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Copper-Catalyzed the Synthesis of 3-Trifluoromethylchromone via
Trifluoromethyl Radical Addition Tandem Cyclization Reaction of
2-Hydroxyphenyl Enaminones

Du, Keying Zhang, Zhanming Sheng, Weijian*
(College of Chemical Engineering, Zhejiang University of Technology, Hangzhou 310014)

Abstract Chromones have shown strong drug activity in anti-tumor, antibacterial and anti-inflammatory aspects for their
unique skeleton structure. Using Cu(OAc): as catalyst, CF3SO2Na as trifluoromethyl radical source, fert-butanol peroxide
(TBHP) as oxidant, 3-trifluoromethylchromone was synthesized by radical addition tandem cyclization reaction of 2-hydroxy-
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phenyl enaminone under mild reaction conditions, and enaminone substrate has good functional tolerance.
Keywords radical addition; trifluoromethyl; enaminone; chromones
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1 BRE®
1.1 REEHRIHL

DL FZ B (1) 8 S, 3 equiv. CF3SO,Na N =
B E IR, 2 equiv. TBHP {E AEALF, 20%
Cu(OAc), NHEALF, HEESE 100 C, £ = H IR
(DMSO)H |, LA 55% W 3k45 7 Bbr=¥) 2a (Ta-
ble 1, Entry 1). 4 #h /{171 5250 K B LA Cu(OAc) A fE,
Horp A IR Sh it B AR =20 A 17% (Table 1, Entries
2~5); FAHIR PSR LI R B R AT
HAMYI(DTBP). AL — 2 H R (BPO) AL TS 7=
YU A W 2 T P4 (Table 1, Entries 6~7). ¥EHL N,N-—
2L H G 2 (DMIF) - N- HE 288 G 5% 2 il (M)« 24 T L
(Sulfolane) MeCN %5 HA — & Hi 1 BV FIHEAT 1 770 %
52, IG5 BRI LU T RN i (4 (Table 1, Entries 8~
11). HEREERR I KIERE 50 CH =Pl A0 5
100 °CH 5 W& 144 =i(Table 1, Entry 13). TBHP &5
F 3.0 equiv. I U H A 65% (Table 1, Entry 15). % &
#l| CF3SO;Na TEV I FF A FRIEAEE, B8 T Uikt
SEEG SRR, R ARy 701 B 1,1-dioxo-
thiolan FIZKVEA AN, HARF=YIMBCEIRTE 67%.
SERGERTT T AR ER A ECAA AT X BN IS, AR SRONAR 2R
HR I 0.08 mmol 1,10-3EMEIR(1,10-phen)it, HFR=4)
R B4 T (Table 1, Entry 17). ¥ CF3SOaNa )5
I ZE 2 equiv.h), FEYIRCRA BRI E R Bt— Dtk
M FHET T 5%, RICAEH 10 mol%4 i, Hix
FEYISEAT — %€ T F%(Table 1, Entry 19).

gi LRTR, WhE T RN R &N 1a (0.4
mmol), CF3;SO;Na (1.2 mmol), Cu(OAc); (0.08 mmol),
1,10-3EFZ 0k (0.08 mmol), TBHP (1.2 mmol), Sulfolane/
H,0 (3.5 mL/0.5 mL), 50 C.
1.2 ReEHRR

1E FREAR RN, 8T ARG 2-F2 5
J5 HM A CF3SO,Na 1) = 5 H B 44 B AL S B,
BE T —RAH) 3- =R I AFL AP, SLHss Rk
2. BERFW: AREERIN 2-F2 557 T R B 2 7] e
G T RIFHIWCERIEAGH B b=y, BUREE BT RN &
AV RIFEA R ZE, HARFAFAEAE A i I G B
FlfbIgh e, Y 6 (k. A, min
PYINCERIZQ2d. 2e. 2i). FiARAMIE SRR 1 N
VI, FERRUESEAE T LA 65% IR 345 T 3- F HE (i
3 MARREATINZ I T A=) 4 (Eq. 1), " REEIRY
1q "R o A H BEAEAERS K T AEBH, AR T = E
256 %o U5 I .
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Table 1 Optimization for the trifluoromethylation tandem cyclization of 2-hydroxyphenyl enaminones

