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One-Pot Synthesis of Pyrrolo[1,2-a]quinoxaline Derivatives through
Copper-Catalyzed Cascade Reactions

Jiang, Zengqiang

Miao, Dazhuang

Zhang, Jie

Tong, Yao Shi, Xuesong

Han, Shiging*

(College of Biotechnology and Pharmaceutical Engineering, Nanjing University of Technology, Nanjing 211816)

Abstract A simple, efficient, inexpensive one-pot method for the pyrrolo[1,2-a]quinoxaline derivatives synthesized from

2-formylazoles and o-aminoiodoarenes was developed by using cheap Cul as catalyst, inexpensive and readily available

2,2'-bipyridine as ligand at 110 ‘C. The reaction provides an efficient protocol to a series of pyrrolo[1,2-a]quinoxaline deriva-

tives in good to high yields, and benefits of readily available catalyst and synthesis of high efficiency.

Keywords one-pot synthesis; pyrrolo[1,2-a]quinoxalines; copper-catalyst

MEE g [1,2-a W MRk A2 AR 22 AR P2 ) o0 - e AR s
AT WIERREN, [TRAE T i DL
FARLRE 2 A5 AR ), DR I I 1 [ 1,2- ] M W R —
BEERIIOWEST, S T RFE FATM 5 5. Cheese-
man /N RS T A I [1,2-a R IR 18 ik,
SRR R T LWL A L[ 1,2-a] BRIk, 2 B B [a)
K, OV RLRRE B B R &R ARk d C—N
MY Ullmann JNAITFEIREBAN < Hrp A i A 77T A
LRI 5015 AR AT R A p e 32 55T, 2008
A, R /NASRI T Cul Ak A5 B S N A B g
[1,2-a)MENRRAT AW, 1% N I R 75 B = 9 SR 3L A 7K
AN T IR B IEAL S YIIE R, 2010 4F, Reeves /!
B T R A AEAL S B[ 1,2-a )W WE IR 1) s B, %44
b T SRR, AR RN 7 A v T (130
'C), AR T AR 5 M B s, ik & Bt A5
A5 Valerie /INHEVR PR AL 55 A5 R0 J5URN L2 (1)
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it SRR A T [1,2-a MR AT AR, 1A R T
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AR i Snengs B RS AE AR A AL R R L FE RN 4%
PER N, ATRA— 205 B R & 4. A SCHRIE —Fl
N AAELRR . 285 s R R (A — B B [1,2-a]
MENRIRRAT A RNV AR R 7 DMF ] Cul Atk
A, MBS AR 2,2-BRNERE M CAE, KsPOy B A i,
110 “C AT Ak SRR g 15 it i PRI AR EB6 s 45 B
M [1,2-a]MENREIE, RAF TR 45 .
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1 ZRETE
1.1 ERMEHEIL

T4 LA LR Jiz 5 ke g R Ok R S NS, A
Ny (RS R8T 5 LM SR AL B BoRT S
SERB R, SRR 1 R A ORI T
Wi 53R 1, Entries 1~5), rp Cul ALRUREAT. 2
Ji, BAVHELET EMHIS RNR 5200, R4 S i,
K3POy 321 T 55.6% Ml e, T H el i A7 — 58 UK,
{05 K3PO, AHLE S5 SR A A K AR (3 1, Entries 6~9), [
UG 4 R N R AT LA KsPO, 1E K 3 e ok 2 5
I AE ] HAB SR DMSO. 2K, 4. 1,4- 4N
HAR 2 AT, SRR % R BE (3R 1, Entries 10~
13). WK 1 oJLLGEH, Pk -GS Rh g i s, o AR
BeAArR (3 1, Entries 13~18), 2,2-EAHIE AP A R0 A Bt
U, 5 JE TRAT T 52 7 VL RIS ) 2% S N [ B ), 223
FemEEE] 110 C, 7% TFE 2] 78.6%(% 1, Entry 19),
TR 130 °C, PR FESA FFE(ER 1, Entry 20). &4
) BRI 3R I S NAE S AT B RN P AN R E, N,
PRI B ELP(ER 1, Entry 22).
1.2 AR RIEYE KILIE[1,2-a) B R ITE Y

