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Copper-Catalyzed Oxidative Amidation of Aryl Ketone and Its
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Abstract The oxidative amidation between aryl ketone and amine to form keto amide in water was studied. A variety of am-
ides co-catalyzed by copper and iodine were efficiently synthesized using TBHP as an oxidant under room temperature. On the
other hand, a copper-catalyzed C—C bond cleavage of S-keto ester and its derivatives to prepare a-keto amides under O, at-
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mosphere was also studied.
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BT BENEAGGRINE, SN EHRHE 12 h 5, ML
KGR 1, Entry 1), WJRER R R A2 BT R LE KA
IR IR R, PRI, AR RN 1 equiv.JY T 3510 87
J&, RLAT IR AR PR 1, Entry 2). (R
FERRT, — RIIMBUEAFIIEAT 755 JEAFAN
Nal B}, KB ATRE] 43%H0E, MLl KI A5,
FERICER A 38%. BRI, FRAT AN [R] AR A4 751 %)
S ESMAS K (3 1, Entries 3~4). XA [F AR 1)
W5 K Bl: TBAF, £, PEG600, PEG2000, PEG6000 %
NG RIEER;, T4E = 2 B AR R A &R
FERA TR (R 1, Entries 6~9). 24 NAK R inAIL
AL Cul (10 mol%)i, =R K KIEm, LT
75% (& 1, Entry 10). 7EIAEAT ) ELA] 25 %2 ok B,
oA T G (1) FH B R A e B (1) 7= 56 R %, T AS I
SN FIWCR 33%(3% 1, Entries 11~13). XHEALTIRI# %2
KB W EURCT BF(DTBP). XUEUK . I RERER DL A
SEEAMFIRT VR Be (3R 1, Entries 14~17). X454
A, 46— O R R AR SRR A &1
HNE 6 equiv.bf, [N~ Za4g 3 86%, M4 — &
TR P R v R A s e R R R PRI (R 1,
Entries 18~20).

TERAMFAE T, TATEER T 05 BB E MG L 2
IRIA B0 A EAA W L B EE RS, 4 NO,, Br, CLELK F
SR L) P FRIE B F5 (B 1, 2b~2e). T 24K IXS
(A S RPN e S IR v/ oz X S A N R v S
N 4-Me, 4-OMe i, RFZWLEA 76%FH 73% &l 1, 2h,
2i). 17 24 FE B SR A IR, G0 T SR A I e e g
B, BTSCRIRRE B AR KA (B 1, 2j~21). 4
AR AL H A BUREETERT, W1 3-Br 2 3-NO,, M AHXS
T B R 05 1 w5, SN ISR 43 ) R 92% Al
86% (K&l 1, 2m, 2n). HEUREIA IR ARALIT, OV
(TG PERE AT PR, 150 IA 2R IR AL BEL S 2 (A 52 AN K
(B 1, 20). XH&HIEHPEREREBATLM, HEE 5%,
U RN S AR AE R AR R BE R AR R B, 43
R P E BT R 1, 2q, 2r).

BT, Wang WRAEZH AN Chen BRARZHCV HIRIE T o-
P BBk A 11 573 A —F B g v, JEI B- I R B-Te 3L 1R
BEEMEAL AR 25 N & C—C IR & C—N
IR EE(Eq. 1). X BPEINAZ - BBk p-Bh K L1
P 7E i PRI FH S 8 I T s AR e e T A, e T £ 3 A
TSI, AR BOE R R TRl B 25 Bk 2k Bl R
P 11 S B X RAL A R . X R A RO H AT S
o2 & B R E A  SEAA) S AR T  R A ) SR A TT SR
R EZF IR T - B2 &4, XT38 & B
()N Ik 2 2 FR IR A A TR M At/ DALk, FRATTAEIX B
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Table 1 Optimization of the reaction conditions

H
(e}
Py N Cat., TBHP o (o
PN G-
0 H,O (2 mL), PT i
rt.,12h
Entry Cat. Solvent Yield”/%
1 I, H,O Trace
2¢ L H,O+TBAB 53
3 Nal H,O+TBAB 43
4 K1 H,O+TBAB 38
5 KBr H,O+TBAB Trace
67 L H,0+PEGgg 24
7e 12 H20+PEG2000 21
8 L H,0~+PEGg00 17
9¢ L H,0+DG 59
10 L+Cul  H,0+DG 75
11" L+Cul H,0+DG 60
12 L+Cul H,0+DG 67
13 Cul H,0+DG 33
14 L+Cul H,0+DG 58
15¢ L+Cul  H,0+DG 49
16’ L+Cul  H,0+DG 50
17" L+Cul  H,0+DG 32
18" L+Cul  H,0+DG 86
19° L+Cul  H,0+DG 74

