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Efficient Copper-Catalyzed Coupling Reaction for the Synthesis of
Benzo[4,5]imidazo[1,2-b]pyrazoles
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Abstract A fast and efficient Cul-catalyzed intramolecular C—N coupling reaction of N-(2-bromoaryl)-1H-pyrazol-5-amines
to synthesize benzo[4,5]imidazo[1,2-b]pyrazoles has been developed from N-(2-bromoaryl)-thioacetanilides. A series of ben-
zo[4,5]imidazo[1,2-b]pyrazoles were obtained in excellent yields with Cul/heterocyclic ketene aminals catalytic system in the
presence of Cs,COj; in dimethyl sulfoxide (DMSO) at 120 ‘C within 10 min. The reaction provides an fast and efficient pro-
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tocol to access a series of benzo[4,5]imidazo[1,2-b]pyrazoles in good to high yields.
Keywords copper catalysis; C—N coupling reaction; heterocyclic ketene aminals; benzo[4,5]imidazo[1,2-b]pyrazoles
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pyrazole framework
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Ullmann 8= 2 M & R SR e EEAEH. ©
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M3 p-FRU TS SR, IREETRA AHIRAR T Cu
AL S BAT A AR R F 22 ).

B- 75 F I = A I8k Ji 2K 4K A ) (B-Ketothioamides,
KTAs) & A Z A R BOEEF 0. I H, BT IBRE T fE
P B 3 55 U IR S BN, (L o T RE 21 1,3-
RHLT TR, 2 RWE RIS YN E S R
US4 3R 05 BR 48 % (Heterocyclic ketene aminals,
HKAs), HF A EMEEF 2 A8 22 i, S8 uiiE
R 2 A 7 2 B 1k B W ) o B2 e ) A DO, (DK LB T
(A B 4 TE XA — B Junjappa SPHRIE T
—Ff DL Cul/L-fHE AT 5-(2- TR i) e sk &
YN RTARG BR 4,5 KM FE[ 1,2-b] 0 R4k S P i 7
W R, %05 1R T EAESRN NaH 727E R, LL N,N-—F
5 H B % (DMEF) N I OB 0.5~2.5 h. JEFFRATTH
KTAs Fl HKAs FI8 3R PO, 38 —Fi LA Cul/Z43ph
T e R EAAR 22, 7E 10 min PIBRIE ., & A% & j
I [4,510KPE I [1,2-b]ME AT A W18 775 (Scheme 1).

1 &HR510R

1.1 REFHMK

BRI N-(2-1R05 J%)-5-75 -1 H-MEME-3-J1Z (2) 2 AE

#1

R Br
o s A/ NH,NH N
| 2 >
NJ\JWJ;j Bmﬂ%m1hN\<1/ (o*
H
H
1 Br 2
Cul/L4 (20 mol%)
052003 (2 equiv.) —R
DMSO, 120 °C
<10 min
BIR 1 HIE[4,5]KME I 1,2-b]E B RT A I B R

Scheme 1 Synthesis of benzo[4,5]imidazo[1,2-b]pyrazoles
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Table 1 Optimization of reaction conditions

Br
N
conditions _(t(
— > Ph— N
N
2a

ia

Phﬂ
H 3a
Entry Cat. (equiv.) L (equiv.) Base Solvent 7/C Time/min Isolated yield/%
1 — — K,CO; DMSO t 5h NR
2 — — K,CO; DMSO 120 5h NR
3 CuCl(0.2) — K,CO; DMSO 120 2h 42
4 Cul (0.2) — K,CO; DMSO 120 lh 56
5 Cul (0.2) — Cs,CO; DMSO 120 40 73
6 Cul (0.2) — NaOH DMSO 120 40 45
7 Cul (0.2) L1(0.2) Cs,CO; DMSO 120 40 71
8 Cul (0.2) L2 (0.2) Cs,CO; DMSO 120 20 70
9 Cul (0.2) L3 (0.2) Cs,CO; DMSO 120 20 68
10 Cul (0.2) L4 (0.2) Cs,CO; DMSO 120 10 92
11 Cul (0.2) L4 (0.2) Cs,CO;5 DMF 120 10 73
12 Cul (0.2) L4 (0.2) Cs,CO;5 Dioxane 120 10 25
13 Cul (0.15) L4 (0.15) Cs,CO; DMSO 120 10 75
14 Cul (0.3) L4 (0.3) Cs,CO; DMSO 120 10 90
15 Cul (0.2) L4 (0.2) Cs,CO; DMSO 110 10 65

