Chinese Journal of Organic Chemistry

% 4”) {t % DOI: 10.6023/cjoc201901050

Amberlyst-15 4L TR K [1,2,4] =BEFH[1,5-a]lHME K K — S F H[4,5]
BRI [1,2-a) R 0E K AT E MBI —$RSE & A

Lok  FXH WALt
ISR TR A HERIR R L L3R MR&HT IR B /R FA X USRI S S ERTF 830046)
WE  (EE KRR T3 HM g Amberlyst-15 FIELAE T, CLLREAE G, OT &R p-TAMRIE. 3-2  2-1,24-
=M 2- R RIFIRMOY R e = — R RN A R T — RS =MEIF(1,5-a]ERERTAEY) Sa~5m J A AT
[4,51PKMETF[1,2-a 5 MERFT AN 6a~6g. ZITVATI AL, A SBIN MR fEAHR 5 A& a0 LA i
TR LA IARI T 4 IRAEALTE PETC B2 T R, AF B ek b 2 IR S AR hn .
FERE T EMENEATAY; AR TS e Amberlyst-15; —#4{%RN

One-Pot Synthesis of Dihydro[1,2,4]triazolo[1,5-a]pyrimidines and
Dihydrobenzo[4,5]imidazo[1,2-a]pyrimidine Derivatives
Catalyzed by Amberlyst-15
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Abstract Under the catalysis of solid acidic ion exchange resin Amberlyst-15, using ethanol as solvent, aromatic aldehyde,
p-ketoester, and 3-amino-1,2,4-triazole or 2-aminobenzo as starting materials, a series of triazolo[1,5-a]pyrimidine derivatives
5a~5m and dihydrobenzo[4,5]imidazo[1,2-a]pyrimidines 6a~6g were synthesized by three-component one-pot reaction of
imidazole derivatives. The method is simple and efficient, and has short reaction time, simple post-treatment and wide
application range of the substrate. The catalyst can be recycled for 4 times without the significant decrease of catalytic activity.
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It conforms to the basic standard of green chemistry.
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TEF L], A Z W NIARA VLA i E B
FRZ — IR S RIIREL KT 4 o i,
BTV 2 A R R 55K 75 G il 8 A2 156 F A AL 5
FE B AT, ELRFERERER. UFIZS5 T
RAWULA—A B . 2T %1, EtOH J&
— P E BB ERR MR, T ANE BRI BAOK
e B X PRI )75 4. Amberlyst-15 &5 T A2 BRHI 2K
s = N FE R L TR () K 245 SR A5 e g ) ke 1 L
A v R ) [ A A7), T 22 R B 1R R A I e
ZEFIZ 5, Hl0 Fried-Lander yE& Mk, Sk
P AR R RPN RIS I I b Ak &
%, Amberlyst-15 2 it LARESS 51 BRATIER, £ZFA
HIFMETRNE 5 DR BIREYIH o5 ok, &—fh
SRR, Rk, FRATWER T —F L EtOH {EAK
RS, AR Amberlyst-15 1 A & SiEAL 7 = 205
— AR A R BUR1,2,4] = M1, 5-a] M e B AT AW K
TARIE[4,5) KM T 1,2-a]mEnE RATAE Y.
1 HR5TR
1.1 REEHM

N T AR AL ) I B Sk AE, FRATTLL 3-980 7K g
(1a)- AL 2.2 g (2a) Rl 3-FE-1,2,4- =3 AR 2
SRR N, BL Amberlyst-15 9407, i A8 Ak
AR R VAR RS DL AR B AT — RV 7L, 45
Rk 1 Por. B, SHEWTI ST T iiE, 8
X EE R B AL Amberlyst-15 B &4 20 mol%
I, 2% SO R S R A, P LA R 75%, TEANIE
LTI R, KRN EIE 10 h, &BF=RE
N 10%. SR, SEINMELFIHEZE 30 mol%i, H
PR &P = 28I B B N (3R 1, Entries 1~4). [
Uk, BN T AR A RN 20 mol%. A5, Xk
N FIEAT T A4, BF AT DU MR (THF) . B8R
MeCN, —5 HEE(DCM). DMFE, MeOH & 7% 1% 52 5 i)
S, 2448 F THF, F2E, MeCN, DCM, DMF 1F N7
W, BF=P0 Sa 7= R IR, a5 g
60%(3% 1, Entries 5~10). 41§ F] MeOH {E A FINT, %
R R R B i, BARMEAY) Sa Ir= 20T I8 78%.
MER AL 22 SR F 22 57 IR AR B 1 2, FRATTE 4%
EtOH E AR BIAER. a, % TR RN
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Table 1 Reaction optimization for synthesis of dihydro-[1,2,4]
triazole [1,5-a] pyrimidine

F
o O N Catalyst
0] Y
CH - A
. * H30\)J\/U\O/ o HN\N/>_NHZ Solvent
1a 2a 3 Temperature
F
(0]
Sy e
/J\ H CH
5a
Entry  Catalyst/mol% Solvent Temp./C  Yield"%

