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Researches on the a-Aminoxylation between a-Azoleketones and
2,2,6,6-Tetramethylpiperidine-1-oxyl with Cu/O,
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Abstract The a-aminoxylation between a-azoleketones and 2,2,6,6-tetramethylpiperidine-1-oxyl (TEMPO) was studied in
this paper. Taking Cu(Il) salts as catalyst and air as oxidant, a number of alkoxyamines have been synthesized via
o-aminoxylation between a-azoleketones and TEMPO in good yields at room temperature. This strategy is highlighted by ap-
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pealing features such as mild reaction condition, inexpensive catalyst, green oxidant and good yield.
Keywords Cu catalyzed; dioxygen; a-azoleketone; 2,2,6,6-tetramethylpiperidine-1-oxyl; a-aminoxylation
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R'=H; R?= alkyl

R'= aryl; R?= C(O)R3, COORS3, CN, P(O)R3R*
R' = aryl, alkyl; R% = Alkyl, OAlkyl, OAryl

This work: R? = Azole
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FER T LT — L DU A TR R S A TS . A
F 1 ATCUE W, SRR R N Rk, — A £
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X 52 S AL R L IT(36 1, Entries 4~6). X 7] BE &
RN AR A AP A, AR TR TR I R
IRA. FERT R AR, Cu(OAc),*H0 AL,
BB, RS EIE(GC)= HiE ] 90%(£ 1, Entry
7). FELHEAFAET, IRVBA KAAEMRBI(FE 1, En-
try 8). UIATHEBR A R AR, HHES(101 kPa) B
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Table 1 Optimization of reaction conditions”
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2a
Entry 4L gl i 7

1°  Cul CH;CN 9

2°  CuBr CH;CN 6

3 Cu0 CH;CN 11
4 CuSO,*5H,0 CH;CN 88
5 CuCl*2H,0 CH;CN 89
6 CuO CH;CN 71
7 Cu(OAc),*H,0 CH;CN 90
8 — CH;CN 0

9 Cu(OAc),*H,0 CH;CN 35
10 Cu(OAc),*H,0 DMF 36
11 Cu(OAc),*H,O Toluene 13
12 Cu(OAc),*H,0 THF 24
13 Cu(OAc),*H,0 CH,Cl, 75

“ Reaction conditions: Cu (5 mol%), 1a (0.5 mmol), TEMPO (1.1 equiv.) and
solvent (1.5 mL) at room temperature for 6 h under air condition; * Isolated
yield; ¢ With Cu(l) salts (30 mol%); ¢ Under N, atmosphere.
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Cu(OAc),*H,O NHEALF, S NANA, B &
DRCMREEAT T A EE, IV TN RN R R e [ AEAN BT 2
. ERATC L2 LA ISR, LR
B fEGR 1, Entries 10~13). Zid DL ESEEG, &0 e 1%
AR ZR B B AR S a-MEBUAR B/ TEMPO(HE K] L A
1:1.1), Cu(OAc),*H,O (5 mol%) NI, o= GRE
WD R, IR, 5= N 6 h.
1.2 RMNEYERTERE
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ANK, R BFR AT PAR = I A i B ARFE (R 2, 2a~2f).
2 RSB EUAC A FE I (G 2-CH3), S S I ] 75 4 K
% 10 h; HFRWA B R, FEURMNK =R L
79%(F 2, 2g). 4 RUATHURIER, HER=M005 &
FERIEF] 91%(F 2, 2h). 24 R' N HAl S5 FE i (G0 1-253,
2-MRMR ), MNAKSR BB E 7= 2 (3R 2, 21 F1 2j). ik
Ab, BATEZRT o-ZK KLU 2R £ BRAE 12 S B H
MG, PTRER TR EEARF A M4, SEUx
NEXECLE B, BT CAMZRPIE A KA RN (K 2, 2k). BT
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EAR T NS S B FEMR. 4RI oL AR Ak, 6-
FERS . R =R, SRV B A R R T, PR
T 81%~89%(F 2, 21~20). 2 NiBHRIKIZ, a-(N,N-—
CHENG I IR L WE NI, NI R 2,
2p).
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A A FI— 4R 250 BEJE, TEMPO % b ek, JIf
KA a-FRBEAL B, I FR R AR B — A B AR
ok AR R S AT LS B R — MR RN, — 44
T N R R B AR AL s M, DR AT B R AL
FUBTIE J5 P= W AE I B2 A T AS By 8 <Ak, X LA
S IEIR.
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“ Reaction conditions: Cu(OAc),*H,0 (5 mol%), 1 (0.5 mmol), TEMPO (0.55
mmol) and CH;CN (1.5 mL) at room temperature for 6 h under air condition;
bsolated yield; “ Reaction for 10 h.
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Scheme 1 Possible reaction mechanism
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32 ZWHE