O O
@fj\/ﬂN/ Cu (20 mol%) CFs
|+ CFs8O,Na — = |
OH O
1a 2a
Entry Catalyst Oxidant (equiv.) Solvent Temp./C Yield ?/%
1 Cu(OAc): TBHP (2) DMSO 100 55
2 Cu(OTf) TBHP (2) DMSO 100 41
3 Cul TBHP (2) DMSO 100 45
4 CuBr TBHP (2) DMSO 100 43
5 — TBHP (2) DMSO 100 17
6 Cu(OAc) DTBP (2) DMSO 100 38
7 Cu(OAc): BPO (2) DMSO 100 40
8 Cu(OAc): TBHP (2) MeCN 100 50
9 Cu(OAc)2 TBHP (2) DMF 100 Trace
10 Cu(OAc)2 TBHP (2) NMP 100 Trace
11 Cu(OAc)2 TBHP (2) 1,1-Dioxothiolan 100 58
12 Cu(OAc): TBHP (2) 1,1-Dioxothiolan 80 58
13 Cu(OAc)2 TBHP (2) 1,1-Dioxothiolan 50 62
14 Cu(OAc)2 TBHP (2) 1,1-Dioxothiolan 25 49
15 Cu(OAc): TBHP (3) 1,1-Dioxothiolan 50 65
16¢ Cu(OAc): TBHP (3) 1,1-Dioxothiolan/H20 50 67
17¢4 Cu(OAc) TBHP (3) 1,1-Dioxothiolan/H20 50 70
18 Cu(OAc): TBHP (3) 1,1-Dioxothiolan/H20 50 54
1944/ Cu(OAc): TBHP (3) 1,1-Dioxothiolan/H20 50 55

@ Reaction conditions: 1a (0.4 mmol), CF3SO,Na (1.2 mmol), copper catalyst (0.08 mmol), oxidant (0.8 mmol), solvent (4 mL), under air, sealed tube. DTBP=
di-tert-butylperoxide, TBHP =tert-butyl-hydroperoxide, BPO=dibenzoyl peroxide; ” Isolated yield; ¢ 1,1-Dioxothiolan/H,O (3.5 mL/0.5 mL); ¢ 1,10-Phen (0.08
mmol) was used; ¢ CF3SO,Na (0.8 mmol) was used;/ Cu(OAc), (0.04 mmol) was used.

R2 RNJRWARE

Table 2 Reaction substrate expansion

Cu(OAc); (20 mol%)

2 1,10-Phen (20 mol%) Q o
T SN TBHP (3 equiv.) N
R |+ CF3S0;Na RIC |
= OH 1,1-Dioxothiolan/H,0, 50 °C = 0

0 o 0 0 (o] 0
CF; CF3 CF; _O CF; HO CF; F CF
OOy OO O O O™ Oy
(] o () o (o) ()
2a, 70% 2b, 67% 2¢, 61% 2d, 48% 2e, 39% 2f, 57%
o o}
cl CFs3 Br CF;
LY m @f& oLy @%
9] o
2g, 64% 2h, 61% 9% 2j, 56% 2k, 59%
(0] 0 o
|
AL o0y OO
21,51% 2m, 62% 2n, 60% 20, 64% 2p, 60%

4 Reaction conditions: 1a (0.4 mmol), CF3SO,Na (1.2 mmol), Cu(OAc), (0.08 mmol), 1,10-phen (0.08 mmol), TBHP (1.2 mmol), 1,1-dioxothiolan/H,O (3.5 mL/0.5
mL), 50 ‘C, under air, sealed tube.
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1.3 AIRERIR RIANIE

DA N, N-"" 3 75 475 e i (e A N, - R 3 0 e i
a)ERAL AR T RN, RIRAES DL 5 %3515 2a H
FRrEYI(Eq. 2). AT HEMI AT RERIMLER L FE, #E4T TP H
FEURIE E ALY (TEMPO) 3R 5056, SL06 45 R B H b5 ™
WA O S 3 1 (Bq. 3).

o}
= J\
©\)J\/\N + CF3SO;Na
OH )\ 3 equiv.
1r

Cu(OAc), (20 mol%)
1,10-Phen (20 mol%)
TBHP (3 equiv.)
1,1-Dioxothiolan/H,0, 50 °C

0]

CF3
O
2a, 51%
O
SN CF.SON standard condition
+ _—
| 902N “TEMPO (1 equiv)
OH
1a 0
CF3
| ®)
(0]
2a, trace

