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Copper-Catalyzed N-Arylations of Nitrogen-Containing
Heterocycles in Water

Zhang, Jingxian Yin, Huiqging Han, Shiging*

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

Abstract A simple, efficient, inexpensive and powerful method for the C—N coupling of nitrogen-containing heterocycles
with aryl halides was developed by using cheap Cu,O as catalyst, inexpensive and readily available 8-hydroxyquinoline as
ligand, n-BuyNBr as phase transfer catalyst, water as solvent at 100 C. Most products were synthesized in good to excellent

yields.
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1.1 ENEFsIHL

A28 FH 1 mmol MZE 5 1.2 mmol HEEME ) [z
VR AR SN (U 1 FTR), Ny AR F, 100 °C Rk 24
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Figure 1 Model reaction
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1 (1.0 mmol), EAIILEH 2 (1.2 mmol), Cu,0O (5 mol
%), KOH (2.0 mmol), n-BuyNBr (10 mol%), BriAk 8-F#3k
EFR(20 mol%), N, %[, 7E 2 mL 7K+ 100 C |V 24
h. A THRRZMBENAERGIEHEHE, BAEET — R
FI A 5 BT RS DA T O, £33 1)
GERNE 2. WK 2 WTLAE e USRI T 8w =%
452 =95 i PR R AR WO AE B AT RNV 4 F R,
R DR B AR B ) (Entry 15), & 47 W 155 1)
TRARTS KR ] LU 45 7= 24 1449 21 H A5 7 %) (Entry 16).

2 i

ASCRET —FifE 2 4. TERERIKA I, A8 T B
W) Cuy0, Z5H 7 B 5 191 8-FR FE MR IC A&, /b &
FHE B AT (n-BuyNBr) fiE 16 & A AL S 1 N-J5
FEAC N AR R AR AN, B SON D, R e
ARBR A, e T A MU R PR B G R A
147 5.

3 TS
31 E5IRA

i 34213 Bruker AM 300, LLTMS R FE, 7ift

AT VAR, 1 AT WRS-2A, 1 JE RFLIE; Elemen-

tar Vario ELII B4 702 7043 i AR 24 d A 08 24 T
B Hraisi i 2ol BRbeilid oh, Rt b A HE.

R A ROR R e R BB S NV ) S I AE

Table 1 Copper-catalyzed coupling of iodobenzene with imidazole: optimization of conditions

Entry Catalyst (mol%) Ligand n-BusNBr/mol% Base Yield®/%
1 Cu,0 (5) — — KOH 0
2 Cu,0 (5) D — KOH 0
3 Cu,0 (5) — 10 KOH 11
4 Cu,0 (5) A 10 KOH 18
5 Cu,0 (5) B 10 KOH 60
6 Cu,0 (5) C 10 KOH 48
7 Cu,0 (5) D 10 KOH 90
8 Cu,0 (5) D 10 K;PO, 46
9 Cu,0 (5) D 10 K,CO; 33
10 Cul (10) D 10 KOH 72
11 CuCl (10) D 10 KOH 81
12 Cu(OAc), (10) D 10 KOH 64
13 Cu (10) D 10 KOH 36
14 CuO (10) D 10 KOH 52
15 Cu(OH), (10) D 10 KOH 21
16 Cu,0 (5) D 25 KOH 90
17 Cu,0 (5) D 10 KOH 39°¢

¢ RS BZE(1.0 mmol), HEME(1.2 mmol), #id#5(0.1 mmol), FEAK(0.2 mmol), Fi§(2.0 mmol), 7K(2.0 mL), Ny, 100 C, 24 h; ® /3B, < 22/ .
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Table 2 Copper-catalyzed N-arylation of nitrogen-containing heterocycles with aryl halides

Cu,0/L, KOH
@x + Het-NH : @N-Het
R — n-BugNBr, HyO, Np, 100 C  gi—

2
X =Br, | 3
1 A
L=
N
OH
Entry Compd. 1 Compd. 2 Product 3 Yield”/%
-~
I HN/t] X
1 Q = QNQ 90
1a 2a 3a
-~
2 N = 83
1b 2a 3b
s " .
3 N = 86
1c 2a 3c
o DG
4 \=N \=N 80
1a 2b 3d
| HN S
5 \=N hk_, 62
=N
1d 2b 3e
= RS
MeO I HN
6 <:> =N Meo@N\,N 7
1b 2b 3f
7 \=N \—=N 77
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[ HN N
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/
O g O
9 N 78
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e s e O
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H