o- R IR B 2K Z B, - R AR 2 20
o-(6-F M) B Z AR o- =R ZK Z RN O A ik
T3 W2 25 STk

o-MEEURER 5 TEMPO [ o- 32 & 340 s N — 5 B8
TEEEA T 15 mL ZIEERE F A a-MEEUERH©0.5
mmol). TEMPO(0.55 mmol). Cu(OAc),*H,O (5 mol%)
MZHEQS5 mL), 2RJERE D SR R
N6 h. 24 N O A () TLC 8RR, BR &EIN 1S
mL AR, HH LR AERA1S mLX3)ZEE, &
FHAENZ, FAIKREREE T, I8, e T3R5~
. ARG DA R 28R L R EE R (AR LA 2 :
1~5 1), WA R S5 2 B &4.

2-(1H-ZE FF R IE-1-35)-2-(2,2,6,6- V1 H FE DR IE-1-3%)
A 1-(4-WIEFIL) 20 (2a): B YR RAE, PR
90%. 'H NMR (400 MHz, CDCls) &: 8.17 (s, 1H), 7.83 (d,
J=4.0 Hz, 2H), 7.73 (d, J=4.0 Hz, 1H), 7.68 (d, J=4.0
Hz, 1H), 7.2 (t, J=8.0 Hz, 1H), 7.26 (t, J=8.0 Hz, 1H),
7.19 (d, J=4.0 Hz, 2H), 7.02 (s, 1H), 2.33 (s, 3H), 1.52~
1.58 (m, 3H), 1.31~1.39 (m, 3H), 1.28 (s, 3H), 1.16 (s,
3H), 1.05 (s, 3H), 0.34 (s, 3H); °C NMR (100 MHz,
CDCLy) 0: 190.41, 145.27, 142.28, 131.59, 129.72, 128.62,
123.82, 122.80, 120.36, 111.71, 89.35, 61.41, 59.95, 40.07,
39.87, 33.14, 32.14, 21.67, 20.32, 20.21, 16.98; IR (KBr)
v: 2968, 2930, 1697, 1601, 1453, 1277, 1235 cm™'; MS
(ESI) m/z: 406 [M+H]". Anal. caled for C,sH;N3O,: C
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74.04, H 7.71, N 10.36; found C 73.87, H 7.61, N 10.47

2-(1H-ZE FF R M- 1-3)-1-(3- FH A8 3 2K 35)-2-[(2,2,6,6-
VU H MR e -1-28) A R ) O (2b): i, 722 88%.
m.p. 127~129 ‘C; '"H NMR (400 MHz, CDCl;) 6: 8.17 (s,
1H), 7.74 (d, J=4.0 Hz, 1H), 7.69 (d, J=4.0 Hz, 1H), 7.50
(d, J=4.0 Hz, 1H), 7.42 (s, 1H), 7.25~7.42 (m, 4H),
7.03~7.06 (m, 2H), 3.75 (s, 3H), 1.48~1.60 (m, 3H),
1.34~1.40 (m, 3H), 1.29 (s, 3H), 1.17 (s, 3H), 1.05 (s,
3H), 0.34 (s, 3H); *C NMR (100 MHz, CDCl;) d: 190.64,
160.00, 143.62, 142.31, 135.36, 129.98, 120.40, 112.91,
111.69, 89.42, 61.41, 59.95, 55.41, 40.04, 39.84, 32.15,
20.30, 20.18, 16.96; IR (KBr) v: 2971, 2936, 1700, 1588,
1495, 1456, 1251 ecm '; MS (ESI) m/z: 422 [M+H]".
Anal. calcd for C,sH3N;O3: C 71.23, H 7.41, N 9.97;
found C 71.08, H 7.50, N 10.06;

