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Copper-Catalyzed Trifluoromethylation of Enol Ether

Chen, Zhimin“® Xu, Li’ Wang, Shaohua***
(“ College of Chemistry and Chemical Engineering, Lanzhou University, Lanzhou 730000)
(®School of Pharmacy, Lanzhou University, Lanzhou 730000)

Peng, Rui” Yang, Binmiao“

Abstract A copper-catalyzed trifluoromethylation of enol ether is developed, which provides a potential strategy for the
synthesis of 2-trifluoromethyl enol ether compounds. The reaction is under mild conditions with moderate to good yields. The
structures of target compounds were confirmed by NMR, IR, MS, and HRMS.

Keywords copper; fluorine; enol ether; trifluoromethyl
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B/ ARV T AR R R S N (Eq. 1), %5700 B-=
I S DI & R T — DM ER A e, e
S 0] SO ALE RIS R e B AT TR, A 1 5 =0
BB S MY J vl Re S A A T Tl 3, ARSI h |4k 3
AL R 1,2 SR E R S AR R AR P =
AR/~ I B S N K ) 4, 05— 7L,
)4 3 K A S R B, AT DAAS 31 2- = 980 FH BE AR R AL,
B 2. Ty b ST PR 5 st A ) P 2
RRNAY) 2 B[R AL S 4 4 0 A jenT BLIE kP 7
TR RS 5 —, BT LA 8) ) o
-, Lﬁﬁﬁliﬁ%ﬁ’]ﬂ% fike, IXREA AT REHT 9 S R
f15)) 71(Scheme 1).
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TR E— 2L %, Wid CuBr 803 CuOAc 1)
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Table 1 Optimization of reaction conditions of the trifluoro-

o

CF,
|, BF;

methylation of enol ether

Cat. (0.3 equiv.)
CF3 source (1.2 equiv.)
Solvent, Temp.
CE@
(0]

©§<

2

Entry Catalyst CF; source Solvent  Yield®/%
1 CuOTf+0.5C¢Hg I CH,Cl, 20
2 [(MeCN),Cu]PF¢ I CH,Cl, 25
3 CuBr I CH,Cl, 68
5  CuOAc I CH,Cl, 66
6  CuOAc II CH,Cl, 40
7 CuOAc 111 CH,Cl, Trace
8  CuOAc I CH;CN 12
9 CuOAc 1 CH;0H Trace
10°  CuBr, CuOAc 1 CH,Cl, 80

AR EAR U, WTﬁﬁﬁfiVﬁMiﬂﬂ 0.1 mmol /] 1a 1 1.2 equiv.f=
ST IEARIRFAE 28 C TR AT R P 4B % < A1 0.015 mmol [ CuOAc
F10.015 mmol CuBr 1E AL 7.

K2 WA AREOOUBE 1 =5 5L
Table 2 Scope of the trifluoromethylation of enol ether by cop-
per(D)

© 2014 Chinese Chemical Society & SIOC, CAS

Entry Substrate Product Yield/%
OH OH
1 o) o ‘ 80
|
CF3
1a 2a

2 60

3 68

4 64

O
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(= P EAGRSR Coo—CFs BRI, % VAR BRI
R TR 7 A KRR, SOV SRR AR
et G = PR A Rk, EEm AT T
fifE, ASSCHT A A (KD R 15 ) = 3 P R A S Wk 22K
SRR RARIE, A SN h 2- =90 IR R AL 5 1)
(I PR T — 2 W A IR & OB 1.

2 Zig

PATTULSRAR, S R P 0 4 b iR 7R, SR e
YENE R ZAE T, LA Togni’s reagent 1 /4 — 5 H &
AR, SIREEEREAT = S AR Cyo—CF 8, 1%
SR AAFELRT, PR BAF, FREM A AR, ASXTR
YIRS e, A A G I Ja ST AR AR B 1)
FHI 1 F B A1
3 ZEHESHS
3.1 UESIKFH

SEEG6 T FH s 700 A FH 17 340 e FE Ak 0 590 1 A A 7 7%
FERSHAEE FEATAbEE, 'H, PC LK F R 41
Bruker AX-400 MHz {3 &5 Hll 52, CDCl; A #%57, TMS 4
WHR; £EAME% ] Nicolet FT-170SX 41 4R 18 4% (KBr
JEF); MS SR B 2010 2 i R ge il e 0 2%
KT ] Bruker ApexIT Jliid EST Y5 5.

