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One-Pot and Three-Component Synthesis of Furopyridoquinoxaline
Derivatives under Catalyst-Free Conditions

Zhang, Meimei® Wang, Jie” Liu, Jianquan“ Wang, Xiangshan™*
(“ School of Chemistry and Chemical Engineering, Jiangsu Normal University, Xuzhou 221116)
(* Kewen College, Jiangsu Normal University, Xuzhou 221116)

Abstract A series of 11-aryl-8,11-dihydrofuro[3',4":5,6]pyrido[3,2-f]quinoxalin-10(7H)-one derivatives were obtained via a
one-pot and three-component reaction of aromatic aldehydes, 6-aminoquinoxaline and tetronic acid in EtOH. The structure of
11-(4-nitrophenyl)-8,11-dihydrofuro[3',4":5,6]pyrido[3,2-f]quinoxalin-10(7H)-one (4g) was confirmed by X-ray diffraction
analysis. This procedure had the advantages of operation simplicity, catalyst-free and without isolating intermediates, and pro-
vided a good method for the synthesis of fused tetracyclic heterocycles containing furan, pyridine and quinoxaline moieties at

the same time.

Keywords furopyridoquinoxaline; 6-aminoquinoxaline; three-component reaction; crystal structure; synthesis
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Figure 1 Medicinal structures containing pyridine, furan or
quinoxaline

1 &HR510R

W ST B (1) 6- 5 W IR IR (2) A 2 il iR
Q)RETI/KCEEH, FRRIL0.5h, Jo7EIINAE
A3, BUATEE = R A ) 11-0% 236-8,11- A ALk 5F
[3',4":5,6 ML RE FH([3,2- R K- 10(7H)-BHATA4 4 (Eq. 1).

O Ar N7
_N NH eon O I}
ArCHO +|_ + —
1 N Reflux © | 1M
N
2 0 N
3 4

Z R NTG T M FA O HEA TR, 5 iR A, 7E 2
B IR 26 1F S, RIATSRABAR G R . BRA T dme v) £of F
SR (1a)S 2. 3 (OB, SR A A v 77 A
Bt — i E 4a FWCEGER 1), BIOFE. NN-—F
5 H It i (DMF) AU SRR IR (THEF), K ILIE /2 25
B % (89%). 181 Fl DMF A 7114 75 SR E [
A, P COREELZS G, AR A [ H OBV,
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T A (TLO) R S R BERE A 2 M 5E 4,
JEITHIA V(TR L) @ V(A B =1 1 3], R4S
5, REAFIER, B OREE AR, SIERITAEELE Y
da. 1ECFEH, WA SRER] 50 C, RB=#H
RE 62%; fE=I T, RMAREKRAE, &A 752U
[FIF=4). sk, HRAE RIS, TGk /& Knoevenagel 4
R NIEZ Michael MR, #RF5 LW S, HZ
A &R HAAMINNER, 10— Z % . DBU 5IREE, 4a 1)
FEREAM T KA T, R A SRR (68~
75%).
R 7Y da MR ¢

Table 1 Screen of optimal conditions for 4a

5 AL Sl R/ C F=H /%
1 — FH 80 84
2 — DMF 80 79
3 — THF 65 82
4 — g 80 89
5 — g 50 62
6 — L r.t. Trace
7 WK e g 80 68
8 DBU g 80 75
9 =% g 80 69

@ RRLAAT: 4-5K H B (1a) (140 mg, 1.0 mmol), 6-Z SEFEVEIN(2) (145 mg,
1.0 mmol), Z=RIEE 3 (100 mg, 1.0 mmol), ¥A51(10 mL), #E4L71(0.2 mmol).
FETCHEA I 251, A Sl 9 SO T 7, 25
ARAN [ 2R F B, ) R 1 AR B, 4-FUE R
PRI A-FiF L 48 F i, 3 J it vl 1 PP AU 1 R Y R
TR, B, &2 =HRHY 3,4,5- = HEHER
FRE, F=4) 4 3507 DORIFARIF R 3 (86%~95%) (3R 2).
FEY) 4 [ EE A I R L 21 AR o B I AFRAGE.
N T B RIE I S5, FRATLL DMF IR, 5
FEAME T 774 4g HI 5 ah, Z5k B L 2.