2-(1H-ZE FF R 1 -3)-1-(4- PR 4 H5)-2-(2,2,6,6- V0 H
FEWRNE-1-JE) 5 I Z W (2¢): FWIREFRIA, F=F 89%;
'H NMR (400 MHz, CDCl;) 6: 8.16 (s, 1H), 7.79 (d, J=
4.0 Hz, 2H), 7.75 (d, J=4.0 Hz, 1H), 7.64 (d, J=4.0 Hz,
1H), 7.53 (d, J=4.0 Hz, 2H), 7.33 (t, J=8.0 Hz, 1H), 7.27
(t, J=8.0 Hz, 1H), 6.98 (s, 1H), 1.53~1.60 (m, 3H),
1.31~1.40 (m, 3H), 1.27 (s, 3H), 1.15 (s, 3H), 1.05 (s,
3H), 0.34 (s, 3H); *C NMR (100 MHz, CDCl;) d: 190.01,
143.68, 142.17, 132.77, 132.42, 129.92, 129.60, 124.02,
123.02, 120.54, 111.47, 89.62, 61.49, 60.03, 40.04, 39.85,
33.12, 32.15, 20.35, 20.24, 16.95; IR (KBr) v: 2975, 2933,
1697, 1585, 1453, 1271 cm™'; MS (ESI) m/z: 470 [M+
H]". Anal. calcd for C,,H,sBrN;0,: C 61.28, H 6.00, N
8.93; found C 61.17, H 6.09, N 9.01;

2-(1H-ZE FF R 1-3)-1-(4- A HE)-2-[(2,2,6,6- VU H
FENRIE-1-F) &) 2 (2d): TR, 7% 86%; m.p.
159~161 °C;'H NMR (400 MHz, CDCl;) : 8.19 (s, 1H),
7.99 (t, J=6.0 Hz, 2H), 7.76 (d, J=4.0 Hz, 1H), 7.67 (d,
J=4.0 Hz, 1H), 7.33 (t, J=8.0 Hz, 1H), 7.27 (t, J=8.0
Hz, 1H), 7.05 (dd, J=16.0, 8.0 Hz, 3H), 1.52~1.59 (m,
3H), 1.31~1.40 (m, 3H) , 1.28 (s, 3H), 1.16 (s, 3H), 1.05
(s, 3H), 0.35 (s, 3H); “C NMR (100 MHz, CDCl3) o:
189.37, 166.13 (d, J=255.0 Hz, 1C), 142.97 (d, J=149.0
Hz, 2C), 131.26, 130.46, 123.96, 116.21, 111.53, 89.58,
61.45, 60.00, 40.03, 39.83, 32.13, 20.33, 20.22, 16.94; IR
(KBr) v: 2971, 2933, 1703, 1588, 1456, 1274, 1091 cm " ';
MS (ESI) m/z: 410 [M + H] " ; Anal. caled for
Ca4H,FN;05: C 70.39, H 6.89, N 10.26; found C 70.27, H
6.95, N 10.33.

2-(1H-ZR k-1 -3 - 1-(4- S A 35 )-2-[(2,2,6,6- DU H
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FENRIE-1-F8)E L) 2B (2e): BIAEHTRAE, 72F 87%.
'H NMR (400 MHz, CDCl5) &: 8.16 (s, 1H), 7.88 (d, J=4
Hz, 2H), 7.75 (d, J=4.0 Hz, 1H), 7.65 (d, J=4.0 Hz, 1H),
7.36 (d, J=4.0 Hz, 2H), 7.25~7.32 (m, 2H), 6.99 (s, 1H),
1.53~1.60 (m, 3H), 1.31~1.40 (m, 3H), 1.28 (s, 3H),
1.15 (s, 3H), 1.05 (s, 3H), 0.35 (s, 3H); *C NMR (100
MHz, CDCl;) 6: 189.90, 143.68, 142.18, 140.79, 132.36,
129.88, 129.42, 124.01, 123.01, 120.53, 111.49, 89.63,
61.48, 60.03, 40.04, 39.85, 33.12, 32.14, 20.34, 20.23,
16.95; IR (KBr) v: 2971, 1697, 1594, 1453, 1229, 1200
ecm '; MS (ESI) m/z: 426 [M+H] . Anal. caled for
Ca4HysCIN;O,: C 67.67, H 6.63, N 9.87; found C 67.78, H
6.72, N 9.96.