1 0 EtOH 70 10
2 10 EtOH 70 42
3 20 EtOH 70 75
4 30 EtOH 70 76
5 20 THF 65 30
6 20 Toluene 110 54
7 20 MeCN 80 60
8 20 DCM 40 30
9 20 DMF 120 50
10 20 MeOH 70 78

11 20 EtOH 50 <10
12 20 EtOH 60 42
13 20 EtOH 80 73

© 2019 Chinese Chemical Society & SIOC, CAS

“ Reactions were carried out with aromatic aldehyde 1a (1 mmol), methyl
3-oxovalerate 2a (1 mmol), 3-amino-1,2,4-triazole 3a (1 mmol) in solvent (10
mL) for 3 h; * Isolated yield,
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Table 2 Synthesis of dihydropyrimidine derivatives

N /
~ >—NH R
/ 2 ‘
HN-~y XN

o)
3 N-N OR®

Amberlyst-15 , EtOH, 3 h 4 J\

0 o O Hs
@ﬁﬁ * e oo @[ D—NH, - _R1
R' 2 N
1
Amberlyst-15, EtOH, 3 h Q\

Entry 3/4 R' R? R’ Product Yield®/%
1 3 3-F Et Me 5a 75
2 3 4-Br Et Me 5b 74
3 3 4-Cl Et Me 5¢ 74
4 3 4-F Et Me 5d 73
5 3 4-F n-Pr Et Se 79
6 3 4-Br n-Pr Et 5f 78
7 3 2-Cl Et Me 5g 75
8 3 3-F Me Et 5h 75
9 3 4-Cl Me Et 5i 74
10 3 4-Br Me Et 5j 71
11 3 4-F Me Et 5k 74
12 3 3-Br-4-F Me Et 51 75
13 3 4-NO, Me Et 5m 71
14 4 H Et Me 6a 81
15 4 4-F Me Et 6b 79
16 4 H Me Et 6¢ 80
17 4 4-Br Me Et 6d 81
18 4 4-NO, Me Et 6e 67
19 4 3-Cl-4-F Me Et of 69
20 4 3-Cl Me Et 6g 71

“Reactions were carried out with aromatic aldehyde 1 (1 mmol), S-keto acid ester 2a (1 mmol), 3-amino-1,2,4-triazole (3, 1 mmol) or 2-aminobenzimidazole 4 (1

mmol), Amberlyst-15 (20 mol%) in solvent (10 mL) for 3 h; * Isolated yield.

BUR L B, O 2-F RIS 3-EE-1,2,4-
=M 55 B-IRERES = 2H A — A IR S RIS 2
TR RE S H bR A ORI (4,5 KM SR 1,2-a] BEE
6a~6g. WLEMHIF=ZN 69%~81%.
1.3 EAFEEFRANHAR
ROk Amberlyst-15 #4051 5 & F FH b 47 1 #F
Ft, SR E 1 Fros. WEHRIRATRT LUK I Amberlyst-
15 1840 B AR~ B 2 A8 3 IRIEAL R 5a 7~ R%A
B FRARG, ARG I3 26 4 YR 7 A K e M I
(M2 4 h, RN F=ZoA FTFEAK, SR1M0 29 Amberlyst-15 ff
FEE 5 U I, RIS 2B s B TR] 25 8h, 77 AR SR
IR, 722 HBeis 2] 60%.
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Scheme 1 Reaction mechanism of multiple substituted dihydrogen[1,2,4]triazole-[1,5-a]pyrimidine-6-ethyl formate derivatives
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HESERZ NN, FFPEREAE BRI Ak B, Ak
B &1 & E—AKyFHREER BIs=4 5.

it

P T ER B TTER A B IE(1,5-a]
WA Jp S 2R [4,5] KL HE[1,2-a ] e RATAY). TE1%
SN H A P ] R R M A A7) 8 722 3 A Amberlyst-15
TERMALT, CBEAE IR, 75 &R, p-TREE. 3-&
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3 XIS
3.1 UES5HF
INOVA-400 B HEIEHRIL(400 MHz), P14RDY 3%
TELBE(TMS), #77 DMSO-d,, Ffi-t: BUCHIB2540 #4455
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ZLAMETEAY, API 2000 LC-MS(ESI)F 4%, Fr FH 57 Al
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3.2 ZLWAHE
321 =Z@p—#ikbm T-FA5-F K 47—
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HFE-1,2,4-= M3, 1.0 mmol)B# 2-FH FEFFF K4, 1.0
mmol)#% T 10 mL EtOH 1, REHEFHEMA 20 mol% Am-
berlyst-15 AT, 70 C RN 3 h, H#EZEAIH(TLC)
PREF SN 45 R, K RSP R =, BT
g, A 5~10 mL LSRG, JEREIA 25 mL
INERHERE 1~2 d FER RSP EATH, HE H

80% L VR I BIH =Wy, TI1% )5, B WEtOH) :
V(IDMF)=8 : 1 HE&5 43 3|20 fE 5= 1) H bR~ Sa~
Sm.

