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Efficient Synthesis of Coumarin-Fused Pyrazolo[3,4-b]pyridine
Derivatives Catalyzed by Niobic Acid Modified with
Phosphoric Acid under Microwave Irradiation

Lin, Wei* Zhuang, Cangwei Hu, Xiuxiu Yang, Fengli*
(School of Chemistry and Environmental Engineering, Jiangsu Techology of University, Changzhou, Jiangsu 213001)

Abstract Coumarin and pyrazolo[3,4-b]pyridine are structurally essential elements in biologically active natural compounds
and are extremely important in medicinal chemistry by serving as key pharmacophores in drug discovery. In this article, the
efficient synthesis of coumarin-fused pyrazolo[3,4-b]pyridine via three-component domino reaction of aldehydes, coumarin
derivative and 5-aminopyrazole in one step catalyzed by niobic acid modified with phosphoric acid under microwave irradia-
tion has been achieved. The one-pot procedure, eco-friendly catalyst and solvent as well as simple operation are the key fea-
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tures of this method. The structures of the products were identified by IR, NMR, and HRMS spectra.
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A B AT DL ARE Ay, it 22 40 43 e A R E BA SR S
BAZBAE DGR A R E BRI 7 vk B
Hantzsch % Knoevenagel-Fries 7% Krohnke fz %!,
AL AR O E AR BR NEALTR), DARE . B OR. S-R
SEnmery Sy SR, 3 Ik R L TSR R A ) — 41
I3 R NERERIERE IR, — 5 r= 2 & i & 3R 1B 1k
I3, 4-b] L BERTAED.
1 GR5TR
1.1 RMFHRIIFE

TE 25 1) SCRR g JE ity U720 AT AR T B SR
AW 1a, FERLHON R 2 450 ). B 0.5 mmol
FHEZATAEYI(12).0.5 mmol Z &ML ME(2a) L A 0.5 mmol
R 3a) M JERL, O AR R R 20 min AR 2R
AB G (1YL I [3,4-D] P E AT A= P (da) W ABEAR IR BE, 5 4%
TR AR A2 P B B I S %o S L TR, 485
RUFER1H.

iR 1 LA, fEXHEARIEAT IR IR, ERE
LTINS Sz B 3578 {2 34 FH (Table 1, Entries 1~8), J1
o [ 2 P R AL TR PR A T IR, v LA R (N, Ose
nH,0, Nb-OH){E AL I 7= 2 v, VM 7= 2 IA 3]
46% (Table 1, Entry 8). A T 3 5m4RER IR M:, X HEmRE
ATOlE, RIS IR IR AL RE 1R —E g, 4
1 FH 0 2 SO O R BRI (ND-OHPOy), 77 IRt N 63%
(Table 1, Entry 9). Bl 5 X7 Bl PSR R H & DL
SN B HEAT O, R E A AN TN = B (GL,
Table 1, Entry 15), SAEMBER SRR TN 0.015 g
(Table 1. Entry 18), fAERM R MRE A 130 C (Table
1, Entry 22). TEXTR AT R AFIRIER, KIVFRERRT R
A —E R SOR, UBe e F BRI AT O JS, fE L
RO, SRR IR MR I TR E M Nb-OH 1 OH
(Bronsted P& 100 LA R FLAL AR WA Nb™* (Lewis FRH
). HRIRE 1 moleL ' ERRALFE IS, HRINR R H (M ER AL
SRJEAA TR, SRR 1 FTR.

FE 100~500 CYuFEAA —A> BB A BT, X3k
A A B3R THI PRV R A6 st 5 P A A VG AR 58, (R EFELLGS IR
B AN R 58 FERR AT p5 oA . WRR AL TR R AR R R T R 1
85 T BB A TR ER e AL S T R B, 7RSI
FEH, FH NH3-TPD X 98 Ry sS4 B A8 (k47 00 e, il
58 4 PR IR IR R 1 R AL A E0H 3.5 mmol/g ¥ N% 4.4
mmol/g, BIZT 1 moleL ™' BARRALHLS, SRR IR 218
ED
1.2 RYINIAR

RN, FIHESRATEDQ). FIE
Q2 PLREEG M ZH o B AR T — RIIE BRI
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Table 1 Optimization of the reaction conditions for the synthe-
sis of compound 4a