2-(1H-ZE IR M- 1 -3 )- 1 (4Tl 3 42 55)-2-(2,2,6,6-
FJLRIE-1-38) S L 2B (2f): Tk, 7% 87%.
m.p. 110~112 °C;'H NMR (400 MHz, CDCl;) 6: 8.23 (d,
J=4.0 Hz, 2H), 8.15 (s, 1H), 8.06 (d, J=4.0 Hz, 2H), 7.75
(d, J=4.0 Hz, 1H), 7.61 (d, J=4.0 Hz, 1H), 7.35 (t, J=8.0
Hz, 1H), 7.29 (t, J=8.0 Hz, 1H), 7.02 (s, 1H), 1.54~1.61
(m, 3H), 1.33~1.42 (m, 3H), 1.29 (s, 3H), 1.17 (s, 3H),
1.06 (s, 3H), 0.37 (s, 3H); *C NMR (100 MHz, CDCl;) ¢:
189.83, 150.62, 143.71, 138.70, 129.51, 124.28, 124.19,
123.28, 120.70, 111.24, 90.19, 61.62, 60.17, 40.05, 39.85,
33.10, 32.15, 20.35, 20.26, 16.92; IR (KBr) v: 2923, 1709,
1597, 1524, 1450, 1344 cm™'; MS (ESI) m/z: 437 [M+
H]+; Anal. calcd for CyH,gN4O4: C 66.04, H 6.47, N
12.84; found C 65.94, H 6.58, N 12.95.

2-(1H-ZE IR M- 1 -3 )-1-(2- FF 3 42 5)-2-(2,2,6,6- 1
F LRI - 1-38) S AL | 41 (2g): T K, 7R 79%.
m.p. 104~106 °C;'H NMR (400 MHz, CDCl;) 6: 7.97 (s,
1H), 7.71 (d, J=4.0 Hz, 1H), 7.64 (d, J=4.0 Hz, 1H), 7.55
(d, J=4.0 Hz, 1H), 7.26~7.32 (m, 3H), 7.19 (t, J=7.2
Hz, 1H), 7.10 (d, J=4 Hz, 1H), 6.92 (s, 1H), 2.18 (s, 3H),
1.52~1.61 (m, 3H), 1.35~1.39 (m, 3H), 1.33 (s, 3H),
1.26 (s, 3H), 1.04 (s, 3H), 0.32 (s, 3H); >C NMR (100
MHz, CDCls) 0: 194.04, 143.64, 142.49, 139.52, 134.70,
132.39, 132.08, 127.01, 125.67, 123.71, 122.83, 120.35,
111.87, 90.81, 61.44, 59.94, 40.10, 39.94, 33.06, 32.18,
20.47,20.27, 20.16, 16.98; IR (KBr) v: 2927, 1703, 1604,
1453, 1277 em'; MS (ESI) m/z: 406 [M+H]". Anal.
caled for CysH3N30,: C 74.04, H 7.71, N 10.36; found C
73.90, H 7.79, N 10.43.

