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Abstract

Amides are common functional groups that have widely existed in natural products which are the
key building blocks of proteins. Amides have wide applications in the synthesis of many synthetic
drugs, pharmaceuticals and fine chemicals. Herein, we report a novel copper-catalyzed oxidative
benzyl cyanide and secondary amines for the synthesis of tertiary amides. Under the optimal reac-
tion condition, both electron-rich and electron-deficient group substituted 2-phenylacetonitrile
with secondary amines could give the amide products in high yields.
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1. 5I8
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2.1. LIS 5K

'H NMR (400 MHz) LA TMS ¥R, Fl Bruker 400 BY k% 3L 4RI (CDCly NIEF): 2 @ISHCNE 5
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22. TR

B S RGN A R = R L i — RO FE U R« 76 25 mL f Schlenk & I Cu(NO3)»(10
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M, 1mL HIZE, B, BT 90°C KRR N 12 he N EEH G, MR NHLCl KERE %, &
TR EEFEI =%, HIFENER], H=hETt, TLC A2 iR,
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1) N,N-diethylbenzamide (3a), ‘H NMR (400 MHz, CDCl,): § 7.29 (s, br, 5H), 3.45 (s, br, 2H), 3.16 (s, br,
2H), 1.16 (s, br, 3H), 1.01 (s, br, 3H); *C NMR (100 MHz, CDCls): § 171.3, 137.2, 129.1, 128.4, 126.2, 43.3,
39.2,14.2,12.9.

2) N,N-dipropylbenzamide (3b), '"H NMR (400 MHz, CDCl,): 6 7.36 (s, br, 5H), 3.45 (s, br, 2H), 3.14 (s, br,
2H), 1.67 (s, br, 2H), 1.50 (s, br, 2H), 0.97 (s, br, 3H), 0.72 (s, br, 3H); *C NMR (100 MHz, CDCl,): § 171.8,
137.4,129.0, 128.4, 126.4, 50.6, 46.2, 21.9, 20.7, 11.4, 11.0.

3) N-cyclohexyl-N-methylbenzamide (3c), *H NMR (400 MHz, CDCl3): *H NMR (400 MHz, CDCL): ¢
7.38 (s, br, 5H), 4.52 (s, br, 0.5H), 3.4 (s, br, 0.5H), 2.96 (s, br, 2H), 2.17 (s, br, 2H), 1.04~1.79 (m, 10H); **C
NMR (100 MHz, CDCly): 6 171.8, 129.2, 128.5, 126.8, 126.1, 58.3, 52.8, 32.1, 30.8, 29.7, 27.6, 25.6, 25.5, 25.2.

4) phenyl(piperidin-1-yl)methanone (3d), *"H NMR (400 MHz, CDCly): 6 7.39 (s, br, 5H), 3.71 (s, 2H),
3.34 (s, 2H), 1.67 (s, 4H), 1.51 (s, 2H); **C NMR (100 MHz, CDCls): 6 170.3, 136.5, 129.4, 128.4, 126.8, 48.8,
43.1, 26.6, 25.7, 24.6.

5) morpholino(phenyl)methanone (3e), '"H NMR (400 MHz, CDCly): § 7.40 (s, br, 5H), 3.75 (s, br, 4H),
3.62 (s, br, 2H), 3.42 (s, br, 2H); *C NMR (100 MHz, CDCl,): 6 170.5, 135.3, 129.9, 128.6, 127.1, 66.9, 66.4,
51.9, 46.2.

6) phenyl(pyrrolidin-1-yl)methanone (3f), *H NMR (400 MHz, CDCl,): 6 7.51 (s, 2H), 7.39 (s, 2H), 3.64 (s,
br, 2H), 3.42 (s, br, 2H), 1.96 (s, br, 2H),1.86 (s, br, 2H); **C NMR (100 MHz, CDCls): § 169.7, 137.1, 129.8,
128.2,127.0, 49.6, 46.2, 26.4, 24.4.