T-(3- A IE)-5- 2. F-4,7- A -[1,2,4] =M IFF[1,5-a]
W g -6- H R FF lig (Sa): K B L 5 K, mop. 187.7 ~
189.4 °C; 'H NMR (400 MHz, DMSO-d;) 6: 10.80 (s, 1H,
NH), 7.64 (s, 1H, CH=N), 7.34~7.28 (m, 2H, ArH),
7.28~7.24 (m, 1H, ArH), 7.24~7.16 (m, 2H ArH), 6.32
(s, 1H, CH), 3.52 (s, 3H, OCHj), 2.98~2.66 (m, 2H, CH,),
1.37~1.02 (m, 3H, CH3); *C NMR (100 MHz, DMSO-d;)
5: 1652, 162.1 (d, J=244.4 Hz), 153.0, 150.4, 147.2,
144.8 (d, J=6.4 Hz), 130.7 (d, J=8.1 Hz), 122.9 (d, J=
2.6 Hz), 114.9 (d, J=21.0 Hz), 113.8 (d, J=21.8 Hz),
95.9, 58.9, 51.1, 40.3, 39.1, 24.9, 13.4; IR (KBr) v: 3369
(NH), 2938 (C—H), 1707, 1652, 1578, 1482 (C=C, C=
N), 1307, 1259, 1192, 1077 (C—0, C—N), 791, 653, 585
cm '; HRMS (ESI) caled for C;sH;sN,O.FNa [M+Na]"
325.1071, found 325.1063.

T-(4- TR K FE)-5- 2.3 -4,7- A -[1,2,4] =M FF[1,5-4]
W WE -6- IR HY I (Sb): 9% 38 {0 dh 4K, mp. 1955~
196.2 °C; "H NMR (400 MHz, DMSO-dj) 6: 10.88 (s, 1H,
NH), 7.69 (s, 1H, CH, CH=N), 7.62~7.45 (m, 2H, ArH),
7.31~7.11 (m, 2H, ArH), 6.30 (s, 1H, CH), 3.66~3.39
(m, 3H, OCH3), 2.83 (dt, J=12.4, 7.4 Hz, 2H, CH,), 1.15
(dt, J=13.9, 7.4 Hz, 3H, CH;); “C NMR (100 MHz,
DMSO-dg) d: 165.2, 152.9, 150.4, 147.2, 141.6, 131.6,
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Chinese Journal of Organic Chemistry

ARTICLE

129.2, 121.3, 96.0, 58.9, 51.1, 40.3, 39.0, 24.9, 13.4; IR
(KBr) v: 3397 (NH), 2907 (C—H), 1765 1647, 1587 1485
(C=C, C=N), 1374, 1304, 1247, 1070, 1048 (C—O, C—
N), 767, 729, 575 cm” !, HRMS (ESI) calcd for C;sH;¢N;-
0,Br [M+H]" 363.0451, found 363.0440.

T-(4-E K FE)-5- 2.3 -4,7- A -[1,2,4] =M I [1,5-a]
B g -6- B IR IR (Se): vk B AL [ AR, mop. 218.7 ~
220.4 ‘C; 'H NMR (400 MHz, DMSO-d;) 6: 10.86 (s, 1H,
NH), 7.66 (s, 1H, CH=N), 7.42~7.33 (m, 2H, ArH),
7.29~7.18 (m, 2H, ArH), 6.29 (s, 1H, CH), 3.52 (s, 3H,
OCHj3), 2.90~2.76 (m, 2H, CH,), 1.20 (t, J=7.4 Hz, 3H,
CH;); >C NMR (100 MHz, DMSO-dg) d: 165.2, 152.9,
150.5, 147.2, 1412, 132.7, 128.9, 128.7, 96.1, 58.8, 51.1,
40.3, 39.1, 24.9, 13.4; IR (KBr) v: 3392 (NH), 2971 (C—
H), 1705, 1649, 1589, 1496 (C=C, C=N), 1378, 1309,
1248, 1089, 1014 (C—O, C—N), 770, 725, 577 cm ';
HRMS (ESI) caled for C;5H;5N4O,CINa [M-I-Na]+
341.0775, found 341.0766.

T-(4- A I )-5- 2 FE-4,7- — A -[1,2,4] =M I [1,5-4]
W e -6- F R IR (5d): 7R B A [ 4R, mop. 2154~
216.7 C; 'H NMR (400 MHz, DMSO-d;) 6: 10.86 (s, 1H,
NH), 7.68 (s, 1H, CH=N), 7.32~7.23 (m, 2H, ArH),
7.20~7.11 (m, 2H, ArH), 6.35 (s, 1H, CH), 3.54 (s, 3H,
OCHj3), 2.90~2.79 (m, 2H, CH,), 1.23 (t, J=7.4 Hz, 3H,
CH;); C NMR (100 MHz, DMSO-d;) d: 165.2, 161.7 (d,
J=244.1 Hz), 152.6, 150.3, 147.1, 138.4, 129.0 (d, J=8.4
Hz), 115.4 (d, J=21.6 Hz), 96.3, 58.7, 51.1, 40.3, 39.1,
24.8, 13.4; IR (KBr) v: 3385 (NH), 2971 (C—H), 1702,
1651, 1584, 1480 (C=C, C=N), 1335, 1309, 1265, 1049,
1014 (C—0, C—N), 788, 697, 547 cm '; HRMS (ESI)
caled for Cy;sHgN4O,F [M + H] " 303.1252, found
303.1243.