2-(1H-ZE Ik M- 1-3)-1- 28 3E-2-[(2,2,6,6-PU FH L IR
WE-1-25) A 4B (2h): TR EAE, 7% 91%. m.p.
144~146 °C;'H NMR (400 MHz, CDCl;) 8: 8.19 (s, 1H),

http://sioc-journal.cn/ 1599
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7.94 (d, J=4.0 Hz, 2H), 7.73 (dd, J=20.0, 8.0 Hz, 2H),
7.54 (t, J=7.4 Hz, 1H), 7.41 (t, J=8.0 Hz, 2H), 7.35 (t,
J=7.4 Hz, 1H), 7.28 (t, J=8.0 Hz, 1H), 7.07 (s, 1H),
1.55~1.62 (m, 3H), 1.33~1.45 (m, 3H), 1.30 (s, 3H),
1.19 (s, 3H), 1.06 (s, 3H), 0.35 (s, 3H); >C NMR (100
MHz, CDCl3) 6: 190.86, 143.62, 142.31, 134.15, 134.09,
132.47, 130.96, 129.04, 128.47, 123.91, 122.90, 120.40,
111.71, 89.38, 61.45, 59.97, 40.04, 39.84, 32.15, 20.32,
20.20, 16.97; IR (KBr) v: 2930, 1700, 1492, 1271, 1229
cm '; MS (ESI) m/z: 392 [M+H] . Anal. caled for
Ca4HyN;0,: C 73.67, H 7.47, N 10.73; found C 73.58, H
7.53,N 10.85.

2-(1H-ZE IR -1 -3)-1-(2-2535)-2-[(2,2,6,6- VY H 3
RIE-1-55) 5 R 4/ (20): LA, 7% 84%. m.p.
185~187 °C;'H NMR(400 MHz, CDCl3) ¢: 8.48 (s, 1H),
8.23 (s, 1H), 7.96 (d, J=4.0 Hz, 1H), 7.88 (d, J=4.0 Hz,
1H), 7.82 (t, J=8.0 Hz, 2H), 7.74 (t, J=8.0 Hz, 2H), 7.58
(t, J=8.0 Hz, 1H), 7.52 (t, J=8.0 Hz, 1H), 7.35 (t, J=8.0
Hz, 1H), 7.26 (t, J=8.0 Hz, 1H), 7.17(s, 1H), 1.54~1.59
(m, 3H), 1.39~1.42 (m, 2H), 1.34~1.36 (m, 1H), 1.30 (s,
3H), 1.19 (s, 3H), 1.08 (s, 3H), 0.38 (s, 3H); *C NMR
(100 MHz, CDCl;) d: 190.79, 135.88, 132.29, 131.40,
130.49, 129.73, 129.22, 129.05, 127.80, 127.17, 123.88,
122.86, 120.49, 111.63, 89.64, 61.47, 60.02, 40.09, 39.88,
33.19, 32.22, 20.38, 20.25, 16.99; IR (KBr) v: 2955, 2923,
1690, 1661, 1460, 1274 cm™'; MS (ESI) m/z: 442 [M+
H]". Anal. caled for CoH3 N;O,: C 76.16, H 7.08, N 9.52;
found C 76.07, H7.13, N 9.61.

2-(1H-ZEFF K IE-1-3)-2-[(2,2,6,6- VU F FE IR g -1 -3
AFE]-1-(2-MEW I AR (2)): TR, 75 83%. mup.
182~184 °C;'H NMR (400 MHz, CDCls) 8: 8.21 (s, 1H),
7.83(d, J=2.0 Hz, 1H), 7.76 (d, J=8.0 Hz, 1H), 7.67 (d,
J=8.0 Hz, 1H), 7.64 (d, J=2.0 Hz, 1H), 7.32 (t, J=8.0
Hz, 1H), 7.27 (t, J=8.0 Hz, 1H), 7.07(t, J=4.0 Hz, 1H),
6.78 (s, 1H), 1.50~1.57 (m, 3H), 1.33~1.39 (m, 3H),
1.28 (s, 3H), 1.19 (s, 3H), 1.06 (s, 3H), 0.34 (s, 3H); °C
NMR (100 MHz, CDCly) &: 183.72, 143.70, 142.24,
140.04, 135.66, 133.53, 132.68, 128.58, 123.89, 122.89,
120.46, 111.54, 90.92, 61.51, 60.01, 40.08, 39.88, 33.18,
32.06, 20.44, 20.36, 16.94; IR (KBr) v: 2927, 1729, 1674,
1460, 1271, 1197 cm™'; MS (ESI) m/z: 398 [M+H]".
Anal. caled for C,,H»7N30,S: C 66.47, H 6.85, N 10.57, S
8.06; found C 66.31, H 6.92, N 10.63, S 7.96.