K2 Y 4 KRR (A
Table 2 Reaction time and yields of 4

55 Ar REEE/M P2 PRER %
1 4-CIC4H, 4 4a 89
2 2-CIC4H, 4 4b 90
3 3-BrC¢H, 4 4c 86
4 4-BrCgH, 4 4d 92
5 4-FCeH,4 3 4e 87
6 4-NCC¢H,4 5 4f 95
7 4-NO,CgH, 5 4g 92
8 2,3-CL,C¢Hs 3 4h 94
9 2,6-Cl,C¢Hs 4 4 89
10 3,4-CL,C¢H; 3 4j 92
11 2,3-(Me0),C¢H;, 7 4k 89
12 3,4,5-(Me0);CH, 8 41 90

© 2017 Chinese Chemical Society & SIOC, CAS

¢ R MEAAS: B 1 (1.0 mmol); 6-Z FEMENZIH 2 (145 mg, 1.0 mmol), Z=HAER 3
(100 mg, 1.0 mmol), FE7K ZE#(10.0 mL), [FI¥i.

X T2 i 1,4- &AM IE[C(2)—C(3)/N(1)/
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A 2
Figure 2 Crystal structure of product 4g
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Figure 3 Intermolecular hydrogen bonds in 4g
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Table 3 Hydrogen bond data in the crystal structure of 4g
e D—H--A D—H/nm H---A/nm D-*A/nm  Z/DHA/(®) o FRAERAE
1 C(16)—H(16A):--O(1) 0.93 2.57 163.7 3.470(2) xt+1,yz
2 C(1)—H(1B)*-O(4) 0.97 2.50 130.2 3.2103) 1=x,y—1/2,12—z
3 N(1)—H(1):--O(1) 0.859(9) 2.073(11) 159.0(18) 2.891(2) —x,y—1/2,12—z
4 C(5)—H(5A)--O(3) 0.93 2.47 128.5 3.139(2) x,y—1,z
Al
o] Knoevenagel ' /\IN Nucleophilic o Ar Nq
0 _condensation addition N -H,0
ArCHO + Mlchael /\ e — 4
addition (LONH HO N
6 7
B 1 7 4 KGR

Scheme 1 Formation mechanism of product 4
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TENSOR 27 BT AR E3EACI 2 (KBr ), R IR
W H] Bruker AVANCE DPX-400 RUAZH IR &,
DMSO-ds J % 7, TMS N W b5 ; & 45 % i 1E
Bruker-micro-TOF-Q-MS Jfi it 4% %€

3.2 FH4MISEESE

¥4 751 1 (1.0 mmol). 6-Z(JEMENEMK(2) (145 mg, 1.0
mmol). Z=HIEZ(3) (100 mg, 1.0 mmol)#K XN A F] 50 mL
TR BB, B e MATEK LEE(10 mL). HiEHE 0
PRI SR FF 3~8 h, JEL i JE R (TLC) K
LR R 2 [ S5 A R TF IR V(ZFR L) -
VORI =1 : 3], RN RGE, AEBZER, ik
wE A, g R 4.

11-(4- 52K 55 )-8, 11- — S AWk R 5 [3',4":5,6] MLt W -
[3,2-f] M W& Wk -10(7H)- B (4a): m.p.>300 C; 'H NMR
(DMSO-ds, 400 MHz) J: 10.68 (s, 1H, NH), 8.77 (d, J=
1.6 Hz, 1H, ArH), 8.72 (d, J=1.6 Hz, 1H, ArH), 8.01 (d,
J=8.8 Hz, 1H, ArH), 7.61 (d, J=8.8 Hz, 1H, ArH), 7.23
(d, J=8.8 Hz, 2H, ArH), 7.19 (d, J=8.8 Hz, 2H, ArH),
5.88 (s, 1H, CH), 5.07 (d, J=16.0 Hz, 1H, CH), 4.97 (d,
J=16.0 Hz, 1H, CH); IR (KBr) v: 3256, 3123, 3061, 1717,
1663, 1603, 1494, 1464, 1405, 1348, 1298, 1196, 1107,
1086, 1013, 869, 841, 812, 741, 697 cm '. HRMS (ESI)
caled for C;oH;;CIN;O, [M — H]  348.0540, found
348.0542.