32 LWHE
32.1 =R TIHKGA-ZA-2H-7L8-6-Y) F B2 (1a) 89
B AR

% 3,4-5(-2H-NLN(1.84 g, 21.9 mmol)iA T 60 mL
TRVUERRIE T, ARERESRY T, T 0 C &M
NIE T 3E481(2.5 mol/L in hexane, 8.0 mL, 20.0 mmol), Il
SRR RENFR RN 3 h ARAHNE—-T78 C, T
TARY PR IR CHEFEI(1.94 g, 21.9 mmol) A Jx
NARR, IN5efa ik RER B SHAEE A 2 h AR
TR PR SN (15 mL)EE K, 3 BAHUH, /KA &
(30 mLX2)AHL, & IFAHIAH, AN BN
WEWUE, TOOKORER N T-5, 18, I8 4E. i~
W) R 2T [ V(petroleum) & V(EtOAc)=110 : 1], 15
B 11 €470 i [ 44 (83% 77 %). 'H NMR (400 MHz,
CDCly) d: 4.70 (t, J=3.8 Hz, 1H), 3.92 (t, J=5.0 Hz, 1H),
2.06~2.02 (m, 2H), 1.77~1.70 (m, 9H), 1.65~1.57 (m,
6H), 1.26~1.02 (m, 10H); ">*C NMR (100 MHz, CDCl) ¢:
155.0, 95.6, 79.3, 65.6, 42.1, 27.4, 27.0, 26.8, 26.6, 22.5,
20.0; IR (neat) v: 3492, 2929, 1448, 1065 cm '; MS (EI)
m/z (%): 278 (6), 195 (100), 177 (15), 111 (25), 83 (40), 55
(77); HRMS (ESI) calcd for C;gH3,0, (M+H) ": 279.2319,
found 279.2322.

982 http://sioc-journal.cn/
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322 1-(3,4-= & -2H-"hoh-6-1)-3,3- = F IR T B
(1b) 94 A%,

LRARES 1a MRS, R AR 24T
[V(petroleum) : V(EtOAc)=60 : 1], 153 4 ) & T [
14(84%7%). '"H NMR (400 MHz, CDCl;) o: 7.34~7.32
(m, 2H), 7.28~7.21 (m, 6H), 7.12~7.06 (m, 2H), 4.65 (t,
J=3.8 Hz, 1H), 3.92 (t, J=5.2 Hz, 2H), 3.32 (d, J=2.4
Hz, 1H), 3.29 (d, J=2.8 Hz, 1H), 2.94 (s, 1H), 2.91 (s,
1H), 2.32 (s, 1H), 1.87~1.83 (m, 2H), 1.70~1.64 (m,
2H); *C NMR (100 MHz, CDCls) : 155.1, 150.1, 149.0,
128.3, 128.0, 126.4, 126.2, 125.5, 125.3, 96.0, 71.4, 66.3,
46.6, 43.4, 22.0, 19.8; IR (neat) v: 3442, 2945, 1087, 739,
702 cm'; MS (ED) m/z (%): 306 (40), 180 (88), 165 (72),
126 (100), 98 (58), 55 (47); HRMS (ESI) caled for
CHy30, (M~+H) "2 307.1693, found 307.1688.

323 (4,5-=&rkrh-2-%)=(3-A3K) P B2 (1d) 894 A%,

WIEAES 1a AR, 19 20 R
JEHT[V(petroleum) : V(EtOAc)=80 : 1], #4545 5E
AIEAK(97%5% ). 'TH NMR (400 MHz, CDCl;) d: 7.30~
7.24 (m, 2H), 7.17~7.14 (m, 4H), 7.00~6.94 (m, 2H),
4.57 (t, J=3.0 Hz, 1H), 4.45 (t, J=9.2 Hz, 2H), 3.26 (s,
1H), 2.70 (dt, J=2.4 Hz, 9.2 Hz, 2H); >C NMR (100
MHz, CDCl;) 6: 163.8 (d, J=468.0 Hz), 161.4, 159.1,
146.0 (d, J=7.0 Hz), 129.4 (d, J=8.0 Hz), 122.7 (d, J=
3.0 Hz), 114.6 (d, J=21.0 Hz), 114.2 (d, J=23.0 Hz),
100.8, 76.8, 70.9, 30.2; IR (neat) v: 3477, 2926, 1590,
1443, 1228, 781, 697 cm'; MS (EI) m/z (%): 288 (10),
259 (25), 165 (23), 123 (100), 95 (28); HRMS (ESI) caled
for C,7H,sF,0, (M+H)": 289.1035, found 289.1030.
324 ZIHRTEA[GA(Z AT H)-3,4- =S -2H-wH-6-
M 9 B (2a) 896 A%,

FHIRAL I 47(0.015 mmol), BRIV 4(0.015 mmol)Fl
Togni X7 T (0.15 mmol)IIA % F4E(1.0 mL)H7EM
SR T RSB 10 min, #F 1a (0.10 mmol)
1) S HE0.5 mL)BEBRIMA R NAAZR ST 28 C R R
N TR, Y 1a 58 AT A ROV R B T R
JBEFEZ T [V(petroleum) © V(CH,ClL)=4 © 117531 (1 {4, %
IRME AR 2a (27.8 mg, 80%77%). m.p. 9~101 C; 'H
NMR (400 MHz, CDCly) 6: 3.91 (t, J=42 Hz, 2H),
2.28~225 (m, 2H), 2.03 (s, 1H), 1.86~1.58 (m, 14H),
1.30~0.99 (m, 10H); *C NMR (100 MHz, CDCL) ¢:
162.2 (d, Jr=4.0 Hz), 126.1 (q, Jy=269.0 Hz), 101.9 (q,
Jr=32.0 Hz), 81.9, 64.9, 43.7, 27.9, 27.1, 26.7 (d, Jy=
10.0 Hz), 22.1 (d, Jy=4.0 Hz), 21.6; "’F NMR (376 MHz,
CDCly) 6: —49.9; IR (neat) v: 3641, 2928, 1629, 1450,

Chin. J. Org. Chem. 2014, 34, 980~984



Chinese Journal of Organic Chemistry

NOTE

1268, 802 cm™'; MS (EI) m/z (%): 346 (6), 263 (63), 243
(90), 223 (50), 161 (52), 55 (100); HRMS (ESI) calcd for
C1oH30F30, (M+H)": 347.2192, found 347.2186.

