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Abstract Pyrazolopyrimidinone compounds have many biological activities and been widely used due to the similar struc-
ture of purines in organisms. However, the traditional synthetic methods suffered from several drawbacks, such as acylation
and cyclization. Herein, one pot cyclization of 1H-pyrazolo[3,4-d]pyrimidin-4(5H)-one was developed by one pot conversion
of 5-amino-4-cyano-pyrazole and aromatic aldehydes in the presence of sodium hydroxide using water as media. The reaction
was carried out under the conditions of easily available raw materials, simple operation, and showed good tolerance to various
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functional groups.
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Figure 1 The typical pyrazolopyrimidinone compounds
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Figure 2 Some bioactive 1H-pyrazolo[3,4-d]-pyrimidin-4(5H)-
one compounds
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Scheme 1 Traditional synthesis of 1H-pyrazolo[3,4-d]pyrimi-
din-4(5H)-ones
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Table 1 Optimization of the reaction conditions

0
CN CHO
N/ \ OFt 8h N/ | NH OEt
N NH, + — \N N/l 1

1a 2a 3aa
Entry Solvent Cat. (equiv.) Temp./C  Yield®/%
1 HO NaOH (1.0)  Reflux 85
2 H20 NaOH (1.0) 80 70
3 H20 NaOH (1.0) 60 52
4 H20 NaOH (1.0) 20 —
5 HO NaOH (0.5)  Reflux 63
6 H20 KOH (1.0)  Reflux 54
7 H20 — Reflux —
8 H20 ZnCl2 (1.0)  Reflux —
9 Toluene  ZnCl: (1.0) 80 —
10 DMSO NaOH (1.0) 120 Trace
11 DMF  NaOH (1.0) 120 Trace
12 EtOH NaOH (1.0) Reflux —
13 CH3CN NaOH (1.0)  Reflux —
14 1,4-Dioxane NaOH (1.0)  Reflux 20
15 Toluene NaOH (1.0) 80 38

© 2021 Chinese Chemical Society & SIOC, CAS

“?Reaction conditions: 1a (1 mmol), 2a (1.1 mmol, 1.1 equiv.), 8 h. ? Isolated
yield.

MR 1 ATLLE R, TRk, SEABER T ] DA
B 85%1 1H-ML I3, 4-d)EWE -4(S H)-BAL 54 3aa(3
1, Entry 1). B PR E PR, HEBES T
F%; RFEREEIEIRR, RV COABERE T (3R 1, Entries 1~
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4). HEE DR, PR b (R 1, Entry
5);, EAERHAAMIE N T RBARETGEE 1,
Entry 7). fEEEMYH, SEAMHITEER B T
WH(EE 1, Entries 1, 6). fEHI#K 5 Wi s Bemt, [
A#EAT(F 1, Entries 8, 9). Z¥E 5N — H 3R
(DMSO). N,N-—F %Rz (DMF). £F#. CH;CN I,
BH SR WK =Y 1, Entries 10~13). 11 1,4- 5
FNIREH R AT AR IE A, (H7= 255K 1, Entries 14,
15). Ak, % PDF #ALRISAERAF N 1 equiv AN
BN, K, VIR ERPIEIR R MR 1, Entry 1) &
M, RIS, PR RS H A E BT
XA KT T =4 00 43 5.
12 JRYIER

TERAER ST, BHIC T 1-R0k-3-F Jk-5 - k-
4- LML (La) SR 105 Bl 2 BRI, BAdkgh
FILF 2. AT WIS E TR A AU BELE SR A SR 5,
T AR IR AR AT ] Ar sl A7 B A W S A
(EWG)Ek 45 HiL 73 F(EDG) I 2 Rl 95 &l 2a~2n 1N
JRA). SR RARRA CHE K EE (2a) b, K L EH
HUAEE (10 0% 7 W LU AR U 05 B B 1R P 2 I IS, A&
la 583 FH G HFERR) )5 &R PDF #46w] LUGUH]

HBEAT, BR 4-PSRE TR FRE (17 R AR, #RAT LA 21y
W A AR, EIURAET, fLEW) 1a 5. R
SR AR L 5 A I AN S BN ARG, SRTT, A5 4-H
HEOR R NI, RN R K. By 3aa Ah, K
H8 73 R 5 AR 1) 7 W AR T A 2 A 1
3ab, {EAESRALGIN LIS R IE . (E5 4R M
K&, ZR A EEAEIZ RN A BAT R IS E, SR PR BF
1007 2R A BT L PR 7 40).
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ﬂﬂ%*%ﬂ%’é‘%llﬁﬂfiﬁj, HBE% 77 A U
AL, R K. BRI, RN 1-F L
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M AT S8 B i 5 05 & 5 1) PDF Je M ARAF. b4k, it
MEFR) N-Z83 LA Bl 1 BUARIE IR, AR T OS2 HEAT
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K2 UUAFDTEREN RS BRI (3,4-d) W WE-4(SH)-Hi «
Table 2 Synthesis of pyrazolo[3,4-d]pyrimidin-4(5H)-one from different aromatic aldehydes