133 Cul LA PE AR IR friz 15 b FR RS 2 B & 7
NHE I [1,2-a WM bR (1) B3 FE 45 A4 (3% 1, Entry 19) )5, FRATiE

— B IR R (R 2). AR 2 T 50 fiEfL
PRZRT T8 -5 e RN 2-ntk g s 1) L AT A e P 4
PTG, 0T R o 34 e DL G i % 4 — Hh AR A
N EHARF=Y). 1 e BAT TR S PSRRI 16 < AR5 e S
N PR EA T R . N6 2 o, — B ARER s A5 it
2-BA -3 HHILL e R 2-MHE s R R BB A5 B IR UF PR R (R 2,
Entry 3). MbAMS AW T EEHA (S 7 5 2-0R
¥ 55 bk g P 5 8 G Yk 2 AR RN, S e A AT Y. (1)
MR [1,2-a] MR MKAT A, P23 M 59.8% 2 78.6%(F% 2,
Entries 1~5); HLUCH T4 KA Fh 7 145 (1) 438 S
WAV T — RHVEUR 2-nl s P 5 A0 R fr S v
SR, A AN IE () 2-nH s B S AT |H R B0 R4
MG, 2N A5 A ANSOE T 5 v RNt g HE g (R
2, Entries 6~9), Mk ] T8l vy 7 R IE s FH (K 2,
Entries 10, 11). FRATIE A& B2 A A0 44 22 06 T 0k b4 & 1
N P R[] 565 (3 2, Entries 12~ 16), H Bk mesR )
PEIEA L T HE I (CHS AR B IIBE (21, 2j) I AL
SR TIEA W LT (CH IR (2K).

2 it

WFL T /5 DMF #5004, AR ARMT 1 Cul, 454 faj i
Sy 2,2- IR E PE A, R A6 1 5 fie S e e Y i
A RO 1,2-a ENR AT A AR R %A A R 1R

R RPNEMREAMAL

Table 1 Screening and optimization of the reaction conditions

Entry Catalyst (equiv.)  Base (equiv.) Solvent (mL) Ligand (equiv.) t/°C Time/h  Yield’/%
1 Cul (0.1) K5POy4 (3.0) DMF (2.0) L-Pro (0.2) 90 24 55.6
2 CuBr (0.1) K5POy4 (3.0) DMF (2.0) L-Pro (0.2) 90 24 383
3 CuCl (0.1) K5POy (3.0) DMF (2.0) L-Pro (0.2) 90 24 325
4 Cu,0 (0.1) K5POy4 (3.0) DMF (2.0) L-Pro (0.2) 90 24 38.9
5 Cu,C1(0.1) K5POy4 (3.0) DMF (2.0) L-Pro (0.2) 90 24 14.1
6 Cul (0.1) K,CO; (3.0) DMF (2.0) L-Pro (0.2) 90 24 16.0
7 Cul (0.1) KOH (3.0) DMF (2.0) L-Pro (0.2) 90 24 114
8 Cul (0.1) CS,CO5 (3.0) DMF (2.0) L-Pro (0.2) 90 24 325
9 Cul (0.1) Ag,CO; (3.0) DMF (2.0) L-Pro (0.2) 90 24 439
10 Cul (0.1) K5POy4 (3.0) DMSO (2.0) L-Pro (0.2) 90 24 49.4
11 Cul (0.1) K5POy (3.0) Toluene (2.0) L-Pro (0.2) 90 24 50.5
12 Cul (0.1) K5POy4 (3.0) CH;CN (2.0) L-Pro (0.2) 90 24 26.7
13 Cul (0.1) K5POy4 (3.0) 1,4-Dioxane (2.0) L-Pro (0.2) 90 24 26.9
14 Cul (0.1) K;5P0O4 (3.0) DMF (2.0) 8-Hydroxyquinoline (0.2) 90 24 45.8
15 Cul (0.1) K5POy4 (3.0) DMF (2.0) 1,10-Phenanthroline (0.2) 90 24 57.8
16 Cul (0.1) K5POy4 (3.0) DMF (2.0) 1,2-Ethanediamine (0.2) 90 24 Trace
17 Cul (0.1) K5POy4 (3.0) DMF (2.0) 1,2-Ethanediol (0.2) 90 24 Trace
18 Cul (0.1) K5POy4 (3.0) DMF (2.0) 2,2-Dipyridyl (0.2) 90 24 61.7
19 Cul (0.1) K;PO, (3.0) DMF (2.0) 2,2-Dipyridyl (0.2) 110 24 78.6

