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Oxidative Coupling Reactions of Arylboronic Acids and
Fluoroform-Derived AgCF3
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Abstract A silver-mediated oxidative coupling reaction of arylboronic acids with fluoroform-derived AgCF; using K,S,05 as
oxidant was developed. This reaction provides a new route to trifluoromethylated arenes.
Keywords oxidative trifluoromethylation; arylboronic acids; fluoroform; trifluoromethy]l silver

HT T = 00 2 (CF) B AT 5 HL 1 R8s 1 Sy
P, &M TP RN EMERIEEL ., RIS
AR E) Tz R Y. JUHAE R U, Bk = AR

vt 245 it W B B R (FDA )LV P 25 = 3 PP R AR 5 7
A PIRTET 21l T R0, BRI e 17 05 A S e
7o RGN N =9 TP R K 77 10— EL R A LA B BRI
UL LR, & RAVALER ST, KT
2 LR ERS 5T 0T EH RS =5 P 6l
(IR IR S SR AL B Cory—CF5 P ARAE KA AL AN
[, IR IR S N R EURL B AR U3 (1)75 2 s AR AN
AR AR I AR BB S RN, 15 A T R T
L EE B R IR IR A (2) 05 2 AR 2R s 1 DA 2 v
PR AITVA5: TR 5% L 5 A AR R = 5P A
TR IR S L, I 855 FeAR R — M 7 B il 4 B B
R B) IR C—H BRI AL =50 Bl s i,
2 NS T2 280 5 155 A R A (5 AT 3 17 2k AT B
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BRI TTIR); (4)75 FEHI R A = 45 3L AR 70 ) 18
W S S R, T SR Y = R Ak S B 2%
PR AN HLS S R

75 SRR A A LA R i B TR TR R
SN BB B LA S B2 B, B 2010 AEFRATTERE
AP YRR TR I SR = U SR OB S, [ P Ak
WA R JE T — R 5 05 TR R AN 288 = 0 240 655
HIH I B (Scheme 1), 1% 48 — % FF AL B0 45 S5 A%
) = 4 B AL 77 (TMSCFS)P) L 37 B A = 480 FF 3646157
(Umemoto 711!, Yagupolskii i7" F1 Togni ik
FUN 5 H 3 = CH AR I (CRIM AT CFS0,-
Nalt'"™ 1y i 28 il £ 1 [CuCF5] ¥ ¥k U2 A0 12 44 12 A7 )
[Cu(CF3)s14% &1 8 BT A RIS 55 2R i =
T B ) R, TG A = 4R R AR R AR B S
N, HITEMENSS, Hik, BELERELME)E
e 3k 7 SR 1) — 3 R 24 s B
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[TCF3)/Cu salt
oxidant

[*CF)/Cu salt

R
xy BOH) [-CF,)/Cu salt

oxidant

[CuCF3]
oxidant

[Cu(CF3)s]

B 1 5 IR AN &2 = 96 F BT (B )= B2
Scheme 1 Cross-coupling reactions between arylboronic acids
and CF; reagents

B, AT AR A Tl kS A (HCFs) 5
AgOAc Al t-BuOK 7 N,N-— F 3 B i it (DMF) H s 7
% THaER AgCF; ¥ (Scheme 2a), kK I1%Z AgCFs
VT LN CF; B B EE T N T ARt ke i =4k
SR PR SRR 5 A A E H i C—H B = P
B R, BT FATUR AL A e A S L AT T 5%
BS990 51 R AT B AR 75 1T LLKE S0 A7 A2 1 AgCFs
TV 31 5 5 H 00 R 1 S8 A6 AR BB S (Scheme 2b)?
MR ZRNAAT, X ETeRTAES S MRS =
AL OB, TR, 3 — 20 4 e LA O = 98 LU
B S L

Previous work R/\ H
>
AgOAc 1,4-CHD R/K/CFa
y PhI(OAc
HCF, —»tg,‘\JACF’K [AgeFs) — M(OAC) (@)
fluoroform Ar—H
| AR
PhIOAc), ' CFs
This work
B(OH), oxidant CF3
R{j + [AGCF] — e (®)
in DMF
””””””””” ‘oxidant

competing reactions

B 2 AT AR I = R R R
Scheme 2 Reactions of fluoroform-derived AgCF;