CN
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,\ CHO R®
N\N NH2 . X ; Hzo, NaOH N/ | NH
| /_R reflux N N~ X
/, | —R!
R =

el

3aa 85%

>fLNH OMe
@ 3af, 62%

3ab 80%

3ag 55%

3ac 72%

a% ﬁ .
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O
% NH ClI NH NN
N \ P
N N/ N N
s O™
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“Reaction conditions: 1a (1 mmol), 2a (1.1 mmol, 1.1 equiv.), 8 h. ? Isolated yield.
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Table 3 Scope of the reaction for the synthesis of pyrazolo[3,4-d]pyrimidin-4(5H)-ones
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0 O
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; NH OEt N/ | NH OEt NH OEt / N/ | NH OEt
N, | . _ ‘N P
g N&@ N N
3da, 76% Br 3ea, 73% Cl  3fa, 75% 3ga, 72% F 3ha, 78%
@Reaction conditions: 1a (1 mmol), 2a (1.1 mmol, 1.1 equiv.), 8 h. *Isolated yield.
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Scheme 2 Possible reaction mechanisms for the synthesis of pyrazolo[3,4-d|pyrimidin-4(5H)-ones
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5 R IR SR TR SRR T, AR a SR T e i ) B
JFREI RS, REICEEPEA 5, RE 5 KRB TK
AL R Rk 6, 6 TEMRAL IR N HALAF R 3aa. 3 =2k
2 2 S R R A4 S 34T 707 N IS B AR 8 I E R
7, WEWE 7 i@ id Dimroth BEHES BIBEZ A4k 9, 2R/ 9
WAL1E 2 H bR =9 3aa.

T RAENLEE, FRATHT T — RAIAT RS, B
o AARZ SE 0 W i (1) 29 JEURY, FEBRIE 2644 T BB K AR
il 2% T AR LM 4. TEARSCMERAERPIAIET, 4
5555 B 2a [N, 75 30 A ntE P - 1 g R 3aa FRIUSCRAN R
36%, AT 75 F % 2a 5104 1a f) PDF # A0 = 2 (R
1, Entry 1), BIRMZE 1 AN, EFMAT, 45
SEE MRS 1a 5950 2a S0 RIK 6, AL /B9
BT ZPIR 6, 6 1T LATEARAL 251 IR AL 15 21 0l ik - s i
fiil 3aa, ;=% H 48%, FrLls —KMAHAGH, X
BE, RESE 3 AMEmaTRE. Bl KWL E
T, KB A& 538 Id 21 N Pinner )RV, £ Dimroth
AT B A 9, B 5 PR DA ISR AR i H A
¥y 3aa.
14 TRMK

N T BRUEHT TR SR, 7 B R IS AR TR TR
YIHEAT S PR SESS, BPLL 119 g 1-2K3E-3-F 3.5
Fe-4-FIEMME(1a) (6 mmol)Fl 0.99 g 4l 2.4 I 75 i
(2a) (6.6 mmol) V)5 K}, A 0.24 g NaOH (6 mmol). 40
mL 7K, JRA AL T RV 8 h, 53] 1.70 g 6-(2-
LA FEFRIE)-3- F - 19K - 1,5- A -4H-ME M [ 3,4-d)
BEIE-4-F(3aa), F2FA 82%.

2 Zhig

ASCHRTE T — Mok SEAERTE RS — 8 G it
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TV

3 SEEEs
3.1 UESRHFA

BRAE S A UL, AT S SR T, 15
AU 5E A8 WRS-2 BYFUHLIE AL, RERLIE. LL4MGIE
e B IRAffinity-1s ZLAM G EETHKBr B ). #
H 3L AR Itk 4 ] Bruker-Ascend 400MHz 5, 700MHz %
HEAGEE, BL TMS AR, DMSO-ds N, '"H NMR
it Z% DMSO (6 2.55), 3C NMR it %% DMSO (6
40.00). =20 HER T (HRMS)Z ] EST HL B8 Y5 RS 25 i
A (ZFEIE AR AT, Q-TOF 6520, £ E)IHAN. B

Chin. J. Org. Chem. 2021, 41, 3701~3709

© 2021 Chinese Chemical Society & SIOC, CAS

B VLB, 75 WA A 7 A AN 7 it — D Al
32 ZLWHE

58 FE-A- TR MRy 2-(Z LY TR IR I SN
2-(LAHE IF)R 5K Robins R. K ARIEIFRHE S
TR R0, 5 A AT B R .

FEA R 5-ZFE-4-FIEMEPE 1 (1 mmol). 75 & 2
(1.1 mmol) 1 NaOH (1 mmol)JI A F| 8 mL 7K+, 7E[FI¥E
RS TS 8 h, K RA A E =R, A BT, o
PEAY B UTIE ML b, FH 21 B 45 A3 20410 B AR =)
3.

