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Copper-Promoted Oxidative Cyclization/Migration of Enaminone
for Synthesis of Functionalized 2H-Azirines

Yang, Kun Duan, Xiyan™* Li, Junbo Liu, Pu Guo, Xuming Li, Jun
Zhou, Huiyun Liu, Ning Liu, Jianwei Wang, Shuangshuang
Li, Huixian Du, Yazhen Ma, Junying®

(School of Chemical Engineering & Pharmaceutics, Henan University of Science and Technology, Luoyang 471023)

Abstract A new method for the synthesis of 2-benzoylated 2H-azirine via Cu-promoted oxidative cyclization/migration of
enaminone was reported. The advantage of our approach is mild reaction condition, short reaction time and easy operation.

Keywords copper-promoted; 2H-azirines; enaminone; oxidative cyclization/migration
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Figure 1 Methods for the synthesis of 2H-azirines from enam-
inone.

1 ER5HR

HTH B MMWR, &Y 1a $Hk AVIGEIRY K
7108 S B2 A (R 1), FRATTIRAIE 1 T4 50 1) ik, o
i — & AR ) K B, Cu(NOs),, CuSO,4 Cu(acac),,
CuCO;, CuO LK CuCl 3AZIHAx4) 2a(3% 1, En-
tries 1~6). 4523 41 IX57 CuCleH,0 i, ZIREHELL 71%
(7= RA5F)7Y) 2a(% 1, Entry 7). SR, {8 4R R 57
CuBr, 1E RN M AL, 2a 7= 20 FREER 1,
Entry 8). [RIFEXTH Bl AP 4 T Rl A
(DTBP), H,0, #EATHfi%E, XLt &b agss UK M)
Fﬁ%as%~35%ﬁ%ﬁﬁﬂﬁzu%2LEmﬂ%9~qm.ﬁ%ﬁ
HE— RYNEFIEIE NN-—F 5 FBLZ(DMF). TERk
ﬁ@m%lﬁiﬁAﬂ\ﬁi\Hm{uﬁiﬁlﬁ
(DCE), & ILiX L6 % F At 2, 5 45 % (Entries 11~ 16).
RMAEZRFAE TBHP 25, HAGMAE BRIk
1, Entry 17).
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Table 1 Optimization of the reaction conditions

O NH, Oxidants ‘)H)\‘
_ Catalysts
O O Solvents, r.t. \,Q
0.5h
1a
Entry gzzzs)t 2:):1111(112\1711; Solvent  Yield"/%

1 Cu(NOs), (1) TBHP (2) CH;CN nd
2 CuSOq4(1) TBHP (2) CH;CN nd
3 Cu(acac), (1) TBHP (2) CH;CN nd
4  CuCOs(1) TBHP (2) CH;CN nd
5 CuO (1) TBHP (2) CH;CN nd
6 CuCl(1) TBHP (2) CH;CN nd
7  CuCl,*H,O (1) TBHP (2) CH;CN 71
8  CuBr; (1) TBHP (2) CH;CN 40
9  CuCl,*H,O (1) DTBP (2) CH;CN 15
10  CuCl,*H,O (1) H,0,(2) CH;CN 35
11 CuCl,*H,O (1) TBHP (2) DMF nd
12 CuCl,*H,O (1) TBHP (2) THF nd
13 CuCl,*H,O (1) TBHP (2) 1,4-Dioxane 20
14  CuCl,*H,O (1) TBHP (2) Toluene nd
15 CuCl,*H,O (1) TBHP (2) EtOH Trace
16 CuCl,*H,O (1) TBHP (2) DCE nd
17 — TBHP (2) CH;CN nd

© 2017 Chinese Chemical Society & SIOC, CAS

“ Reaction conditions: the substrates 1a (1 mmol) was reacted with catalysts
and oxidants in solvent (10 mL) for 30 min unless otherwise stated. nd=no
detected. * Isolated yields.