7) N,N-diethyl-4-methylbenzamide (3g), *H NMR (400 MHz, CDCls): 6 7.27 (d, 2H, J = 7.6 Hz), 7.18 (d,
2H, J = 7.6 Hz), 3.54 (s, 2H), 3.27 (s, 2H), 2.37 (s, 3H), 1.24 (s, br, 3H), 1.11 (s, br, 3H); *C NMR (100 MHz,
CDCly): 6 171.5, 139.1, 134.3, 128.9, 126.3, 43.3, 39.3, 21.3, 14.2, 12.9.

8) 4-bromo-N,N-dipropylbenzamide (3h), *H NMR (400 MHz, CDCl,): § 7.51 (d, 2H, J = 7.6 Hz), 7.21 (d,
2H, J = 7.6 Hz), 3.42 (s, br, 2H), 3.12 (s, br, 2H), 1.67 (s, br, 2H), 1.51 (s, br, 2H), 0.95 (s, br, 3H), 0.73 (s, br,
3H); *C NMR (100 MHz, CDCl,): 6 1701.7, 136.2, 131.6, 128.2, 123.2, 50.7, 49.4, 22.1, 21.9, 11.4, 11.3.

9) N,N-dibenzyl-4-nitrobenzamide (3i), *H NMR (400 MHz, CDCl,): 6 8.22 (d, 2H, J = 8.0 Hz), 7.63 (d,
2H, J = 8.4 Hz), 7.31~7.38 (m, 8H), 7.11 (d, 2H, J = 6.0 Hz), 4.74 (s, 2H), 4.35 (s, 2H); **C NMR (100 MHz,
CDCly): 6 170.1, 148.3, 142.3, 136.3, 135.6, 129.1, 128.9, 128.5, 128.1, 127.9, 127.8, 126.8, 123.9, 51.4, 47.3.

10) N,N-dibenzyl-2-naphthamide (3j), *H NMR (400 MHz, CDCls): 6 7.99 (s, 1H), 7.80 (d, 3H, J = 10.0
Hz), 7.58 (d, 1H, J = 8.4 Hz), 7.48 (d, 2H, J = 4.8 Hz), 7.35 (s, 8H), 7.16 (s, 2H), 4.76 (s, 2H), 4.45 (s, 2H); *C
NMR (100 MHz, CDCly): ¢ 172.4, 137.0, 136.4, 133.7, 133.5, 132.7, 128.9, 128.8, 128.5, 128.4, 127.9, 127.8,
127.7,127.1, 126.8, 126.6, 124.1, 51.7, 47.0.
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Table 1. Optimization of the reaction conditions®

=1 REFHHMRL®

0
©/\CN o o~ lcul( molx N
H solvent gp °c k
la 2a 0, (1 atm) 3a
R 4 7(10 mol%) 7R IN77(20 mol%e) (L mL) FRR b
1 CuCl, i LS 73
2 CuCl, 1,104 3E %' bk R 70
3 CuCl, 2,2-JKLiE LS 68
4 CuCl, CIP'S 81
5 Cu(OAc), H 77
6 Cu(NOy), H 90
7 CuBr, FH R 85
8 CuBr FA 2K 80
9 Cul I 84
10 Cu(NOy), DMF 24
11 Cu(NOy), 14- 25N 66
12 Cu(NOy), CHLCN 35

®Reaction conditions: 2-benzyl cyanide (0.2 mmol), diethylamine (0.24 mmol), Cat (0.02 mmol), additive (0.04 mmol), O, (1 atm), 90°C, Schlenk for
12 h. YIsolated yield. ®[ZMi%kfth: (0.2 mmol), — Z.Ji#(0.24 mmol), f#4k #1(0.02 mmol), #RAN#(0.04 mmol), O, (1 atm), 90°C, Schlenk 1
RRL12 he oy B,