CHO
w
MWI
R W
N-
oo )|\/)—NH2 3
1a

a
2a

N—N

4a
Entry Catalyst Solvent Temp./C Yield®/%
1 H;PO4 (10 mol%) EtOH 120 10
2 H,SO,4 (10 mol%) EtOH 120 23
3 HCIO;S (10 mol%)  EtOH 120 26
4 Amberlystl5 (0.02 g) EtOH 120 32
5  HZSM-5(0.02 g) EtOH 120 35
6 SO4TiO, (0.02 g) EtOH 120 38
7 S04Zr0, (0.02 g) EtOH 120 37
8  Nb-OH (0.02 g) EtOH 120 46
9  Nb-OH-PO,(0.02g) EtOH 120 63
10 Nb-OH+SO,(0.02 g) EtOH 120 55
11 Nb-OH*NO; (0.02 g) EtOH 120 58
12 NaOH (20 mol%) EtOH 120 -
13 Cs,CO; (20 mol%) EtOH 120 trace
14 Nb-OH-PO,(0.02g) EG 120 65
15 Nb-OH+PO,(0.02g) GL 120 69
16  Nb-OHPO, (0.02g) DMF 120 51
17 Nb-OH-PO, (0.01 g) GL 120 54
18  Nb-OH<PO, (0.015g) GL 120 70
19  Nb-OH<PO, (0.025 g) GL 120 67
20  Nb-OH<PO, (0.015g) GL 100 45
21 Nb-OH<PO, (0.015g) GL 110 57
22 Nb-OH<PO, (0.015g) GL 130 76
23 Nb-OH<PO, (0.015 g) GL 140 71

© 2020 Chinese Chemical Society & SIOC, CAS

“ Reaction conditions: 1a (0.5 mmol), 2a (0.5 mmol), 3a (0.5 mmol), solvent
(1 mL), 20 min; * Yield was determined by HPLC-MS.
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Table 2 Synthesis of coumarin-fused pyrazolo[3,4-b]pyr idine derivatives 4

RZ
R3
N/
R, N s NeOHPOs
N 4J|\/)—NH2 + R'CHO —Z—7ag
R 3 MWI
o” o 2
1

Ph Ph Ph. Ph.
N— -N -N OCH -N
N[\g OCH3 N N N N 3 N N
. OO G, G
O\'/O CCrto oL, oo
o o oo oo OCH; 0" o OCH;

4a Yield 76% 4b Yield 73% 4c Yield 79% 4d Yield 76%

Ph, Ph
N—N N—N

[O ]
4i Yield 69% 4j Yield 61%

4k Yield 57% 4l Yield 69%

\
N—N
\

oL
|
CoXTo
(O e}
4n trace

4m trace

“Reaction conditions: 1 (0.5 mmol), 2 (0.5 mmol), 3 (0.5 mmol), GL (1 mL), Nb-OH+*PO, (0.015 g), MWI 130 C, 20 min.

Intensity/a.u.
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7°C

N N = 5 N AN A ph B
B 1 R 5 AR T NH, T2 THE B E2 feE Ak
Figure 1 NH;-TPD profiles of niobic acid and niobic acid Figure2  Crystal structure of 4k

modified with phosphoric acid
(a) NA-p, (b) NA
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1.3 FEERIR RIHLEE

N7 AR S AL, 2 M HE S RTEY
(1a)5 Z/EGH AR, CARA =BT, 1ERERR )
BEBR fHEAY, N BEAT P 4H 53 sk S B (Scheme  1A), B 15
min J5 HURE ) P 0053 16 A o il A3 R I e SRS, 7 R B
1R Z HPARIN 2] T Knoevenagel 464+ [A14K Ay, 7] [ W AAK
FHIINZ LM 2 4852 % B2 10 min (Scheme 1B), 1]
AR k. SR B RS ER U SO ATLEE M ANTE R, 4
& HoAth 22 SCHRPY, I T 2 R BT fg RS HLER
(Scheme 2). B%%, BEER ISR IR AT Jy ] 44 2 AL 1)
W& G RATED 1 A S5/ 3 &4 Knoevenagel 4
GREIREE A, 285, S-Z AL 2 5 A KA Michael
IR R Hr a4k B, H a4 B @ i 5 28 e f9 B R
EHAMA C, F& G-I HAS k45 2] A A D,
b5, iR D R A5 IR SR 5 2R 23 A0 7R ek
PRI R AfR E, Ak E EBIRICESERR 1k
T, RE—FKERS L F, ik FEBERSOE
HeBR AL AL T 5 M AR B 28 1 H bR =) 4.