S EL RISV S LD SNE B N 4 G =
X 12 SN PR T JEE (3 2). 45 SRR W, 24 R? NIRRT, R
N RN, N RE S DU 1 7 R AR B )
2b (% 2, Entry 2). 4 R' 2RI B X R F A CLEUR
I, ZRIRY) FIFEE A T A B (2¢~2d)(K 2, Entries
3~4). M RUNFHEE, RPATLCAEEW R T E4A T
MR IE (A AL SR SHR PRI, M
Re % IR 14647 9 H RE % DUBMIK B Hh &5 7= 2245 21 AH B
(K74 2e~2g(# 2, Entries 5~7). 4R AZERN, N
[EAEIGRBEAT I HL B8 LR 56 = 2243 2 724 2h (56%)
(3 2, Entry 8).

TR BN, FRAMY 7 — el seis. T
i) Eh A SE A 2H A A B R R 5] R R A
SRR, AR N AT e K B E HHIENLEP. N T AR —
s, B HIEEHIRN 2,6- 8T 5E-4-F E K (BHT)E
WA T I CAG, (URIUAR RN IR IEER 1a. 4 H
FH SRR 2,2,6,6-VY FHJEARIE - 1- () (TEMPO)TE bR
HELCAF NI BNAR R, FEBA R B AR, X
AN SN2 FRAIE S T R SRR N H ERZEMLE (Scheme 1).
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Table 2 Investigation of the scope of the procedure

(o}
Q  NH, CuClyH,0, TBHP Ns
RN T R R?
MeCN, r.t. O\(O
R' = aryl, R? = phenyl R
Entry Substance Product Time/h Yield”/%

=
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(¢]] 2d
(0] New
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0.3 56

1f

0\
0 NH,
z 0
6 OhA® 0~ @
cl
2

1042 http://sioc-journal.cn/ © 2017 Chinese Chemical Society & SIOC, CAS Chin. J. Org. Chem. 2017, 37, 1040~1045



Chinese Journal of Organic Chemistry

E
Entry Substance Product Time/h Yield®/%
o} New
O NH,
% (0]
7 HD 'D 0 Br 0.5 32
Br
19
2g
(0] New
o w1 LT
Z o)
8 O 0.5 56
1,, »
2h

“ Reaction conditions: substrates 1a (1 mmol), CuCl,*H,0 (1 mmol) and TBHP (2 mmol) were stirred in MeCN (10 mL) unless otherwise stated. ® Isolated yields.
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Scheme 1 Control experiment

BT SCHRARE DL R AT ) S8, R T — AT
AR SR ML (Scheme 2). TBHP 7248 (40T 480 3E )
TR REER 1 s NS B E 2 AL PR A AT BLE
I LR TR R L B 7 Ak B, AR5 a4 B s
o-TR TR IR BE R RAT B A4k D, X —DIFER T 1,3-
TR B AT AR AR K B R DY T A AL
VBRI B S A SRS B R 25tk & S i), i it
TBHP Ak a k& D 7T LIS RIAHR R IR E. @il
TBHP 1 51 K= R H HEE F AT DU FZ R 1 s b 15
F Rk G B a4k G AT LA RS B ]
W H, A H FAAE 2GR R LRk 1k
A2 ALBRIE T TR CEIR TR R 3 RS,
HHIE R I R A 22T 2 H bR =4 2.
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3.2.1 BAX A9 2H- R 7= 7 H o 69 A nk,

B — KA EAHT CuCl*H,0 (1 mmol) AL T 3t 4
LA (2 mmol) A ZFE(10 mL)H, RGN 1 (1
mmol). SNV EPIAE R T B EE B 2 UG R R 5T
45(#) 30 min), ¥ LR ZBE5(20 mL) I S NAR R A, F
TR ACHR FR AN SR A NUAR, & IR U oK B R
A, LR AR SRR S, GBI A R M Al Ak S SR
23] Hbrr=9.

