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(MR 242225 R 610064)

WE RS IS ZAAET KRR RETEL 55T . MEGIE BITE— R TR ER SRR R HATE
YR B F AR N RRL. EFRATRT WAL C—CN I LA & C—N BRI TAEZEAL |, SHF THER SR AR
A E IR OB CL R K 216 5 N N-Z HUE FE B (DMF) R A R REAL R B, BA Cu,O AT, 4RIEMD ALK, AS
NENF, RAZKEZNE. DMF. MR, “—8#i%” RN ATBEAG A S SRT AL 5B, A8 A B Y E A=
N,N-Z BRI RZ ARG, 722850 5l nl ik B 85%F1 75%.

R W AL L, BhRA, FEML

Synthesis of N,N-Dimethyl Benzamide and Benzonitriles
through Copper-Catalyzed One-Pot Reaction

Zhang, Wei ~ Hu, Chenxu  Zhou, Xiangge™®
(College of Chemistry, Sichuan University, Chengdu 610064)

Abstract Amide is one of the most important functional groups in nature. Besides the classical synthetic method by using
activated acid with amine, several other transition metal-catalyzed protocols have been developed. Aryl nitriles have also at-
tracted substantial attentions as herbicides, natural products, efc. Traditional methods towards aryl nitriles include Sandmeyer
and Rosenmund von Braun reaction. In addition of these methods, researchers have explored various kinds of toxic “CN”
sources. In continuation of our previous work on copper catalyzed C—CN bond cleavage and C—N formation reactions,
herein our recent work of combination of copper-catalyzed amidation of benzyl cyanide and cyanation of aryl iodides by using
N,N-dimethyl formamide (DMF) as amide source is reported. A representative procedure for this reaction is as following: ben-
zyl cyanide (1 mmol), iodobenzene (1 mmol), DMF (2 mL), TSOH (1 mmol), Cu,O (0.2 mmol), 1,10-phenanthroline (0.4
mmol) were added into a 10 mL of Schlenk tube. The mixture was stirred at 130 C under O, atmosphere for 12 h. The reac-
tion mixture was then cooled down to room temperature, quenched with water, and extracted with ethyl acetate. The organic
layer was then dried over anhydrous MgSQO,, and the solvent was removed in vacuo. The residue was finally purified by col-
umn chromatography on silica gel using petroleum ether-ethyl acetate mixture as eluent. A variety of N,N-dimethyl benzamides
and benzonitriles were obtained in yields up to 85% and 75%, respectively.

Keywords copper; catalysis; one pot reaction; amidation; cyanation
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H175154A Sandmeyer [ A1 Rosenmund von Braun /%
1 AE E AL &N, NaCN, KCN, ZnCN, CuCN,
TMSCN, K,[Fe(CN)e &R vl fE A&, (HEf1# A —
M HAN, KA CHNO . DMF!S,
CH;CN!'', HEREE: . 5. K. Bk argss
TENEHLRIE, B0 THLEE.

AR, FRATIR GRS T AL C—CN 4
WL LL KoK 2,5 AT DMF 33547 (I Ak S B (Scheme 1).
SR, IX 8 S NI AE TR 2 1 W0 R T 4 BEVEAS e S i
SAVAS RIS At gy M S AT G Sy VA SR DL S
PR R A S N6, DA TAE h3RAT 145 & X AN IR
N, SRR« —8k” b, HA s 7RO
(YT i A, s 7 RS PR A SR, ol T A3 81 248
i R PR e = .