20 Cul (0.1) K5POy4 (3.0) DMF (2.0) 2,2-Dipyridyl (0.2) 130 24 64.2
21 Cul (0.1) K;POy4 (3.0) DMF (2.0) 2,2-Dipyridyl (0.2) 110 12 36.4
22 Cul (0.1) K;PO, (3.0) DMF (2.0) 2,2-Dipyridyl (0.2) 110 24 Trace’

¢ BT 2-BIRIE(0.215 mmol), it FEE(0.215 mmol), 4i14£(0.0215 mmol), AL£(0.043 mmol), 5%(0.645 mmol), #7(2.0 mL); * 4385, < 44,

1846 http://sioc-journal.cn/

© 2014 Chinese Chemical Society & SIOC, CAS

Chin. J. Org. Chem. 2014, 34, 1845~1850



Chinese Journal of Organic Chemistry
F2 o MEEE[12-a]ENRBAT A5

Table 2 The synthesis of pyrrolo[1,2-a]quinoxaline derivatives

Entry o-Halogenated aryl amine Heterocyclic substrate Product Yield®/%
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Entry o-Halogenated aryl amine Heterocyclic substrate Product Yield®/%

NO,

| O,N H
X RGha
10 NH, H (o) NP2 72.8
1a 2f _
N

3i

I Cl H
X Gha
11 NH, H @) N_ 2 83.4
1a 2 : P
9 N

3j
| N H =\
‘ N\ N~
12 [:I [N % 90.8
NH, N 7

1a 2h

3k
| Qg 8
\
NN
13 ©iNH2 H o] @[ j 80.6
1a 2i Nig

\
14 (j;H N O NN 76.3
2 H
3 oLy
N

X RO S
N
15 NH, H (0] N_ N 64.9
1a 2k /j
N

1a 21

Me
' N H N=
16 {;E )@%« N/ 87.5
NH, 0 @[ P '
N
3o

@I NS AT EZ(0.215 mmol), HERE FEE(0.215 mmol), BEFEEH(0.63 mmol), M4 IF4H(0.0215 mmol), 2,2-BEMEIE(0.043 mmol), DMF (2.0 mL), 110 C, 24
h, N {3477 ° ) B 2.

YRR, 2R, @B, PP e A BT, [1,2-a]MEWRMRAT A= P01 285 A
G 7 S ARECAR AL FI A il S L, AT ARG 17 & Bt it
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3 XWEH
3.1 UEHIKF

BT AR08 b Ay dr i, 4 R R AT alidk. ]
NMR #i1 *C NMR ] Bruker DRX-300 Jll5E, LA TMS 2}
W bR, CDCly 1E % 75 & 20 #F 50 il A 2 4 18
6520Q-TOF LC/MS {552, CH;OH 1R, 4 55 H
WRS-2A 5 A e . it 1R 2 R 38 O T B 1 4y
Mrafielifh 272, BREFRIvEmoh, REE—D a3,