© 2015 Chinese Chemical Society & SIOC, CAS

“ Reaction conditions: [Cu] (10 mol%), [I] (50 mol%), water (2 mL), r.t. for 12
h; * Isolated yield; ¢ TBAB (1 equiv); ¢ PEGeoo (300 mg); € PEGago (300 mg);
/" PEGgo00 (300 mg); ¢ DG=Diethylene glycol (300 mg); " I, (20 mol%); * Cul
(5 mol%); ' DTBP (4 equiv.); *H,0, (4 equiv.); 'K,8,05 (2 equiv.); " O, (101
kPa); " TBHP (6 equiv.); DG (200 mg); ” morpholine (1 equiv.).

HIE T A SO AR, AL T R 2 R R ) 4
e JHe A J5 S S 3, o P P e 1 6 .

Cu,0 (20 mol%)
DMAP (50 mol%) o

(@] (@] -
/o O, (101 kPa) />
ph)J\)LR +HN Ph)J\[(N\_/' M
N\ -7 xylene (2 mL) o
140°C, 24 h

2, W RV A TR R, — AR A
TR AL R N AT, Hi Cu,0 RIMEAE IR B
BT, (HR PR IA ) 34%, T IHAR4 8 U Fe, Pd,
Ag SRR BLI AT, 5 52U RN OB 1 5 M)
B, BRATT R I B RN IO R EROR, R R AT IA B
51%. @RI N-FRESIEnE 5, OSSR A BOR I
Tt & — R2A KIS, R AN &
NHEMIBCEE N 1 2 2, 20 mol%f) Cu,0 fEALF], LL—
RNV, TEEASMT 140 CB 24 h, FATTH =
N EADEAT T ¥R, R IR TR 2 R R S B e A
B, PISRAS SR =) (GR 2, Entry 2). 55K
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Figure 1 Scope of the reaction

SEHUARFENT SN RS2 M R I 224 2 R R 358 1 o A AR 2
ot BRI, OB ISR R, WIPRER 4-6708 Me
g OMe I}, M ICRTTIE 51%F1 60%(3% 2, Entries 3,
5). 198 W - JE I S B = 22 A, 40 4708 NO,
o Br i, SN EICER R 39%F1 42%(3 2, Entries 6, 9).
XA CARIE ) ZER A S, TEA RN R R A4
R SIS R 2, Entry 12). 5T R ARRE i 5 5
LT RS 2 Wt e, m 25 I 2 T O k14 e 0 v 1 B
8, T LL3KAF 3% (35 2, Entry 13). AR 7] i e dae
WEMRIFFRRI, —RINMEEREEL G =2
Jie - FR i S R T LTS B R AW (7= ) (35 3, Entries 1,
2). HEE—JNERMRIE, 0iE T AR O A RE L
2 5N, 3RS 56%F T2%H)77 (% 3, En-
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tries 5, 6).

JE VIR RS N LEEA ARG 2. (BAE RS HT A
A CAEFEAE b, FRAMERE 7 — DT RER B IR, 5k,
i 55 R R A S T U I P AR A, RIS O, 7EAR 1R
MR RS E . S50 E BT A s i b e 4
B, 7£ Cu(I)IIMEA T B 73 7 AIMETE R (a4 C; 725
IS, CATRE AL — 7> TR ZEID. & D
ST s FEBKFIRPERR, E RE—0 T
) F R 45 2] H 4577 P (Scheme 1).
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Scheme 1 Possible reaction mechanism
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Table 2 Scope of the S-keto esters
H Cu,0 (20 mol%), DMAP (50 mol%)
j\/lOL [Nj 0, (101 kPa) 9 N//\;,o
+
Ar R o xylene (2 mL), 140 °C, 24 h Af)kr(
o]
Entry Compd. Yield®/% | Entry Compd. Yield®/% | Entry Compd. Yield®/%
0O o o o 0O o
cl
. WOEt 61 6 /@)‘\)‘\oa 4 10 D)I\)J\OB 40
Br Cl
2a 2b 2p
0o o o o o 0
OEt
2 [::]/u\/ﬂ\OMe 66 7 /[::]/u\/j\OEt 7 | n //[::I:%\/ﬂ\ 55
2a F 2e 2s
0O o o o 0O o
3 /@)J\/H\OEt 51 ] /©)‘\)J\0Et 5 . 5
cl
2h 2d 2a
(0] (6] [e) [e) (6] O
OFEt N
o]
O,N
2f 2c 2a
0O o0
MeO
2i

“ Reaction conditions: CuyO (20 mol%), DMAP (50 mol%), S-keto esters (0.5 mmol), morpholine (2 equiv.), xylene (2 mL), O, (101 kPa.) at 140 ‘C for 24 h;

b Isolated yields.

