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Cu(0)/Selectfluor & R E NI E REIFIIF R K K

ko8 E @

T K

KXBE  xEs

(L TP R el 22 SRR E X S 3 WL TR TR R B 310014)

WE  {E Cu(0)/Selectfluor A RIIIEH T, LKA, ERMPIZFM TR 7 B/ REIM AN, H15 T 2,3-%-
13- 205 BN ESAL &9, I8R5 AT RT i SRR R SRS R 7R S R 3R S S (52, 3RS T S DL A0 S L
A AZIBEEVERLE, B AR R S REIOM AT R AL SN, RS R RO, s ik 92%.

REEE 4L, Selectfluor; B/REA; MEAL

Cu(0)/Selectfluor System-Catalyzed Epoxidation of
Chalcone Compounds
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Abstract A mild synthesis of 1,3-diaryl-2,3-epoxypropanones via the Cu(0)/selectfluor system-catalyzed epoxidation of

chalcone compounds has been achieved using water as the oxygen source. The optimized reaction conditions were established

through systematic investigations of the effect of catalyst precursors, oxidants and their dosages, and solvents on the reaction

conditions. A variety of chalcones with different substituted patterns can undergo the epoxidation smoothly and furnish prod-

ucts with high yields of up to 92%.
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AL 1,3- 205 B AUREIPTR ISR 2,3-F-1,3-
7 B Y R B AR, BARIE T 2R, (HidEH 1k
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G 1), DA AL HTA, 2 equiv. Selectfluor 9%,
167, (CH5CN) @ M(H,0)=50 : 1 RN, RPN T =i
SEAT R SORE 5 h AT AN M B 87% U %45 B AL AR
fi 2a(% 1, Entry 1). JRBFOEFEA AR E] 1,2,3- =16
AW 3a A k. 24 Selectfluor =D F 1 equiv.i, 2a

W R 43 65%(F 1, Entry 2). — RINEFINAL LI E
B V(CH;CN) : V(H,0)=400 : 1 &K R0 I Nt H

FI(Z& 1, Entries 3 vs 10~12). FA1HEL T AR AL
RS SOBE R EERE, RIGR & Cu(D#h (W Cul, CuBr,
CuCl)if /& Cu(I)EE[U1 Cu(OAc),, CuSO,], NI
ANUARHS (1, Entries 3 vs 5~9). JHEaE AT N
(IHEAT (3R 1, Entry 4). 24 N-FACZEREEE L I (NFST) 1E
REMFIES, WA Selectfluor(X 1, Entry 13).
o} R S EG 3R B T AR (AL 7B Selectfluor 25, RMNA
KA BSCFRIRK(ER 1, Entries 14, 15).

12 RYINER

TESRIF I AR SR B2 I, FRATTRE SR e 1 3 FH G
FIHEAT T 554K 2). NE2TLLE, — &Y HAZ
EARABE (4B 0] X ) RIS [) L RIS (45 L TR L)
(1) R I RER 1 AR BEIR & A A S v, BAH A
I R R A BRI R G (2a~2q, 64%~
92%, & 2). WFFLRILTC & BH 75 B0 2 0 3 11 HL
AR I BT RN I [ 7 s A K (2b~2)). — &R
FIAFIEARIE I S . 4SS, R & K

fil 3L SR8 REAE SN 25 A N AR G M HE 2.
1.3 RNHIIBAIIEIE
TEAFAL R FRATHAIE I T H,O X RE [P
HE( 1, Entry 3 vs 12,). FATFIH H,0"™ %774 2a
AN RIFEIEAT T IRAE(Eq. 1), @it EI-MS K, 45 5%
A SR A R B A R Sk B T HoO. RBIFENE S
RGP REIRA M 52 B, H = USRI A W S5 H B
(Eq. 2), SRR = A EIFA R TEAE

/:

Cu(0) (10 mol%)
Selectﬂuor (2 equiv. )‘/ﬁl)\‘
CH5CN/H,0'®
(V:V = 400:1) 2a-0"8 (82%)
rt,5h
Cu(0) (10 mol%)
Selectﬂuor (2 equ1v)
CH3CN/H20
(V:V = 400:1)
Ar,rt,5h (88%)