1c 2¢ H
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BHLLE HRIEX
Entry Compd. 1 Compd. 2 Product 3 Yield®/%
. N\
12 Q C[N> 72
1e 2c H
O g8 @
13 N 78
H
1a 2d
\
1f 2d
Br HN N
15 Q \=N /ﬁ Trace
19 2b 3d
O ~ Q ~
HN
16 ) <:> Br \=N ) <:> N\/JN 58
1h 2b 30
C O T 0T Ol e
1a
¢ RAAE: KA THE(1.0 mmol), EZ4FR(1.2 mmol), Cu,0 (0.05 mmol), Fitf& L (0.2 mmol), KOH (2.0 mmol), 7K(2.0 mL), N5, 100 ‘C, 24 h; ® 43557 %,

¢ GC-MS 4 HT.
32 WHE

AT 1 (1.0 mmol), BAFALEY 2 (1.2
mmol), H£E(10 mol%), 5 (2.0 mmol), PU | HE7RIbEE
(TBAB) (10 mol%), 44 L (20 mol%), 2 mL /K, FEAF
25 mL 2588, N, S50, 100 C RAEFE24 h s, FAREE
AW, A 10 mL H,0, [ 10 mL X3 2 LBEA5H,
EH O OTEM, 5 mL W ko, U2
TooKBRER BN T4, W4, HEBRAEENT 8, At/ 4
1R L8 R BE M ).

3.3 FEYISEMERIE

N-ZEFENEME(3a): SRS R4, 'TH NMR (300
MHz, CDCly) o: 7.83 (s, 1H), 7.64 (d, J=8.3 Hz, 3H),
7.33 (t, J=8.3 Hz, 2H), 7.21 (t, J=7.1 Hz, 1H), 6.37 (s,

H); “C NMR (75 MHz, CDCly) d: 141.1, 140.2, 129.4,
126.8, 126.4, 119.2, 107.6.

N-(4- VAR BRI M (3b): 3 s (o e AU, TH
NMR (300 MHz, CDCly) 6: 7.76 (d, J=2.3 Hz, 1H), 7.61
(s, 1H), 7.53 (d, J=8.3 Hz, 2H), 6.91 (d, J=8.3 Hz, 2H),
6.37 (s, 1H), 3.70 (s, 3H); *C NMR (75 MHz, CDCl;) §:
157.5, 140.2, 133.4, 127.3, 119.9, 114.5, 107.2, 55.3.

N-(4- T DRI L e (Be): vk 35 4 IR s A4 'H
1432
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NMR (300 MHz, CDCl;) d: 7.83 (d, J=2.3 Hz, 1H), 7.62
(s, 1H), 7.52 (d, J=8.3 Hz, 2H), 7.2 (d, J=8.3 Hz, 2H),
6.37 (s, 1H), 2.33 (s, 3H); *C NMR (75 MHz, CDCl;) ¢:
140.7, 138, 136.1, 126.7, 129.9, 119.1, 107.3, 20.9.

N-ZRIEDKE3d): s R A4 . "H NMR (300
MHz, CDCl;) : 7.83 (s, 1H), 7.49~7.33 (m, 5H), 7.25 (br
s, 1H), 7.18 (br s, 1H); °C NMR (75 MHz, CDCl;) o:
137.5, 135.6, 130.3, 129.9, 127.5, 121.4, 118.3.

N-(2- F IR HE ) Kk M (3e): 928 o (o it IR W 412 'H
NMR (300 MHz, CDCl3) 6: 7.60 (br s, 1H), 7.37~7.28
(m, 3H), 7.24~7.20 (m, 2H), 7.05 (br s, 1H), 2.19 (s, 3H);
5C NMR (75 MHz, CDCLy) §: 148.3, 138.3, 135.6, 130.8,
130.1, 118.4, 114.1, 111.1, 11.7.

N-(4- AR FE L) DR R (36): 98 3 10 [ 44, m.p. 120~
121 C (it mp. 121~122 C); '"H NMR (300 MHz,
CDCly) 8: 7.72 (s, 1H), 7.29 (d, J=9.2 Hz, 2H), 7.14 (br s,
1H), 7.10 (br s, 1H), 6.95 (d, J=9.0 Hz, 2H), 3.83 (s, 3H);
5C NMR (75 MHz, CDCLy) §: 159.1, 135.7, 130.1, 130.6,
123.1,122.8, 118.5, 114.6, 114.3, 55.2.

N-(4- U R FL ) KM 3g): 3 o iR 4, TH
NMR (300 MHz, CDCL3) §: 7.75 (s, 1H), 7.41~7.24 (m,
4H), 7.19 (br s, 1H), 7.13 (br s, 1H), 2.39 (s, 3H); °C
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NMR (75 MHz, CDCLy) 6: 137.5, 135.4, 134.9, 130.3,
130.2, 121.3, 118.3, 20.9.