32 WAHE

F4 1(0.215 mmol). % 2 (0.215 mmol). Cul (0.0215
mmol). BEERHT(0.63 mmol). 2,2-HEALEE(0.043 mmol)Fi
A 10 mL SETEHEH, Ny U A DMF (2.0 mL), i
110 C, Hi#k RN 24 h. AARBFR=E, A 10 mL
H,0, M 10 mL X3 ZIRAEEHIN, &I L1 LA, H
5 mL MR EKIEG, AVUEETKBRIRN T,
a5, FHREICHE ST, ATl OIR LB DR A 2
HARr=9 3, it =%, Hbs/=®imit 'H NMR, PC
NMR Fl HRMS #7453 A4E, L 3h, 3i, 3j, 3m, 3n 4
&Y.

& [1,2-a]ME R IR (32)7): mup. 131~132 °C, H A
#£&. "H NMR (300 MHz, CDCl;) 6: 8.79 (s, 1H), 7.95 (d,
J=8.0 Hz, 1H), 7.83 (s, 1H), 7.81 (d, J=8.2 Hz, 1H),
7.50~7.47 (m, 1H), 7.43~7.40 (m, 1H), 6.87~6.85 (m,
2H); “C NMR (75 MHz, CDCLy) ¢: 145.9, 135.8, 130.2,
128.1,127.8, 126.5, 125.2, 114.2, 114.0, 113.8 , 107.3.

HHEIE2,3-e] TR [ 1,2-a]EE (3b) ) m.p. 169~171
C, ®EAE A '"H NMR (300 MHz, CDCl3) d: 9.00 (s,
1H), 8.77~8.74 (m, 1H), 8.21~8.19 (m, 1H), 7.97~7.96
(m, 1H), 7.45 (d, J=8.2 Hz, 1H), 6.96~6.91 (m, 2H); "*C
NMR (75 MHz, CDCly) &: 149.2, 147.6, 146.9, 126.4,
123.9,122.4,122.2,115.6, 115.2, 108.4.

8-( = 5 FF L) ML [1,2-a] IR IR 30): mup. 131~
133 °C, ki afE 4k "H NMR (300 MHz, CDCl) o: 8.85
(s, 1H), 8.09 (s, 1H), 8.04~8.02 (m, 1H), 7.97~7.96 (m,
1H), 7.67~7.65 (m, 1H), 6.97~6.96 (m, 1H), 6.94~6.92
(m, 1H); *C NMR (75 MHz, CDCly) §: 147.7, 137.9,
130.8, 129.5, 127.8, 126.4, 122.4, 121.6, 115.0, 114.8,
111.5,108.6.

8- G AL [1,2-a]¥EWEMk(3d): m.p. 231~234 C,
R AR K. "TH NMR (300 MHz, DMSO-ds) 6: 9.15 (s,
1H), 9.01 (d, J=1.5 Hz, 1H), 8.75~8.74 (m, 1H), 8.04 (d,
J=8.4 Hz, 1H), 7.94 (d, J=8.4, 1H), 7.33~7.29 (m, 1H),
7.13~7.07 (m, 1H); “C NMR (75 MHz, DMSO-d,) J:
147.6, 138.3, 129.8, 129.5, 127.3, 125.7, 117.0, 116.8,
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116.1, 114.5, 112.5, 108.6.

1,3- - FHIENES[1,2-a]WEWE K (3e) ™ m.p. 61~63 C,
FE# 4 44, "H NMR (300 MHz, CDCly) 8: 8.63 (s, 1H),
8.12 (d, J=7.4 Hz, 1H), 7.88 (d, J=7.0 Hz, 1H), 7.52~
7.36 (m, 2H), 6.39 (s, 1H), 2.86 (s, 3H), 2.41 (s, 3H); "°C
NMR (75 MHz, CDCly) &: 1442, 137.3, 130.4, 129.7,
128.1, 126.2, 124.7, 124.4,117.3, 116.9, 115.3, 17.6, 10.2.