BT ) S2 96 A0 2 B TR E Y, BRATTHR I T
Scheme 1 PRI AER VAR, B4, Cu(0)5 Select-
fluor A= ik Cu(IDFL &4 A Ffs, B, 7E88 B /EF T A 4L
JEPERIFD C. BEfE C 58 1a KA R0 [ B AE

R OFRAURE(a) A SR AL ¢

Table 1 Optimization of the reaction conditions for the epoxidation of diarylchalcone (1a)

Oxidant

[Cu] cataylst (10 mol%)

Solvent, r.t., 5h

(e}
1a

scaviiegge

(not detected)

Entry Catalyst Oxidant (equiv.) Solvent (V. V) Yield”/%

1 Cu(0) Selectfluor (2) CH;CN I H,0 (50 : 1) 87

2 Cu(0) Selectfluor (1) CH;CN I H,0 (50 : 1) 65

3 Cu(0) Selectfluor (2) CH;CN : H,0 (400 : 1) 92

4 Cu(0) Selectfluor (2) CH;CN : H,0O (400 : 1) 81¢, 55¢
5 Cul Selectfluor (2) CH;CN : H,0 (400 © 1) 46

6 CuBr Selectfluor (2) CH;CN : H,0 (400 © 1) 48

7 CuCl Selectfluor (2) CH;CN : H,0 (400 : 1) 60

8 Cu(OAc), Selectfluor (2) CH;CN : H,0 (400 : 1) 55

9 CuSO4 Selectfluor (2) CH;CN : H,0 (400 : 1) 39

10 Cu(0) Selectfluor (2) CH;OH : H,0 (400 : 1) 45

11 Cu(0) Selectfluor (2) DMF : H,0 (400 : 1) 0

12 Cu(0) Selectfluor (2) CH;CN <10/

13 Cu(0) NFSI (2)° CH;CN : H,0 (400 © 1) 77

14 — Selectfluor (2) CH;CN : H,0 (400 :© 1) <10

15 Cu(0) — CH;CN : H,0 (400 : 1) 0

“ All reactions were carried out with 1a (0.2 mmol), catalyst (10 mol%), Selectfluor (2 equiv.) in solvent (2 mL) at room temperature for 5 h unless otherwise noted.
b Isolated yield.© At 40 ‘C.¢At60 ‘C.°NFSI=N-fluorobenzenesulfonimide.’ Dried by refluxing with CaH,.
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K2 TOFRAEUREIMEA SRR i
Table 2Scope of the epoxidation of diary chalcones

9 Cu (0) (10 mol%)
17‘\ X | >R2 Selectfluor (2 equiv.)
R Z CH3CN/H,0
rt,5h
1 (0]
. N
R17‘/ ‘ 7R
2
Entry R! R’ Product  Yield®/%
1 H H 2a 92
2 H 4-CH; 2b 80
3 H 4-OCH; 2¢ 65
4 H 4-Br 2d 87
5 H 2-CH; 2e 79
6 H 3-NO, 2f 71
7 H 3-OCH; 2¢g 78
8 4-CH, H 2h 64
9 3-NO, H 2i 60
10 3,4-Cl, H 2j 75
11 1-Naphthyl H 2k 81
12 4-CH; 4-F 21 88
13 4-CH; 2-Cl 2m 85
14 4-Cl 4-F 2n 83
15 4-Br 4-F 20 78
16 4-Cl 4-Cl 2p 89
17 4-Br 4-CH; 2q 70

“Reaction conditions:1 (0.2 mmol), Cu(0) (0.02 mmol), Selectfluor (0.4 mmol)
in CH3;CN/H,O (2.0 mL, V. V=400 : 1) at room temperature for 5 h unless
otherwise noted. Isolatedyields.

A EY) D, i8S 5T D #ACNhEA E, &5 E K
AR IR TR A ) 2a.