2- % HA I 25 -3- 2 B -2 H- G A% T s W - K IR g
(2a)®: 121 mg, BEAMORBEAK, 725K 71%. '"H NMR
(CDCls, 400 MHz) d: 8.20~8.18 (m, 2H), 8.04 (t, J=6.8
Hz, 4H), 7.69~7.66 (m, 1H), 7.60 (t, J=6.8 Hz, 2H), 7.55
(t, J=7.6 Hz, 1H), 7.51~7.47 (m, 1H), 7.42~7.38 (m, 4H);

2

-

i3
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Scheme 2 Possible reaction mechanism
C NMR (100 MHz, CDCl5) 6: 193.88, 166.98, 165.97,
135.13, 134.59, 133.69, 132.92, 131.06 (2C), 129.89 (2C),
129.37 (2C), 128.82 (2C), 128.45, 128.40 (2C), 128.37
(20), 121.35, 70.03. HRMS (ESI) caled for C,,H;sNO;
[M+H]" 342.1130, found 342.1133.

A F 5 2 PR R 3-8 L 0 - R 2% TR O W -4 PP R
HERBE (2b): 136 mg, 3% G HCIRWAA, 72 74%. 'H
NMR (CDCl;, 400 MHz) J: 8.18 (d, J=7.5 Hz, 2H), 7.97
(d, J=7.9 Hz, 2H), 7.92 (d, J=7.9 Hz, 2H), 7.66 (d, J=
7.1 Hz, 1H), 7.60 (t, J=7.4 Hz, 2H), 7.20 (d, J=5.5 Hz,
4H), 2.38 (s, 3H), 2.34 (s, 3H); *C NMR (CDCl;, 100
MHz) 6: 193.40, 167.26, 166.01, 144.58, 143.87, 134.47,
132.56, 131.11 (2C), 130.02 (2C), 129.35 (2C), 129.16

1044 http://sioc-journal.cn/
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(20), 129.13 (4C), 125.85, 121.63, 69.99, 21.67, 21.62;
HRMS (ESI) caled for CyyHyNO; [M+H]" 370.1443,
found 370.1436.

A T 3 -3- 2R -2 H- R 2% TR M W -2- 2 K R
fig(2¢): 97 mg, & EMARBA, 723 51%. 'H NMR
(CDCls, 400 MHz) d: 8.17 (d, J=7.1 Hz, 2H), 8.05 (dt,
J=17.5, 5.5 Hz, 4H), 7.69 (t, J=7.4 Hz, 1H), 7.62 (t, J=
7.4 Hz, 2H), 7.09 (dd, J=14.5, 8.5 Hz, 4H); “C NMR
(CDCl;, 100 MHz) &: 192.10, 167.51, 167.23, 166.81,
164.99 (Jor=3.6 Hz), 164.27, 134.79, 132.69, 132.60,
131.75 (2C), 131.66 (2C), 131.15 (2C), 129.49 (20),
115.85 (Jep=7.3 Hz, 2C), 115.63 (Jor=7.1 Hz, 20),
70.07; HRMS (ESI) caled for C,H,,F,NO; [M+H]"
378.0942, found 378.0944.

4GP -3- R R 2 H- R R -4- R P R
fE(2d): 106 mg, 3 AHPIRBA, 723 52%. 'H NMR
(CDCls, 400 MHz) 6: 8.16 (d, J=7.2 Hz, 2H), 7.95 (dd,
J=8.3, 5.6 Hz, 4H), 7.70 (t, J=7.4 Hz, 1H), 7.62 (t, J=
7.5 Hz, 2H), 7.39 (t, J=9.2 Hz, 4H); *C NMR (CDCl;,
100 MHz) 6: 192.46, 167.04, 165.17, 140.48, 139.54,
134.87, 133.35, 131.35 (2C), 131.18 (2C), 130.34 (20),
129.52 (2C), 128.92 (2C), 128.84 (2C), 126.85, 121.14,
70.11; HRMS (ESI) caled for C,H;4CLNO; [M+H]"
410.0351, found 410.0341.