@ B Z A 2a (0.5 mmol), BH(2 equiv), 2 mL).
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Table 2 Effect of the substituents on the reactions
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Scheme 2 Possible copper-catalyzed reaction mechanism
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X2 BR A 7]); DLSB-10/40 AR A EHIRAE R 4 (SR X
PR ERTEAT); RY-1 BIBYHE BAAUE S,
KBS HTAER), WBEITFARKIE; 2 A3 (TLC, Thin
layer chromatography)fit FHEEIR A GF254, 5 AL T
J PR, 4N 254 nm B 365 nm WEL. A TR )
B R al, AR RGP Al
3.2 B EEF[4,5]PKMEFH[1,2-b] AL rEST 4 491(3)
:r=yns

1] 50 mL [F IR H AR 2 (0.5 mmol). ML
WA (0.1 mmol). Fif& L4 (0.1 mmol). HEEZ%:(1 mmol)
A1 DMSO (2 mL), KFHET 120 CihEHHi+HE 10 min.
2 B (TLO) R I R BRI K, R, N AE
RAZRER)G, NS mL/K, $RJ5H 30 mL 4 2655
SUGHATE. EIEVIE, HFRTEK MgS0o, T 30
min, JEUE, IR R 2 R ACRAEIAE =4, = id
IR RS RS VOR B ¢ (R CHR) =4 ¢ 1]
G385, FI s 28 RAGR4e15 4065 B AR =4 3.

2-FKFE-AH-ZEFF 4,51k [ 1,2-b]1EME(3a): 107 mg
E AR, 773 92%. m.p. 251~253 C; 'H NMR (CDCls,
500 MHz) &: 7.93 (s, 1H), 7.92 (s, 1H), 7.90 (s, 1H),
7.88~7.89 (m, 1H), 7.43 (t, J=7.6 Hz, 2H), 7.32~7.35
(m, 2H), 7.27~7.28 (m, 1H), 7.23~7.25 (m, 1H), 6.11 (s,
1H); “C NMR (CDCls, 125 MHz) §: 110.7, 111.4, 121.3,
123.4, 126.1, 128.0, 128.7, 134.2, 134.9, 156.6; IR (KBr)
v: 3069, 2927, 1626, 1595, 1492, 777, 742, 718 cm ';
HRMS (ESI-TOF) caled for C;sH,N; [M+H]" 234.1031,
found 234.1039.

2-(4-FA K IE)-4H-ZEFF[4, 510K [ 1,2-b] MM (3b): 108

Chin. J. Org. Chem. 2017, 37, 1487~1493
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mg A, F2E 86%. m.p. 229~231 ‘C; 'H NMR
(DMSO-d,, 500 MHz) d: 11.52 (s, 1H, NH), 7.94~7.97
(m, 2H), 7.76 (d, J=7.9 Hz, 1H), 7.42 (d, J=8.0 Hz, 1H),
7.23~7.29 (m, 3H), 7.17~7.20 (m, 1H), 6.32 (s, 1H); *C
NMR (DMSO-ds, 125 MHz) d: 80.3, 112.7, 114.9, 118.5
(Jer=21.2 Hz), 123.2, 126.3, 128.4, 130.4 (Jer=8.5
Hz), 133.8, 138.3, 148.0, 157.1, 164.8 ('Jc_r=241.9 Hz);
IR (KBr) v: 3061, 1623, 1581, 1492, 843, 738 cm !;
HRMS (ESI-TOF) caled for C;sH;FN; [M + H] "
252.0937, found 252.0939.