Selectfluor 0
Ph/Q)kPh
Cu(0) 2a
—Cl (' Selectfluor
FCu(I)BF, K N ) .
A /N_) BF;
B .cC O\CUO
B
L PhM Ph
H,0 E

B-HX .-~
XCu(llyOH *~ HX
¢ X =F or BFy
\>_/ OH O
(0] Ph)\)LPh

PhMPh Cu(lhX

1a D
B 1 wIREM R BALEE

Scheme 1 Proposed mechanism
2 &g

FATLL Cu B NAEALFATIA, Selectfluor AZEALF,
H,O &R, EhsSEl T BRI IR A L R B, I B
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HA REAHRA . RV REBIR L . it
LA

3 LIRS
3.1 UE5EHH

S AT R AT Aladdin W{FIAF]. LM
oK CaH, #HATT4E, 444 200 H. 'H NMR Al °C
NMR 75 1# & Bruker 24 & 500 MHz AZ B PRAX L0052,
7 CDCl;, AR TMS. J5 3% $ 4 i i 52 5% H 2 [
Water A & GCT Premier A (i — AT I [A] JiT 154, A%
ENTH 100~200 H#EER:, DAAHERR 2R CFE R
iwni

A RIR AL & Y 1) 4% 4 B SCHER (5] k.

32 ZWHE
3.2.1 Cu(0)/Selectfluor 4k F L & R EA IR AAL R
AR R RS

TE—% A S S E H NN 0.2 mmol 1,3- =05 54
/KT, 0.02 mmol %7}, 0.4 mmol Selectfluor, 2.0 mL Z.fi&/
KWV 2 V=400 : 1), BEGRNEEWEER PR
N5 h R PTG, RBGEHIA 10 mL 7K, FH &
F (10 mL X 3)AHL, FHUAHH /K Na,SO, T8, 1T
FhE JE W22, K- S AR ENTIRAE, BIFRIN A
Bk F1 28 LB (V - V=251 1).

2,3-FR4-1,3- IR R (22)%: FEER 92%, Hfhfh
B4, m.p. 89~91 C (lit.!”! 88~89 C); '"H NMR (500
MHz, CDCl5) §: 8.03 (dd, J=8.0, 1.0 Hz, 2H), 7.64 (t, J=
7.5 Hz, 1H), 7.51 (t, J=7.8 Hz, 2H), 7.44~7.38 (m, 5H),
432 (d, J=2.0 Hz, 1H), 4.10 (d, J=2.0 Hz, 1H); "*C
NMR (125 MHz, CDCly) d: 193.1, 135.5, 134.0, 129.1,
128.9, 128.8, 128.4, 125.8, 61.0, 59.4; GC-MS (EI, 70 eV)
miz: 224 [M'].

2,3- RS- 15 R - 3- 2R B T (2b) T 72 3R 80%,
HOE A mp. 88~89 C (it 87~88 C); '"H NMR
(CDCls, 500 MHz) §: 7.93 (d, J=8.0 Hz, 2H), 7.46~7.37
(m, 5H), 7.30 (d, J=8.0 Hz, 2H), 4.30 (d, J=2.0 Hz, 1H),
4.09 (d, J=2.0 Hz, 1H), 2.44 (s, 3H); °*C NMR (CDCl;,
125 MHz) d: 192.6, 145.1, 135.6, 133.1, 129.6, 129.0,
128.8, 128.5, 125.8, 60.9, 59.3, 21.8; GC-MS (EIL, 70 eV)
miz: 238 [M'].

2,3- NG -1- 0 AR % 3 3-SR L T R (20)1 7 72
65%, FOE A mp. 80~82 C (it 79~80 C); 'H
NMR (CDCls, 500 MHz) 6: 8.07~8.01 (m, 2H), 7.46~
7.34 (m, 5H), 6.99~6.95 (m, 2H), 4.27 (d, J=2.0 Hz,
1H), 4.09 (d, J=2.0 Hz, 1H), 3.89 (s, 3H); *C NMR
(CDCls, 125 MHz) 6: 191.4, 164.2, 135.7, 130.8, 129.0,

Chin. J. Org. Chem. 2015, 35, 2650~2654
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128.7, 128.6, 125.8, 114.1, 60.9, 59.2, 55.5; GC-MS (EIL
70 eV) m/z: 254 [M'].