2- 2K HH gk 5 -3-(4- FH AR R Rk ) -2 H- G 4 TR O i — R
TR (2e): 70 mg, ORI, 773 38%. 'H NMR
(CDCls, 400 MHz) d: 8.14 (d, J=8.9 Hz, 2H), 8.07~7.95
(m, 4H), 7.54 (d, J=7.4 Hz, 1H), 7.46 (d, J=7.4 Hz, 1H),
7.39 (dt, J=15.7, 7.7 Hz, 4H), 7.09 (d, J=8.9 Hz, 2H),
3.89 (s, 3H); “C NMR (CDCl;, 100 MHz) J: 194.21,
166.13, 165.52, 164.69, 13529, 133.61, 133.39 (20),
132.78, 129.93 (2C), 128.83 (2C), 128.67, 128.39 (20),
128.33 (2C), 114.99 (2C), 113.52, 70.13, 55.61; HRMS
(ESI) caled for CpH;sNO, [M-+H]" 372.1236, found
372.1228.

2- 7% PR Ik -3-(4- UK 38 )-2 H- S0 2% T 0 e — % YR
fig(2f): 105 mg, ¥ EMPRBAA, 723 56%. 'H NMR
(CDCls, 400 MHz) ¢: 8.14 (d, J=8.4 Hz, 2H), 8.03 (t, J=
7.2 Hz, 4H), 7.59 (d, J=8.4 Hz, 2H), 7.57~7.52 (m, 1H),
7.50 (d, J=7.3 Hz, 1H), 7.41 (t, J=7.6 Hz, 4H); *C NMR
(CDCl;, 100 MHz) &: 193.76, 166.77, 166.00, 141.21,
135.04, 133.83, 133.10, 132.35 (2C), 129.98 (2C), 129.89
(2C), 128.95 (2C), 128.49 (2C), 128.46 (2C), 128.40,
120.01, 70.00; HRMS (ESI) calcd for Co,H;sCINO; [M+
H]" 376.0741, found 376.0742.
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2- 7R HH gk 5 -3-(4- YR R JR ) -2 H- U TR I W — 2K HR 1R
fig(2g): 67 mg, T AR, 77F 32%. 'H NMR
(CDCls, 400 MHz) 6: 8.11~7.96 (m, 6H), 7.76 (d, J=8.4
Hz, 2H), 7.57 (s, 1H), 7.50 (d, J=7.5 Hz, 1H), 7.42 (t, J=
7.6 Hz, 4H); “C NMR (CDCl;, 100 MHz) J: 193.77,
166.97, 166.01, 161.55, 135.02, 133.86, 133.14, 132.90
(20), 132.40 (2C), 130.00 (2C), 128.97 (2C), 128.51 (2C),
128.49 (2C), 128.38, 120.43, 69.96. HRMS (ESI) calcd for
Cy,H sBrNO; [M+H]" 420.0235, found 420.0222.

2-(2-ZE W) -3- K2 H- B TR e 2-25 T BRI
(2h): 123 mg, & ElRIA, 7% 56%. 'H NMR
(CDCls, 400 MHz) §: 8.68 (s, 1H), 8.63 (s, 1H), 8.25 (d, J
=7.5 Hz, 2H), 8.09 (d, J=8.6 Hz, 1H), 8.02 (d, J=8.6
Hz, 1H), 7.90~7.78 (m, 6H), 7.68 (d, J=6.9 Hz, 1H),
7.63 (t, J=7.3 Hz, 2H), 7.58~7.48 (m, 4H); C NMR
(CDCl;, 100 MHz) 6: 193.77, 167.44, 166.26, 135.79,
135.37, 134.66, 132.47, 132.29, 132.25, 131.96, 131.23
(2C), 130.84, 129.54, 129.46 (2C), 129.41, 128.67, 128.52,
128.36, 128.32, 127.72, 127.70, 126.79, 126.74, 125.72,
125.09, 124.62, 121.57, 70.40. HRMS (ESI) caled for
C30H2NO; [M+H]" 442.1443, found 442.1432.

HHBh#1 &L (Supporting Information) L& WIIERE . ik
TR 23 R A . X e L R A A B A T IR
(http://sioc-journal.cn/) .~ K.
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