Our previous work

el CN
X Cu(OAc)2-
R O + NC/\ “CN _( c)2-Phen R =

air o)
Cu,0-Phen XN
— - R |
TsOH/O2 =

This work

g
@/ (j " CUQO Phen
Z Z TsOH/Oz
CN
X N~ N
T | T

B 1 —BaikE R M AR A
Scheme 1 One pot reaction to form benzamide and benzo-
nitriles

1 &R511R

1.1 REFHRML

B, FATEAMEH 1 mmol FKZE(a)s 1 mmol
i (2a)f1 2 mL DMF (3) 4508}, BL 10 mol% it &4
F1 20 mol%BCiA AT, 1 equiv. TsOH AN,
130 CHFRM 12 h. Wik 1 fiw, JERSAE TR, H
RO R E ) B AR 1, Entry 1). 247E 101 kPa [
FUREMET, ZEBEAN,N-— 1 B2 F AT 2 ik 52%
M 82%MIU#(F 1, Entry 2). 4L FIHEE 20
mol% Cu,O #1140 mol% 1,10-phenanthroline (Phen)Hf, H
PRF=WIZRIE R N, N-— FF 2R 5 i e fic 2 T 4y i) 4
A 73%H1 84%(F 1, Entry 3). 1 equiv.f) TsOH F EHiE
& B A i, SN s0Rb 72 51 R ICR BRI GE 1,
Entries 4 A1 5). i AN [F 4 25 (7, Cu,O ML
ROR B IF (% 1, Entries 6~13). 2447 2 B2 i FE L &
120 C, HARF=MRIWCRRRK, FHmE 140 C, f=aedt
WA, UL IS [ MR 2 130 ‘C(FK 1, Entries 14,

Chin. J. Org. Chem. 2017, 37, 1246~1251

15). B4N, g% B2 10 h, ZEFEA N,N-—H 3K
FR B A PR R 0 I BRI & 67%, 62%(3% 1, Entry 16). 1
NI ZE 16 h, 2K, NN-—H 328 B % (Ui
R LB A A(3 1, Entry 17). B, FA 145 H AL
SN A K Z (1 mmol). BEZE(1 mmol). DMF (2
mL). TsOH (1mmol). Cu,O (0.2 mmol). Phen (0.4 mmol).
0, (101 kPa). 130 ‘CH1jz i [E] 12 h.

R RPKARRAL

% 1 Optimization of the reaction conditions

CN |
hit
Cu source
+ -~
+© H 'i‘ " Phen @ (j)L
1a 2a 3

O,, TsOH
Entry Cu source Yield”/% of 4a/5a
1¢ Cu,0O Trace
24 Cu,0 52/82
3¢ Cu,0 73/84
& Cu,0 48/56
58 Cu,0 64/75
6 CuSO,+5H,0 10/9
7 CuSO0, 30/30
8 Cu(OAc),*H,0 38/67
9 Cu(OAc), 21/33
10 CuCl, 5/8
11 Nano CuO 18/15
12 CuCl 28/58
13 Cul 15/43
14" Cu,0 61/76
15 Cu,0 71/87
16/ Cu,0 67/62
17 Cu,0 75/85

© 2017 Chinese Chemical Society & SIOC, CAS

“Reaction conditions: 1.0 mmol of benzyl cyanide, 1.0 mmol of iodobenzene,
2 mL of DMF, O, (101 kPa), 0.2 mmol of Cu source, 0.4 mmol of Phen, 1
mmol of TsOH unless otherwise indicated, 130 ‘C and 12 h; Phen=1,10-
phenanthroline, TsOH=p-toluenesulfonic acid; ® GC yields; ¢ Performed under
No; ¢ Performed under 101 kPa 0y; ©0.2 mmol of Cu,0, 0.4 mmol of Phen;

/0.5 mmol of TsOH; € 1.5 mmol of TsOH; " 120 “C; 140 °C;/10h;*16 h.