2-(1H-WR M- 13- 1- 2K 56-2-[(2,2,6,6- VU A L IR WE -1
EYAFE) M Q: Lk, =% 88%. mp. 122~

1600 http://sioc-journal.cn/
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124 °C; 'H NMR (400 MHz, CDCl;) 6: 8.00 (d, J=4.0
Hz, 2H), 7.76 (s, 1H), 7.59 (t, J=8.0 Hz, 1H), 7.47 (t, J=
8.0 Hz, 2H), 7.09 (s, 1H), 7.02 (s, 1H), 6.66 (s, 1H), 1.45~
1.50 (m, 4H), 1.32~1.38 (m, 1H), 1.24~1.27 (m, 1H),
1.18 (s, 3H), 1.12 (s, 3H), 1.07 (s, 3H), 0.58 (s, 3H); "°C
NMR (100 MHz, CDCly) &: 191.41, 137.29, 134.22,
133.94, 130.17, 129.01, 128.89, 117.55, 90.95, 61.31,
59.83, 40.11, 39.80, 33.09, 31.94, 20.44, 20.25, 16.97; IR
(KBr) v: 2927, 1697, 1597, 1453, 1255, 1072 cm”'; MS
(ESI) m/z: 342 [M+H]". Anal. calcd for C,0H»N;0,: C
70.35, H 7.97, N 12.31; found C 70.21, H 8.03, N 12.41.

2-(6-5-9H-E WS -9-F)-1- A FE-2-[(2,2,6,6- VU FF ZL IR
WE-1-25) 5 2 ) 4B (2m): TS A, 7% 81%. m.p.
105~107 °C; 'H NMR (400 MHz, CDCl;) : 8.86 (s, 1H),
8.44 (s, 1H), 8.15 (d, J=4.0 Hz, 2H), 7.60 (t, J=6.0 Hz,
1H), 7.48 (dd, J=16.0, 8.0 Hz, 3H), 1.50~1.59 (m, 3H),
1.38~1.40 (m, 2H), 1.31~1.33 (m, 1H), 1.22 (s, 3H),
1.11 (s, 3H), 1.08 (s, 3H), 0.31 (s, 3H); *C NMR (100
MHz, CDCls) 6: 191.42, 152.48, 151.52, 151.24, 143.37,
134.79, 133.67, 131.03, 129.18, 128.91, 85.76, 61.35,
59.94, 39.84, 39.70, 33.07, 32.57, 20.19, 20.10, 16.89; IR
(KBr) v: 2933, 1693, 1588, 1562, 1335, 1181, 1130 cm ™ ';
MS (ESI) m/z: 428 [M+H]". Anal. caled for CyHysCl-
N;0,: C 61.75, H 6.12, N 16.37; found C 61.67, H 7.53, N
16.44.

1- K HE2-(4- 2K -1 H-1,2,3- = M-1-3£)-2-[(2,2,6,6- V1
B IR IE-1-38) 5 3L 1 2B (2n): ik, 77 % 89%.
m.p. 152~154 °C;'H NMR (400 MHz, CDCl;) ¢: 8.15 (d,
J=4.0 Hz, 2H), 8.02 (s, 1H), 7.84 (d, J=4.0 Hz, 2H), 7.61
(t, J=8.0 Hz, 1H), 7.49 (t, J=8.0 Hz, 2H), 7.42 (t, J=8.0
Hz, 3H), 7.34 (t, J=8.0 Hz, 1H), 1.48~1.57 (m, 5H),
1.34~1.38 (m, 1H), 1.24 (s, 3H), 1.12 (s, 3H), 1.11 (s,
3H), 0.57 (s, 3H); C NMR (100 MHz, CDCl;) &: 191.00,
148.53, 133.58, 129.23, 128.85, 125.76, 118.08, 92.00,
61.42, 59.94, 39.99, 39.75, 32.13, 20.43, 20.14, 16.98; IR
(KBr) v: 2934, 1693, 1508, 1453, 1229 cm ™ '; MS (ESI)
m/z: 419 [M+H]+. Anal. calcd for C,5sH30N4O,: C 71.74, H
7.23,N 13.39; found C 71.68, H 7.35, N 13.51.