1- AL 1,2-a] MR IR H7: BEIRE 4. "TH NMR
(300 MHz, CDCl3) 6: 8.70 (s, 1H), 7.82 (d, J=8.0 Hz,
1H), 7.40~7.36 (m, 5H), 7.28 (d, J=8.5 Hz, 1H), 7.22 (t,
J=17.7 Hz, 1H), 6.99 (t, J=8.1 Hz, 1H), 6.83 (d, J=4.0
Hz, 1H), 6.64 (d, J=4.0 Hz, 1H); “C NMR (75 MHz,
CDCl3) 6: 146.1, 137.2, 134.1, 132.4, 130.0, 129.8, 129.1,
128.9, 128.8, 128.7, 128.6, 127.8, 126.4, 125.0, 116.7,
116.6, 107.6.

N5 1,2-a ] WE Ik (3g): mup. 111~113 °C, F5 (4 [
4. 'TH NMR (300 MHz, CDCLy) §: 8.94 (s, 1H), 8.45~
8.42 (m, 2H), 8.00~7.96 (m, 2H), 7.61 (t, J=7.7 Hz, 1H),
7.55 (t, J=7.5 Hz, 1H), 7.46~7.41 (m, 2H), 7.14 (s, 1H);
C NMR (75 MHz, CDCly) d: 145.2, 137.4, 131.3, 130.2,
130.0, 129.8, 129.2, 129.0, 126.6, 126.1, 124.6, 124.4,
125.6, 115.5, 107.3.

9- I JE G| W [1,2-a] W VR Ik (3h): m.p. 126~128 C,
Brer a4, '"H NMR (300 MHz, CDCl5) §: 8.70 (s, 1H),
8.18 (d, J=8.3 Hz, 1H), 7.93 (d, J=8.0 Hz, 1H), 7.63 (d,
J=8.6 Hz, 1H), 7.42 (t, J=7.2 Hz, 1H), 7.34 (t, J=7.8
Hz, 1H), 6.96~6.91 (m, 1H), 6.83~6.80 (m, 1H), 6.78 (s,
1H), 2.51 (s, 3H); °C NMR (75 MHz, CDCl;) 6: 155.7,
147.4, 135.9, 130.8, 130.4, 130.3, 130.2, 128.6, 128.0,
123.9, 115.8, 115.5, 114.5, 102.3, 100.2, 29.7; HRMS (EI)
caled for C¢H N, (M+H)" 233.1018, found 233.1023.

O-fiFd L 15 W [1,2-a] M R IR (31): m.p. 139~141 C,
H A "TH NMR (300 MHz, CDCl3) d: 8.89 (s, 1H),
8.34 (d, J=8.3 Hz, 1H), 8.26 (d, J=8.3 Hz, 1H), 7.96 (d,
J=17.8 Hz, 1H), 7.58 (t, J=7.8 Hz, 1H), 7.40 (t, J=7.7
Hz, 1H), 7.28~7.27 (br s, 1H), 7.18~7.16 (m, 1H), 7.03
(s, IH); "C NMR (75 MHz, CDCl;) d: 146.1, 137.2, 134.1,
132.4, 129.8, 129.6, 128.9, 128.8, 128.7, 127.7, 126.6,
1249, 1168, 116.6, 107.6; HRMS (EI) caled for
CsHoN;0, (M+H)" 264.0711, found 264.0714.

9- G FEIWE[1,2-a]EWEI(3j): m.p. 121~124 C, A
{6 & 44, '"H NMR (300 MHz, CDCl3) J: 8.94 (s, 1H),
8.79~8.75 (m, 1H), 8.64~8.63 (m, 1H), 8.00 (dd, J=8.4,
1.5 Hz, 2H), 7.92 (d, J=8.4 Hz, 2H), 7.09~7.04 (m, 1H),
6.96~6.94 (m, 1H); °*C NMR (75 MHz, CDCl;) d: 159.8,

http://sioc-journal.cn/ 1849
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157.4, 146.0, 135.8, 130.4, 130.3, 130.2, 128.6, 127.8,
123.9, 115.4, 114.0, 113.3, 109.2, 104.9; HRMS (EI) calcd
for C;sHoN,Cl (M+H)" 253.0543, found 253.0543.