6-(2- LRI IR IL)-3- F L -1- 2K -1, 5- A -4 -
I [3.,4-d] ¥ g -4- ] (3aa): B AR, 2% 85%. m.p.
177~178 “C; 'H NMR (400 MHz, DMSO-dj) 6: 12.01 (s,
1H), 8.09 (d, J=7.8 Hz, 2H), 7.81 (dd, J=7.7, 1.8 Hz,
1H), 7.53 (t, J=7.9 Hz, 3H), 7.35 (t, J=7.4 Hz, 1H), 7.20
(d, J=8.4 Hz, 1H), 7.11 (t, J=7.5 Hz, 1H), 4.17 (q, J=6.9
Hz, 2H), 2.56 (s, 3H), 1.37 (t, J=6.9 Hz, 3H); 3C NMR
(176 MHz, DMSO-ds) 0: 158.48, 157.26, 156.00, 153.11,
146.33, 138.88, 133.33, 131.06, 129.60, 126.92, 121.99,
121.75, 121.05, 113.45, 104.38, 64.71, 14.91, 13.83; IR
(KBr) v: 3275, 1599 cm™'; HRMS (ESI) caled for CaoHio-
N4O, [M+H]" 347.1503, found 347.1502.

1,6- R -3-H L -1,5- -4 H-ME MR [3,4-d] 85 g -4-
fif(3ab): A EEA, % 80%. m.p.>300 C; 'H NMR
(400 MHz, DMSO-ds) J: 12.53 (s, 1H), 8.19 (d, J=7.0 Hz,
2H), 8.15 (d, J=7.8 Hz, 2H), 7.58 (dt, J=15.2, 7.2 Hz,
5H), 7.36 (t, J=7.4 Hz, 1H), 2.56 (s, 3H); 13C NMR (176
MHz, DMSO-ds) 6: 160.07, 156.92, 153.34, 146.35,
139.01, 133.01, 132.23, 129.64, 129.14, 128.61, 126.78,
121.58, 104.58, 13.88; IR (KBr) v: 3074, 1680 cm ';
HRMS (ESI) caled for C;sHisN,O [M+H]" 303.1240,
found 303.1243.

6-(F B A FE)-3- B - 1R k-1, 5- (-4 H-ME e[ 3,4-
d|EnE-4-fil(3ac): HEAEAEK, 73 72%. mp.>300 C;
'H NMR (400 MHz, DMSO-ds) 6: 12.44 (s, 1H), 8.11 (dd,
J=17.4,7.8 Hz, 4H), 7.58 (d, J=8.1 Hz, 2H), 7.38 (d, J=
7.8 Hz, 3H), 2.56 (s, 3H), 2.40 (s, 3H); *C NMR (176
MHz, DMSO-ds) 6: 159.42, 156.46, 153.14, 146.38,
142.62, 138.92, 129.77, 129.66, 129.64, 128.54, 126.88,
121.65, 104.40, 21.50, 13.85; IR (KBr) v: 2970, 1683
cm” !; HRMS (ESI) caled for Cj9H;7N4O [M—I—H]+
317.1397; found 317.1398.

6-(IB) B A FE)-3- B k- 1 -2 k-1, 5- (-4 H-ME e[ 3,4-
dV% WE -4- T (3ad): 3 AR K, P72 71%. mp. 289~
290 ‘C; 'H NMR (400 MHz, DMSO-dq) 6: 12.44 (s, 1H),

http://sioc-journal.cn/ 3705
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8.12 (d, J=8.0 Hz, 2H), 8.00 (s, 1H), 7.99~7.94 (m, 1H),
7.57 (t, J=17.8 Hz, 2H), 7.45 (d, J=6.9 Hz, 2H), 7.37 (t,
J=17.4 Hz, 1H), 2.56 (s, 3H), 2.41 (s, 3H); '*C NMR (176
MHz, DMSO-ds) &: 159.37, 156.65, 153.09, 146.40,
138.88, 138.49, 133.01, 132.45, 129.67, 129.12, 129.07,
126.96, 125.83, 121.75, 104.52, 21.45, 13.85; IR (KBr) v:
3062, 1690 cm™!'; HRMS (ESI) caled for CioH7N4O [M+
H]" 317.1397, found 317.1390.

6-(4- £ FE IR FE)-3- I - 1-FR HE -1,5- A -4 H- T
[3,4-d] W& I -4- Jild (3ae): B ([ 4Kk, 7% 75%. m.p.
>300 ‘C; 'H NMR (400 MHz, DMSO-ds) &: 12.44 (s,
1H), 8.14 (s, 1H), 8.12 (d, J=4.1 Hz, 2H), 8.09 (s, 1H),
7.56 (t, J=7.8 Hz, 2H), 7.38 (dd, J=17.4, 7.8 Hz, 3H),
2.70 (q, J=17.6 Hz, 2H), 2.56 (s, 3H), 1.22 (t, J=7.6 Hz,
3H); *C NMR (176 MHz, DMSO-ds) 6: 159.43, 156.50,
153.15, 148.73, 146.38, 138.92, 129.95, 129.63, 128.67,
128.61, 126.87, 121.62, 104.41, 28.54, 15.74, 13.85; IR
(KBr) v: 2967, 1680 cm'; HRMS (ESI) calcd for CaoHjo-
N4O [M+H]" 331.1553, found 331.1549.