1.2 RUEEMHER

TERCEERAET, BAT R &M AT T % 5.
WK 2 FoR, XEFAFMZ NG R HEARY R, BRI
1) LT SRS s YA B S PRS2 I, AN A A e A W FL
WS I R IR 2K 2B, AR REIR A& B AR B 1)

LR R SR R (PR 60% ~ 80%) Rl K i (77 %
65%~75%)(% 2, Entries 2~9). {7 [H 0N %FHZ SN A 1R
KHIEEm, i, X AL 28 B0 B2 H bR e ieR N
80%, T 4R HIEIR 2 KX B H FR =4I 67%(3% 2,
Entries 2 f113). X}-TWEWy-2- 2.5, FEERE A= HIUcR 4
H 70%(FK 2, Entry 10); MRKIE-2-20E iEE-2- 25 thag
% 5 RN, ABR P RER(E 2, Entries 11, 12). [FK 55—
H bR =P G 1R 77 2 AN 2R 2 RS BRI (1 HE R TE K.

http://sioc-journal.cn/ 1247
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# 2 Substrate scope of the benzyl cyanides
(6]
I (0] CUQO CN _
R X CN . )J\ _ 1,10-phenanthroline + R1'—\ ’i‘
0 + |
= H | 0O,, TsOH =
1a~ 11 2a 3 130°C,12h 4a 5a ~ 5l
Entry 5 Yield®/% 4a/5a~5] Entry 5 Yield®/% 4a/5a~51
0 0
- ~
1 [:::]//M\T 73/34 7 /J::::(/M\T 68/80
5a Br 5g
(e} Ccl O
~ ~
2 //J::::f/u\T 70/30 8 [:i:]//u\T 65/60
5b 5h
0 0
~ 7
3 N 65/67 9 /J::::r/u\T 69/72
5c ON 5i
0] \
~ S N—
4 N 68/78 10 )~ 68/70
~ (e}
o 5d 5j
0 N
O
5 /l::::F/u\T’/ 72/80 11 §;_27//4i3 40/44
FaC 5e 5k
(@] | X |
F3C e P N
6 \]::::T/H\T 75/80 12 N ~ 43/46
(o]
Sf 51

“ Reaction conditions: 1.0 mmol of benzyl cyanides, 1.0 mmol of iodobenzene, 2 mL of DMF, O, (101 kPa), 0.2 mmol of Cu,0, 0.4 mmol of Phen, 1 mmol of TsOH,

130 °C and 12 h. ? Isolated yields.

3G T A FEMCEAT AR R B R, o FE
AR L RS0 2 2 i LA R I g, ik r
SR H I A S A% N, B A RT3 3 H bR
VPRI I N,N-— R IR R, W3 0002 35%~T72%
Al 65%~78% (3 3, Entries 2~9). 1o BHRLM ) 521 A~ B
5, Wkt RGP 60%, 4B FH LG PR R A
65%(3% 3, Entries 2 1 3).
1.3 RmERM

TES MRS FEAF T, AT IRYIEAT T Se RN
S286. L 20 mmol # 2 iE(1a). 20 mmol i (2a) 1 40
mL DMF ) NJEkl, £ 4 mmol Cu,0O 1 8 mmol
1,10-phenanthroline {447, 20 mmol TsOH ¥ N,
101 kPa O, fEEIZ6E T, 130 CHF B 12 h, BEMA) 4

1248

http://sioc-journal.cn/
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R R NN-— R R, FE R4 T 60% A
72%.
2 i

RIET—FA ZNE. DMF FIRE “—47k”
N o REAR BUZRFRE AN N, N-— FF 5 2 P G i 1) 5 F 15 7
2, CuyO AFAHEALT, B %) 75; DMF BLAE v
R, AR SN RN A5 2 B Al B AR 4, AT
e R B R DA

3 Y

31 UBE5RHF
Fi A WA B R AN I B &t — b Al
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K3 JRMBORIAGE 5
# 3 Substrate scope of the iodobenzenes

CN | o CUZO
X 1,10-phenanthroline
+ R— " HJ\N/
Pz | O,, TsOH
. 130°C,12h
1a 2a~ 2i 3
CN

2,
7\
g o
—2Z
\

4a ~ 4i 5a
Entry 4 Yield’/% of 4a~4i/5a
Oy
1 73/84
4a
2 OCN 60/70
4b
CN
3 @( 65/75
4c
CN
4 o Q/ 70/78
4d
_o CN
5 72/70
4e
B
6 ' <:> CN 35/70
4f
CN
7 c <:> 35/65
4g
F
8 <:> CN 40/72
4h
9 OaN <:> CN 52/75

2

“ Reaction conditions: 1.0 mmol of benzyl cyanide, 1.0 mmol of iodobenzenes,
2 mL of DMF, O, (101 kPa), 0.2 mmol of Cu,0, 0.4 mmol of Phen, 1 mmol of
TsOH, 130 °C and 12 h. ® Isolated yields.