2 Zhig
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Scheme 1 Preliminary mechanistic studies
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Scheme 2 Proposed reaction mechanism
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31 RAFIENEE

Tk (e AN 28 i il Initiator 2.5 TR & AAX, A%
AR Bruker Avance I11I-400 MHz BX Varian Inova-
300 MHz B LR IEACI 2, DMSO 8} CF;COOD A7,
TMS HNHbr; L4MEIE R Varian F-1000 Y40 4h T84
W5 (KBr JEFr); @y FEi i - Bruker 2 &) 42 77 (1)
microTOF-Q II HRMS/MS Fi X (ESDIAR; b &4
JE R XT-5 B AU sl e O e, 6B v R AR IE.
AL N 2 R IR B (TLC) B B, R AMT R, Hofh
WA AT Al
3.2 EUFIBER
3.2.1  FRLER PP BALBK HEAL 7] (SO,-TIO,) 8 ) &

UG ALER 20 g BT 200 mL /K, RN NG KRS
pH{HZ 8 3|9, #iifk 24 h, Ptk 12 h J5, Eo, HES
TOKBeE, BUEAE 110 CF 12 h 5, F 0.5 mol-L™'
B LA 10 mL/g M ERFIE AR K 24 h, REEL, H
IKYEE& 3~4 1K, 65 CFJ# 12 h, 500 CHEHE 3 h.

3.2.2  BLER BUPE R AL AL (SOL-ZrO,) 89 H &

U LSS 20 g BT 200 mL /KA, IONZ /K
pH E % 8 £ 9, #itkk 24 h, Bk 12 h )5, &0, AR
TFRBEFR B EA ST, BORF 110 CHE 120 J5, H
0.5 molsL ' FRAR LA 10 mL/g HIEIR I E 4K K 24 h, R
Ja B, FKPEE 3~4 1k, 65 CTJ# 12 h, 500 CHike
3h.

3.2.3  BRER POPEARER AL 7] (Nb-OHPO,) 89 %] %&-

B3 g HBERE T 40 mL 1) 1 moleL ™" HsPO, ¥,
FIRGEE 48 h, AL 12 h JEHTE L, HEE T RKAS
BIPTIE sk, HE pH 29 25T 65 CHX T4
R 12 h, 110 CHEZ T2 h 5, 76300 CRAE3 h
Rpw].

3.2.4  BLER PP AR ER HE AL T (ND-OHSO,) 4 %) &

0L 3 g HEFRE T 40 mL ) 1 mol-L ™' H,SO, ¥,
FEBEFE 48 h, BRI 12 h 5T RO, FHRETKKRAE
FIPUE LS, HE pH 2. 25T 65 CHAT A
R 120, 110 CHEHZ T 2h J5, 7£300 CHiBE3 h
Ay
3.2.5  FHBR P MEARER 1L 5) (Nb-OHNO,) #9 #1 &

03 g B8 E T 40 mL f 1 molsL ™' HNO, ¥,
FIEBEEE 48 h, BRI 12 h JFIATE O, FRETKKRAE
FIPUE LS, HE pH 2. 2 JFT 65 CHAT A
R 120, 110 CHEHZT T 2h J5, 7£300 CHiBE3 h
Ay
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33 FERITEM1HER

FERGR SR NI(10~20 mL)H, 735U 5 mmol %%
IKEERT 5 mmol [ 2.k R LB (BUAEE R T T
ot 2,12 Z.1E8), 5 mL ZFEE, I 10 mmol %R /E A fEfL
A, T AHE TS 100 CR 15 min, AHIEEE, HK
O AT AR SRR AR 2O, R H
95% L BE AL MR B FE AR 1.

2-T R BH-ZREE[A IR -3-T (1a): B A [E A, mop.
127~129 °C; "H NMR (400 MHz, CDCl;) d: 9.21 (s, 1H,
ArH), 8.91 (s, 1H, ArH), 8.06 (d, J=8.8 Hz, 1H, ArH),
7.83 (d, J=8.8 Hz, 1H, ArH), 7.57~7.56 (m, 1H, ArH),
7.20 (d, J=9.2 Hz, 1H, ArH), 7.12 (dd, J=8.8, 2.0 Hz,
1H, ArH), 3.00 (t, J=7.2 Hz, 2H, CH,), 1.63~1.58 (m,
2H, CH,), 0.93 (t, J=7.2 Hz, 3H, CH;); "C NMR (100
MHz, DMSO-dg) 8: 197.5, 159.1, 158.9, 156.4, 142.8,
136.6, 132.1, 131.5, 124.6, 121.9, 118.6, 113.0, 111.4,
104.8, 43.9, 17.3, 14.1; IR (KBr) v: 1734, 1626, 1557,
1513, 1383, 1109, 864 cm '. HRMS caled for Cy7H,40;
266.0943, found 266.0951.