2,3-FR - 1SRRI -3 IR B M 2d)™: 725 87%,
WAFEAR. mp. 118~120 C (1it® 126~127 C); 'H
NMR (CDCl;, 500 MHz) d: 8.10~8.06 (m, 2H), 7.42 (m,
3H), 7.40~7.35 (m, 2H), 7.20~7.16 (m, 2H), 4.27 (d, J=
2.0 Hz, 1H), 4.09 (d, J=2.0 Hz, 1H); °C NMR (CDCl;,
125 MHz) 6: 191.6, 135.3, 131.9, 131.23, 131.15 129.2,
128.8, 125.8, 116.2, 116.1, 61.1, 59.3; GC-MS (EIL, 70 eV)
m/z: 302 [M'].

2,3-FR - 140 283 -3- 2R BE TR (20)1): P23 79%,
O EH K. mp. 86~87 ‘C (not reported); 'H NMR
(CDCls, 500 MHz) §: 7.70 (d, J=7.0 Hz, 1H), 7.45~7.38
(m, 6H), 7.32~7.28 (m, 2H), 4.13 (d, J=2.0 Hz, 1H),
4.06 (d, J=2.0 Hz, 1H), 2.56 (s, 3H); *C NMR (CDCl,
125 MHz) d: 196.7, 138.9, 135.50, 135.45, 135.4, 132.3,
132.1,129.1, 129.0, 128.8, 125.8, 62.4, 59.5, 21.0; GC-MS
(EL 70 V) m/z: 238 [M'].

2,3- IR AR -1- 1) Y 3k 28 i -3- 2R SE T R 20110
71%, #EEFEE. mp. 190~192 C (1it'"" 199 C); 'H
NMR (CDCls;, 500 MHz): ¢ 8.89 (t, J=2.0 Hz, 1H),
8.51~8.49 (m, 1H), 8.39~8.37 (m, 1H), 7.73 (d, J=8.0
Hz, 1H), 7.44 (t, J=5.7 Hz, 3H), 7.40~7.38 (m, 2H), 4.29
(d, J=2.0 Hz, 1H), 4.15 (d, J=2.0 Hz, 1H); “C NMR
(CDCls, 125 MHz) &: 191.6, 148.4, 136.5, 134.8, 134.0,
130.2, 129.4, 1289, 128.1, 1258, 1234, 61.3,
59.6;GC-MS (EI, 70 eV) m/z: 270 [M].

2,3-FR4E-1- ) 400 2 3 T A 2g) ) 7
78%, FHE K. mp. 89~91 C (not reported); 'H NMR
(CDCls, 500 MHz) §: 7.61~7.59 (m, 1H), 7.56~7.54 (m,
1H), 7.42 (m, 3H), 7.40~7.38 (m, 3H), 7.18 (dd, J=8.0,
3.0 Hz, 1H), 4.31 (d, J=2.0 Hz, 1H), 4.09 (d, J=2.0 Hz,
1H), 3.88 (s, 3H); *C NMR (CDCls, 125 MHz) 6: 192.9,
160.0, 136.8, 135.5, 129.9, 129.1, 128.8, 125.8, 121.0,
120.7, 112.4, 61.0, 59.5, 55.5; GC-MS (EL 70 eV) m/z:
254 [M'].

2,3-FR4E-1- 2300 FORSE T 2 77 % 64%,
HOEA. mp. 70~72 C (1it"! 70~71 C); '"H NMR
(CDCls, 500 MHz) J: 8.04~8.01 (m, 2H), 7.65~7.62 (m,
1H), 7.55~7.45 (m, 3H), 7.29 (s, 1H), 7.23 (d, J=8.0
Hz, 2H), 4.31 (d, J=2.0 Hz, 5H), 4.06 (d, J=2.0 Hz,, 1H),
2.40 (s, 3H); *C NMR (CDCl;, 125 MHz) 6: 193.2, 139.1,
135.5, 133.9, 132.5, 129.5, 128.9, 128.3, 125.8, 61.1, 59.5;
GC-MS (EI 70 eV) m/z: 238 [M'].