F. A RS (200~300 H)BEAT, L8R LEEAIA i
Bk AP, RERS GF254 Bult 47 2 (3. 75 CDCL H
3% "H NMR Al °C NMR (%3 51 400 MHz Al 100 MHz)
i, TMS YE ¥R, 76 Agilent 6890N HEAT S (ith/ i
HE(GC/MS)MIA[5973N i Al 4% (ED A1 HP5-MS 30 m

Chin. J. Org. Chem. 2017, 37, 1246~1251

© 2017 Chinese Chemical Society & SIOC, CAS

X 0.25 mm BAE AERMERE].
3.2 BirkEY 4 705 MHI&

T4 1 RS IR 25 (1 mmol) . 2R (1
mmol). DMF (2 mL). Cu,O (0.2 mmol). Phen (0.4 mmol)
A TsOH (1 mmol), 78X O, (101 kPa), B &K N %
H, 130 CLEMFHERE 12 h, RN EEANESE,
KIBE G, IR CERRER, &3 A PRI R ST
e, JR IR YA 5 15 B R S AT A E ST R 2R
LBg) s aiith, 3 HR ARG @) M NN-Z R
At i (5).

7 G (42)P): FRE A, 2% 73%. 'H NMR
(400 MHz, CDCls) §: 7.44~7.48 (m, 2H), 7.57~7.64 (m,
3H); *C NMR (100 MHz, CDCly) §: 112.36, 118.85,
129.15, 132.10, 132.82; MS (EI) m/z: 103.

XTHIEIR HE4b): B A, 723 60%. m.p. 27~
28 C(CHREP™: 27~28 ‘C); '"H NMR (400 MHz,
CDCly) 6: 2.44 (s, 3H), 7.29 (d, J=8.0 Hz, 2H), 7.56 (d,
J=8.0 Hz, 2H); *C NMR (100 MHz, CDCl;) J: 21.86,
109.31, 119.17, 129.83, 132.05, 143.70; MS (EI) m/z: 117.

A1 FF 3 S I (4e)®): SR B ETUA, AR 65%. 'H
NMR (400 MHz, CDCl3) &: 2.49 (s, 3H), 7.21~7.49 (m,
2H), 7.43~7.47 (m, 1H), 7.52~7.54 (m, 1H); *C NMR
(100 MHz, CDCly) §: 20.37, 112.65, 118.07, 126.23,
130.22, 132.39, 132.66, 141.79; MS (EI) m/z: 117.

XH ARG d): AfEE, 2% 70%. mp.
56~57 ‘CCCHRERY: 55~57 °C); '"H NMR (400 MHz,
CDCly) 6: 3.87~3.88 (t, J=4.0 Hz, 3H), 6.95~6.98 (m,
2H), 7.58~7.61 (m, 2H); *C NMR (100 MHz, CDCl) ¢:
55.56, 103.92, 114.76, 119.24, 133.97, 162.84; MS (EI)
m/z: 133.

] F S 2K i (4e)™Y): TE IR, 73R 72%. 'H
NMR (400 MHz, CDCl;) &: 3.87 (s, 3H), 6.94~6.98 (m,
2H), 7.58~7.59 (m, 1H), 7.60~7.61 (m, 1H); *C NMR
(100 MHz, CDCly) o: 55.45, 112.99, 116.82, 118.70,
119.15, 124.29, 130.33, 159.56; MS (EI) m/z: 133.