2- T F-9- WS -3 H- IR BR[| 475 -3-FF (1b): B
[ 44, m.p. 125~128 C; '"H NMR (400 MHz, CDCl;) d:
9.01 (s, 1H, ArH), 7.86 (d, J=8.8 Hz, 1H, ArH), 7.68 (d,
J=8.8 Hz, 1H, ArH), 7.40 (s, 1H, ArH), 7.14 (t, J=8.4
Hz, 2H, ArH), 3.94 (s, 3H, CH;0), 3.12 (t, J=8.4 Hz, 2H,
CH,); 1.76~1.70 (m, 2H, CH,), 1.00 (t, J=8.4 Hz, 3H,
CH;); *C NMR (100 MHz, CDCl3) 6: 197.6, 159.9, 158.7,
156.0, 142.5, 135.3, 1312, 130.2, 124.7, 121.1, 117.9,
113.1, 111.4, 100.7, 55.5, 44.0, 16.9, 13.3; IR (KBr) v:
1730, 1667, 1601, 1556, 1513, 1386, 1365, 1196, 948, 836
-1

2-P FE-3H-ZRFE[f] €045 -3- B (1e): % €4 [ 4K, m.p.
134~136 °C; 'H NMR (400 MHz, CDCl;) d: 9.15 (s, 1H,
ArH), 8.74 (s, 1H, ArH), 7.90 (d, J=8.8 Hz, 1H, ArH),
7.66 (d, J=8.8 Hz, 1H, ArH), 7.41~7.40 (m, 1H, ArH),
7.04 (d, J=8.8 Hz, 1H, ArH), 6.95 (dd, J=8.8, 2.0 Hz,
1H, ArH), 3.14~3.08 (m, 2H, CH,), 1.08 (t, J/=7.2 Hz,
3H, CHs); “C NMR (100 MHz, CDCLy) &: 198.4, 159.9,
159.4, 156.7, 143.3, 135.9, 131.9, 130.8, 125.3, 121.8,
118.7, 113.7, 112.1, 102.0, 35.2, 10.7; IR (KBr) v: 1732,
1662, 1601, 1556, 1524, 1387, 1365, 1196, 945, 823 cm ™.

9- AR B -2- T 3 -3 H- R JE [ B 05 -3- B (1dD): - % £ ]
&, m.p. 125~128 “C; 'H NMR (400 MHz, DMSO-d;) o:
9.19 (s, 1H, ArH), 8.14 (d, J=9.2 Hz, 1H, ArH), 7.90 (d,
J=9.2 Hz, 1H, ArH), 7.79 (s, 1H, ArH), 7.32 (t, J=8.8
Hz, 1H, ArH), 7.21 (dd, J=8.8, 2.0 Hz, 1H, ArH), 3.98 (s,

cm
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3H, CH;0), 3.10~3.05 (m, 2H, CH,), 1.09 (t, J=7.2 Hz,
3H, CH;); “C NMR (100 MHz, DMSO-ds) J: 198.7,
160.4, 158.8, 156.1, 143.0, 136.2, 131.9, 131.2, 125.4,
122.8, 118.6, 113.9, 112.1, 102.4, 56.2, 35.4, 8.4; IR (KBr)
v: 1730, 1667, 1601, 1556, 1513, 1386, 1365, 1196, 948,
836.cm .
33 WEMAKERK

TERPE N2 ~5 mL)H, 2 AN E E & ATE
Y1 (0.5 mmol). S-Z MM 2 (0.5 mmol). % 3 (0.5
mmol). 1 mL N =LK BEER SR RZ(0.015 ), Tl
20 s J&, 1€ 130 CHAMT, %55 20 min, TLC ERER%
R, HZERMEAS. RSEA AR REIA 30 mL KA
TAMREAE, AHLUE KRBT, BT, 1SR
Y, Fr=ErE EN 2179 4.