2,3- AR -1- 2 B -3- ) A 66 2 Ok R R (20)!2)
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60%, O E A, mp. 117~118 C (it!'? 115~
116 ‘C); '"H NMR (CDCl;, 500 MHz) d: 8.27~8.25 (m,
2H), 8.05~8.03 (m, 2H), 7.74 (d, J=8.0 Hz, 1H), 7.68~
7.62 (m, 2H), 7.53 (d, J=8.0 Hz, 2H), 4.34 (d, J=2.0 Hz,
1H), 4.24 (d, J=2.0 Hz, 1H); *C NMR (CDCl;, 125 MHz)
5: 1922, 137.9, 135.3, 134.4, 131.8, 130.2, 123.0, 129.1,
128.5, 124.0, 120.8, 60.7, 58.0; GC-MS (EL, 70 eV) m/z:
270 [M].

2,3-IR 4 - 1- 2K 3 -3-(3,4- ~FUIRIE) N2 P2
76%, B[ . mp. 108 ~109 C (it 109 ~
110 ‘C); '"H NMR (CDCl;, 500 MHz) 6: 8.01 (d, J=8.5
Hz, 2H), 7.67~7.64 (m, 1H), 7.53~7.47 (m, 4H), 7.23
(dd, J=8.0, 1.5 Hz, 1H), 4.25 (d, J=2.0 Hz, 1H), 4.06 (s,
1H); *C NMR (125 MHz, CDCl;) 6: 192.3, 135.9, 135.3,
1342, 133.3, 133.2, 130.9, 129.0, 128.4, 127.6, 125.1,
60.7, 57.9; GC-MS (EI, 70 eV) m/z: 293 [M"].

2,3-FRE-1-2K0-3-(1-25) N R (2k): 7= 81%, THfh
44, m.p. 111~113 °‘C;'H NMR (CDCls, 500 MHz) ¢:
8.10 (dd, J=8.0, 1.0 Hz, 2H), 8.01 (d, J=8.0 Hz, 2H),
7.94 (d, J=17.5 Hz, 1H), 7.89 (d, J=8.5 Hz, 1H), 7.67~
7.64 (m, 2H), 7.57~7.50 (m, 5H), 4.75 (d, J=2.0 Hz,
1H), 4.33 (d, J=2.0 Hz, 1H); *C NMR (125 MHz, CDCl5)
0:193.3, 135.5, 134.1, 133.3, 131.7, 131.2, 129.0, 128.93,
128.88, 128.4, 126.8, 126.2, 125.5, 122.6, 122.5, 60.2,
57.8; HRMS calcd for C;oH;;0, 274.0994, found
274.0986.

2,3- 1 G- 1- %o 4 % 35 -3- 6 PR R B T i (21): 77 %
88%, FAEMK. mp. 101~102 C; 'H NMR (CDCl;,
500 MHz) J: 8.09~8.05 (m, 2H), 7.28~7.27 (m, 2H),
7.23 (d, J=8.0 Hz, 2H), 7.20~7.15 (m, 2H), 4.25 (d, J=
2.0 Hz, 1H), 4.05 (d, J=2.0 Hz, 1H), 2.40 (s, 3H); "°C
NMR (125 MHz, CDCl5) 0: 191.8, 166.2 (d, J=255 Hz),
139.2, 132.3, 132.0 (d, J=2.5 Hz), 131.2 (d, J=8.8 Hz),
129.5, 125.8, 116.1 (d, J=21.3 Hz), 61.1, 59.4, 21.3;
HRMS calcd for C,¢H 3FO, 256.0900, found 256.0911.