YRR G (4f): A EEAER, 773 35%. mp. 114~
116 ‘CCCHAMEP: 114~115 C); '"H NMR (400 MHz,
CDCly) §: 7.53~7.56 (m, 2H), 7.64~7.67 (m, 2H); °*C
NMR (100 MHz, CDCly) &: 111.25, 118.06, 128.02,
132.65, 133.41; MS (EI) m/z: 182.

XTERH G (4g): B BEE, 2% 35%. mp. 92~
93 C(CHREP™: 91~92 'C); '"H NMR (400 MHz,
CDCLy) 0: 7.47~7.50 (m, 2H), 7.61~7.64 (m, 2H); "*C
NMR (100 MHz, CDCl;) ¢: 110.79, 117.97, 129.70,
133.39, 139.56; MS (EI) m/z: 137.

http://sioc-journal.cn/ 1249
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XK I (40) ) FEER, 775 40%. mop. 34~
35 C(CHRME™: 34~35 "C); '"H NMR (400 MHz,
CDCly) d: 7.18~7.21 (m, 2H), 7.68~7.72 (m, 2H); "*C
NMR (100 MHz, CDCl;) 6: 108.54, 108.58, 116.76,
116.98, 118.05, 134.65, 134.75, 163.76, 166.31; MS (EI)
m/z: 121.

o il 3 2 HE (49) 2 A B A, 2R 70%. mup.
146~147 C(CCHRE: 145~147 C); 'H NMR (400
MHz, CDCl5) d: 7.90~7.93 (m, 2H), 8.36~8.39 (m, 2H);
C NMR (100 MHz, CDCLy) 6: 116.84, 118.31, 124.30,
133.52, 150.03; MS (EI) m/z: 148.

N,N- " H 28 L (52)2Y: (3 (B A, 775 84%.
m.p. 44~45 CCCHMEP: 44 C); 'TH NMR (400 MHz,
CDCly) 6: 2.85 (s, 3H), 2.99 (s, 3H), 7.28~7.29 (m, 5H);
BC NMR (100 MHz, CDCl3) d: 35.10, 39.36, 126.79,
128.13, 129.33, 136.01, 171.45; MS (EI) m/z: 149.

N,N,4-= F 3L 28 FE R i (b)) iRy, 72
80%. 'H NMR (400 MHz, CDCls) 8: 2.37 (s, 3H), 2.99 (s,
3H), 3.09 (s, 3H), 7.20 (d, J=8.0 Hz, 2H), 7.33 (d, J=8.0
Hz, 2H); C NMR (100 MHz, CDCl;) §: 26.65, 35.17,
39.27, 125.39, 125.42, 127.34, 139.89, 170.07; MS (EI)
m/z: 163.

N,N,2- = F 3L 2K B G i (50)%: TE iRy, 7=
67%. "H NMR (400 MHz, CDCl3) 6: 2.28 (s, 3H), 2.81 (s,
3H), 3.12 (s, 3H), 7.14~7.28 (m, 4H); “C NMR (100
MHz, CDCl3) 6: 18.55, 34.14, 38.00, 125.41, 125.57,
128.39, 129.98, 133.56, 136.41, 171.11; MS (EI) m/z: 163.

N,N- 5 4= B4 35 2 R G A ()Y 8 £ 3l IR
Y, 72% 78%. '"H NMR (400 MHz, CDCl;) 6: 2.93 (s,
6H), 3.71 (s, 3H), 6.79 (d, J=8.0 Hz, 2H), 7.29 (d, J=8.0
Hz, 2H); “C NMR (100 MHz, CDCl;) J: 35.22, 39.51,
55.02, 113.25, 128.08, 128.84, 160.31, 171.18; MS (EI)
m/z: 179.