11-(2- 5 2K F% )-8, 11- — S AW Wk AR FF:[3',4":5,6] It W -
[3,2-f] M WE Wk -10(7H)- i (4b): m.p.>300 C; 'H NMR
(DMSO-ds, 400 MHz) d: 10.69 (s, 1H, NH), 8.69 (d, J=
2.0 Hz, 1H, ArH), 8.66 (d, J=2.0 Hz, 1H, ArH), 7.98 (d,
J=8.8 Hz, 1H, ArH), 7.58 (d, J=8.8 Hz, 1H, ArH), 7.28
(dd, J=7.6, 1.2 Hz, 1H, ArH), 7.16 (d, J=7.6 Hz, 1H,
ArH), 7.12~7.03 (m, 2H, ArH), 6.22 (s, 1H, CH), 5.03 (d,
J=16.0 Hz, 1H, CH), 4.97 (d, J=16.0 Hz, 1H, CH); IR
(KBr) v: 3273, 3176, 1735, 1651, 1601, 1464, 1442, 1414,
1373, 1345, 1201, 1067, 1047, 1015, 865, 834, 798, 758,
702 cm”'. HRMS (ESI) caled for C1oH;;CIN;O, [M—H]~
348.0540, found 348.0543.

11-(3-TR 4 3E)-8,11- — S AL R I [3',4":5,6] M I IF:
[3,2-f] M W& Wbk -10(7H)- B (4¢): m.p.>300 C; 'H NMR
(DMSO-ds, 400 MHz) d: 10.69 (s, 1H, NH), 8.77 (d, J=
2.0 Hz, 1H, ArH), 8.72 (d, J=2.0 Hz, 1H, ArH), 8.01 (d,
J=8.8 Hz, 1H, ArH), 7.61 (d, J=8.8 Hz, 1H, ArH), 7.33
(s, 1H, ArH), 7.28~7.23 (m, 1H, ArH), 7.16~7.13 (m,
2H, ArH), 5.86 (s, 1H, CH), 5.08 (d, J=16.0 Hz, 1H, CH),
4.96 (d, J=16.0 Hz, 1H, CH); IR (KBr) v: 3256, 3172,
3093, 3028, 2928, 1720, 1647, 1604, 1517, 1497, 1466,
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1413, 1346, 1304, 1198, 1069, 1040, 1017, 867, 838, 819,
750, 695 cm™'. HRMS (ESI) calcd for CjoH;BiN;O, [M—
H]™ 392.0035, found 392.0026.

11-(4- V3 2K 55 )-8, 11- — S A R g JF:[3,4":5,6] ML W -
[3,2-] ¥ 2 Wk -10(7H)- i (4d): m.p.>300 C; 'H NMR
(DMSO-ds, 400 MHz) d: 10.70 (s, 1H, NH), 8.77 (d, J=
1.2 Hz, 1H, ArH), 8.73 (d, J=1.3 Hz, 1H, ArH), 8.02 (d,
J=9.2 Hz, 1H, ArH), 7.62 (d, J=9.2 Hz, 1H, ArH), 7.37
(d, J=8.4 Hz, 2H, ArH), 7.14 (d, J=8.4 Hz, 2H, ArH),
5.87 (s, 1H, CH), 5.07 (d, J=16.0 Hz, 1H, CH), 4.97 (d,
J=16.0 Hz, 1H, CH); >C NMR (DMSO-d,, 400 MHz) :
172.2, 158.2, 145.8, 145.4, 143.5, 141.5, 140.4, 138.5,
131.3, 130.3, 130.1, 122.3, 119.5, 116.8, 98.2, 65.7, 35.5;
IR (KBr) v: 3236, 3173, 3056, 2895, 1716, 1648, 1603,
1578, 1493, 1463, 1402, 1347, 1296, 1017, 1009, 981, 850,
831, 811, 758, 689 cm . HRMS (ESI) calcd for C9H;;Br-
N;0, [M—H]~ 392.0035, found 392.0049.