2,3- IR G- 1- A0 S 2R B -3-56 FE 2R BE TN B (2m): 72 3
85%, LG A, mp. 90~92 ‘C; 'H NMR (CDCls, 500
MHz) ¢: 7.63 (dd, J=7.5, 1.5 Hz, 1H), 7.48~7. 42 (m,
2H), 7.40~7.36 (m, 1H), 7.25 (d, J=8.0 Hz, 2H), 7.20 (d,
J=8.0 Hz, 2H), 4.17 (d, J=1.5 Hz, 1H), 4.08 (d, J=1.5
Hz, 1H), 2.38 (s, 3H); >C NMR (125 MHz, CDCl) ¢:
196.4, 139.0, 136.6, 132.9, 132.2, 132.2, 130.4, 130.1,
129.4, 127.1, 125.8, 62.9, 60.5, 21.2; HRMS calcd for
C16H,5Cl0, 272.0604, found 272.0612.

2,3- R G -1- 06 6 2 i -3- X G 3 T il (2n): 7R K

http://sioc-journal.cn/ 2653
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83%, #{[E K. m.p. 98~100 ‘C; 'H NMR (CDCls;, 500
MHz) &: 8.09~8.05 (m, 2H), 7.41~7.38 (m, 2H), 7.33~
7.30 (m, 2H), 7.21~7.16 (m, 2H), 421 (d, J=1.5 Hz,
1H), 4.07 (d, J=2.0 Hz, 1H); *C NMR (125 MHz, CDCl;)
5:191.3, 166.3 (d, J=255 Hz), 135.1, 133.9, 131.8 (d, J=
3.8 Hz), 131.2 (d, J=8.8 Hz), 129.1, 127.1, 116.2 (d, J=
22.5 Hz), 61.0, 58.6; HRMS caled for CsH,,CIFO,
276.0353, found 276.0347.

2,3- PR G- 1- 0 962K ik -3- X6 R 2K 3 T i (20): 77 %
78%, F [l A, mp. 114~116 C; 'H NMR (CDCl;,
500 MHz) J: 8.09~8.05 (m, 2H), 7.56~7.54 (m, 2H),
7.27~17.24 (m, 2H), 7.21~7.16 (m, 2H), 4.20 (d, J=1.5
Hz, 1H), 4.06 (d, J=2.0 Hz, 1H); “C NMR (125 MHz,
CDCly) 6: 191.2, 166.3 (d, J=255 Hz), 134.4, 132.0, 131.8
(d, J=3.8 Hz), 131.2 (d, J=8.8 Hz), 127.4 123.2, 116.2
(d, J=22.5 Hz), 61.0, 58.6; HRMS calcd for C;sH;,BrFO,
319.9848, found 319.9857.

2,3-HE-1,3- X IR A IR p) " AR 89%, B
@EA. mp. 99~100 C (1it!" mp. 114~117 C); 'H
NMR (CDCls, 500 MHz) d: 7.99~7.96 (m, 2H), 7.50~
7.47 (m, 2H), 7.41~7.38 (m, 2H), 7.32~7.30 (m, 2H),
420 (d, J=2.0 Hz, 1H), 4.07 (d, J=2.0 Hz, 1H); "*C
NMR (CDCls, 125 MHz) 0: 191.7, 140.8, 135.1, 133.9,
133.6, 129.8, 129.3, 129.1, 127.1, 61.0, 58.7; GC-MS (EIL,
70 V) m/z: 280 [M'].

2,3-FR 4 -1- 6 2R L 30 IR R I TR il (2q): 7R R
70%, O EAK. mp. 100~101 ‘C; 'H NMR (CDCls,
500 MHz) §: 7.92 (d, J=8.0 Hz, 2H), 7.57~7.53 (m, 2H),
731 (d, J=8.0 Hz, 2H), 7.27~7.24 (m, 2H), 4.24 (d, J=
2.0 Hz, 1H), 4.05 (d, J=2.0 Hz, 1H), 2.44 (s, 3H); "°C
NMR (CDCly, 125 MHz) 0: 192.2, 145.2, 134.8, 133.0,
132.0, 129.6, 128.5, 127.4, 123.0, 60.8, 58.7, 21.8; HRMS
caled for Ci¢H 3BrO, 316.0099, found 316.0091.
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#HBI#1 kL (Supporting Information) =% 2a~2q %
LR . X SRl AT B A 2l AT I i (http://sioc-
journal.cn/) I F#k.
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