2-(4-IN R FE-1H-1,2,3- = M- 1-F8)-1- 7 FE-2-[(2,2,6,6-
VU PR DR IE - 1-55) 35 | £ B (20): o EORGARR 1A, 7%
85%. 'H NMR (400 MHz, CDCl;) 6: 8.10 (d, J=4.0 Hz,
2H), 7.59 (t, J=8.0 Hz, 1H), 7.46 (t, J=8.0 Hz, 3H), 7.29
(s, 1H), 1.88~1.95 (m, 1H), 1.44~1.53 (m, 5H), 1.31~
1.35 (m, 1H), 1.19(s, 3H), 1.09 (s, 3H), 1.06 (s, 3H),
0.90~0.92 (m, 2H), 0.77~0.81 (m, 2H), 0.49 (s, 3H); "°C
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NMR (100 MHz, CDClLy) &: 191.05, 151.21, 134.46,
133.68, 128.20, 128.99, 118.22, 91.87, 61.31, 59.84, 40.00,
39.71, 31.82, 20.43, 20.12, 16.98, 7.93, 7.88, 6.72; IR
(KBr) v: 2936, 1699, 1683, 1558 cm ™ '; MS (ESI) m/z: 383
[M-+H]". Anal. calcd for Co,HsoN4Oy: C 69.08, H 7.91, N
14.65; found C 69.01, H 7.99, N 14.72.

4B KL(Supporting Information) L&) 2a~2j
21~20 [AZHEIEAREE AR RS . X Lokl n] DL 4 2 A
Ti) 38 (http://sioc-journal.cn/) I %%,

References

(1

(2]

(3]

(4]

(3]

Chin. J. Org. Chem. 2016, 36, 1596~1601

(a) Erdmann, A.; Menon, Y.; Gros, C.; Molinier, N.; Novosad, N.;
Samson, A.; Gregoire, J.; Long, C.; Ausseil, F.; Hlby, L.; Arimondo,
P. B. Bioorg. Med. Chem. 2015, 23, 5946

(b) Lanier, M.; Sergienko, E.; Simdo A. M.; Su, Y.; Chung, T.; Mil-
lan, J. L.; Cashman, J. R. Bioorg. Med. Chem. 2010, 18, 573

(c) Salerno, L; Modica, M. N.; Romeo, G.; Pittala, V.; Siracusa, M.
A.; Amato, M. E.; Acquaviva, R.; Giacomo, C. D.; Sorrenti, V. Eur.
J. Med. Chem. 2012, 49, 118

(d) Peifer, C.; Biihler, S.; Hauser, D.; Kinkel, K.; Totzke, F,;
Schachtele, C.; Laufer, S. Eur: J. Med. Chem. 2009, 44, 1788

(e) Wei, Q.-L.; Zhang, S.-S.; Gao, J.; Li, W.-H.; Xu, L.-Z.; Yu, Z.-G.
Bioorg. Med. Chem. 2006, 14, 7146

(f) Pautus, S.; Sehr, P.; Lewis, J.; Fortuné, A.; Wolkerstorfer, A.;
Szolar, O.; Guilligay, D.; Lunardi, T.; Décout, J.-L.; Cusack, S. J.
Med. Chem. 2013, 56, 8915.

(a) Hawker, C. J.; Bosmann, A. W.; Harth, E. Chem. Rev. 2001, 101,
3661.

(b) Benoit, D.; Chaplinski, V.; Braslau, R.; Hawker, C. J. J. 4Am.
Chem. Soc. 1999, 121, 3904.

(a) Sciannamea V.; Jérome, R.; Detrembleur C. Chem. Rev. 2008,
108, 1104.

(b) Calabrese, D. R.; Ditter, D.; Liedel, C.; Blumfield, A.; Zentel,
R.; Ober, C. K. ACS Macro. Lett. 2015, 4, 606.