MR IR SEIGF s, 455 A ¢ SCHRRIE >, $2
T ATRE M S NALEE: CF3SO,Na 7E TBHP FI4H &5 (1) 3 [
T, A SEP A mE, =R E B
1a FOSUBEEAT IO A= Al A, G B R4 (1) [X 45
R, AR A B AR AL e A H A R ]
& B, WAk B & 5501 A EAE R E &M i i
AR A C, FaE C B—aF Rk, ERE
P4 2a (Scheme 2).
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"H NMR, 3C NMR ¥J7E Bruker AVANCE III 500 MHz %Y
5% Bruker AVANCE III 600 MHz A% i FLHRA% il &,
#7128 CDCL B DMSO-ds, H5ATMS. BT k551358
= A gl A, Rt —Baifh, A EHrEH 200~300
FRERE, JEIFFINAHEE(60~90 C)F LR LB 4 k.
32 ZWHE
321 3-Z WA RE-1-Q-FERKL)R2-MH-1-BA4T
£ H(1a ~ 1q) 4946,

3- R - 1- Q- R BRI 244 - 1-BAT A 1
M AR R SCHR T EBIEAT, G %2R DL Eq. 4.

0 (0]
QS R DMF-DMA (1.2 equiv.) QS z T/(“)
| |
R
Z OH reflux = OH
R =H or Me 1a~1q

322 3-(=FAEARIL)-1-Q-FE K L) R -2-H-1-B
(1r) 894,

3-(CRHEER)-1-Q-FEIER) N -2-1F-1-F &
JA% BT TVEDIBET, & AL Eq. 5.

o] . %
DIPA (1.2 equiv.) P /k
©\)JE/COOH DIPEA (1.5 equiv.) N )
it S b A
o EtOH, r.t, 10 h OH )\
1r
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323 3-=maHEGIMERK

DL 2a (b &G O], A=A RS 2a 1k
H WG AR F.

7t 25 mL Schlenk & HKXIIA 1a (0.4 mmol),
Cu(OAc) (0.08 mmol), 1,10- JE P& Bk (0.08 mmol),
CF;SO;Na (1.2 mmol), J@HIEyFEH#HMA 3.5 mL 3T K
A1 0.5 mL H,O, fJa HEFESZMA TBHP (1.2 mmol),
EHEPRET 50 CxMN, A H#EZ O (TLC) il K
N RNEERSE, WETEER, A 50 mL /K, H 4R
LBEQR0 mLX3)AEH, &IFAHUMH, F7/KQ20 mLX2)H
TIFE ER7K (20 mL X 1)¥Eds. To/KBREREA T, 180% Bk
EHER, HENBIFANCR OB/ A mEE . V=
1D O Eaith, 53] 3- =% P IE-4H- 5 I iE-4-8d
(2a), R AEA, WE 70%. mp. 93~94 C (lit.l>
99~100 C); 'H NMR (600 MHz, CDCl;) d: 8.35~8.33
(m, 1H), 8.30 (dd, J=8.0, 1.6 Hz, 1H), 7.78 (ddd, J=8.7,
7.2, 1.7 Hz, 1H), 7.53 (ddd, J=15.2, 8.3, 4.5 Hz, 2H).

6- 1 -3- =98 FH B -4 H- 2R T ML IR -4- i (2b): - 11 20 [
i, B 67%. mp. 127~128 C (lit.59 131~132 C);
'H NMR (600 MHz, CDCL3) §: 8.31 (d, J=1.2 Hz, 1H),
8.07 (d, J=1.0 Hz, 1H), 7.57 (dd, J=8.5, 2.1 Hz, 1H),
7.43 (d, J=8.6 Hz, 1H), 2.50 (s, 3H).

6- £ 55 -3- — 5 Bk -4 H- 2R IR R -4- i (2¢): - 1 €[]
&, WE 61%, mp. 131~132 ‘C; '"H NMR (600 MHz,
CDCl;) d: 8.32 (d, J=1.0 Hz, 1H), 8.10 (s, 1H), 7.61 (dd,
J=8.6, 2.2 Hz, 1H), 7.46 (d, J=8.6 Hz, 1H), 2.83~2.78
(m, 2H), 1.35~1.28 (m, 3H); *C NMR (125 MHz,
CDCls) 6: 172.94, 155.60 (q, J=7.0 Hz), 154.43, 142.96,
134.98, 124.28, 124.07, 122.29 (q, J=272.2 Hz), 118.13,
115.75 (q, J=30.1 Hz), 28.35, 15.37; "%F NMR (376 MHz,
CDCl3) 6: —64.40 (s, 3F); HRMS (ESI) caled for
CiH10F30, (M+H)" 243.0627, found 243.0623.