2-(4-F A HE)-4H-ZE - [4, 51K L[ 1,2-b] M (3e): 116
mg FEEEA, P2F 87%. mp. 253~254 ‘C; 'H NMR
(DMSO-dg, 500 MHz) 6: 11.57 (s, 1H, NH), 7.78~7.98
(m, 2H), 7.79 (d, J=10.8 Hz, 1H), 7.47~7.51 (m, 2H),
7.45 (d, J=8.4 Hz, 1H), 7.27~7.32 (m, 1H), 7.19~7.23
(m, 1H), 6.38 (s, 1H); *C NMR (DMSO-d, 125 MHz) ¢:
77.9, 110.2, 112.4, 120.6, 123.9, 125.8, 127.6, 129.0,
132.6, 133.6, 135.8, 145.4, 154.2; IR (KBr) v: 3067, 1628,
1585, 1491, 1327, 836, 743 cm” '; HRMS (ESI-TOF) calcd
for C;sH,,CIN; [M+H]" 268.0642, found 268.0652.

2-(4-1RFKIE)-4H-ZK - [4,5 10K e[ 1,2-b 1L (3d): 138
mg ZLEE A, P2F 89%. mp. 260~261 ‘C; 'H NMR
(DMSO-dg, 500 MHz) 6: 11.55 (s, 1H, NH), 7.87~7.89
(m, 1H), 7.77 (d, J=7.85 Hz, 1H), 7.60~7.62 (m, 2H),
7.43 (d, J=7.95 Hz, 1H), 7.25~7.30 (m, 1H), 7.18~7.21
(m, 2H), 6.36 (s, 1H); *C NMR (DMSO-d, 125 MHz) ¢:
78.0, 110.2, 112.4, 120.7, 121.1, 123.9, 125.8, 127.9,
131.9, 134.0, 135.8, 145.4, 154.2; IR (KBr) v: 3061, 1626,
1583, 1490, 833, 743 cm '; HRMS (ESI-TOF) calcd for
CysH,BrN; [M+H]" 312.0136, found 312.0142.

2-(f FH R L) -4 H- 2 FE[4, 51K [ 1,2-p] 1 (3e): 111
mg LEEEK, P2F 90%. mp. 265~267 ‘C; 'H NMR
(DMSO-ds, 500 MHz) 6: 11.49 (s, 1H, NH), 7.80 (d, J=
7.8 Hz, 2H), 7.75 (d, J=7.8 Hz, 1H), 7.41 (d, J=7.9 Hz,
1H), 7.17~7.25 (m, 4H), 6.27 (s, 1H), 2.31 (s, 3H, CH3);
BC NMR (DMSO-ds, 125 MHz) &: 21.4, 77.6, 110.2,
112.3, 120.6, 123.7, 125.9, 129.7, 135.7, 137.5, 145.4,
155.6; IR (KBr) v: 3066, 1622, 1595, 1491, 825, 739 cm ';
HRMS (ESI-TOF) caled for Ci¢H4N; [M+H]" 248.1188,
found 248.1192.

2-(3-5U A HL)-4H-ZE I [4, 510K E[ 1,2-b] ML ME(36): 123
mg BEEEA, P2F 92%. mp. 255~257 ‘C; 'H NMR
(DMSO-dg, 500 MHz) 6: 11.56 (s, 1H, NH), 7.93~7.95
(m, 2H), 7.77 (d, J=7.7 Hz, 1H), 7.46~7.48 (m, 2H),
7.43 (d, J=8.7 Hz, 1H), 7.27~7.30 (m, 1H), 7.18~7.21

Chin. J. Org. Chem. 2017, 37, 1487~1493

© 2017 Chinese Chemical Society & SIOC, CAS

(m, 1H), 6.36 (s, 1H); °C NMR (DMSO-d, 125 MHz) ¢:
78.1, 110.3, 112.5, 120.8, 124.0, 125.8, 127.6, 129.1,
132.7, 133.6, 135.8, 145.4, 154.2; IR (KBr) v: 3068, 1629,
1585, 1491, 836, 743 cm '; HRMS (ESI-TOF) calcd for
CysH; CIN; [M+H]" 268.0642, found 268.0652.

