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Scheme 1 Synthesis of hydrazone and oxime ligand
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Table 1 Copper-catalyzed N-arylation of morpholine: screening of ligands®

ligand (20 mol%)
/ \ CuBr (10 mol%) / N\
I +0 NH > N [0}
\__/ K;PO4, DMSO ___/

Entry Ligand Base Solvent Yield/ %"
1 la K,PO, DMSO 33
2 1b K, PO, DMSO 36
3 1c K,PO, DMSO 29
4 2a K,PO, DMSO 31
5 2b K, PO, DMSO 33
6 2¢ K,PO, DMSO 28
7 3a K, PO, DMSO 25
8 3b K, PO, DMSO 38
9 3¢ K,PO, DMSO 35
10 4b K,PO, DMSO 38
11 5b K, PO, DMSO 28
12 4a K, PO, DMSO 40
13 4c K,PO, DMSO 24
14 Sa K, PO, DMSO 21
15 5¢ K,PO, DMSO 38

a. Reaction conditions; CuBr (0.1 mmol) , ligand (0.2 mmol), PhI (1.0 mmol), morpholine (1.5 mmol), and
K,;PO,(3 mmol), DMSO (1 mL), 95 °C, 36 h; b. Isolated yield
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Table 2 Optimization of base, solvent and copper source for N-arylation of morpholine®
4a (20 mol%)

Cu(I)(10 mol%) /\
> N, [0
Base, Solvent \ /

< >—I + 0 NH
/

Entry Cu(T) Base Solvent Yield/ %"
1 CuBr K, PO, DMSO 40
2 CuBr K, CO, DMSO 16
3 CuBr KOH DMSO 36
4 CuBr KOBu' DMSO 63
5 CuBr NaOBu' DMSO 18
6 CuBr Cs, CO, DMSO 72
7 CuBr NEt, DMSO 8
8 CuBr Cs,CO, DMF 33
9 CuBr Cs, CO, Dioxane 20
10 CuBr Cs, CO; Toluene 19
11 CuBr Cs,CO, CH,CN 21
12 CuBr Cs, CO, THF 25
13 CuCl Cs,CO, DMSO 34
14 Cul Cs, CO, DMSO 58
15 Cu,0 Cs, CO, DMSO 75
16 CuCN Cs, CO, DMSO 24
17¢ Cu,0 Cs, CO, DMSO 4
18¢ - Cs, CO, DMSO 3

a. Reaction conditions; Cu(I) (0.1 mmol), 4a (0.2 mmol), PhI (1.0 mmol), morpholine (1.5 mmol), base (3 mmol),

solvent (1 mL), 95 °C, 36 h; b. Isolated yield; c¢. No ligand was used; d. No copper salt was used.
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Table 3 Copper-catalyzed coupling reaction of aryl halides with amines®
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a. Reaction conditions; Cu,O (0.1 mmol), 4a (0.2 mmol), aryl halide (1.0 mmol), amine (1.5 mmol), and Cs,CO,(3
mmol) in DMSO (1 mL), 95 °C, 36 h; b. Isolated yields; c. Reaction conditions; Cu,O (0.2 mmol), 4a (0.4 mmol) , aryl
halide (1.0 mmol) , amine (1.5 mmol) , and Cs,CO;(3 mmol) in DMSO (1 mL), 95 °C, 48 h.
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&, m.p. 66 ~67 C. 'H NMR (CDCl,): & 8. 06-
8.04(d, J = 7.6 Hz, 1H), 7.94(s, 1H), 7.43-
7.22(m, 5H), 7.09-6. 72 (m, 3H), 4. 15-4. 10
(m, 2H), 3.45-3.30(d, J = 22.8 Hz, 3H), 1.50-
1.48(t, J = 6.7 Hz, 3H). "C NMR (CDC, ) :
515.44,33.70, 64.46, 112.60, 115.70, 120. 84,
121.31, 125.91, 125.95, 128. 88, 129.21, 129.47,
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p. 54 ~55°C. '"HNMR(CDCL,): 8§ 7.47-7.34(m,
6H), 6.96(s, 1H), 6.56(s, 1H), 6.47(s, 1H),
3.38(s, 3H). "C NMR(CDCl,): §33.46, 107.71,
111.74, 115.78, 121. 11, 123.01, 129.27, 142.42,
147.84, 152.59. HRMS ( APCI) C,H,;N,0 (M +
H") . §144 201.0956, % ¥ 201.1029.