2-(5- &3 -3- W A -1,4- 2R FE -1 H-TE M 3 [3,4-b] L
WE -6- 3% )-3H- 2K 3 [f] (0 ) -3- T (4a): % (O[B4, m.p.>
300 C; 'H NMR (400 MHz, CF;COOD) 6: 10.16 (s, 1H,
ArH), 9.17~9.13 (m, 2H, ArH), 8.88~8.87 (m, 1H, ArH),
8.65~8.56 (m, 5H, ArH), 8.51~8.47 (m, 6H, ArH),
8.39~8.36 (m, 2H, ArH), 3.77~3.76 (m, 2H, CH,), 3.05
(s, 3H, CHs), 1.91 (s, 3H, CH;); “C NMR (75 MHz,
CF;COOD) 6: 163.8, 156.1, 149.5, 146.9, 146.5, 140.9,
139.2, 135.9, 134.4, 132.8, 132.7, 132.1, 131.7, 131.3,
130.9, 130.3, 130.0, 129.5, 128.6, 127.9, 126.6, 121.9,
121.5, 116.9, 116.3, 113.7, 23.0, 14.4, 12.6; IR (KBr) v:
3032, 2978, 2888, 2763, 1725, 1049, 958, 815, 756, 699,
679 cm'; HRMS caled for Cs4H,N;O, [M+ H] ™
508.2025, found 508.2025.

2-(5- & 3 -3-H B -1,4- 2R FE -1 H-TE M 3 [3,4-b] 1L
WE -6-2)-9- A 4 k-3 H- 2R FF: [ () -3- i (4b): 38 € ] 42k,
m.p. 248~250°C; 'H NMR (400 MHz, DMSO-dj) J: 9.33
(s, 1H, ArH), 8.25~8.16 (m, 3H, ArH), 8.00~7.95 (m,
2H, ArH), 7.63~7.46 (m, 8H, ArH), 7.28~7.24 (m, 2H,
ArH), 3.92 (s, 3H, OCH3), 2.55~2.53 (m, 2H, CH,), 1.89
(s, 3H, CHs), 0.87 (t, J=7.6 Hz, 3H, CH;); °C NMR (75
MHz, DMSO-ds) d: 160.3, 160.1, 154.5, 154.4, 148.7,
145.4, 142.8, 140.6, 139.5, 135.9, 134.0, 131.5, 131.0,
130.5, 129.6, 129.1, 128.9, 127.0, 125.9, 125.7, 120.6,
118.7, 115.8, 114.2, 112.8, 102.7, 56.3, 22.5, 15.8, 14.2; IR
(KBr) v: 2968, 1724, 1631, 1573, 1507, 1434, 1414, 1384,
1354, 1281, 1241, 1135, 1105, 980, 960, 905, 827, 789,
758, 705, 692, 636 cm '; HRMS calcd for CssHpgN30;
[M+H]" 538.2131, found 538.2122.

2-(5- £ - (4- F AR FE FR 38 )-3- F k- 1- 2R S - 1 - T e
I [3,4-b] AL IE -6- 5 )-3 H- 2K I [£] (0 ) -3- B (4e): 38 (5[]
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&, m.p.>300 C; 'H NMR (400 MHz, CF;COOD) o:
9.29 (s, 1H, ArH), 8.29~8.24 (m, 2H, ArH), 8.00 (d, J=
8.4 Hz, 1H, ArH), 7.76 (t, J=7.6 Hz, 1H, ArH), 7.69~
7.62 (m, 2H, ArH), 7.60~7.57 (m, 5H, ArH) 7.51 (d, J=
8.0 Hz, 2H, ArH), 7.35 (d, J=8.4 Hz, 2H, ArH), 4.06 (s,
3H, OCH3), 2.94~2.88 (m, 2H, CH,), 2.24 (s, 3H, CH,),
1.02 (t, J=72 Hz, 3H, CH;); “"C NMR (75 MHz,
CF;COOD) 4: 163.0, 161.0, 160.6, 155.3, 148.5, 145.9,
145.7, 140.0, 138.3, 135.3, 133.5, 131.8, 131.2, 130.4,
130.0, 129.4, 129.2, 128.7, 127.7, 125.8, 125.4, 121.3,
120.7, 116.0, 115.5, 114.9, 112.8, 55.2, 22.1, 13.4, 12.0; IR
(KBr) v: 2967, 1711, 1597, 1571, 1505, 1412, 1286, 1249,
1211, 1048, 982, 897, 849, 806, 758, 690, 641 cm ';
HRMS caled for CssHysN305 [M—|—H]+ 538.2131, found
538.2111.