2-(2-F K IE)-4H-ZK HH[4,51KME[1,2-b] L M (3g): 115
mg A, F2F 86%. m.p. 237~239 C; 'H NMR
(DMSO-ds, 500 MHz) §: 11.54(s, 1H, NH), 7.88 (d, J=7.3
Hz, 1H), 7.79 (d, J=7.9 Hz, 1H), 7.54 (d, J=17.7 Hz, 1H),
7.46 (d, J=7.9 Hz, 1H), 7.37~7.43 (m, 2H), 7.30 (t, J=
7.7 Hz, 1H), 7.20 (t, J=7.6 Hz, 1H), 6.28 (s, 1H); °C
NMR (DMSO-dq, 125 MHz) ¢: 81.8, 110.5, 112.6, 120.7,
124.1, 125.7, 127.7, 129.8, 130.8, 131.5, 125.7, 144.6,
152.8; IR (KBr) v: 3068, 1626, 1593, 1478, 768, 739 cm ';
HRMS (ESI-TOF) caled for C;sH;CIN; [M + H] "~
268.0642, found 268.0653.

2-(2,4- " FUORFE)-4H-ZR FF[4,5]PK [ 1,2-5] 0 1 (3h):
131 mg ZEEER, P25 87%. mp. 231~233 C; 'H
NMR (DMSO-ds, 500 MHz) 0: 11.59 (s, 1H, NH), 7.92 (d,
J=8.5 Hz, 1H), 7.80 (d, J=7.9 Hz, 1H), 7.70~7.72 (m,
1H), 7.50 (dd, J=8.5, 2.0 Hz, 1H), 7.47 (d, J=8 Hz, 1H),
731 (t, J=7.5 Hz, 1H), 7.21 (t, J=7.6 Hz, 1H), 6.33 (s,
1H); *C NMR (DMSO-ds, 125 MHz) o: 81.7, 110.4,
112.6, 120.7, 124.2, 125.7, 127.9, 130.1, 132.2, 133.3,
135.7, 144.7, 151.6; IR (KBr) v: 3064, 1621, 1594, 1478,
826, 787, 740 cm ™ '; HRMS (ESI-TOF) calcd for CsH; (-
CLN; [M+H]" 302.0252, found 302.0249.

2-(2,3- T RORIE)-4H- 2R FE[4,5]K L [1,2-B] AL - (31):
136 mg SOEEK, 7% 90%. mp. 231~233 C; 'H
NMR (DMSO-ds, 500 MHz) d: 11.63 (s, 1H, NH), 8.14 (d,
J=1.7 Hz, 1H), 7.92 (dd, J=8.5, 1.7 Hz, 1H), 7.79 (d, J=
7.8 Hz, 1H), 7.66 (d, J=8.4 Hz, 1H), 7.44 (d, J=8.0 Hz,
1H), 7.29 (t, J=7.6 Hz, 1H), 7.20 (t, J=7.6 Hz, 1H), 6.48
(s, 1H); >C NMR (DMSO-d,, 125 MHz) J: 78.54, 110.4,
112.5, 120.7, 124.1, 125.6, 125.8, 127.3, 130.3, 131.3,
131.2, 135.4, 135.8, 145.4, 152.8; IR (KBr) v: 3074, 1630,
1608, 1489, 834, 729 cm™'; HRMS (ESI-TOF) calcd for
CisH1oCLN; [M+H]" 302.0252, found 302.0259.

7- Tk -2-(4- Fi AR F )-4H- 2R I [4,5] WK W [1,2-5] Ak 142
(3j): 116 mg KA A, 723 86%. m.p. 227~229 C; 'H
NMR (DMSO-ds, 500 MHz) d: 11.60 (s, 1H, NH), 7.97~
8.00 (m, 2H), 7.70 (dd, J=8.5, 2.3 Hz, 1H), 7.45 (dd, J=
8.8, 4.4 Hz, 1H), 7.28 (d, J=8.8 Hz, 2H), 7.16 (td, J=9.6,
2.4 Hz, 1H), 6.36 (s, 1H); >C NMR (DMSO-d;, 125 MHz)
0: 779, 97.9 (Jer=28.7 Hz), 110.8 (*Jor=24.8 Hz),

http://sioc-journal.cn/ 1491
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113.0 CJer =89 Hz), 113.1, 1159 (JJor=21.4 Hz),
125.8 CJer=12.6 Hz), 128.0 CJer=6.9 Hz), 131.1,
132.3, 146.8, 155.2, 157.3 (‘Jer=1235.5 Hz), 162.4
("Jer=244.2 Hz); IR (KBr) v: 3056, 1633, 1600, 1491,
838, 813, 746 cm” '; HRMS (ESI-TOF) calcd for C,sHoF,-
N3 [M+H]" 270.0843, found 270.0856.