6-(2- AR FE PR 3L )-3- F - 1- 2K 31, 5- -4 H-IE e
[3,4-d] ¥ NE-4-[d(3af): IR, 723 62%. m.p. 214~
215 °“C; '"H NMR (400 MHz, DMSO-de) 6: 12.08 (s, 1H),
8.12~8.04 (m, 2H), 7.76 (dd, J=7.7, 1.7 Hz, 1H), 7.61~
7.50 (m, 3H), 7.39~7.31 (m, 1H), 7.22 (d, J=8.4 Hz,
1H), 7.12 (td, J=7.5, 1.1 Hz, 1H), 3.89 (s, 3H), 2.56 (d,
J=14 Hz, 3H); BC NMR (176 MHz, DMSO-ds) o:
158.59, 157.75, 156.10, 153.10, 146.33, 138.85, 133.21,
131.02, 129.61, 126.94, 122.33, 121.78, 121.05, 112.51,
104.42, 56.37, 13.84; IR (KBr) v: 3283, 1701 cm™'; HRMS
(ESI) caled for C1oH17N4O, [M+H]" 333.1346, found
333.1360.

6-(4-TH S FE IR IE)-3- F 3 -1- 2R 31, 5- -4 H-E e
[3,4-d] W% WE -4- T (3ag): M Bl &, =% 55%. mp.>
300 ‘C; "H NMR (400 MHz, DMSO-de) 6: 12.32 (s, 1H),
8.19 (td, J=8.8, 1.6 Hz, 4H), 7.55 (t, J=7.9 Hz, 2H), 7.33
(t, J=7.4 Hz, 1H), 7.13~7.04 (m, 2H), 4.03 (t, J=6.6 Hz,
2H), 2.54 (s, 3H), 1.76 (q, J=7.0 Hz, 2H), 1.00 (t, J=7.4
Hz, 3H); *C NMR (176 MHz, DMSO-ds) J: 161.86,
157.32, 154.06, 146.20, 139.33, 130.32, 129.57, 126.36,
123.41, 121.25, 115.35, 114.85, 104.25, 69.70, 22.42,
13.95, 10.82; IR (KBr) v: 2968, 1682 cm™'; HRMS (ESI)
caled for CyHyN40, [M + H] © 361.1659, found
361.1665.

6-(3,4,5- = F AR L A 3 )-3- i L - 2R 3 -1,5- — & -
AH-WEWE[3,4-d W8 BE -4- i (3ah): F ELE K, F2F 70%.

3706 http:/sioc-journal.cn/
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m.p. 230~231 “C; 'H NMR (400 MHz, DMSO-ds) o
12.48 (s, 1H), 8.19~8.11 (m, 2H), 7.59~7.52 (m, 4H),
7.35 (t, J=7.4 Hz, 1H), 3.89 (s, 6H), 3.76 (s, 3H), 2.55 (s,
3H); 3C NMR (176 MHz, DMSO-ds) : 159.47, 155.73,
153.28, 152.96, 146.40, 141.11, 138.88, 129.57, 127.22,
126.82, 121.47, 105.99, 104.31, 60.62, 56.48, 13.85; IR
(KBr) v: 2938, 1688 cm™ '; HRMS (ESI) caled for Ca Hy)-
N4O4 [M+H]" 393.1557; found 393.1551.

6-(4-F IR FE)-3- F B -1 -4 FE -1, 5- A -4H-IE (3 ,4-
d]ENE -4-F (3ai): A EEAE, 2% 65%. mp.>300 C;
'H NMR (400 MHz, DMSO-dq) 0: 12.59 (s, 1H), 8.20 (d,
J=8.6 Hz, 2H), 8.13 (d, J=7.8 Hz, 2H), 7.63 (d, J=8.6
Hz, 2H), 7.56 (t, J=7.9 Hz, 2H), 7.36 (t, J=7.4 Hz, 1H),
2.56 (s, 3H); *C NMR (176 MHz, DMSO-ds) J: 160.07,
155.99, 153.21, 146.37, 138.95, 137.10, 131.96, 130.46,
129.66, 129.22, 126.86, 121.66, 104.63, 13.87; IR (KBr) v:
3049, 1684 cm'; HRMS (ESI) caled for CigH4CIN4O
[M+H]" 337.0851, found 337.0868.

6-(4-TR IR FE)-3- F B 1 -4 FE -1, 5- A -4H-IE (3 ,4-
d\WENE-4-F(3aj): IR, P53 69%. mp. >300 C;
'H NMR (400 MHz, DMSO-ds) &: 12.58 (s, 1H), 8.11 (s,
2H), 8.09 (s, 2H), 7.78 (d, J=8.2 Hz, 2H), 7.56 (t, J=7.8
Hz, 2H), 7.37 (t, J=7.4 Hz, 1H), 2.56 (s, 3H); 3C NMR
(176 MHz, DMSO-ds) 0: 159.34, 155.68, 152.90, 146.45,
138.79, 132.22, 131.74, 130.65, 129.67, 127.05, 126.31,
121.80, 104.59, 13.83; IR (KBr) v: 2684, 1684 cm !;
HRMS (ESI) caled for CsHisBrN,O [M+H]" 381.0346,
found 381.0360.