2-(5- £, 3 -(4- AR 2 DR AL )-3- FR 2 - 1 - 2 - 1 - A
I [3,4-b] Mk BE -6- Fk )-9- F 48 Jk -3 H- 2% IF: 1] €0 )i -3- T
(4d): #EAEIA, mp. 256~258 ‘C; 'H NMR (400 MHz,
DMSO-d) 6: 9.34 (s, 1H, ArH), 8.25~8.18 (m, 3H, ArH),
8.02~8.00 (m, 2H, ArH), 7.52~7.48 (m, 3H, ArH),
7.40~7.38 (m, 2H, ArH), 7.28~7.25 (m, 2H, ArH), 7.16
(d, J=8.8 Hz, 2H, ArH), 3.93 (s, 3H, OCH3), 3.87 (s, 3H,
OCHa), 2.68~2.56 (m, 2H, CH,), 1.96 (s, 3H, CH3), 0.88
(t, J=7.6 Hz, 3H, CH3); *C NMR (75 MHz, DMSO-d,) o:
160.2, 160.1, 159.7, 154.5, 154.3, 148.7, 145.4, 142.9,
140.5, 139.5, 133.9, 131.5, 130.9, 130.9, 130.4, 129.6,
127.8, 127.1, 125.8, 125.7, 120.5, 118.7, 116.2, 114.2,
112.8, 102.7, 56.3, 55.6, 22.4, 15.7, 14.4; IR (KBr) v:
2965, 2145, 1735, 1717, 1629, 1572, 1463, 1381, 1286,
1227, 1077, 960, 887, 884, 805, 691, 604 cm '; HRMS
caled for CyHyN;O, [M + H] ©  568.2236, found
568.2248.

2-(3,5- H BE-1,4- 2R B 1 H-NE MR I [3,4-b] ML E -6-
F)-3H-ZE I [N hs-3-H (de): F R, mp.>300 C;
'H NMR (400 MHz, CF5COOD) ¢: 9.33 (s, 1H, ArH),
8.29~8.23 (m, 2H, ArH), 8.00~7.98 (m, 1H, ArH),
7.78~7.68 (m, 5H, ArH), 7.66~7.58 (m, 6H, ArH),
7.48~7.46 (m, 2H, ArH), 2.43 (s, 3H, CH3), 2.22 (s, 3H,
CH;); ®C NMR (75 MHz, CF,COOD) ¢: 155.2, 148.2,
146.1, 145.7, 139.8, 138.4, 133.4, 132.3, 131.7, 131.0,
130.7, 130.3, 129.9, 129.3, 129.2, 128.9, 128.6, 127.6,
126.8, 125.6, 120.5, 120.3, 115.8, 115.4, 112.8, 14.8, 11.7;
IR (KBr) v: 2934, 2173, 1710, 1598, 1572, 1438, 1278,
965, 909, 820, 791, 692, 651, 633 cm™'; HRMS calcd for
C33H24N;0, [M+H]" 494.1869, found 494.1887.
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2-(4-(3- L TR IE)-3,5- — FI k- 1 - BE- 1 -tk sk I
[3,4-b]MEHE-6-3)-3 H-FH [f) b -3-Hrl(4): LA, mop.
260~263 ‘C; "H NMR (400 MHz, DMSO-dj) J: 9.20 (s,
1H, ArH), 8.66 (d, J=8.4 Hz, 1H, ArH), 8.30~8.26 (m,
3H, ArH), 8.10 (d, J=8.0 Hz, 1H, ArH), 7.75~7.63 (m,
3H, ArH), 7.55~7.48 (m, 3H, ArH), 7.26 (t, J=7.6 Hz,
1H, ArH), 7.14~7.12 (m, 1H, ArH), 7.00~6.98 (m, 2H,
ArH), 3.84 (s, 3H, OCH3), 2.14 (s, 3H, CH;), 2.00 (s, 3H,
CH;); >C NMR (75 MHz, DMSO-dy) J: 159.6, 159.5,
1543, 153.9, 148.9, 145.1, 142.6, 140.3, 139.5, 137.5,
134.2, 130.5, 130.2, 129.6, 129.4, 129.3, 128.9, 128.1,
126.7, 125.8, 124.4, 123.0, 121.3, 120.6, 117.1, 115.5,
114.6, 114.5, 113.5, 55.7, 16.1, 14.3; IR (KBr) v: 2970,
2372, 1718, 1573, 1505, 1410, 1362, 1279, 1239, 1142,
1054, 1019, 988, 970, 877, 815, 786, 744, 714, 670 cm ';
HRMS calcd for C3,HyN3;0; [M+H]" 524.1974, found
524.1978.