2-(4- R B )-7- -4 H- 2K I [4,5] WK P [1,2-b] HEE 1A
(3k): 128 mg KK, 7% 90%. m.p. 256~258 C; 'H
NMR (DMSO-d,, 500 MHz) &: 11.62 (s, 1H, NH), 7.94~
7.97 (m, 2H), 7.67 (dd, J=8.5, 2.5 Hz, 1H), 7.49~7.51
(m, 2H), 7.43~7.45 (m, 1H), 7.13~7.17 (m, 1H), 6.39 (s,
1H); ®C NMR (DMSO-d,, 125 MHz) &: 78.3, 98.1
(*Jer=28.8 Hz), 111.1 (Jep=24.6 Hz), 113.2 CJc5=9.7
Hz), 113.3, 125.9 CJer=13.0 Hz), 127.8, 129.2, 132.4,
132.9, 134.5, 146.8, 154.9, 157.4 ("Jor=235.7 Hz); IR
(KBr) v: 3065, 1634, 1589, 1491, 835, 805, 742 cm ';
HRMS (ESI-TOF) caled for C;sH;oCIFN; [M + H]"
286.0547, found 286.0553.

2-(4-TR R L) T- 9 -4H- 22 I [4,5]WK IR 1,2-b]HE I (31):
153 mg FEEaE R, P23 93%. mp. 264~265 C; 'H
NMR (DMSO-d,, 500 MHz) &: 11.61 (s, 1H, NH), 7.96~
7.97 (m, 1H), 7.94~7.95 (m, 1H), 7.69 (dd, J=8.5, 2.0
Hz, 1H), 7.48~7.51 (m, 2H), 7.44 (dd, J=8.9, 4.4 Hz,
1H), 7.13~7.17 (m, 1H), 6.38 (s, 1H); °C NMR (DMSO-
de, 125 MHz) 6: 82.9, 102.7 (*Jor=28.5 Hz), 115.7
(*Jer=24.8 Hz), 117.9 CJcr=9.5 Hz), 130.5 CJer=7.8
Hz), 132.5, 133.9, 137.1, 137.7, 138.1, 151.5, 159.6, 162.2
("Jer=248.5 Hz); IR (KBr) v: 3064, 1633, 1598, 1493,
830, 804, 748 cm '; HRMS (ESI-TOF) caled for
C,sH;BrFN; [M+H]" 330.0042, found 330.0051.

7B, -2~ 2K 3 )-4 H- 2 9 [4,5] WK W [1,2-b] L 4
(3m): 128 mg LA, F=2 96%. m.p. 263~265 C;
'H NMR (DMSO-d, 500 MHz) d: 11.51 (s, 1H, NH), 7.80
(d, J=7.8 Hz, 2H), 7.60~7.70 (m, 1H), 7.40 (dd, J=8.6,
4.3 Hz, 1H), 7.22 (d, J=7.7 Hz, 2H), 7.09~7.11 (m, 1H),
6.27 (s, 1H), 2.32 (s, 3H, CH;); *C NMR (DMSO-d;, 125
MHz) 6: 21.3, 77.6, 97.8 (Jep=28.4 Hz), 110.6 (Jcr=
249 Hz), 1129 CJer=11.4 Hz), 125.9, 129.6, 13128,
1322, 137.7, 146.7, 156.2, 157.3 ("Jor=236.7 Hz); IR
(KBr) v: 3066, 1632, 1597, 1489, 834, 824, 740 cm ';
HRMS (ESI-TOF) caled for CigHisFN; [M + H] '
266.1094, found 266.1086.