T-(4- AR FE)-5-TH H-4,7- A -[1,2,4] =M FF[1,5-a]
BEIE-6-FRIR L. B6(Se): A, mp. 200.4~200.8 C;
(EtOH/DMF); '"H NMR (400 MHz, DMSO-d;) J: 10.82 (d,
J=11.8 Hz, 1H, NH), 7.69~7.64 (m, 1H, CH=N),
7.55~7.48 (m, 2H, ArH), 7.21~7.13 (m, 2H, ArH), 6.32
(s, 1H, CH), 4.02~3.91 (m, 2H, OCH,), 2.86~2.72 (m,
2H, CH,), 1.70~1.58 (m, 2H, CH,), 1.16 (t, 3H, J=7.3
Hz, CH3), 1.06 (t, J=7.1 Hz, 3H, CH;); “C NMR (100
MHz, DMSO-d;) J: 164.86, 161.8 (d, J=243.9 Hz), 150.9,
150.4, 147.1, 138.6, 129.1 (d, J=8.3 Hz), 1154 (d, J=
21.6 Hz), 96.9, 59.6, 58.9, 40.3, 39.0, 33.0, 22.1, 14.0,
13.9; IR (KBr) v: 3397, 3197 (NH), 2906 (C—H), 1705,
1650, 1560, 1459 (C=C, C=N), 1364, 1309, 1250, 1096,
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1010 (C—O, C—N), 777, 725, 574 cm'; HRMS (ESI)
caled for Cj;HyN4O,F [M + H] *331.1565, found
331.1560.

T-(4- TR K FE)-5- TR e -4,7- A -[1,2,4] =M FF[1,5-4]
EIE-6-FR IR L BR(5): Ak, mp. 2153~215.6 C;
'H NMR (400 MHz, DMSO-dg) d: 10.78 (s, 1H, NH), 7.65
(s, 1H, CH=N), 7.25 (dd, J=8.3, 5.5 Hz, 2H, ArH), 7.14
(t, J=8.7 Hz, 2H, ArH), 6.30 (s, 1H, CH), 4.04~3.89 (m,
2H, OCH,), 2.87~2.71 (m, 2H, CH,), 1.65 (dd, J=14.9,
7.5 Hz, 2H, CH,), 1.05 (t, J=7.1 Hz, 3H, CH;), 0.96 (t,
J=17.3 Hz, 3H, CHs); >C NMR (100 MHz, DMSO-d;) :
164.9, 162.9, 150.9, 147.1, 138.6, 129.2, 115.5, 115.3,
96.9, 59.6, 58.9, 40.3, 39.0, 33.0, 22.1, 14.0, 13.9; IR
(KBr) v: 3245, 3145 (NH), 2958 (C—H), 1698, 1592,
1489, 1397 (C=C, C=N), 1333, 1265, 1176, 1146, 1010
(C—0, C—N), 803, 757, 628 cm” !, HRMS (ESI) calcd for
C,7H,0BrN,O, [M+H]" 391.0693, found 391.0698.

7-Q2-E K FE)-5- 2.3 -4,7- A -[1,2,4] =M FF[1,5-a]
W E -6- 2 TR Y liE (Sg): ¥k 3 L SR K, mop. 209.9 ~
2122 °C; '"H NMR (400 MHz, DMSO-dj) 6: 10.80 (s, 1H,
NH), 7.35~7.27 (m, 1H, CH=N), 7.25 (dt, J=5.1, 2.1
Hz, 1H, ArH), 7.24~7.17 (m, 2H, ArH), 6.39~6.15 (m,
1H, CH), 3.73~3.34 (m, 3H, OCHj;), 2.95~2.66 (m, 2H,
CH,), 1.32~1.02 (m, 3H, CH;); *C NMR (100 MHz,
DMSO-dg) d: 165.4, 152.6, 150.3, 147.3, 142.2, 128.6,
128.1, 126.9, 96.5, 59.4, 40.3, 39.1, 24.9, 13.4; IR (KBr) v:
3328 (NH), 2968 (C—H), 1701, 1650, 1586, 1431 (C=C,
C=N), 1383, 1308, 1269, 1078, 1050 (C—O, C—N), 785
741, 573 cm”'; HRMS (ESI) caled for CsH,cCIN,O, [M+
H]" 318.0886, found 318.0890.