N,N- B4 (= 350 35 268 R I e (Se) Y R B 6
HARY, 77K 80%. 'H NMR (400 MHz, CDCl;) J: 2.86
(s, 3H), 3.02 (s, 3H), 7.42 (d, J=8.0 Hz, 2H), 7.56 (d, J=
8.0 Hz, 2H); *C NMR (100 MHz, CDCl;) J: 35.17, 39.27,
125.08, 127.34, 139.89, 170.07; MS (EI) m/z: 217.

N,N- 22 RE -3 (=40 ) 2 B e (507 T8 itk
R, 723 80%. "H NMR (400 MHz, CDCls) d: 2.99 (s,
3H), 3.14 (s, 3H), 7.55 (t, J=8.0 Hz, 1H), 7.61 (d, J=4.0
Hz, 1H), 7.67 (d, J=12.0 Hz, 2H); *C NMR (100 MHz,
CDCly) 6: 35.52, 39.60, 124.15, 126.37, 129.11, 129.24,
137.17, 170.14; MS (EI) m/z: 217.

4-J5L-N,N- - HOE SR I e (Sg)™Y: iRy, 7=
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# 80%. '"H NMR (400 MHz, CDCly) §: 2.97 (s, 3H), 3.10
(s, 3H), 7.30 (d, J=8.0 Hz, 2H), 7.55 (t, J=8.0 Hz, 2H);
C NMR (100 MHz, CDCl3) d: 35.40, 39.54, 123.80,
128.80, 131.55, 135.05, 170.55; MS (EI) m/z: 228.

2-5-N,N- H R 2R B e (Sh)PY: iR, 7=
# 60%. "H NMR (400 MHz, CDCl3) : 2.86 (s, 3H), 3.13
(s, 3H), 7.27~7.40 (m, 4H); °*C NMR (100 MHz, CDCl5)
5: 34.64, 38.08, 127.20, 127.73, 129.54, 130.09, 136.29,
168.44; MS (EI) m/z: 183.

NN- P -4 4 PP T e (500 3 €53 IR,
F2E 72%. '"H NMR (400 MHz, CDCly) &: 2.86 (s, 3H),
3.02 (s, 3H), 7.44 (t, J=8.0 Hz, 2H), 7.57 (d, J=8.0 Hz,
2H); *C NMR (100 MHz, CDCl;) §: 35.23, 39.23, 123.86,
128.00, 142.46, 148.11, 169.17; MS (EI) m/z: 194.

N,N- HBE Iy -2 I frz (5)7): vk 3 il iR 4,
P22 70%. 'H NMR (400 MHz, CDCl;) d: 3.19 (s, 6H),
7.04~7.06 (m, 1H), 7.35~7.36 (m, 1H), 7.44~7.51 (m,
1H); *C NMR (100 MHz, CDCl;) 6: 29.81, 31.07, 126.80,
128.93, 129.30, 138.04, 164.57; MS (EI) m/z: 155.

N,N- F BRI -2- F R e ()P 342 38 € IR 42,
P& 44%. "H NMR (400 MHz, CDCl3) d: 7.50~7.49 (m,
1H), 6.98~6.97 (m, 1H), 6.47~6.46 (m, 1H), 3.27 (s,
3H), 3.08 (s, 3H); >°C NMR (100 MHz, CDCl;) d: 159.27,
147.03, 142.79, 114.91, 110.11, 37.26, 35.35; MS (EI) m/z:
139.

N,N-— F 0k g ik e (S 3R 3 iR, 7=
46%. '"H NMR (400 MHz, CDCl;): '"H NMR (400 MHz,
CDCly) d: 8.60~7.33 (m, 4H), 3.15 (s, 3H), 3.08 (s, 3H).;
BC NMR (100 MHz, CDCly): 168.97, 154.49, 148.24,
137.05, 124.36, 123.52, 39.01, 35.69. MS (EI) m/z: 150.

45 B4 Kl (Supporting Information) 1L 544 F15 (1) 'H
NMR Fl °C NMR 5] 32l n] LA 2 AT 3l
(http://sioc-journal.cn/) I N #k.
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