N-PRC 32K 1% (Table 3, Entry 2) : Jo{a k.
"H NMR (400 MHz, CDCL,): §7.23 ~7.22 (d, J =
4.0 Hz, 2H), 6.74 ~6.66 (d, J = 32.0 Hz, 3H),
3.59 (s, 1H), 3.32~3.31 (d, J = 3.3 Hz, 1H),
2.13 (s, 2H), 1.83~1.72 (d, J = 41.8 Hz3H) ,
1.52~1.01 (m, SH). HRMS (APCI)C,H,;N(M+
H) . 144 176. 1368, & F 176. 1440.

N-ZEFENG itk ( Table 3, Entry 10): [ £ [& {4,
m. p. 50 ~52 °C. '"H NMR (400 MHz, CDCI,):
57.33~7.31 (d, J = 6.7 Hz, 2H), 6.96 ~6.94
(d, J = 7.5 Hz, 3H), 3.89 (s, 4H), 3.19 (s,
4H). HRMS ( APCI) C,H,NO (M+H"): j}&
164.1001, % 164.1073.
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Highly Efficient Copper-Catalyzed N-Arylation of
Amine with Arylhalide Using Hydrazone as Ligand

TANG Xu-jing’, ZHANG Zhan-jin'* | LI Zheng-ning’, YU Ji-cheng', CHEN Hui-ying'
(1. College of Life Science, Dalian Minzu University, Dalian 116600, China;
2. College of Environmental and Chemical Engineering , Dalian University , Dalian 116600, China)

Abstract; The synthesis of compounds containing the N-aryl moiety has attracted a great deal of interest recently
due to the importance of such compounds in fields as diverse as natural products, photograph, and materials. How-
ever, two major factors that hamper application are the cost and the availability of the catalysts, in particular of the
ligands that are often prepared in a tedious multi-step synthesis. Therefore, the discovery of more cost-effective and
highly efficient ligands is still critically desirable. For this reason, we has embarked on a program aimed at the de-
velopment of ligands that are low-cost and easily prepared in few steps from readily available starting materials.
First, the hydrazone and oxime ligands were prepared from inexpensive, commercially available starting materials
(i. e. azanol and hydrazine ) by using a simple method. Secondly, the coupling reaction of phenyl iodide with mor-
pholine was used as model reaction using K, PO, as base in the presence of CuBr under mild reaction temperature of
95 °C in DMSO. A variety of synthesized hydrazone and oxime ligands were respectively used for the coupling of
morpholine with phenyl iodide. The best result was obtained when 2-thiofuranformaldehyde-/N-methylphenyl-
hydrazine (4a) was utilized as ligand. Thirdly with optimal ligand 2-thiofuranformaldehyde-/N-methylphenyl-
hydrazine(4a) and above model, frequently used bases( such as K,;PO, , K,CO,, KOH, KOBu', NaOBu', Cs,CO,
and NEt;) , solvents(e. g. DMSO, DMF, dioxane, toluene, CH,CN, THF) and copper sources( for example Cu-
Br, CuCl, Cul, Cu,0, CuCN) were respectively screened. It was proved that Cs,CO, was the best among opti-
mized bases and a survey determining the influence of the solvent with Cs,CO; as base showed that the model reac-
tion could be efficiently conducted in DMSO. The air-stable, inexpensive Cu,O was the most efficient among the
examined copper sources. Finally, the optimized optimal catalytic system Cu,0/2-thiofuranformaldehyde-/N-methyl-
phenylhydrazine (4a)/Cs,CO,/DMSO was further extended to the N-arylation of other amines with aryl iodides, 5-
bromopyrimidine and 2-bromopyridine under relative mild condition and good yields were obtained. Although this
protocol is restricted to the coupling of highly activated aryl halides, these favorable characteristics make them po-
tentially practical utility in many cases and represent an advance toward the discovery of simple, low-cost catalyst
systems for eventual availability.

Key words: amine; aryl halide; hydrazone; N-arylation