ANTEGAMEINEAR, Breh, DLHRCRIER], EARIIACAR AT, BATZRA R AR % = B
GRS 5~9), 4LL Cu(OAC),w Cu(NOs),« CuBrp. CuBr. Cul Af#fLFIE;, Cu(NOs), B~ T IRIFH)
ALRCR, 3a = HEik 90% (45 6). HELL Cu(NOs), JHEALH, ik AS [FVA 76T SR IR IR S (2
10~12), R EIRIZMNAE DMF. CH,CN Hi/ =3 8IK, £ 1,4- S e ddsE, ML B R EIR,
H R IR R N (R B I 7)o e A TRAT T 58 1 SR B (R B £ 2% Al AR Cu(NOg),, (0.02 mmol), ¥
NHZR( mL), FTEINF, RN 90°C, MR (E] 12 h.

3.2. RNR¥IRIHRR

FERAUR AT T, 5T RIS AL & VG (LI 1) 5855 REAN R i) — ZInt S R IR 2
bR ZJehh, IR MCARRY) SRR, W 3b I 86% (s 2). 45 H i an iz N 5 I
KA KR HLUN-FIEEIRCHONRY), N-F2E-N-2R ORI BEIE 3c MIfeEe Ty 85%, %S B4k ik
B > I AL BHEBOR A O3k, ARG SN KA (G5 3)o I LANRNE . PERRK . RS e e )
SR IONE, A A PR WA R AR i (G 4~6) 0 A ROBL S5 R AT ARt e iR R IR R A IR IS
ATUMENRGF R, 5RO BT BRI o B S JRATT7E P& R 07 4 B U S S s,
HE T EA L T BRI R 2E 1b, 5% 2a NIRRT LA BN A MERE 39, 7R 83% (ST 7). HTT
AT s R IRBCEE 1c, WA DL 2b ONAS BN O BERE 3h, 1Ry 86% (%5 8). Humik AL T
FEPIRHRAFAERS s Lot 1d ENIRI T LA 2- 0k 2 g S BiZE FlhE ML AR IEA%: 31, 7 2% 86% (% 9)- M4
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0
CN /\N/\
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1a 2a o K
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o 2,0
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CN
1a 2d o
5 ©/\ k / QO 3e, 88%
1a 2e o
CN
1a 2f 0

N
CN SN |\ 39, 83%
7 H
1b 2a 0O
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CN SNOOSNT K/ 3h, 86%
8 B H B
1c 2b 0
N
CN PPN N™ "Ph
9 /©/\ PN Fh § 3i, 86%
O,N H O,N Ph
1d 2g o
CN PN N >Ph
10 A OO N 3, 78%
H Ph
1e 29

®Reaction conditions: substituted-benzyl cyanide (0.2 mmol), secondary amine (0.24 mmol), Cu(NOs),
(0.02 mmol, 10%), O, (1 atm), 90°C, Schlenk for 12 h. "Isolated yield. * i &fh: BURHI75 /(0.2
mmol), —#J1%(0.24 mmol), Cu(NOs), (0.02 mmol, 10%), O, (1 atm), 90°C, Schlenk # )z 12 h.
o T

Figure 1. Expansion of reactive substrate?
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3.3. AHERIR RIHEE

N T RFRAZS AT BER S PIRE , AT T AR 42 ) Se B (L 1A 2), & S DA R 1F D9 RS2 »
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W R Ak B DI & B TFRE T — g 1 & OB 2 . R AE R T, PEM i Bt R R BB i, Ak AR
JEEHE TG, R — AR S G A T I

0] 0]
CuNO 5 Mol
H o, NN Y ) NN g
H Toluene gg °c K a
m
1f, 0.2 mmol 2a,0.24 mmo| Oz (1 31M) 3a, 0%
0 (@]
CuNO 5 Mol
CN + NN (s )2 ( ) N7
H Toluene gg °C K Eq-2
G
1g 0.2 mmo| 2a, 0.24 mmol 33, 91%

Figure 2. Mechanism Control Xperiment
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Figure 3. Reaction Mechanism by Copper Catalyzed
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