11-(4- 5 R HE)-8,11- = A A R i FH[3',4":5,6] Mt e Ff
[3,2-f] ¥ 2 Wbk - 10(7H)- i (4e): m.p.>300 ‘C; 'H NMR
(DMSO-ds, 400 MHz) d: 10.67 (s, 1H, NH), 8.78 (d, J=
2.0 Hz, 1H, ArH), 8.72 (d, J=2.0 Hz, 1H, ArH), 8.00 (d,
J=92 Hz, 1H, ArH), 7.61 (d, J=9.2 Hz 1H, ArH),
7.22~7.19 (m, 2H, ArH), 7.02~7.97 (m, 2H, ArH), 5.89
(s, 1H, CH), 5.08 (d, J=15.6 Hz, 1H, CH), 4.97 (d, J=
15.6 Hz, 1H, CH); IR (KBr) v: 3260, 3154, 3071, 1719,
1666, 1651, 1598, 1517, 1464, 1417, 1381, 1347, 1197,
1153, 1020, 867, 839, 802, 755, 694 cm~'. HRMS (ESI)
caled for C;oH;;FN;O, [M — H]  332.0835, found
332.0854.

11-(4-FHE 2K JE )-8, 11- — S Ak Pk IR JF:[3",4":5,6] it W
FH[3,2-1 W R K- 10(7 H)-H (4f): m.p.>300 ‘C; '"H NMR
(DMSO-ds, 400 MHz) d: 10.74 (s, 1H, NH), 8.72 (d, J=
2.0 Hz, 1H, ArH), 8.70 (d, J=2.0 Hz, 1H, ArH), 8.01 (d,
J=9.2 Hz, 1H, ArH), 7.64 (d, J=8.4 Hz, 2H, ArH), 7.60
(d, J=9.2 Hz, 1H, ArH), 7.36 (d, J=8.8 Hz, 2H, ArH),
591 (s, 1H, CH), 5.06 (d, J=16.0 Hz, 1H, CH), 4.97 (d,
J=16.0 Hz, 1H, CH); >C NMR (DMSO-d,, 400 MHz) :
172.2, 158.5, 151.5, 145.4, 143.5, 141.4, 140.4, 138.6,
132.6, 130.3, 129.2, 122.3, 119.2, 116.1, 109.3, 97.6, 65.8,
36.4; IR (KBr) v: 3263, 3060, 3002, 2220, 1661, 1622,
1602, 1510, 1479, 1463, 1379, 1333, 1206, 1149, 1040,
1011, 1013, 861, 843, 834, 786, 688 cm '. HRMS (ESI)
caled for CyH;3N4O, [M + H] ©  341.1039, found
341.1058.

11-(4- F 2 56 )-8, 11- — S Ak Wk i I [31,4':5,6] Mt g

Chin. J. Org. Chem. 2017, 37, 1565~1570
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F[3,2- IR MK-10(7H) - (4g): m.p.>300 ‘C; '"H NMR
(DMSO-ds, 400 MHz) d: 10.76 (s, 1H, NH), 8.71 (d, J=
1.6 Hz, 1H, ArH), 8.69 (d, J=1.6 Hz, 1H, ArH), 8.04 (d,
J=8.8 Hz, 2H, ArH), 8.01 (d, J=9.2 Hz, 1H, ArH), 7.60
(d, J=9.2 Hz, 1H, ArH), 7.43 (d, J=8.8 Hz, 2H, ArH),
5.95 (s, 1H, CH), 5.06 (d, J=16.0 Hz, 1H, CH), 4.98 (d,
J=16.0 Hz, 1H, CH);"*C NMR (DMSO-d;, 400 MHz) :
172.1, 158.5, 153.5, 146.2, 145.5, 143.6, 141.5, 140.5,
138.6, 130.5, 129.4, 123.8, 122.3, 116.0, 97.5, 65.8, 36.4;
IR (KBr) v: 3230, 3167, 3098, 3063, 1716, 1648, 1602,
1521, 1464, 1441, 1386, 1347, 1199, 1153, 1024, 861, 840,
816, 752, 698 cm '. HRMS (ESI) calcd for CioH;N4O4
[M—H]~ 359.0780, found 359.0798.

