), 3.13 (ddd, J=11.4, 5.5, 2.4 Hz, 1H),
3.00 (dddd, J=15.7, 10.6, 5.4, 2.3 Hz, 1H), 2.79~2.71
(m, 1H), 2.64 (td, J=10.9, 4.1 Hz, 1H), 2.39 (s, 3H), 2.23
(s, 3H); 3C NMR (101 MHz, CDCls) d: 138.5, 137.6,
136.3, 134.8, 129.6, 126.6, 121.6, 121.6, 119.4, 118.3,
110.9, 108.9, 66.9, 53.2,43.5,21.6, 15.7.

1-(4- 0 3E)-2- F 5£-2,3,4,9- VU & - 1 H- M g -[3,4-b]
5W(3c): 103.73 mg, & AEAE, =% 86%. mp. 174~
176 °‘C; 'H NMR (400 MHz, CDCL3) 6: 7.51~7.38 (m,
1H), 7.16 (dd, J=8.6, 5.5 Hz, 2H), 7.05~6.95 (m, 3H),
6.91 (t, J=8.6 Hz, 2H), 4.14 (s, 1H), 3.15~3.04 (m, 1H),
3.02~2.91 (m, 1H), 2.79~2.67 (m, 1H), 2.66~2.56 (m,
1H), 2.19 (s, 3H); *C NMR (101 MHz, CDCls) d: 162.7
(d, J=246.4 Hz), 136.4, 134.6, 130.8, 130.7, 127.1, 121.7,
119.5, 118.4, 115.7, 115.5, 110.9, 109.1, 66.5, 53.0, 43.5,
21.6. HRMS (ESI) caled for C;sHigFN, [M + H] "
281.1449, found 281.1440.

1-(2- M i F% )-2- F FE-2,3.4,9- I & - 1 H- ML g <[ 3,4-]
Ik (3d): 102.11 mg, FREMAE, 772% 81%. 'H NMR
(400 MHz, CDCls) 6: 7.42 (d, J=7.9 Hz, 1H), 7.36~7.25
(m, 1H), 7.14~7.07 (m, 1H), 7.01 (td, J=7.0, 1.5 Hz,
2H), 6.25 (dd, J=3.3, 1.8 Hz, 1H), 6.14 (d, J=3.2 Hz,
1H), 4.55 (s, 1H), 3.07 (dt, J=11.9, 5.2 Hz, 1H), 2.89~
2.81 (m, 1H), 2.79~2.72 (m, 1H), 2.71~2.63 (m, 1H),
2.33 (s, 3H); '3C NMR (101 MHz, CDCls)6: 153.0, 142.8,
136.2, 131.6, 127.1, 121.8, 119.4, 1184, 111.0, 110.2,
109.5, 109.1, 58.9, 50.9, 43.0, 20.7. HRMS (ESI) calcd for
CisH17N,0 [M+H]" 253.1335, found 253.1329.

2- F B -1-(2- 25 55)-2,3,4,9- VU & - 1 H- WL g -[3,4-B] W5
Wk(3e): 148.28 mg, MW OEfE, f“3 95%. m.p. 187~
189 °‘C; '"H NMR (400 MHz, CDCls) 5: 8.04~7.91 (m,
4H), 7.74 (d, J=7.0 Hz, 1H), 7.70~7.63 (m, 2H), 7.59
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(dd, J=8.4, 1.7 Hz, 1H), 7.42 (s, 1H), 7.32~7.21 (m, 2H),
4.57 (s, 1H), 3.49~3.26 (m, 2H), 3.06 (d, J=15.1 Hz,
1H), 3.00~2.89 (m, 1H), 2.52 (d, J=2.4 Hz, 3H); 3C
NMR (101 MHz, CDCls) d: 138.6, 136.6, 134.9, 133.6,
133.4, 129.0, 128.4, 128.0, 126.8, 126.5, 126.4, 121.7,
119.6, 118.5, 111.1, 109.1, 67.6, 53.3, 43.8, 21.8. HRMS
(ESI) caled for CpHyN; [M+H]" 313.1699, found
313.1693.

2- B 1-(3- M g 55 )-2,3,4,9- U & - 1 H- M ¢ [ 3,4-D)]
5301 94.73 mg, M EA[FEE, 73 72%. mp. 167~
169 °C; '"H NMR (400 MHz, CDCl;) : 8.78 (s, 1H), 8.37
(s, 1H), 8.34~8.19 (m, 1H), 7.58 (d, J=7.3 Hz, 1H),
7.20~7.09 (m, 2H), 7.03 (dd, J=6.0, 2.7 Hz, 2H), 4.28 (s,
1H), 3.23~3.11 (m, 1H), 3.10~2.97 (m, 1H), 2.80 (d, J=
15.4 Hz, 1H), 2.71 (t, J=11.0 Hz, 1H), 2.24 (s, 3H); 13C
NMR (101 MHz, CDCls) d: 149.9, 149.4, 137.3, 137.0,
136.9, 134.1, 126.8, 124.1, 121.7, 119.3, 118.3, 111.1,
109.1, 64.6, 53.2, 43.5, 21.7.