2-(5- £ HE-1- W 5 -3,4- R BE -1 H-E M 3 [3,4-b] L
WE -6- 2 )-3H- 7K FF [f] € I -3- i (4g): ¥ €8 [ 4K, m.p.
285~288 ‘C; '"H NMR (400 MHz, CF;COOD) ¢: 10.27
(s, 1H, ArH), 9.25 (d, J=8.8 Hz, 2H, ArH), 8.95 (d, /=8.0
Hz, 1H, ArH), 8.73 (t, J=7.6 Hz, 1H, ArH), 8.65~8.55
(m, 2H, ArH), 8.28~8.15 (m, 4H, ArH), 8.10~7.94 (m,
6H, ArH), 5.32 (s, 3H, CH;), 3.87~3.85 (m, 2H, CH,),
1.84 (t, J=172 Hz, 3H, CH;); "C NMR (75 MHz,
CF;COOD) 6: 162.8, 155.2, 150.3, 146.0, 145.4, 140.2,
138.2, 134.2, 131.1, 131.1, 130.2, 129.8, 129.5, 129.3,
128.5, 128.2, 127.8, 127.7, 127.5, 127.1, 120.5, 119.2,
116.2, 115.4, 34.8, 21.8, 13.0; IR (KBr) v: 2396, 1732,
1574, 1353, 1099, 1515, 1088, 1076, 959, 810, 803, 704
cm '; HRMS caled for CyyHogN;O, [M+H]" 508.2025,
found 508.2027.

9- FH A J -2-(4-(4- FH AR O 0 )-1,5- — R -3 ik -
1 H-TH W 3 [3,4-b] ML IE -6- 3 )-3 H- 2% 5 [ f] €24 ) -3- i (4h):
O [E A, mp. 240~244 C; '"H NMR (400 MHz,
CF;COOD) ¢: 10.16 (s, 1H, ArH), 9.09 (d, J=8.8 Hz, 1H,
ArH), 8.84~8.71 (m, 2H, ArH), 8.36~8.25 (m, 2H, ArH),
8.17~8.14 (m, 1H, ArH), 8.03~7.88 (m, 6H, ArH),
7.69~7.67 (m, 2H, ArH), 5.24 (s, 3H, OCH3), 4.91 (s, 3H,
OCH,), 4.73 (s, 3H, CH3), 3.31 (s, 3H, CH;); *C NMR (75
MHz, CF;COOD) ¢: 162.4, 160.2, 156.1, 150.0, 145.9,
145.8, 140.3, 138.0, 131.4, 130.4, 129.4, 128.7, 128.1,
128.0, 127.6, 126.8, 125.1, 117.5, 114.2, 113.5, 103.1,
55.2,55.0, 34.9, 15.1; IR (KBr) v: 2932, 1720, 1624, 1608,
1564, 1512, 1463, 1383, 1353, 1289, 1249, 1208, 1173,
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1025, 970, 902, 836, 801, 698, 664, 607 cm '; HRMS
caled for C;3sHxN3;O4 [M + H] ' 524.1974, found
524.1972.

2-(5- 2, B -3 F B 18 34 (ML g -4- 3 )- 1 H- ML PR 9
[3,4-b] ML IE -6- 38 )-3 H- 2% - [f] €00 )i -3- i (4i): - % €0 [ 44k,
m.p.>300 C; 'H NMR (400 MHz, CF;COOD) §: 10.09
(s, 1H, ArH), 9.11~9.05 (m, 2H, ArH), 8.80 (d, J=8.0 Hz,
1H, ArH), 8.60~8.35 (m, 10H, ArH), 8.21~8.19 (m, 2H,
ArH), 3.72~3.70 (m, 2H, CH,), 3.01 (s, 3H, CH3), 1.83 (t,
J=6.8 Hz, 3H, CH3); °*C NMR (75 MHz, CF;COOD) 6:
162.8, 155.0, 148.5, 145.5, 145.4, 142.0, 139.7, 138.1,
135.0, 133.3, 131.6, 131.0, 130.2, 129.8, 129.5, 129.2,
128.7, 128.5, 127.5, 126.8, 125.5, 121.0, 120.4, 115.8,
115.3, 112.6, 21.8, 13.3, 11.6; IR (KBr) v: 2965, 1972,
1783, 1573, 1505, 1413, 1362, 1089, 961, 898, 805, 758,
693, 642 cm '; HRMS caled for C33HpsN,O, [M+ H]™
509.1978, found 509.1963.