6- F 4H 2 -3- — 3 2L -4 - 2R L IR -4- i (2d): 1€
A, W E 48%. mp. 101 ~102 C (it 116 ~
117 “C); 'H NMR (500 MHz, CDCl3) §: 8.31 (d, J=0.9
Hz, 1H), 7.62 (d, J=3.1 Hz, 1H), 7.47 (d, J=9.2 Hz, 1H),
7.34 (dd, J=9.2, 3.1 Hz, 1H), 3.92 (s, 3H).

6- 2 J5-3- — G H -4 H- 2R FEIE R -4- T (2e): 7% 35 €2
44, U 39%. m.p. 168~169 C; 'H NMR (500 MHz,
DMSO-ds) 6: 10.28 (s, 1H), 8.94 (s, 1H), 7.65 (d, J=9.0
Hz, 1H), 7.37 (d, J=2.8 Hz, 1H), 7.32 (dd, J/=9.0, 2.9 Hz,
1H); 3C NMR (125 MHz, DMSO-ds) d: 172.55, 158.40 (q,
J=17.0 Hz), 156.24, 149.80, 124.88, 124.60, 123.24 (q, J=
271.6 Hz), 120.68, 113.31 (q, J=29.2 Hz), 108.05; "°F
NMR (376 MHz, CDCls) 6: —64.31 (s, 3F); HRMS (ESI)
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caled for C1oHeF303 (M+H)" 231.0624, found 231.0617.

6-98-3- — i FF -4 H-2R IR L IR -4- TR (26): 1 €0 [T A
& 57%. mp. 92~93 C (lit.’) 92~94 C); 'H NMR
(500 MHz, CDCls) 6: 8.34 (d, J=1.2 Hz, 1H), 7.92 (dd,
J=17.9, 3.1 Hz, 1H), 7.57 (dd, J=9.2, 4.1 Hz, 1H), 7.52~
7.48 (m, 1H).

6-5-3- =98 FH -4 H- 2R IR LI -4- i (2g): VR B £ ]
&, WF 64%. m.p. 142~143 C (lit.5d 146~148 C);
'H NMR (400 MHz, CDCLs) 6: 8.34 (d, J=1.1 Hz, 1H),
8.25 (d, J=2.6 Hz, 1H), 7.72 (dd, J=8.9, 2.6 Hz, 1H),
7.52 (d, J=8.9 Hz, 1H).

6-1R-3- — 5 F B -4 H-OR FEIE IR -4- T (2h): 9% 3 A [
&, W& 61%. mp. 129~130 C (lit.5 133~134 C);
'H NMR (500 MHz, CDCl3) §: 8.40 (d, J=2.4 Hz, 1H),
8.33 (d, J=1.1 Hz, 1H), 7.85 (dd, J=8.9, 2.4 Hz, 1H),
7.45 (d, J=8.9 Hz, 1H).

6- il 23 = 55 FH k-4 H- 2R I L R -4- [ (21): VR B A
A, WFE 39%. mp. 108 ~109 C (it 105~
106 ‘C); 'H NMR (500 MHz, CDCLy) §: 9.15 (d, J=2.7
Hz, 1H), 8.61 (dd, J=9.2, 2.7 Hz, 1H), 8.40 (s, 1H), 7.74
(d, J=9.2 Hz, 1H).

3- =9 J -4 H- 2R FE I IR -4- T -6- R R F IR (2j):
AR, IR 54%. mp. 138~139 ‘C; 'H NMR (500
MHz, CDCls) 6: 8.94 (d, J=2.1 Hz, 1H), 8.41 (dd, J=8.8,
2.2 Hz, 1H), 8.35 (d, J=1.2 Hz, 1H), 7.60 (d, J=8.8 Hz,
1H), 3.99 (s, 3H); '*C NMR (125 MHz, CDCls) 6: 172.08,
16521, 158.28, 155.92 (q, J=6.8 Hz), 135.43, 128.56,
128.45, 124.04, 121.88 (q, J=272.4 Hz), 118.81, 116.52
(q, J=30.0 Hz), 52.66; '°F NMR (376 MHz, CDCls) ¢:
—64.53 (s, 3F); HRMS (ESI) calcd for C;,HsF304 M+
H)" 273.0369, found 273.0360.

7-58-3- — 9 B -4 H- 2R IR R -4- TR (2K): 2% B f ]
A&, W& 59%. mp. 60~61 C (lit*! 60~61 C); 'H
NMR (500 MHz, CDCls) d: 8.32~8.30 (m, 2H), 7.24 (s,
1H), 7.23 (s, 1H).