T-(3- AT )-5-F1 F-4,7- & -[1,2,4] =M IF[1,5-a]
BEIE-6-FR TR £ B8(Sh): A ELEE, mp. 216.5~217.7 C;
'H NMR (400 MHz, DMSO-dj) 6: 10.86 (s, 1H, NH), 7.68
(s, 1H, CH=N), 7.44~7.30 (m, 2H, ArH), 7.28 (dd, J=
2.2, 1.5 Hz, 1H ArH), 7.18 (ddd, J=6.6, 5.9, 3.9 Hz, 1H,
ArH), 6.30 (s, 1H, CH), 4.11~3.84 (m, 2H, OCH,), 2.43
(d, J=0.5 Hz, 3H, CH;), 1.05 (dd, J=9.6, 4.5 Hz, 3H,
CH3); *C NMR (100 MHz, DMSO-d;) : 165.0, 162.1 (d,
J=244.1 Hz), 153.0, 150.4, 147.2, 144.8 (d, J=6.4 Hz),
130.7 (d, J=8.1 Hz). 122.8 (d, J=2.6 Hz), 114.9 (d, J=
21.0 Hz), 113.8 (d, J=21.6 Hz), 95.9, 59.5, 59.0, 40.3,
39.1, 18.6, 13.4; IR (KBr) v: 3290, 3230 (NH), 2978 (C—
H), 1728, 1655, 1537, 1401 (C=C, C=N), 1394, 1330,
1299, 1072, 1018 (C—O, C—N), 774, 728, 592 cm ';
HRMS (ESI) caled for C,sH ¢FN,O, [M+H]" 303.1180,

http://sioc-journal.cn/ 1949
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found 303.1185.

7-(4-E AR FE)-5-H I -4,7- A -[1,2,4] =M I [1,5-a]
W% WE -6- F2 B2 £ T (5i): WK 3 0 dn MK, mp. 2552 ~
256.8 ‘C; "H NMR (400 MHz, DMSO-dj) o: 10.88 (s, 1H,
NH), 7.69 (s, 1H, CH=N), 7.62~7.45 (m, 2H ArH),
7.31~7.11 (m, 2H ArH), 6.30 (s, 1H,CH), 3.66~3.39 (m,
2H, OCH,), 2.83 (pd, J=12.4, 7.4 Hz, 3H, CH3), 1.15 (dt,
J=139, 74 Hz 3H, CH;); “C NMR (100 MHz,
DMSO-dg) 0: 165.1, 150.4, 147.2, 147.0, 141.2, 132.6,
129.1, 128.5, 97.0, 59.5, 59.0, 40.3, 39.1, 18.6, 14.0; IR
(KBr) v: 3299, 3258 (NH), 2988 (C—H), 1795, 1698,
1592, 1415 (C=C, C=N), 1375, 1301, 1267, 1089, 1013
(C—0, C—N), 777, 728, 580 cm™'; HRMS (ESI) calcd for
CysH,sCIN,O, [M+H]" 319.0886, found 319.0891.

T-(4- TR A FE)-5- F 54, 7- — & -[1,2,4] =M FF[1,5-4]
W I -6- R R £, W8 (51 3% % [ A, mp. 2234~
225.2 °C; 'H NMR (400 MHz, DMSO-d;) 6: 10.86 (s, 1H,
NH), 7.67 (s, 1H, CH=N), 7.55~7.47 (m, 2H, ArH),
7.22~7.14 (m, 2H, ArH), 6.27 (s, 1H, CH), 4.01~3.91
(m, 2H, OCH,), 2.41 (s, 3H, CH3), 1.05 (td, J=7.0, 3.2
Hz, 3H CHs); *C NMR (100 MHz, DMSO-d;) J: 165.1,
150.6, 147.2, 141.6, 131.6, 129.5, 121.2, 96.9, 59.6, 58.8,
40.3,39.1, 18.8, 14.2; IR (KBr) v: 3300, 3259 (NH), 2986
(C—H), 1795, 1695, 1591, 1484 (C=C, C=N), 1375,
1300, 1266, 1070, 1010 (C—O, C—N), 776, 727, 579
cm '; HRMS (ESI) caled for C;sH;¢BrN,O, [M+H]"
363.0378, found 363.0380.

T-(4- T AR FE)-5- 1 I -4,7- A -[1,2,4] =M I [1,5-a]
W% I -6- JR B2 2 B (Sk)U: 9% ¥ 4K, mop. 2182~
220.7 “C; "H NMR (400 MHz, DMSO-d;) d: 10.87 (d, J=
10.7 Hz, 1H, NH), 7.66 (s, 1H, CH=N), 7.56~7.46 (m,
2H, ArH), 7.23~7.14 (m, 2H, ArH), 6.27 (s, 1H, CH),
4.04~3.86 (m, 2H, OCH,), 2.41 (s, 3H, CH3), 1.05 (td,
J=17.0, 3.2 Hz, 3H, CH3); *C NMR (100 MHz, DMSO-d;)
5: 1652, 161.6 (d, J=244.3 Hz), 153.0, 150.5, 147.2,
138.5, 128.9 (d, J=8.4 Hz), 115.1 (d, J=21.6 Hz), 96.0,
59.0, 51.1, 40.3, 39.1, 18.5, 13.4; IR (KBr) v: 3383, 3259
(NH), 2987 (C—H), 1796 1695, 1591, 1412 (C=C, C=
N), 1375, 1300, 1266, 1070, 1009 (C—O, C—N), 776 727,
580 cm '; HRMS (ESI) caled for CisH ¢FN,O, [M+H]"
303.1181, found 303.1185.