KM 1,2-a] MRk (3K)! ) mp. 121~123 C, It
[fil4&. "H NMR (300 MHz, CDCl;) §: 9.13 (s, 1H), 8.15~
8.13 (m, 2H), 7.98~7.93 (m, 1H), 7.83 (s, 1H), 7.70~
7.66 (m, 1H), 7.63~7.59 (m, 1H); *C NMR (75 MHz,
CDCly) d: 144.4, 138.9, 135.9, 134.5, 130.8, 129.0, 127.4,
126.5, 114.8, 112.2.

FI[4,51K [ 1,2-a] IR IR 3D mop. 181~182
‘C, AfLE{A. "TH NMR (300 MHz, CDCl;) d: 8.94 (s,
1H), 8.46~8.42 (m, 2H), 7.40~7.36 (m, 2H), 7.61 (t, J=
7.7 Hz, 1H), 7.55 (t, J=7.5 Hz, 1H), 7.46~7.41 (m, 2H);
C NMR (75 MHz, CDCl;) d: 146.0, 144.3, 141.1, 135.6,
131.0, 129.9, 129.8, 129.6, 125.8, 125.6, 124.8, 122.0,
114.8,114.2.

9-FHFLIR - [4,510KME[ 1,2-a]EWE K (3m): m.p. 171~
172 °C, A K. "H NMR (300 MHz, CDCl;) o: 8.88 (s,
1H), 8.26~8.20 (m, 2H), 7.92 (dd, J=7.9, 1.4 Hz, 1H),
7.56~7.52 (m, 1H), 7.47 (dd, J=8.9, 2.6 Hz, 1H), 7.40~
7.36 (m, 1H), 7.30~7.23 (m, 1H), 2.57 (s, 3H); °C NMR
(75 MHz, CDCls) d: 148.0, 136.0, 132.7, 131.0, 130.5,
129.8, 129.2, 128.7, 124.4, 124.2, 123.0, 122.7, 114.9,
114.6, 29.7; HRMS (EI) caled for C;sH;;N; (M+H)"
234.1019, found 234.1023.

9- G ILTIE[4,510K ME[ 1,2-a )R WK (3n): m.p. 174~
176 °C, 444 "H NMR (300 MHz, CDCl;) 6: 8.88 (s,
1H), 8.25~8.21 (m, 2H), 7.93 (dd, J=7.9, 1.4 Hz, 1H),
7.56~7.52 (m, 1H), 7.45 (dd, J=8.9, 2.6 Hz, 1H), 7.40~
7.36 (m, 1H), 7.27~7.22 (m, 1H); *C NMR (75 MHz,
CDCly) d: 148.0, 135.0, 132.7, 131.0, 130.4, 129.9, 129.2,
128.7, 124.4, 124.2, 122.9, 122.7, 114.9, 114.6; HRMS
(EI) caled for C;HgN;Cl (M+H) " 254.0451, found
254.0454.

2- FL LIt [ 1,5-a] s R R (30) ) mup. 85~88 C,
WA E 4K, "TH NMR (300 MHz, CDCl5) d: 8.94 (s, 1H),
8.42 (dd, J=8.3, 1.0 Hz, 1H), 8.03 (dd, J=8.1, 1.0 Hz,
1H), 7.67~7.63 (m, 1H), 7.54~7.50 (m, 1H), 6.63 (s,

1850 http://sioc-journal.cn/
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1H), 2.58 (s, 3H); *C NMR (75 MHz, CDCl;) J: 151.7,
143.8, 135.7, 133.8, 129.8, 129.5, 129.3, 125.9, 114.7,
101.1, 14.1.
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