11-(2,3- 5 A HE)-8,11- A AL PR H-[3',4"5,6]ML I
FH[3,2-A R MK-10(7H)-Bi (4h): m.p.>300 ‘C; 'H NMR
(DMSO-ds, 400 MHz) d: 10.73 (s, 1H, NH), 8.66 (d, J=
1.6 Hz, 1H, ArH), 8.64 (d, J=1.6 Hz, 1H, ArH), 7.97 (d,
J=92 Hz, 1H, ArH), 7.56 (d, J=9.2 Hz, 1H, ArH),
7.33~7.31 (m, 1H, ArH), 7.13~7.10 (m, 2H, ArH), 6.26
(s, 1H, CH), 5.03 (d, J=16.0 Hz, 1H, CH), 4.97 (d, J=
16.0 Hz, 1H, CH); IR (KBr) v: 3234, 3177, 3078, 1728,
1648, 1638, 1617, 1497, 1464, 1420, 1346, 1200, 1123,
1039, 1019, 865, 837, 809, 769, 751, 696 cm '. HRMS
(ESI) calcd for CoH;(CI,N30, [M—H] 382.0150, found
382.0167.

11-(2,6- S A HE)-8,11- A AL PR H-[3',4"5,6]ML I
FE[3,2-1 1 IR 1HR-10(7H)- B (4i): m.p.>300 ‘C; '"H NMR
(DMSO-ds, 400 MHz) d: 10.71 (s, 1H, NH), 8.58 (d, J=
2.0 Hz, 1H, ArH), 8.54 (d, J=2.0 Hz, 1H, ArH), 7.90 (d,
J=8.8 Hz, 1H, ArH), 7.44~7.42 (m, 2H, ArH), 7.12~
7.09 (m, 2H, ArH), 6.58 (s, 1H, CH), 4.95 (s, 2H, CH,); "*C
NMR (DMSO-d, 400 MHz) §: 171.6, 159.4, 145.0, 143.0,
141.8, 140.1, 139.7, 138.6, 137.0, 135.3, 130.2, 130.0,
128.6, 128.4, 121.6, 115.8, 94.9, 65.5, 36.2; IR (KBr) v:
3238, 3179, 3101, 3048, 2919, 1722, 1675, 1651, 1609
1536, 1495, 1393, 1363, 1348, 1207, 1083, 1072, 1014,
868, 840, 786, 766, 671 cm™'. HRMS (ESI) calcd for
CioH0CLN;0, [M—H]~ 382.0150, found 382.0131.

11-(3,4- F A E)-8,11- ~E AR F[3",4":5,6] ML IE
FF[3,2-A 1R K- 10(7H)-BA(4)): m.p.>300 ‘C; '"H NMR
(DMSO-ds, 400 MHz) d: 10.73 (s, 1H, NH), 8.78 (d, J=
2.0 Hz, 1H, ArH), 8.74 (d, J=2.0 Hz, 1H, ArH), 8.03 (d,
J=9.2 Hz, 1H, ArH), 7.62 (d, J=9.2 Hz, 1H, ArH), 7.44
(d, J=8.4 Hz, 1H, ArH), 7.40 (d, J=2.0 Hz, 1H, ArH),
7.13 (dd, J=8.4, 2.0 Hz, 1H, ArH), 5.89 (s, 1H, CH), 5.09

Chin. J. Org. Chem. 2017, 37, 1565~1570
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(d, J=16.0 Hz, 1H, CH), 4.98 (d, J=16.0 Hz, 1H, CH);
BC NMR (DMSO-ds, 400 MHz) d: 172.2, 158.4, 147.3,
145.5, 143.6, 141.4, 140.4, 138.5, 131.0, 130.7, 130.4,
129.9, 129.1, 128.5, 122.3, 116.1, 97.6, 65.8, 35.6; IR
(KBr) v: 3231, 3173, 3094, 3030, 1718, 1651, 1638, 1605,
1520, 1493, 1464, 1346, 1199, 1131, 1040, 1026, 865, 840,
815,752, 674 cm~ . HRMS (ESI) caled for CioH,oC1N;0,
[M—H]™ 382.0150, found 382.0169.