2- Bk - 1-(2-1E Wy 3£ )-2,3,4,9- U & - 1 H- ML ¢ - 3,4-D)]
M5W&(3g): 119.31 mg, HEEA[FEE, =2 89%. mp. 158~
160 ‘C; 'H NMR (400 MHz, CDCl3) 6: 7.50~7.33 (m,
2H), 7.09~7.05 (m, 1H), 7.04~6.94 (m, 3H), 6.88 (dd,
J=5.1, 3.4 Hz, 1H), 4.60 (s, 1H), 3.19~3.06 (m, 1H),
2.98~2.85 (m, 1H), 2.78~2.69 (m, 1H), 2.68~2.60 (m,
1H), 2.31 (s, 3H); '*C NMR (101 MHz, CDCls) J: 144.9,
136.3, 134.1, 127.2, 126.7, 126.4, 126.3, 121.8, 119.5,
118.5, 111.0, 108.4, 61.8, 52.4, 43.5, 21.3. HRMS (ESI)
caled for Ci6H17N,S [M+H]" 269.1107, found 269.1101.

1- T -2- H 3£ -2,3,4,9- DU & -1 H- WL B -[3,4-b] 5] W
(3h): 83.55 mg, KA, % 69%. 'H NMR (400
MHz, CDCl3) d: 7.40 (d, J=7.6 Hz, 1H), 7.21 (d, J=17.9
Hz, 1H), 7.03 (dd, J=11.8, 7.5 Hz, 2H), 3.40 (t, J=5.5
Hz, 1H), 3.08 (ddd, J=9.0, 5.6, 2.4 Hz, 1H), 2.70 (dt, J=
11.4, 3.6 Hz, 3H), 2.38 (s, 3H), 1.84~1.72 (m, 1H),
1.70~1.58 (m, 1H), 1.30~1.21 (m, 3H), 1.18 (s, 1H),
0.81 (t, J=7.0 Hz, 3H); *C NMR (101 MHz, CDCL) ¢:
135.9, 135.1, 127.4, 121.3, 119.3, 118.1, 110.7, 108.3,
60.1, 49.8, 41.9, 32.8, 27.7, 23.1, 19.1, 14.1. HRMS (ESI)
caled for CisHasN, [M+H]™ 243.1856, found 243.1852.

1-FF O 3E-2- F 32,34, 9- DU A -1 H- ML e -[3,4-b] W]
(3i): 77.84 mg, W EIRIK, 7% 58%. 'H NMR (400
MHz, CDCLy) o: 7.42 (d, J=7.7 Hz, 1H), 7.24 (d, J=7.9
Hz, 1H), 7.12~6.97 (m, 2H), 3.20~3.06 (m, 2H), 2.87~
2.74 (m, 2H), 2.53~2.44 (m, 1H), 2.36 (s, 3H), 1.75~
1.53 (m, 5H), 1.18 (s, 6H); *C NMR (101 MHz, CDCl;)d:
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135.7, 133.9, 127.1, 121.4, 119.2, 118.0, 110.6, 108.0,
65.3, 47.0, 42.9, 42.7, 31.4, 30.6, 26.6, 26.6, 26.4, 17.3.
HRMS (ESI) caled for CisHsNa [M+H]" 269.2012,
found 269.2006.

(E)-2- H 3 -1-(3- & Js 3 )-2,3,4,9- DU & - 1.H- L B -
[3,4-b]5| Wk (3)): 64.87 mg, R, =3 51%. 'H
NMR (400 MHz, CDCl;) 6: 7.40 (d, J=7.5 Hz, 1H), 7.20
(d, J=7.5 Hz, 1H), 7.11~6.94 (m, 2H), 5.37 (td, J=3.6,
1.9 Hz, 2H), 3.42 (t, J=5.5 Hz, 1H), 3.17~2.97 (m, 1H),
2.81~2.54 (m, 3H), 2.37 (s, 3H), 2.15~2.04 (m, 1H),
1.94 (q, J=4.8 Hz, 1H), 1.86~1.64 (m, 2H), 1.63~1.47
(m, 3H); 3C NMR (101 MHz, CDCls) 6: 136.0, 134.9,
1312, 127.3, 125.4, 121.3, 119.3, 118.0, 110.8, 108.2,
59.4,49.4, 41.9, 33.0, 28.5, 18.9, 18.0. HRMS (ESI) calcd
for C17Hx3N, [M+H]" 255.1856, found 255.1853.