Wang, Z.-L.; An, X.-L.; Ge, L.-S.; Jin, J.-H.; Luo, X.; Deng, W.-P.
Tetrahedron 2014, 70, 3788.

(a) Dinca, E.; Hartmann, P.; Smréek, J.; Dix, L.; Jones, P. G.; Jahn,
U. Eur. J. Org. Chem. 2012, 4461.

(6]

(7]

(8]

[10]

[11]

[12]

[13]

[14]

[15]

(1e]

© 2016 Chinese Chemical Society & SIOC, CAS

(b) Kirchberg, S.; Frohlich, R.; Studer, A. Angew. Chem., Int. Ed.
2010, 49, 6877.

(c) Abeykoon, G. A.; Chatterjee, S.; Chen, J. S. Org. Lett. 2014, 16,
3248.

Akagawa, K.; Fujiwara, T.; Sakamoto, S.; Kudo, K. Chem. Com-
mun. 2010, 46, 8040.

Bui, N.-N.; Ho, X.-H.; Mho, S.-L.; Jang, H.-Y. Eur. J. Org. Chem.
2009, 5309.

Feng, P.; Song, S.; Zhang, L.-H.; Jiao, N. Synlett 2014, 25, 2717.
Koike, T.; Yasu, Y.; Akita, M. Chem. Lett. 2012, 41, 999.

Luo, X.; Wang, Z.-L.; Jin, J.-H.; An, X.-L.; Shen, Z.; Deng, W.-P.
Tetrahedron 2014, 70, 8226.

Li, Y.; Pouliot, M.; Vogler, T.; Renaud, P.; Studer, A. Org. Lett.
2012, /4, 4474.

Xie, Y.-X.; Song, R.-J.; Liu, Y.; Liu, Y.-Y.; Xiang, J.-N.; Li, J.-H.
Adv. Synth. Catal. 2013, 355, 3387.

Selected reviews on reaction via Cu-catalyzed single electron
transfer: (a) McCann, S. D.; Stahl, S. S. Acc. Chem. Res. 2015, 48,
1756.

(b) Yu, H.; Su, S.; Chi, Z.; Dang, Z. -M. Chin. J. Org. Chem. 2013,
33, 1628 (in Chinese).

(T¥Ek, J5288K, dkith, WREE, AMALF, 2013, 33,1628.)
Selected reviews on Cu-catalyzed oxidation with molecular oxy-
gen: (a) Punniyamurthy, T.; Velusamy, S.; Iqbal J. Chem. Rev. 2005,
105,2329.

(b) Campbell, A. N.; Stahl, S. S. Acc. Chem. Res. 2012, 45, 851.

(c) Allen, S. E.; Walvoord, R. R.; Padilla-Salinas, R.; Kozlowski,
M. C. Chem. Rev. 2013, 113, 6234

Some examples on Cu-catalyzed oxidation with molecular oxygen:
(d) Gao, H.; Wang, H.; Huang, Z.; Yao, L.; Peng, J.; Chen, C. Chin.
J. Org. Chem. 2015, 35, 1707 (in Chinese).

(R, Ew, mEA, B, R, REE, A,
2015, 35, 1707.)

(e) Li, J.; Zhang, Z.; Li, C.; Luo, W.; Yang, S. Chin. J. Org. Chem.
2015, 35, 2199 (in Chinese).

(Zems, sRIREN, 84, DY, M2, Aaes, 2015, 35,
2199.)

(a) Tsai, A. S.; Wilson, R. M.; Harada, H.; Berqman, R. G.; Ellman,
J.A. Chem. Commun. 2009, 3910

(b) Zhang, Y.; Zhang, Y.; Xiao, J.; Peng, Z.; Dong, W.; An, D. Eur.
J. Org. Chem. 2015, 35, 7806.

Kumar, D.; Reddy, V. B.; Kumar, A.; Mandal, D.; Tiwari, R.; Pa-
rang, K. Bioorg. Med. Chem. Lett. 2011, 21, 449.

(Lu, Y)

1601

http://sioc-journal.cn/