6-(2- S A< )-3- I A -1- 2K B -1,5- A -4H- Tk Mk
[3,4-d]E0E-4-B(3ak): FIEFEE, 723 70%. m.p. 278~
279 ‘C; 'H NMR (400 MHz, DMSO-dq) 6: 12.71 (s, 1H),
8.03 (d, J=8.0 Hz, 2H), 7.75~7.68 (m, 1H), 7.67~7.56
(m, 2H), 7.55~7.47 (m, 3H), 7.34 (t, J=7.4 Hz, 1H), 2.58
(s, 3H); C NMR (176 MHz, DMSO-ds) o: 158.84,
156.08, 152.58, 146.48, 138.66, 133.55, 132.47, 131.98,
131.53, 130.25, 129.65, 127.76, 127.14, 121.85, 104.86,
40.48, 40.34, 40.23, 40.11, 39.99, 39.87, 39.75, 39.63,
13.84; IR (KBr) v: 3061, 1682 cm '; HRMS (ESI) calcd
for C1gHy4- CIN4O [M+H]" 337.0851, found 337.0853.

6-(3- R 2% i )-3- F R -1- OR L -1,5- A -4H- ik ek
[3,4-d) ¥ g -4- i (3al): A R, 2% 60%. mp. >
300 ‘C; "H NMR (400 MHz, DMSO-de) : 12.60 (s, 1H),
8.34 (s, 1H), 8.16 (d, J=8.0 Hz, 1H), 8.08 (d, J=7.8 Hz,
2H), 7.82 (d, J=8.7 Hz, 1H), 7.55 (dt, J=15.7, 7.8 Hz,
3H), 7.38 (t, J=7.4 Hz, 1H), 2.56 (s, 3H); '*C NMR (176
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MHz, DMSO-ds) d: 159.26, 155.11, 152.75, 146.45,
138.73, 135.01, 134.74, 131.32, 131.17, 129.68, 127.76,
127.12, 122.36, 121.90, 104.71, 40.47, 40.33, 40.21, 40.09,
39.97, 39.85, 39.73, 39.62, 13.82; IR (KBr) v: 3065, 1695
cm '; HRMS (ESI) caled for CisHisBrN,O [M-+H]"
381.0346, found 381.0360.

6-(Z5-1-38)-3-F BE-1- 2K - 1,5- & -4H-ME [ 3,4-d)
W% E -4-f (3am): B AR, 7% 81%. m.p.>300 C;
'H NMR (400 MHz, DMSO-ds) d: 12.72 (s, 1H), 8.23~
8.17 (m, 1H), 8.14 (d, J=8.2 Hz, 1H), 8.06 (d, J=7.9 Hz,
3H), 7.82 (d, J=7.0 Hz, 1H), 7.69~7.63 (m, 1H), 7.63~
7.58 (m, 2H), 7.47 (t, J=7.9 Hz, 2H), 7.30 (t, J=7.4 Hz,
1H), 2.61 (s, 3H); 3C NMR (176 MHz, DMSO-ds) o:
159.29, 157.78, 152.96, 146.43, 138.84, 133.58, 131.56,
131.28, 130.63, 129.58, 128.87, 128.54, 127.73, 126.97,
126.96, 125.50, 121.73, 104.91, 13.91; IR (KBr) v: 3044,
1695 cm '; HRMS (ESI) caled for C,H7N,O [M+H]"
353.1397, found 353.1395.

6-(4- i 3k % FE )-3- B L - 1- 2Rk -1,5- A -4 H- I e
[3,4-d] 5 WE -4- il (3an): 2 A [E 4K, 772 42%. mp.
>300 ‘C; 'H NMR (400 MHz, DMSO-ds) 6: 12.90 (s,
1H), 8.17 (d, J=8.0 Hz, 1H), 7.96 (d, J=8.1 Hz, 2H),
7.94~7.87 (m, 2H), 7.86~7.79 (m, 1H), 7.50 (t, J=7.8
Hz, 2H), 7.33 (t, J=7.4 Hz, 1H), 2.58 (s, 3H); 3C NMR
(101 MHz, DMSO-ds) : 159.80, 155.94, 152.78, 148.37,
146.49, 138.71, 134.05, 132.24, 132.00, 129.60, 129.32,
127.00, 124.93, 121.57, 104.87, 13.85; IR (KBr) v: 2825,
1678, 1531, 1344 cm™'; HRMS (ESI) caled for CisHjs-
NsO; [M+H]" 348.1091, found 348.1099.