7-(3- R -4- G R KL )-5- F Bk -4,7- A -[1,2,4] =M If
[1,5-a] M B -6- 2 R B8 (5D): A ik 4K, mp. 208.9~
210.9 C; "H NMR (400 MHz, DMSO-dj) 0: 10.89 (s, 1H,
NH), 7.68 (s, 1H, CH=N), 7.58 (dd, J/=6.6, 2.2 Hz, 1H,
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ArH), 7.32 (t, J=8.6 Hz, 1H, ArH), 7.25 (ddd, J=8.5, 4.8,
2.2 Hz, 1H, ArH), 6.31 (s, 1H, CH), 4.05~3.87 (m, 2H,
OCHa), 2.42 (s, 3H, CH3), 1.10~0.98 (m, 3H, CH;); "*C
NMR (100 MHz, DMSO-dg) d: 165.0, 161.9 (d, J=245.4
Hz), 150.6, 147.5, 146.9, 140.4 (d, J=3.5 Hz), 132.3,
128.5 (d, J=7.8 Hz), 117.0 (d, J=22.5 Hz), 107.9 (d, J=
21.3 Hz), 96.5, 59.6, 58.6, 40.3, 39.1, 18.7, 14.0; IR (KBr)
v: 3291, 3230 (NH), 2989 (C-H), 1795 1692, 1596, 1496
(C=C, C=N), 1394, 1330, 1255, 1073, 1013 (C—0O, C—
N), 772 727, 598 cm '; HRMS (ESI) caled for
CysH,sN4O,FBr [M+H]" 381.0357, found 381.0349.

T-(A-H FE A FE)-5- F L -4,7- —&-[1,2,4] =M 5[ 1,5-
a]BEE -6- R 2 g (5m)!": [ AR, mp. 263.9~
264.9 ‘C; '"H NMR (400 MHz, DMSO-dj) 6: 10.83 (s, 1H,
NH), 7.66 (s, 1H, CH=N), 7.27 (dd, J=8.8, 5.5 Hz, 2H,
ArH), 7.13 (t, J=8.9 Hz, 2H, ArH), 6.29 (s, 1H, CH), 3.95
(dt, J=18.0, 7.3 Hz, 2H, OCH,), 2.41 (s, 3H, CH;), 1.04
(t, J=7.1 Hz, 3H, CH;); *C NMR (100 MHz, DMSO-d;)
d: 165.1, 150.4, 147.2, 147.0, 141.2, 132.6, 129.1, 96.9,
59.6, 59.0, 40.3, 39.0, 18.6, 14.1; IR (KBr): 3260, 3199
(NH), 2986 (C—H), 1790 1693, 1591, 1449 (C=C, C=
N), 1356, 1300, 1256, 1073, 1013 (C—0, C—N), 785 710,
581 cm '; HRMS (ESI) caled for CisH;NsO4 [M+H]"
330.1126, found 330.1130.

322 =hHpy—Hhikbm 4-RA2-FH-14-Z A K
4,51k H[1,2-a]"E"2-3-F BR CEEAT A 40 6

475 7% 1 (1.0 mmol). S-BHERME 2 (1.0 mmol)F 2-
IR FFIKME 4 (1.0 mmol)#% T 10 mL EtOH H, %%
I\ 20 mol% Amberlyst-15 #EALF], 70 “Chn#k3 h, H
TLC BREFRMNZEEE W, R PIEEWA R =R, HiH
5L E, B 5~10 mL ZEEVREAMEALT, JEREIN 25
mL /N F B ISR, R R BT, HE, H
80% L BEVE B M B =¥, TH:J5, M V(EtOH) :
V(DMSO)=10 : 1 H 45 5 15 3 46 B 5 m 1 B AR 724
6a~—~06g.

A4-(4- K B )-2- 20 K -1,4- —EUK (4,5 K e E
[1,2-a]M% 0E-3- FH R R BS (6a): (A (A [ 44, m.p. 203.1~
214.3 °C; "H NMR (400 MHz, DMSO- dg) 6: 10.80 (s, 1H,
NH), 7.35 (dt, J=10.8, 4.0 Hz, 3H, ArH), 7.27 (t, J=6.7
Hz, 3H, ArH), 7.18 (dd, J=8.3, 6.3 Hz, 1H, ArH), 7.06~
7.00 (m, 1H, ArH), 6.95 (dd, J=11.1, 4.1 Hz, 1H, ArH),
6.43 (s, 1H, CH), 3.58 (s, 3H, OCHjy), 2.92~2.81 (m, 2H,
CH,), 1.22 (t, J=7.4 Hz, 3H, CH;); °C NMR (100 MHz,
DMSO-dg) d: 165.4, 152.5, 145.9, 142.5, 142.2, 131.6,
128.7, 127.9, 121.9, 120.3, 116.9, 109.9, 97.2, 55.8, 51.0,
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40.3,39.9, 24.9, 14.1, 13.4; IR (KBr) v: 3297, 3225 (NH),
2948 (C—H), 1707, 1662, 1572, 1432 (C=C, C=N),
1372, 1302, 1244, 1052, 1015 (C—0O, C—N), 785, 734,
699 cm'; HRMS (ESI) caled for Cy0HyoN;0, [M+H]"
334.1550, found 334.1542.