2-(5- 4,3 -3- F - 1 -8 FE -4 (R IR -2- 35 )- 1 - NEE P 3
[3,4-b] ML IE -6-J )-3 H- 2K FF: [f] (45 -3- T (4): 25 (0[] 44,
m.p.>300 C; '"H NMR (400 MHz, CF;COOD) 6: 9.24 (s,
1H, ArH), 8.21 (d, J=9.2 Hz, 1H, ArH), 7.95 (d, J=8.8
Hz, 1H, ArH), 7.65~7.63 (m, 2H, ArH), 7.62~7.55 (m,
6H, ArH), 7.46 (d, J=9.2 Hz, 1H, ArH), 7.39 (m, 3H,
ArH), 2.93~2.87 (m, 2H, CH,), 2.21 (s, 3H, CH3), 1.03 (t,
J=17.6 Hz, 3H, CH;); °C NMR (75 MHz, CF;COOD) o:
163.0, 160.2, 156.0, 148.7, 145.7, 142.1, 140.0, 137.9,
1352, 133.5, 131.9, 131.5, 130.7, 130.5, 129.8, 129.0,
127.1, 126.9, 125.8, 121.2, 118.0, 1154, 113.7, 112.2,
22.1, 13.6, 11.8; IR (KBr) v: 2966, 1720, 1629, 1566,
1412, 1383, 1264, 1084, 959, 852, 797, 766, 724, 691, 640,
617 cm~'; HRMS caled for CypHyN;O; [M+H] '
498.1818, found 498.1831.

2-(5- 3 -3,4- B -1- 2R FE -1 H-TE M 3 (3,4-b] L
WE -6- 3% )-3H- 75 I [ €0 45 -3- B (4k): 1 & & 4R, mp.
258~260 ‘C; '"H NMR (400 MHz, DMSO-d) 6: 9.07 (s,
1H, ArH), 8.59 (d, J=8.4 Hz, 1H, ArH), 8.23 (t, J=8.0
Hz, 3H, ArH), 8.08 (d, J/=8.0 Hz, 1H, ArH), 7.71~7.61
(m, 3H, ArH), 7.44 (t, J=8.0 Hz, 2H, ArH), 7.20 (t, J=7.2
Hz, 1H, ArH), 2.78 (s, 3H, CH3), 2.75 (s, 3H, CH3), 2.72~
2.61 (m, 2H, CH,), 1.05 (t, J=7.2 Hz, 3H, CHs); °*C NMR
(75 MHz, CF;COOD) ¢: 163.7, 156.0, 148.8, 146.2, 145 4,
140.5, 139.2, 135.6, 1342, 132.7, 132.0, 131.3, 130.8,
130.2, 129.4, 128.5, 126.5, 122.4, 121.3, 116.7, 116.3,
22.7,17.0, 14.3, 13.4; IR (KBr) v: 2960, 1722, 1629, 1572,
1507, 1415, 1387, 1315, 1290, 1248, 1211, 1096, 989, 906,

Chin. J. Org. Chem. 2020, 40, 408~416



Chinese Journal of Organic Chemistry

815, 787, 713, 691, 605 cm '; HRMS calcd for
CaoH4N30, [M+H]" 446.1869, found 446.1853.

2-(5- K -3- W Jk -1 - DR B -4- P Jik -1 - e 5 [3,4-0]
M WE -6- 55 )-3H- 2% I [f] €4 45 -3- T (41): 35 €4 [H 4K, mup.
242~245 ‘C; '"H NMR (400 MHz, DMSO-dg) 6: 9.14 (s,
1H, ArH), 8.63 (d, J=8.8 Hz, 1H, ArH), 8.28~8.21 (m, ,
3H, ArH), 8.10 (d, J=8.0 Hz, 1H, ArH), 7.70~7.64 (m,
3H, ArH), 7.46 (t, J=7.6 Hz, 2H, ArH), 7.22 (t, J=7.6 Hz,
1H, ArH), 3.07~3.06 (m, 2H, CH,), 2.76~2.73 (m, 5H,
CH;+CH,), 1.73~1.69 (m, 2H, CH,), 1.14 (s, 3H, CH3),
1.08 (s, 3H, CH;); "C NMR (75 MHz, CF;COOD) ¢:
165.7, 156.0, 148.1, 146.2, 146.0, 140.9, 139.1, 135.0,
134.1, 132.6, 132.0, 131.2, 130.8, 130.2, 129.4, 128.5,
126.5, 121.7, 121.3, 116.2, 33.4, 26.2, 22.2, 14.5, 13.7; IR
(KBr) v: 2974, 2880, 2703, 2545, 1789, 1722, 1665, 1573,
1503, 1439, 1414, 1389, 1359, 1320, 1288, 1248, 1217,
1155, 1091, 915, 858, 813, 792, 745, 695, 641, 610 cm ™ ;
HRMS calcd for C3HyN;0, [M+H]" 474.2182, found
474.2210.

8 Bh# K (Supporting Information) 741 i3tk
SRR IR A e vl = R DN N N s B
(http://sioc-journal.cn/) I T~ %K.
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