6-(2- £ AH FE IR FL)-1-H 2 -1,5- & -4H-ME M [3,4-d)
W% UE -4- i (3ba): & O [ &, 7% 71%. mp. 219~
220 ‘C; 'H NMR (400 MHz, DMSO-de) o: 11.88 (s, 1H),
8.07 (s, 1H), 7.81 (dd, J=7.7, 1.7 Hz, 1H), 7.63~7.45 (m,
1H), 7.20 (d, J=8.3 Hz, 1H), 7.10 (t, J=7.5 Hz, 1H), 4.16
(q, J=6.9 Hz, 2H), 3.94 (s, 3H), 1.35 (t, J=6.9 Hz, 3H);
3C NMR (101 MHz, DMSO-ds) 6: 157.80, 157.18,
155.10, 152.71, 134.48, 133.18, 130.94, 122.10, 120.99,
113.47, 104.43, 64.71, 34.48, 14.92; IR (KBr) v: 3315,
1695 cm'; HRMS (ESI) calcd for CaH9N4O, [M+H]"
271.1190; found 271.1188.

6- % FE - 1- 1 FE - 1,5- — & -4 H- W W [ 3,4-d] W5 g -4- i
(3bb): A EE M, F=F 78%. mp. 245~246 C; 'H
NMR (400 MHz, DMSO-dg) 6: 12.36 (s, 1H), 8.17 (d, J=
7.0 Hz, 2H), 8.08 (s, 1H), 7.80~7.37 (m, 3H), 3.97 (s,
3H); '3C NMR (101 MHz, DMSO-ds) J: 158.75, 155.59,
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152.66, 134.58, 132.56, 132.24, 129.14, 128.51, 104.55,
34.44; IR (KBr) v: 3198, 1701 cm '; HRMS (ESI) calcd
for C12H1o0N4,OH [M~+H]" 227.0927, found 227.0916.

6-0F FA 2R - 1-F 3 -1,5- S -4 H-TE e[ 3,4-d | g -4-
fiid(3be): FAEEMA, F23% 65%. m.p. 284~286 C; 'H
NMR (400 MHz, DMSO-ds) d: 12.27 (s, 1H), 8.14~8.07
(m, 2H), 8.06 (s, 1H), 7.40~7.34 (m, 2H), 3.96 (s, 3H),
2.40 (s, 3H); 3C NMR (101 MHz, DMSO-ds) J: 158.75,
155.47, 152.72, 142.39, 134.55, 129.70, 128.42, 104.43,
34.40, 21.48; IR (KBr) v: 3086, 1670 cm™'; HRMS (ESI)
caled for Ci3H3N4O [M+H]241.1048, found 241.1079.

6-(4- L FERFE)-1-F FE-1,5- S -4H-ME W [3,4-d] 1%
WE-4-fFl(3be): HAEAE, 23 70%. mp. 224~225 C;
'H NMR (400 MHz, DMSO-dq) J: 12.28 (s, 1H), 8.11 (d,
J=8.3 Hz, 2H), 8.06 (s, 1H), 7.39 (d, J=8.4 Hz, 2H), 3.96
(s, 3H), 2.70 (g, J=7.6 Hz, 2H), 1.22 (s, 3H); *C NMR
(101 MHz, DMSO-ds) 6: 158.76, 155.52, 152.73, 148.50,
134.55, 129.99, 128.54, 104.44, 34.40, 28.52, 15.74; IR
(KBr) v: 2962, 1670 cm '; HRMS (ESI) calcd for Ci4H;s-
N,O [M+H]" 255.1240; found 255.1238.

6-(4- A IE)-1-F1 FE-1,5- S -4H-M M 3,4-d| B g -
4-Fi(3bi): AEE, F2Z 61%. mp.>300 C; 'HNMR
(400 MHz, DMSO-ds) 6: 12.42 (s, 1H), 8.18 (d, J=8.6 Hz,
2H), 8.07 (s, 1H), 7.63 (d, J=8.6 Hz, 2H), 3.96 (s, 3H);
3C NMR (101 MHz, DMSO-d¢) d: 158.67, 154.53,
152.49, 137.13, 134.60, 131.39, 130.35, 129.20, 104.61,
34.46; IR (KBr) v: 3103, 1697 cm '; HRMS (ESI) calcd
for C12HoCIN4O [M+H]" 261.0538, found 261.0532.

6-(4- TR A HE)-1-F FE-1,5- S -4H-MH M 3,4-d| B g -
4-Fii(3bj): FAEEAE, 772 60%. mp.>300 C; 'HNMR
(400 MHz, DMSO-ds) d: 12.43 (s, 1H), 8.20~8.03 (m,
3H), 7.77 (d, J=8.6 Hz, 2H), 3.97 (s, 3H); 3C NMR (101
MHz, DMSO-ds) 6: 158.68, 154.68, 152.50, 134.62,
132.15, 131.78, 130.53, 126.10, 104.64, 34.48; IR (KBr) v:
3103, 1699 cm™!; HRMS (ESI) caled for CipH;oBrN4O
[M+H]" 305.0032, found 305.0031.