2-(4- 5 K 3 )-7- 1 JE -4 H- 2K I [4,5] WK e[ 1,2-b] Nt
(3n): 114 mg L MEE, 725 86%. m.p. 225~227 C;'H
NMR (DMSO-d,, 500 MHz) &: 11.51 (s, 1H, NH), 7.94~
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7.97 (m, J=4.8 Hz, 2H), 7.60 (s, 1H), 7.23~7.32 (m, 4H),
7.08~7.10 (d, J=8.0 Hz, 2H), 6.29 (s, 1H), 2.44~2.50 (s,
3H, CH;); °C NMR (DMSO-d,, 125 MHz) o: 21.5, 77.7,
111.3 ({Jep=217.5 Hz), 1159 (JJor=21.4 Hz), 124.7,
126.1, 127.9 CJer=7.4 Hz), 130.1, 131.4, 133.8, 145.7,
154.4, 161.4, 163.3; IR (KBr) v: 3065, 1632, 1587, 1482,
840, 802, 744 cmfl; HRMS (ESI-TOF) calcd for C¢H,;F-
N; [M+H]" 266.1094, found 266.1087.

2-(4- AR FE)-7- W He-4H-ZK I [4,5] K P4 [1,2-B] PiE e
(30): 124 mg KA afE A, 723 88%. m.p. 248~250 C;'H
NMR (DMSO-ds, 500 MHz) &: 11.42 (s, 1H, NH), 7.95~
7.97 (m, 2H), 7.63 (s, 1H), 7.48~7.52 (m, 2H), 7.33 (d,
J=8.2 Hz, 2H), 7.12 (d, J=8.3 Hz, 1H), 6.35 (s, 1H), 2.46
(s, 3H, CHs); ®C NMR (DMSO-d,, 125 MHz) o: 21.5,
78.0, 110.5, 112.2, 124.9, 126.0, 127.6, 129.2, 160.2,
132.6, 133.7, 133.8, 145.7, 154.11; IR (KBr) v: 3068,
1632, 1600, 1485, 1399, 853, 830, 739 cm '; HRMS
(ESI-TOF) caled for C¢H;sCIN; [M-+H]" 282.0798,
found 282.0786.

2-(4- I FKIE)-7- F -4 H-FK I [4,5] K I [1,2-B] Pt 1
(3p): 140 mg £ Al {A, 723K 86%. m.p. 247~249 C;'H
NMR (DMSO-d,, 500 MHz) &: 11.39 (s, 1H, NH), 7.84~
7.89 (m, 2H), 7.58~7.62 (m, 3H), 7.30 (d, J=8.1 Hz,
1H), 7.10 (d, J=8.1 Hz, 1H), 6.32 (s, 1H), 2.44 (s, 3H,
CH;); *C NMR (DMSO-d;, 125 MHz) §: 21.4, 77.9, 110.5,
112.1, 121.2, 124.9, 126.0, 127.9, 130.2, 132.1, 133.9,
134.1, 145.7, 154.1; IR (KBr) v: 3068, 1611, 1498, 1385,
844, 828, 748 cm” '; HRMS (ESI-TOF) calcd for C;sH;3Br-
N; [M+H]" 326.0293, found 326.0285.

7- 2O Y R 3 )-4 H- TR I [4, 5K P [ 1,2 FLE
(3q): 119 mg ZL (& 1K, 773 91%. m.p. 216~218 C; 'H
NMR (DMSO-ds, 500 MHz) d: 11.31 (s, 1H, NH), 7.80 (d,
J=17.9 Hz, 2H), 7.58 (s, 1H), 7.29 (d, J=8.2 Hz, 1H), 7.22
(d, J=7.9 Hz, 2H), 7.07 (d, J=8.1 Hz, 1H), 6.23 (s, 1H),
2.43 (s, 3H), 2.32 (s, 3H); °C NMR (DMSO-d;, 125 MHz)
8: 213, 21.5, 774, 1103, 112.0, 124.5, 125.8, 126.2,
129.6, 132.1, 133.8, 137.4, 145.7, 155.4; IR (KBr) v: 3031,
2918, 1608, 1476, 1408, 1385, 825, 800, 752 cm™'; HRMS
(ESI-TOF) calcd for C,;H;N5 [M+H]" 262.1344, found
262.1352.

#H B#1 kL (Supporting Information) g #Hifb &4 2

A3 () 'TH NMR. “C NMR #¥% [ X2k AT DL 87 M
AP R i (http://sioc-journal.cn/) . F %K.
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