11-(2,3- = HE R OR 5E)-8,11- & AL RIR I [3',4":5,6]
M IE FF[3,2-1]7 U8 k- 10(7 H)- B (4k): m.p.>300 C; 'H
NMR (DMSO-ds, 400 MHz) 6: 10.55 (s, 1H, NH), 8.71 (d,
J=2.0 Hz, 1H, ArH), 8.66 (d, J=2.0 Hz, 1H, ArH), 7.94
(d, J=8.8 Hz, 1H, ArH), 7.56 (d, J=8.8 Hz, 1H, ArH),
6.83~6.79 (m, 1H, ArH), 6.73~6.71 (m, 2H, ArH), 6.08
(s, 1H, CH), 4.99 (d, J=16.0 Hz, 1H, CH), 493 (d, J=
16.0 Hz, 1H, CH), 3.72 (s, 3H, OCH;), 3.71 (s, 3H,
OCH,); *C NMR (DMSO-dg, 400 MHz) o: 172.1, 158.1,
152.5, 146.4, 145.1, 143.0, 141.7, 140.2, 139.9, 138.7,
129.5, 123.4, 122.6, 122.1, 118.3, 111.0, 98.5, 65.4, 60.1,
55.8, 31.6; IR (KBr) v: 3210, 3181, 3101, 3046, 2951,
2926, 2830, 1722, 1652, 1608, 1582, 1463, 1432, 1412,
1389, 1344, 1205, 1066, 1042, 1021, 866, 840, 810, 751,
688 cm '. HRMS (ESI) caled for CyH N0, [M—H]™
374.1141, found 374.1174.

11-(3,4,5- = H 4 J& % 26 )-8,11- = & fb 1k W I
[3',4":5,6] Mt W& I [3,2-f] M R WK -10(7H)- B (41): m.p. >
300 ‘C; 'H NMR (DMSO-d,, 400 MHz) 6: 10.60 (s, 1H,
NH), 8.82 (d, J=2.0 Hz, 1H, ArH), 8.73 (d, J=2.0 Hz,
1H, ArH), 7.98 (d, J=8.8 Hz, 1H, ArH), 7.59 (d, J=8.8
Hz, 1H, ArH), 6.46 (s, 2H, ArH), 5.87 (s, 1H, CH), 5.11 (d,
J=15.6 Hz, 1H, CH), 4.96 (d, J=15.6 Hz, 1H, CH), 3.60
(s, 6H, 20CH3), 3.53 (s, 3H, OCH;); IR (KBr) v: 3283,
3125, 3030, 3001, 2976, 2941, 2832, 1716, 1659, 1588,
1520, 1460, 1415, 1364, 1346, 1188, 1124, 1027, 1011,
861, 836, 806, 754, 697 cm '. HRMS (ESI) calcd for
C»H sN;Os [M—H] ™ 404.1246, found 404.1254.
3.3 49 BEMILWGE

s A S 50 AN AT S 56 P R MR SEE. Bruker Y14
BIATEH F#E4T. 4 0.193 mmX0.122 mmX0.100 mm
(3R K T T B B T3 A SR 3 I DU R AT A
F Mo Ko, (2=0.71073 A& -0 $94 757 UCERTST
B, 17F 4.28°<<20<50.02°7E ] Py HLU 4L 2815 Mlar
ATSE A, ATINATES 5 2391 ANI>20(D)], FIEZ Lp K&
1E. fniAkgh b R (SHELXTL P, 4245
Fourier &R EEHIELR T, S/ TFHERF
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BIHE

HEMEME R, AR E R T IR &5 1h TS
¥, RH w=1[cXF)+ (0.0475P)* + 0.5451P], P
(FS+2F)3, AN B IE RIS, X
)4 25 R 74 R =0.0394, wR =0.0956. I 2 2 {H HL 1235
FE ) e N 0.252 esA73, BAKIE N —0.269 eeA >,
(A/6)max =0.000, S =1.029.

N

%% B # ¥l (Supporting Information) a4 1
NMR Elik, PLEAEY) 4g (1 cif SCHF. X SRR AT DL
e WAST M 3 (http://sioc-journal.cn) | F %%,
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