ZEE(V : v=10:1). '"H NMR & "*C NMR K35 N
Bruker DRX-600 & Agilent 400 #% 5 t4R1X. TMS 1 A
%, CDCI; E 7.

3.2 KHEEHT o-EHELRZAIA A

# Cul (9.6 mg, 10 mol%), I, (64 mg, 50 mol%), 7%
FEMF(0.5 mmol, 1 equiv.), fZ(1.0 mmol, 2 equiv.), i —
Z. —E¥(300 mg) &% H,O (2 mL)IIAF]— 10 mL )& JE 52
HiFR, IO TBHP (0.4 mL, 6 equiv., 70% aq.), & 5=
IAFE 12 h TLC BRER, HRMEHIE, KSR SR E
A 50 mL/KH, ZFR B0 mL)ZEEL 3 Ik, WEEH WL,
To/KBR BN T, BREEUE RS, 7R AV A mERS 2
TR BV © V=51 1~20 : 1) AT E 2 5 4k
132 H =4

7% R R M bR (22)5Y): 1S B AWK 94 mg, 77
# 86%. 'H NMR (400 MHz, CDCl;) 6: 7.97 (d, J=8.0
Hz, 2H), 7.66 (t, J=7.2 Hz, 1H), 7.53 (t, J=7.2 Hz, 2H),
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3.80 (s, 4H), 3.69~3.63 (m, 2H), 3.42~3.35 (m, 2H).

4- TR R PR NG IR (2b) 2 45 3135 (44K 129 mg,
7&K 87%. '"H NMR (400 MHz, CDCl;) §: 7.83 (d, J=8.4
Hz, 2H), 7.67 (d, J=8.4 Hz, 2H), 3.79 (s, 4H), 3.70~3.63
(m, 2H), 3.41~3.34 (m, 2H).

AT 35 % G PR D bR (20)BY: 75 BB E AR 111
mg, & 84%. m.p. 140~143 C (lit. 141~146 C); 'H
NMR (400 MHz, CDCL3) o: 8.36 (d, J=8.8 Hz, 2H), 8.16
(d, J=8.8 Hz, 2H), 3.82 (s, 4H), 3.72~3.68 (m, 2H),
3.46~3.41 (m, 2H).

A-5UK TP PR RN IR (2d) Y 4533 AR 113 mg,
P2 89%. '"H NMR (400 MHz, CDCl3) d: 7.91 (d, J=8.4
Hz, 2H), 7.50 (d, J=8.4 Hz, 2H), 3.79 (s, 4H), 3.69~3.64
(m, 2H), 3.41~3.36 (m, 2H).

A5 2K L PR NS IR (2e) ™) 75 23 (UK 96 mg,
P2 81%. "H NMR (400 MHz, CDCl5) 6: 8.04~7.97 (m,
2H), 7.20 (t, J=8.4 Hz, 2H), 3.80 (s, 4H), 3.70~3.65 (m,

Chin. J. Org. Chem. 2015, 35, 1917~1922



Chinese Journal of Organic Chemistry

ARTICLE

K3 EFAEIE R

Table 3 Scope of the amines

Cu,0 (20 mol%)

o o DMAP (50 mol%) o i
)j\/[j\ . HN/‘\ 0O, (101 kPa) N/ \
Ph OEt \_,,‘ xylene (2 mL) Ph \ -
140°C, 24 h o
Entry Compd. Yield/% |Entry  Compd. Yield®/%
NH
/\N/\
1 H 48 4 53
2t 2
)\ J\ HNT
2 N 66 5 =, 56
\"
2a
N,
N NH
3 H 51 6 Q 2 72
2h w

“Reaction conditions: Cu,O (20 mol%), DMAP (50 mol%), f-keto esters (0.5
mmol), morpholine (2 equiv.), xylene (2 mL), O, (101 kPa) at 140 ‘C for 24
h; ? Isolated yields.

2H), 3.42~3.37 (m, 2H).