4-(4- 5 K JE)-2- B JE -1 4- — A 2K I [4,5] K e 5
[1,2-a]M5nE-3-H R Z.f5(6b): % 3% (0 4K, m.p. 294.3~
295.9 ‘C; 'H NMR (400 MHz, DMSO- dg) 6: 10.80 (s, 1H,
NH), 7.44~7.37 (m, 2H, ArH), 7.34 (d, J=7.7 Hz, 1H,
ArH), 7.27 (d, J=7.6 Hz, 1H, ArH), 7.12~7.02 (m, 3H,
ArH), 7.00~6.91 (m, 1H, ArH), 6.46 (s, 1H, CH), 4.09~
3.95 (m, 2H, OCH,), 2.46 (s, 3H, CH;), 1.14 (t, J=7.1 Hz,
3H, CH;); *C NMR (100 MHz, DMSO-d,) d: 165.2, 161.6
(d, J=244.4 Hz), 146.8, 145.6, 142.4, 138.5, 131.6, 129.4
(d, J=8.3 Hz), 121.8, 117.1, 116.9, 115.2 (d, J=22.2 Hz),
109.9, 97.9, 59.5, 55.2, 40.3, 39.1, 18.9, 14.1; IR (KBr) v:
3309, 3236 (NH), 2966 (C—H), 1815, 1698, 1572, 1455
(C=C, C=N), 1366, 1313, 1257, 1094, 1014 (C—O, C—
N), 728 608, 521 cm ~'; HRMS (ESI) caled for
CaoHoFN;0, [M+H]" 352.1385, found 352.1388.

4- IR F2- -1 4- AR F (4,51 0K M FE [1,2-a] W%
mE-3-F R LB (6e): FHEE 1A, m.p. 269.7~270.2 C; 'H
NMR (400 MHz, DMSO-d;) 6: 10.81 (s, 1H, NH), 7.35 (t,
J=6.8 Hz, 3H, ArH), 7.26 (t, J=7.7 Hz, 3H, ArH), 7.18 (t,
J=17.2Hz, 1H, ArH), 7.03 (t, J=7.6 Hz, 1H, ArH), 6.94 (t,
J=7.6 Hz, 1H, ArH), 6.42 (s, 1H, CH), 4.08~3.95 (m,
2H, OCH,), 2.46 (s, 3H, CH3), 1.14 (t, J=7.1 Hz, 3H,
CH3); *C NMR (100 MHz, DMSO-dg) J: 165.3, 146.7,
145.8, 142.5, 142.2, 131.7, 128.5, 127.9, 127.3, 121.9,
120.3, 116.9, 110.0, 98.1, 59.5, 56.1, 40.3, 39.1, 18.8, 14.2;
IR (KBr) v: 3235 (NH), 2977 (C—H), 1701 1658, 1575,
1457 (C=C, C=N), 1365, 1301, 1247, 1091, 1016 (C—
0, C—N), 734, 706, 608 cm'; HRMS (ESI) calcd for
CaoHyoN;0, [M+H]" 334.1479, found 334.1482.

4-(4-R I I )-2- F I 1,4- SR I [4,5] K M [1,2-
a] BE g -3- R 216 (6d): R 3 B fm K, mup. 289.4~
290.7 °C; "H NMR (400 MHz, DMSO- d) 6: 10.86 (s, 1H,
NH), 7.47 (d, J=8.4 Hz, 2H, ArH), 7.34 (dd, J=11.7, 8.2
Hz, 3H, ArH), 7.25 (d, J=7.9 Hz, 1H, ArH), 7.05 (t, J=
7.5 Hz, 1H, ArH), 6.96 (t, J=7.6 Hz, 1H, ArH), 6.44 (s,
1H, CH), 4.08~3.95 (m, 2H, OCH,), 2.46 (s, 3H, CH,),
1.15 (t, J=7.1 Hz, 3H, CH;); *C NMR (100 MHz,
DMSO-dg) 0: 165.2, 146.9, 145.6, 142.4, 141.6, 131.6,
129.4, 122.2, 121.8, 120.6, 117.1, 116.9, 109.9, 97.6, 59.6,
55.6, 40.3, 39.1, 18.9, 14.1; IR (KBr) v: 3233 (NH), 2988

Chin. J. Org. Chem. 2019, 39, 1945~1952

© 2019 Chinese Chemical Society & SIOC, CAS

(C—H), 1698, 1655, 1619, 1570 (C=C, C=N), 1395,
1331, 1260, 1092, 1010 (C—O, C—N), 773, 728, 578
cm'; HRMS (ESI) caled for C,0H;sBrN;O, [M+H]"
412.0584, found 412.0589.