6-(2- A IE)-1-F1 FE-1,5- —F -4H-M [ 3,4-d| B g -
4-Ti (3bk): A @&, F5% 65%. mp.>300 C; 'H
NMR (400 MHz, DMSO-ds) 6: 12.53 (s, 1H), 8.12 (s, 1H),
7.67 (dd, J=7.5, 1.7 Hz, 1H), 7.63 (dd, J=8.1, 1.5 Hz,
1H), 7.59 (td, J=8.0, 7.6, 1.7 Hz, 1H), 7.51 (td, J=7.4,
1.5 Hz, 1H), 3.92 (s, 3H); 3C NMR (101 MHz, DMSO-ds)
8: 158.11, 155.26, 152.28, 134.64, 133.79, 132.33, 131.95,
131.35, 130.10, 127.70, 104.90, 34.59; IR (KBr) v: 2951,
1670 cm ™ '; HRMS (ESI) caled for C1,H;0CIN,O [M+H]"
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261.0538, found 261.0547.

6-(3- VR EIE)-1- 1 FE-1,5- S -4 H-ML L[ 3,4-d] W5 g -
4-f@3bY): AGEE, 7% 61%. mp.>300 C; 'HNMR
(400 MHz, DMSO-ds) J: 12.44 (s, 1H), 8.36 (t, J=1.9 Hz,
1H), 8.17 (ddd, J=8.0, 1.8, 1.0 Hz, 1H), 8.09 (s, 1H), 7.81
(ddd, J=8.0, 2.0, 1.0 Hz, 1H), 7.52 (t, J=8.0 Hz, 1H),
3.98 (s, 3H); 3C NMR (101 MHz, DMSO-ds) o: 158.61,
154.13, 152.40, 134.86, 134.81, 134.63, 131.26, 131.11,
127.58, 122.37, 104.78, 34.53; IR (KBr) v: 3070, 1670
cm '; HRMS (ESI) caled for C;oH;oBrN4O [M+H]"
305.0032, found 305.0035.

6-(3,4,5- = F A JE FR 5L )-1- H k- 1,5- & -4H- T
[3,4-d] ¥ g -4- il (3bm): [ &[5 4, 72 % 80%. m.p.
>300 C; 'H NMR (400 MHz, DMSO-ds) J: 12.33 (s,
1H), 8.07 (s, 1H), 7.56 (s, 2H), 3.98 (s, 3H), 3.90 (s, 6H),
3.76 (s, 3H); 3C NMR (101 MHz, DMSO-ds) J: 158.83,
154.97, 153.32, 152.63, 140.97, 134.59, 127.45, 106.00,
104.36, 60.64, 56.61, 34.42; IR (KBr) v: 3118, 1685 cm !;
HRMS (ESI) caled for CisH;7N,O4 [M+H]" 317.1244;
found 317.1245.

6-(2- £ A Ik HE L )-1,3- = H1 3k -1,5- A -4H- T e
[3,4-d]HENE-4-T (3ca): B EEMAE, 72% 60%. m.p. 252~
253 °C; '"H NMR (400 MHz, DMSO-de) 6: 11.71 (s, 1H),
7.80 (dd, J=7.7, 1.8 Hz, 1H), 7.53 (ddd, /=83, 7.4, 1.8
Hz, 1H), 7.18 (dd, J=8.5, 1.0 Hz, 1H), 7.09 (td, J=17.5,
1.0 Hz, 1H), 4.16 (q, J=6.9 Hz, 2H), 3.84 (s, 3H), 2.44 (s,
3H), 1.35 (t, J=6.9 Hz, 3H); 3C NMR (101 MHz,
DMSO-ds) 0: 158.50, 157.19, 155.08, 153.12, 144.26,
133.11, 130.88, 122.11, 120.98, 113.49, 102.35, 64.73,
33.97, 14.93, 13.64; IR (KBr) v: 3284, 1701 cm™'; HRMS
(ESI) caled for C;sH;7N,O, [M+H]" 285.1346, found
285.1337.

6-(2- R FE IR FL)-1- AT -1,5- H-4H-MEME[3 4-d)
W% IE -4- i (3da): B A [E 4K, 7E 76%. m.p. 206 ~
208 C; 'H NMR (400 MHz, DMSO-ds) J: 12.14 (s, 1H),
8.36 (s, 1H), 8.19~8.04 (m, 2H), 7.82 (dd, J=7.7, 1.8 Hz,
1H), 7.56 (dt, J=8.4, 7.0 Hz, 3H), 7.46~7.30 (m, 1H),
7.21 (d, J=8.4 Hz, 1H), 7.12 (t, J=7.5 Hz, 1H), 4.18 (q,
J=6.9 Hz, 2H), 1.37 (t, J=6.9 Hz, 3H); 3C NMR (176
MHz, DMSO-ds) &: 157.82, 157.27, 155.99, 152.75,
138.86, 136.44, 133.37, 131.13, 129.70, 127.42, 122.14,
122.04, 121.06, 113.48, 106.29, 64.73, 14.91; IR (KBr) v:
3273, 1680 cm™'; HRMS (ESI) caled for CioH7N4O;
[M+H]" 333.1346, found 333.1339.