2- 25 H I R N bk (26)05): 15 3 35 (O 125 mg,
7% 93%. '"H NMR (400 MHz, CDCl;) J: 8.47 (s, 1H),
7.96 (ddd, J=28.4, 18.0, 8.4 Hz, 4H), 7.62 (dt, J=28.4,
7.2 Hz, 2H), 3.84 (s, 4H), 3.69~3.63 (m, 2H), 3.44~3.40
(m, 2H).

1-25 PPV L Y M IR (2g)*): 5313 (K 110 mg,
=% 82%. "H NMR (600 MHz, CDCl3) d: 9.24 (d, J=8.4
Hz, 1H), 8.12 (d, J=8.4 Hz, 1H), 8.03 (d, J=7.8 Hz, 1H),
7.92 (d, J=7.8 Hz, 1H), 7.70 (t, J=7.8 Hz, 1H), 7.58 (dt,
J=25.2, 7.8 Hz, 2H), 3.82 (s, 4H), 3.68~3.64 (m, 2H),
3.45~3.41 (m, 2H).

4- FF L F G P G S R (2h) Y 75 B A 89
mg, 2% 76%. '"H NMR (400 MHz, CDCly) o: 7.85 (d,
J=8.0 Hz, 2H), 7.32 (d, J=8.0 Hz, 2H), 3.79 (s, 4H),
3.68~3.62 (m, 2H), 3.41~3.35 (m, 2H), 2.44 (s, 3H).

4- PG 25 R R R R bk (20) ) 3 B 3Bk 90
mg, 2% 73%. '"H NMR (400 MHz, CDCly) d: 7.93 (d,
J=8.8 Hz, 2H), 7.26 (s, 1H), 6.99 (d, J=8.8 Hz, 2H), 3.90
(s, 3H), 3.79 (s, 4H), 3.68~3.62 (m, 2H), 3.42~3.36 (m,
2H).

3,4- AR AR I FE IR bk (2)): 5 B BE L [E AR 54
mg, 7% 41%. '"H NMR (400 MHz, CDCly) d: 7.53 (d,
J=8.0 Hz, 1H), 7.43 (s, 1H), 6.90 (d, J=8.0 Hz, 1H), 6.09
(s, 2H), 3.78 (s, 4H), 3.66 (t, J=3.6 Hz, 2H), 3.40~3.34
(m, 2H).
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3R 4 FE FE AR P bk (2m) Y 45 3 B R 137
mg, % 92%. 'H NMR (400 MHz, CDCl;) 6: 8.10 (s,
1H), 7.89 (d, J=7.2 Hz, 1H), 7.78 (d, J=8.8 Hz, 1H), 7.41
(t, J=8.0 Hz, 1H), 3.80 (s, 4H), 3.68 (d, J=4.4 Hz, 2H),
3.41~3.38 (m, 2H).

3T 35 2 PP PP N bk (2m)): 75 B3 (a4 113
mg, °H 86%. m.p. 86~88 C; 'H NMR (400 MHz,
CDCly) o: 8.80 (s, 1H), 8.51 (d, J=7.2 Hz, 1H), 8.32 (d,
J=17.6 Hz, 1H), 7.75 (t, J=8.0 Hz, 1H), 3.83 (s, 4H),
3.74~3.69 (m, 2H), 3.48~3.44 (m, 2H).

2-JR 7 H G R P bR (20)): 75 3135 (7K 120 mg,
772 81%. '"H NMR (600 MHz, CDCl;) 6: 7.81 (dd, J=
7.8, 1.9 Hz, 1H), 7.64 (dd, J=7.8, 1.2 Hz, 1H), 7.44 (dtd,
J=17.4,7.2, 1.2 Hz, 2H), 3.82~3.77 (m, 4H), 3.75~3.72
(m, 2H), 3.59~3.56 (m, 2H).

3,4- AR G I S R (2p): 15 BT AR 115
mg, 7% 80%. m.p. 114~116 C; 'H NMR (400 MHz,
CDCly) o: 8.06 (s, 1H), 7.81 (d, J=8.4 Hz, 1H), 7.61 (d,
J=8.4 Hz, 1H), 3.80 (s, 4H), 3.71~3.65 (m, 2H), 3.42~
3.37 (m, 2H); *C NMR (101 MHz, CDCl;) J: 188.52,
164.35, 139.82, 134.05, 132.85, 131.51, 131.33, 128.70,
66.83, 66.72, 46.42, 44.95; HRMS (ESI) caled for
C1,H,;C1,NNaOs [M+Na]: 310.0019, found 310.0032.