A-(4- T JE T FE)-2- W B -1 4- — R IR IR [4,5] WK e I
[1,2-a]"% IE -3- 1 82 2.1 (6e): 7% {0 [ &, m.p. 299.4~
300.7 °C; "H NMR (400 MHz, DMSO-d;) 6: 10.97 (s, 1H,
NH), 8.17~8.11 (m, 2H, ArH), 7.69~7.62 (m, 2H, ArH),
7.37 (d, J=7.9 Hz, 1H, ArH), 7.28 (d, J=7.9 Hz, 1H,
ArH), 7.05 (dd, J=11.5, 3.8 Hz, 1H, ArH), 6.96 (t, J=7.3
Hz, 1H, ArH), 6.61 (s, 1H, CH), 4.20~3.86 (m, 2H,
OCH,), 2.50 (dt, J=3.5, 1.8 Hz, 3H, CH3), 1.16 (t, J=7.1
Hz, 3H, CHs); *C NMR (100 MHz, DMSO-dj) o: 165.1,
149.2, 147.7, 147.1, 145.4, 142.4, 131.5, 128.7, 123.9,
117.2, 109.9, 96.9, 59.7, 55.4, 40.3, 39.1, 18.9, 14.2; IR
(KBr) v: 3309 (NH), 2980 (C—H), 1697, 1656, 1618, 1572
(C=C, C=N), 1384, 1352, 1255, 1091, 1012 (C—O, C—
N), 753, 713, 528 c¢cm '; HRMS (ESI) calcd for CaoHjo-
N,O, [M+H]" 379.1401, found 379.1391.

4-(3-5-5-F A FE)-2- H -1 4- —E K IF[4, 510K eI
[1,2-a] M8 0E -3- iR 2, Bi5 (6f): 1 & 44, m.p. 304.4~
305.6 °C;'HNMR (400 MHz, DMSO- d) 6: 10.94 (s, 1H,
NH), 7.56~7.49 (m, 1H, ArH), 7.38 (dd, J=12.0, 5.3 Hz,
2H, ArH), 7.18 (dd, J=11.7, 5.5 Hz, 2H, ArH), 7.06 (t, J=
7.6 Hz, 1H, ArH), 6.97 (t, J=7.6 Hz, 1H, ArH), 6.74 (s,
1H, CH), 4.07~3.94 (m, 2H, OCH,), 2.46 (s, 3H, CH;),
1.10 (t, J=7.1 Hz, 3H, CH;); *C NMR (100 MHz,
DMSO-ds) d: 165.1, 161.2 (d, J=248.7 Hz), 147.6, 145.4,
142.3, 135.5, 132.7 (d, J=10.5 Hz), 131.7, 122.1, 120.5,
117.1, 116.7 (d, J=24.7 Hz), 96.2, 59.5, 53.5, 40.3, 39.1,
18.8, 14.2; IR (KBr) v: 3314 (NH), 2980 (C—H), 1702,
1663, 1617, 1567 (C=C, C=N), 1384, 1366, 1261, 1083,
1016 (C—0, C—N), 737, 694, 585 cm™'; HRMS (ESI)
caled for C,0H;sN;O,FCl [M+H] " 386.1066, found
386.1056.

4-(3- & K FE)-2- L -1 4- AU I [4,5] K M JF
[1,2-a] W& g -3- H R 2. Tig (6g): [l &, m.p. 268.9~
269.4 °C;'HNMR (400 MHz, DMSO- d) 6: 10.87 (s, 1H,
NH), 7.47 (d, J=1.9 Hz, 1H, ArH), 7.36 (d, J=7.9 Hz,
1H, ArH), 7.32~7.24 (m, 4H, ArH), 7.05 (dd, J=11.5, 3.8
Hz, 1H, ArH), 6.97 (t, J=7.3 Hz, 1H, ArH), 6.47 (s, 1H,
CH), 4.03 (dtd, J=18.0, 7.1, 3.6 Hz, 2H, OCHy,), 2.46 (s,
3H, CH3), 1.16 (t, J=7.1 Hz, 3H, CH;); °C NMR (100
MHz, DMSO-d) 0: 165.2, 147.2, 145.6, 144.6, 142.4,
132.9, 131.5, 130.6, 127.9, 125.9, 122.1, 117.1, 110.0,
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97.4, 59.6, 55.5, 40.3, 39.1, 18.8, 14.2; IR (KBr) v: 3377
(NH), 2974 (C—H), 1698, 1657, 1616, 1572 (C=C, C=
N), 1386, 1365, 1258, 1083, 1016 (C—O, C—N), 729,
690, 547 cm™'; HRMS (ESI) caled for CooH;9N;0,C1 [M+

H]*

368.1060, found 368.1052.

4 Bh#1 %} (Supporting Information) 7% 5a~5m.
6a~6g MIZMILIRE T | i, X Eepklny LA ok WA
Fi) ™35 (http://sioc- journal.cn/)_E T,
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