2- FA S -1-(2-ME Wy -2- £, )-2,3,4,9- DU & -1 H- ML Vg -
[3,4-b]"5|WE(3Kk): 115.49 mg, IRFEIRIAK, 72K 78%. 'H
NMR (400 MHz, CDCls) §: 7.64 (s, 1H), 7.41 (d, J=7.5
Hz, 1H), 7.11~6.94 (m, 3H), 6.84 (dd, J=5.1, 3.4 Hz,
1H), 6.72 (d, J=3.3 Hz, 1H), 3.47 (t, J=5.3 Hz, 1H),
3.15~3.04 (m, 1H), 2.96 (d, J=8.9 Hz, 1H), 2.82~2.68
(m, 3H), 2.66 (q, J=4.4 Hz, 1H), 2.41 (s, 3H), 2.16~1.98
(m, 3H); 3C NMR (101 MHz, CDCL) d: 145.4, 136.1,
134.3, 127.3, 126.9, 124.3, 123.1, 121.5, 119.4, 118.1,
110.8, 108.7, 59.0, 49.3, 42.1, 35.2, 25.6, 18.9. HRMS
(ESI) caled for CigHaN,S [M+H]" 297.1420, found
297.1416.

2- - 1-(2- M i -3- 20 95)-2,3,4,9- DU & - L H-THE g -
[3,4-b]5|Wk(3D): 62.60 mg, ¥R T IR, =% 43%. 'H
NMR (400 MHz, CDCls) d: 9.95 (s, 1H), 8.50 (d, J=4.5
Hz, 1H), 7.56 (td, J=7.7, 1.8 Hz, 1H), 7.42 (d, J=7.7 Hz,
1H), 7.20~7.11 (m, 1H), 7.12~7.02 (m, 2H), 7.01 (d, J=
7.4 Hz, 1H), 3.48~3.29 (m, 1H), 3.23~3.09 (m, 1H),
2.99~2.71 (m, 3H), 2.71~2.59 (m, 1H), 2.36 (s, 3H),
1.18 (s, 2H); '3C NMR (101 MHz, CDCls)6: 161.9, 148.6,
137.0, 136.0, 134.6, 127.1, 123.7, 121.4, 121.1, 118.8,
117.9, 111.1, 107.4, 58.4, 48.4, 41.9, 33.5, 33.4, 18.6.
HRMS (ESI) caled for CioH»N3; [M+H]" 292.1808,
found 292.1804.

3.3 mEMFEMEMK

S H LN BEHPO IR AT B 2, L 7
mmoleL ' ] ABTS ¥ A1 2 mmolsL ' ] K,S,05 A7
%2 mL, &S], BOLRE 12 h, FT/K RS
B, HIRAEWAE 734 nm AMIMROEE R(1.040.02), id
N Ao, ENTS ABTS « LAYETR. ISR SRR S,
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K DMSO @ HHe il % 0.05+ 0.10- 0.15+ 0.20 1 0.25
mgemL ' [RFIVETR, WL Ve B, B RN FEH
£ B A AR Ve 89 0.2 mL, A 0.8 mL ABTS e
W, IR G EIREE N 30 min, N EER)E, #H
AN HECE T 734 nm AEIOGE 4, i 3 41PATSE
SHCEIIME, ABTS <& bRR IR AR W T:
ABTS " j5 53 = (1—A41/40) X 100% (1)

SEFEBEL LB, KA. DPPH.
e, K OEERM, 1€ 517 nm A IROGEE A
(1.0£0.02), i 4o, EP7S DPPH. T{EIAWR. FEHIFREL
INFREIIAL S P03 F — W AR 7 i R, AR DA
Sy HIEHIEL 0.5 1.04 1.5, 2.0 A1 2.5 mgemL ™' fFFIIE
W, SFHRLL Ve AR, B LR AS R BE O AR A Ve
B 0.2 mL, M 0.8 mL DPPHIAEWR, VE2) )5 =5 168
B 30 min, GGG, Ao B THI
513 nm ARG 4, M3 41747 SEEGHCF-#4){H, DPPH.
BRI E AL

DPPHej& &% = (1 —A41/40) X 100% )

44 B #1 Bl (Supporting Information) U & I 4 7= 4]
3a~31 /) '"H NMR. C NMR i &, X EppRlnr bl 4 5%
MAST] WX 3k (http://sioc-journal.cn/)_E T %K.
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