N,N-— F L R G PR B (2q) ™) 7538 85 (i Ak 59
mg, & 67%. 'H NMR (400 MHz, CDCl3) d: 7.95 (d,
J=7.8 Hz, 2H), 7.65 (t, J=7.2 Hz, 1H), 7.52 (t, J=7.6
Hz, 2H), 3.13 (s, 3H), 2.97 (s, 3H).

N, N- 55 TR 5 5 S B Y B i (23 43 30 3 1 ]
£ 92 mg, 773 79%. m.p. 118~122 “C; 'H NMR (400
MHz, CDCl3) §: 7.94 (d, J=8.0 Hz, 2H), 7.63 (t, J=6.8
Hz, 1H), 7.51 (t, J=7.6 Hz, 2H), 3.65 (ddt, J=27.2, 13.2,
6.8 Hz, 2H), 1.58 (s, 6H), 1.18 (d, J=6.8 Hz, 6H).

3.3 fEENEEREL CRREER C—C WL o-ERtAz
=yp4

¥ Cu,0 (14 mg, 20 mol%), DMAP (30 mg, 50
mol%), /L ZFRES(0.5 mmol, 1 equiv.), f%(1.0 mmol,
2 equiv.), 22 mL)IAE]— 50 mL [J Schlenk & 7,
MNES(01 kPa), % EH5 140 C RHEHE 24 h. TLC R
BE, MRME ARG, RIMIBEWREIAN 50 mL K, 4K
CBEZEI(20 mL X 3)ik, WEEANLAH, JoKERER T,
BEROR R4, bR A AR S R LBV - V=5
1~20 : 1) NP E 6 7 B 24153 20 H AR 4).

2,4~ FRRROR R R IR bk (2s): 19 213K (A 68
mg, % 55%. '"H NMR (400 MHz, CDCly) d: 7.62 (d,
J=8.4 Hz, 1H), 7.13 (s, 2H), 3.79 (d, J=3.2 Hz, 4H),

http://sioc-journal.cn/ 1921
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3.69~3.63 (m, 2H), 3.42~3.35 (m, 2H), 2.64 (s, 3H),
2.39 (s, 3H).

N,N-Z 25 25 L FR R e 20)): 73 338 B imifA 49
mg, 7% 48%. '"H NMR (400 MHz, CDCl3) J: 7.94 (d,
J=17.6 Hz, 2H), 7.64 (t, J=7.2 Hz, 1H), 7.51 (t, J=7.6
Hz, 2H), 3.57 (q, J=7.2Hz, 2H), 3.24 (q, J=7.2 Hz, 2H),
1.29 (t, J=7.2 Hz, 3H), 1.16 (t, J=7.2 Hz, 3H).

S PG F R IR e ()™ 15 203 4k 57 mg, ¥
#* 53%. '"H NMR (400 MHz, CDCl;) 6: 7.94 (d, J=8.0
Hz, 2H), 7.63 (t, J=7.2 Hz, 1H), 7.51 (t, J=7.8 Hz, 2H),
3.70 (s, 2H), 3.31~3.25 (m, 2H), 1.69 (s, 4H), 1.25 (s,
2H).

BB T @) B2 ARE 57 meg,
% 56%. 'H NMR (400 MHz, CDCly) J: 8.33 (d, J=8.0
Hz, 2H), 7.61 (t, J=7.2 Hz, 1H), 7.46 (t, J=7.6 Hz, 2H),
7.08 (s, 1H), 3.39 (q, J=6.4 Hz, 2H), 1.62~1.56 (m, 2H),
1.40 (dd, J=14.8, 7.6 Hz, 2H), 0.95 (t, J=6.8 Hz, 3H).

7 F I PR R PR I 2w)®: 15 33 (0 44 83 mg,
P % 72%. "H NMR (400 MHz, CDCl3) J: 8.34 (d, J=7.6
Hz, 2H), 7.62 (t, J=7.6 Hz, 1H), 7.48 (t, J=7.6 Hz, 2H),
6.95 (s, 1H), 3.91~3.80 (m, 1H), 1.99 (dd, J=12.0, 2.8
Hz, 2H), 1.82~1.72 (m, 2H), 1.70~1.63 (m, 1H), 1.41
(dt, J=12.4, 6.0 Hz, 2H), 1.28 (ddd, J=23.6, 12.0, 3.2 Hz,
3H).

45 Bh#f Rl (Supporting Information) 1L &4/ '"H NMR
T L X PR AT DL A 3% AT X 3k (http://sioc-journal.
cn/) B ER.
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