325 33-ZFKAE-I-[5-(Z AT £)3,4-— A -2H-7
"H-6-4 | 2R T BZ(2b) 86~ .

SEHRAES 2a 15 RERL, AR HREIRAEJE B
[M(petroleum) : V(CH,CL)=1 : 1143 2| L {4 Wk 7= 9
(22.4 mg, 60%“*). 'H NMR (400 MHz, CDCL;) o:
7.37~7.35 (m, 2H), 7.29~7.22 (m, 6H), 7.13~7.08 (m,
2H), 3.84 (t, J=5.0 Hz, 2H), 3.46 (d, J=13.2 Hz, 2H),
3.05 (d, J=13.2 Hz, 2H), 2.17 (s, 1H), 2.09 (t, J=6.4 Hz,
2H), 1.64~1.58 (m, 2H); °*C NMR (100 MHz, CDCl,) ¢:
160.3 (d, Jy=4.0 Hz), 149.2, 149.0, 128.4, 128.1, 126.3,
126.1, 125.6, 125.5, 125.5 (q, Js=268.0 Hz), 99.2 (d, Jp=
32.0 Hz), 72.7 66.3, 47.0, 43.3, 20.7, 20.2; "’F NMR (376
MHz, CDCl;) §: —58.7; IR (neat) v: 3446, 2954, 1648,
1317, 1097, 702 cm™'; MS (EI) m/z (%): 374 (10), 356 (5),
180 (100), 165 (40); HRMS (ESI) calcd for CyH,F;0,
(M-+H)": 375.1566, found 375.1557.

32,6 ZFRIE[B-(ZAFH)4,5- =S rkh-2- ] F B
(2¢) 894 A%,

SLIGHEAE S 2a MG R, R REIRAE 2 AT
[V(petroleum) : V(EtOAc)=125 @ 1~60 : 11432 (i
ARIBAE(21.8 mg, 68%77%). 'TH NMR (400 MHz, CDCl;)
5: 7.45~7.38 (m, 10H), 4.43 (t, J=9.6 Hz, 2H), 3.05 (t,
J=9.6 Hz, 2H), 2.95 (s, 1H); *C NMR (100 MHz, CDCl;)
9:163.2 (q, Jr=5.0 Hz), 143.2, 128.0 (d, Jy=4.0 Hz), 12
7.5, 123.9 (q, Jr=264.0 Hz), 78.9, 69.3, 31.1 (d, J=2.0
Hz); "’F NMR (376 MHz, CDCl;) 6: —52.1; IR (neat) v:
3570, 2926, 1664, 1352, 1119, 756, 701 cm™'; MS (EI) m/z
(%): 320 (13), 303 (10), 290 (18), 105 (100), 77 (50);
HRMS (ESI) caled for CsHi¢F30, (M+H)": 321.1097,
found 321.1093.

327 AEG-AFK)3-(Z #F H)-4,5- = Ak -2- 4]
FBF(2d) 49 6 A,

IR 2a AR, AR R R Z AT
[M(petroleum) : V(EtOAc)=100 : 1~60 @ 113 FI 51
R (64% yield). "H NMR (400 MHz, CDCl;) 0: 7.36~
7.30 (m, 2H), 7.17~7.07 (m, 4H), 7.05~7.03 (m, 2H),
4.44 (t, J=9.6 Hz, 2H), 3.08~3.00 (m, 3H); “C NMR
(100 MHz, CDCly) d: 163.7 (d, Js=245.0 Hz), 162.0 (d,
Jr=4.0 Hz), 161.3, 145.1 (d, Jy=7.0 Hz), 129.6 (d, Jy=
8.0 Hz), 123.6 (q, Jr=265.0 Hz), 123.0 (d, J:=3.0 Hz),
115.2 (d, Jr=21.0 Hz), 114.7 (d, Js=24.0 Hz), 102.7 (q,
Jr=37.0 Hz), 78.1, 69.5, 31.0; ’F NMR (376 MHz,

Chin. J. Org. Chem. 2014, 34, 980~984
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CDClLy) o0: —52.4, —112.5; IR (neat) v: 3608, 2926,
1667, 1591, 1485, 1443, 1350, 1123, 783 cm '; MS (EI)
m/z (%): 356 (4), 123 (69), 95 (56), 57 (100); HRMS (ESI)
calcd for C;gH4F50, (M—|—H)+: 357.0903, found 357.0908.
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