N-(3-F L ) Dk e (3h): 9% 3 (o iR g A4, TH
NMR (300 MHz, CDCl;) 6: 7.79 (s, 1H), 7.44~7.27 (m,
4H), 7.19 (s, 2H), 2.35 (s, 3H); *C NMR (75 MHz,
CDCly) d: 139.8, 137.4, 134.7, 130.2, 129.7, 129, 121.5,
116.5,20.9.

N-ZEFEFTERRIE3): R AN 'TH NMR
(300 MHz, CDCl;) d: 8.08 (s, 1H), 7.82~7.88 (m, 1H),
7.42~7.60 (m, 6H), 7.47~7.3 (m, 2H); *C NMR (75
MHz, CDCly) 6: 144, 142.1, 136.4, 133.7, 130, 127.7, 124,
123.5,122.8, 122.6, 120.5, 110.7, 110.3.

N-(4-FAE LR SE) R T KM 3)): IR B E 4k, mup.
92~93 C (1it." m.p. 94~95 “C); '"H NMR (300 MHz,
CDCl;) d: 8.07 (brs, 1H), 7.84~7.88 (m, 1H), 7.43~7.47
(m, 1H), 7.39 (d, J=9.0 Hz, 2H), 7.30~7.34 (m, 2H),
7.06 (d, J=9.0 Hz, 2H), 3.88 (s, 3 H); *C NMR (75 MHz,
CDCly) d: 154, 146.5, 138.4, 133.8, 133.5, 130.5, 124.3,
123.6, 122.8, 122.6, 120.6, 110.6, 110.3, 55.2.

N-(4- L A E) AR TR K M (3K): % B € MR I A Y,
'H NMR (300 MHz, CDCl;) d: 8.03 (br s, 1H), 7.79~7.83
(m, 1H), 7.37~7.45 (m, 1H), 7.20~7.33 (m, 6H), 2.42 (s,
3H); *C NMR (75 MHz, CDCl;) §: 144, 142, 138, 134.1,
133.9, 130.5, 124, 123.6, 122.9, 122.7, 120.3, 110.1, 109.8,
20.9.

N-(3- F L 2R FE) AR TR K I (3L): ¥4 B €0 JHhbR I A1),
'H NMR (300 MHz, CDCL;) J: 8.05 (br s, 1H), 7.78~7.84
(m, 1H), 7.39~7.45 (m, 1H), 7.21~7.33 (m, 6H), 2.40 (s,
3H); *C NMR (75 MHz, CDCl;) §: 149, 145.6, 142, 138,
132, 130.5, 124, 123.6, 122.9 , 122.7, 120.3, 110.1, 109.8,
20.5.

N-ZEFE W (3m): 9% 3 (PR AP, "TH NMR
(300 MHz, CDCl;) J: 7.64 (d, J=7.9 Hz, 1H), 7.53~7.46
(m, 5H), 7.35~7.28 (m, 2H), 7.21~7.06 (m, 2H), 6.62 (d,
J=2.3 Hz, 1H); "C NMR (75 MHz, CDCl;) é: 139.8,
135.7, 129.5, 129.1, 127.9, 126.5, 124.3, 122.3, 121.0,
120.5, 110.6, 103.5.

N-(4-HFERFE) G (3n): BT 1F, mp. 130~131
C (lit." m.p. 130~132 C); 'H NMR (300 MHz, CDCl;)
5: 8.43~8.39 (m, 2H), 7.72~7.63 (m, 4H), 7.40~7.36
(m, 1H), 7.31~7.20 (m, 2H), 6.79~6.77 (d, J=3.8 Hz,
1H); *C NMR (75 MHz, CDCly) §: 148.2, 145.3, 144.2,
131, 125.6,122.7,120.2, 118, 111.4, 104.2.

4-(WK ME-1-36) 4 21 (30): 44, m.p. 108~110
C (it m.p. 110~112 C); 'H NMR (300 MHz, CDCl)

Chin. J. Org. Chem. 2012, 32, 1429~1433
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0: 8.03~8.08 (m, 2H), 7.94 (bs, 1H), 7.49~7.45 (m, 2H),
7.35 (s, 1H), 7.21 (bs, 1H), 2.61 (s, 3H); *C NMR (75
MHz, CDCl;) o: 196.5, 140.7, 135.7, 135.3, 131.1, 130.3,
120.6, 117.7, 26.6.

N-TR S -4- H IR I (3p) AT N- K 35 -5- T 3 - 1ok ge
(Bp"): W AREAATY. "TH NMR (300 MHz, CDCl5) 6:
7.49 (s, 1H), 7.46 (s, 1H), 7.39~7.16 (m, 5H), 6.96 (s,
1H), 6.79 (s, 1H), 2.32 (s, major regioisomer, 3H), 2.09 (s,

minor regioisomer, 3H).
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