73R -3- = 95 -4 H- 2R G R g -4- e (20): ¥R B fA L]
A&, W% 51%. mp. 131~132 C (lit."3) 135~136 C);
'H NMR (500 MHz, CDCl3) §: 8.30 (d, J=1.2 Hz, 1H),
8.14 (d, J=8.5 Hz, 1H), 7.74 (d, J=1.7 Hz, 1H), 7.63 (dd,
J=8.5,1.7 Hz, 1H).

7- P AR -3 = G 3 -4 H- 2K 3T 0L I -4- i (2m):
HAOE R, TE 62%, mp. 117~118 C (lit5 115~
116 ‘C); 'H NMR (500 MHz, CDCl;) d: 8.25 (d, J=1.2
Hz, 1H), 8.18 (d, J=8.9 Hz, 1H), 7.05 (dd, J=8.9, 2.4 Hz,
1H), 6.90 (d, J=2.4 Hz, 1H), 3.94 (s, 3H).

Chin. J. Org. Chem. 2021, 41, 3242~3248
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6,8- . 5-3- = 5 F B -4 - 2R L IR -4- i (2m): R B
A, W 60%. 'H NMR (500 MHz, CDCl3) o: 8.40
(d, J=0.9 Hz, 1H), 8.14 (d, J=2.5 Hz, 1H), 7.81 (d, J=
2.5 Hz, 1H); *C NMR (125 MHz, CDCls) 6: 170.99,
155.84 (q, J=6.9 Hz), 150.46, 135.04, 132.50, 126.13,
124.86, 124.25, 121.69 (q, J=270.0 Hz), 116.44 (q, J=
30.8 Hz); '9F NMR (376 MHz, CDCls) 6: —63.79 (s, 3F);
HRMS (ESI) caled for CioHsCLF;0, (M+H)" 282.9535,
found 282.9531.

6,7-— F -3 = 95 1 B -4 H- X JF L -4-F (20): ¥R
HOEAE, BF 64%. mp. 121~123 °C; 'H NMR (600
MHz, CDCls) &: 8.27 (s, 1H), 7.99 (s, 1H), 7.29 (s, 1H),
2.42 (s, 3H), 2.39 (s, 3H); 3C NMR (125 MHz, CDCl;) &:
172.73, 155.37 (q, J=7.0 Hz), 154.54, 145.54, 135.94,
125.62, 122.34 (q, J=270.0 Hz), 122.07, 118.31, 115.64
(q, J=30.0 Hz), 20.48, 19.35; “F NMR (376 MHz,
CDCls) 8: —64.34 (s, 3F); HRMS (ESI) calcd for CioH,o-
F;0, (M+H)" 243.0627, found 243.0620.

3- =5 H -4 H-Z5 IR 1,2-b) ML I -4- B (2p): IR FH
Bl 4, WE 60%. mp. 172~173 C (lit.3) 168 ~
169 “C); '"H NMR (500 MHz, CDCls) 6: 8.55~8.48 (m,
2H), 8.22 (d, J=8.7 Hz, 1H), 7.99 (d, J=7.8 Hz, 1H), 7.88
(d, J=8.7 Hz, 1H), 7.81~7.72 (m, 2H).

(SRS IE)-1-2- R F 2R ) P -2-45 - 1 - (1 )12
FOWAK, B 30%. 'TH NMR (500 MHz, CDCl3) d: 8.07
(d, J=8.2 Hz, 1H), 7.70 (dd, J=8.0, 1.6 Hz, 1H), 7.37~
7.34 (m, 1H), 6.95 (dd, J=8.3, 1.0 Hz, 1H), 6.82 (td, J=
7.7,7.3, 1.2 Hz, 1H), 5.99 (d, J=11.1 Hz, 1H), 4.11~4.05
(m, 1H), 3.73~3.68 (m, 1H), 1.33 (dd, J=10.5, 6.8 Hz,
12H).

3-H B 4H-ZRFEME IR -4-FF(3): B A, 103 65%.
m.p. 66~67 C (lit."¥ 66~67 ‘C); '"H NMR (500 MHz,
CDCls) 8: 8.25 (dd, J=8.0, 1.7 Hz, 1H), 7.82 (d, J=12.
Hz, 1H), 7.67~7.64 (m, 1H), 7.45~7.42 (m, 1H), 7.42~
7.38 (m, 1H), 2.06 (d, J=1.2 Hz, 3H).

45 BTkl (Supporting Information) {L54%) 1r.2a.2b.
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