6-(2- L AT B )-1-(4- 1R K HE)-1,5- & -4H-TE

3708 http:/sioc-journal.cn/
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[3,4-d]WE-4- (3ea): B O[E{E, 722 73%. m.p. 223~
224 °C; '"H NMR (400 MHz, DMSO-de) 8: 12.19 (s, 1H),
8.38 (s, 1H), 8.11 (d, J=8.7 Hz, 2H), 7.82 (dd, J=7.7, 1.7
Hz, 1H), 7.77 (d, J=8.6 Hz, 2H), 7.56 (td, J=7.9, 1.7 Hz,
1H), 7.21 (d, J=8.4 Hz, 1H), 7.12 (t, J=7.5 Hz, 1H), 4.18
(q, J=6.9 Hz, 2H), 1.36 (t, J=6.9 Hz, 3H); *C NMR (176
MHz, DMSO-ds) 6: 157.66, 157.29, 156.18, 152.89,
138.13, 136.81, 133.48, 132.64, 131.18, 123.77, 121.86,
121.07, 119.88, 113.48, 106.47, 64.74, 14.91; IR (KBr) v:
3294, 1713 cm™!'; HRMS (ESI) calcd for CoH;sBrNsO;
[M-+H]" 411.0451, found 411.0466.

6-(2- LA TR )-1-(4-F K L )-1,5- A -4H-TE M
[3,4-d]5WE-4- (3fa): B OEE, 773 75%. m.p. 207~
208 °‘C; "H NMR (400 MHz, DMSO-de) : 12.16 (s, 1H),
8.37 (s, 1H), 8.16 (s, 2H), 7.83 (s, 1H), 7.59 (d, J=29.7
Hz, 3H), 7.16 (d, J=37.8 Hz, 2H), 4.18 (s, 2H), 1.36 (s,
3H); '3C NMR (101 MHz, DMSO-ds) J: 157.68, 157.33,
156.18, 152.90, 137.74, 136.77, 133.49, 131.56, 131.17,
129.72, 123.49, 121.88, 121.10, 113.53, 106.44, 64.80,
40.67, 40.46, 40.25, 40.04, 39.83, 39.62, 39.42, 14.92; IR
(KBr) v: 3298, 1710 cm '; HRMS (ESI) calcd for Ci9Hj6-
CIN,O, [M+H]" 367.0956, found 367.0964.

6-(2- LA FEFRFE)-3- H JE- 1O R A ) -1,5- —&-
4H-ME 3 4-d e -4-Ff (3ga): RO, 77K 72%.
m.p. 197~198 C; 'H NMR (400 MHz, DMSO-ds) J:
11.98 (s, 1H), 8.01~7.88 (m, 2H), 7.77 (dd, J=7.7, 1.8
Hz, 1H), 7.52 (ddd, J=8.9, 7.4, 1.8 Hz, 1H), 7.31 (d, J=
8.2 Hz, 2H), 7.18 (d, J=8.3 Hz, 1H), 7.09 (td, J=7.5, 0.9
Hz, 1H), 4.16 (q, J=6.9 Hz, 2H), 2.54 (s, 3H), 2.35 (s,
3H), 1.36 (t, J=6.9 Hz, 3H); 3C NMR (101 MHz,
DMSO-ds) o: 159.17, 157.25, 156.34, 153.12, 145.96,
136.64, 136.10, 133.05, 131.06, 129.94, 122.62, 121.61,
120.99, 113.50, 104.21, 64.71, 21.01, 14.94, 13.84; IR
(KBr) v: 3288, 1697 cm '; HRMS (ESI) calcd for CaHai-
N4O> [M+H]" 361.1659, found 361.1652.

6-(2- &R L R B )-1-(4- R 2k )-3- A K -1,5- A -
AH-WE W [3,4-d) W8 e -4- T (3ha): 3 BL[E A, F2R 78%.
m.p. 200~201 C; 'H NMR (400 MHz, DMSO-ds) 9
12.03 (s, 1H), 8.15~8.05 (m, 2H), 7.80 (dd, J=7.7, 1.8
Hz, 1H), 7.59~7.50 (m, 1H), 7.37 (t, J=8.8 Hz, 2H), 7.19
(d, J=8.4 Hz, 1H), 7.10 (t, J=7.6 Hz, 1H), 4.17 (q, J=7.0
Hz, 2H), 2.55 (s, 3H), 1.36 (t, J=6.9 Hz, 3H); 3C NMR
(101 MHz, DMSO-ds) 6: 158.43, 157.27, 156.09, 153.01,
146.37, 135.28, 135.25, 133.39, 131.06, 123.79, 123.71,
121.87, 121.05, 116.50, 116.28, 113.46, 104.26, 64.74,
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14.90, 13.78; IR (KBr) v: 3308, 1703 cm™'; HRMS (ESI)

caled for ConlgFN402 [M + H] *

365.1408, found

365.1389.

45 BBl (Supporting Information)

1 &Y 3aa~3an,

3ba~3ha ) 'H NMR FI 3C NMR % . X &644 kb n] LA
Y B WA T 335 (http://sioc-journal.cn/)_ N %K.
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