H1 T LAY SCRRRIE 1l 615 21 AgCFs AR E, X
JEANFA LU, AgCF; H SN 32 B AR A AR BN B
BN R AE S CFy H HEE TR, AgCFs 7RI
R R TR A 5 M SR A A IR S e, A P )
HIE LIRS 5K AgCFy He Ak Ny =9 2 B i, =i
3 H R 5 AU R HCF, 506 75 SRk O il C—
H 8 =4 567 (Scheme 2b). ik, 75 50 A1
AgCF; AL B S N B A — 58 HIXERL.
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1 HR5iTR

B A-RUT FERNER (1a) NAEUR Y, R ZRINER
S5EITAR AgCF; BRI St R B AR 1).
AN Tz I AR H OB, R IR A A 7
PhI(OAc)," M5 AR 2 = 55 I IEAL 724, AgCF, T E# 4k
N HCF; (Entry 1). 241§ Selectfluor ** " ** A4 Ak 511,
PA 17% I 9601 7= 2215 2R IX 4 2a (Entry 2). KEL(BQ)
AT o A AL Y (DTBP) S A 6845 3 H ki 7= 4
(Entries 3, 4). JEHLEAAFIS BiEL £ K,S,05+ NayS,05 1
(NHy),S,05 73 7 AAS [F] ) 72 %645 3] 2a (Entries 5~7), 3
1 K,S,05 IR i i (Entry 5). N T @ N5, %
JFE AR R AR IONBR AR 0 SRR 1 e & R I AR AN
BRI, 4 W R R F I K3PO, A Nap,COs B,
NP7 IR 2 m (Entries 8, 9). 241\ NaOAc I 2a ¥
FEEA A 28% 2 ) 45% (Entry 10), HE—B ik H
TS RR 26 R B AgOAc AT LU I B P> KR = 2] 55%
(Entry 11). BeEHE T HFIFHZR RN, 2 PAPIE
RN (THF) Al — & BE(DCM) A [ BEIE TR, AgCF; 25
AT EAE S HCFs, IS5 7)) 2a 3% 58 2401 (Entries
12, 13). 24 AgCF; M K,S,05 [ H &G 2 4.0 equiv.iFf, 2a
PRI = E 71% (Entry 14). &J5, EK IR 2

R PFARAL

Table 1 Optimization of reaction conditions

B(OH), oxidant (3.0 equiv.) CFg
additive (2.0 equiv.)
+ [AgCFy]
t-Bu solvent, r.t. +-Bu

in DMF

1a 2a

Entry Oxidant Additive  Solvent Yield"/%
1 PhI(OAc), — DMF 0
2 Selectfluor — DMF 17
3 BQ — DMF 0
4 DTBP — DMF 0
5 K,S,05 — DMF 28
6 Na,S,05¢ — DMF 24
7 (NHy),S,05 — DMF 3
8 K,S,05 K;PO, DMF 12
9 K>S,04 Na,CO; DMF 25
10 K>S,04 NaOAc DMF 45
11 K,S,05 AgOAc  DMF 55
12 K,S,05 AgOAc THF 0
13 K>S,04 AgOAc DCM 0
14¢ K,S,05 AgOAc  DMF 71
15 K,S,04 AgOAc DMF 89
16%¢ — AgOAc  DMF 0

1759 K,8,04 AgOAc DMF 89

© 2020 Chinese Chemical Society & SIOC, CAS

“1 (0.2 mmol), AgCF; (3.0 equiv.), oxidant (3.0 equiv.), additive (2.0 equiv.),
solvent (2.0 mL), Ny, r.t., 24 h. ® Yields determined by '°F NMR using fluoro-
benzene as an internal standard. © AgCF; (4.0 equiv.), K»S,05 (4.0 equiv.). 736
h. °AgCF; (4.0 equiv.)./In the dark.
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6 h, HEfELL 89% M43 2] H AR~ 2a (Entry 15). 4%
5256 BRSO AgOAc AN K,S,04 i ANREAE
724 2a (Entry 16). 74b, TEEEEKAE T RBATT 2a (1)
FE R KA AT R (Entry  17). & WHER 5 805 A1 42 1
AgCF; (B B 1 e e s B 264 ;4.0 equiv. AgCFs,
4.0 equiv. K,S,05, 2.0 equiv. AgOAc, 7£ DMF F 4R
Bl & IR M 36 h.

TER B AR LA, B @& kT T %
WK 2. HH EERSRE TR, 1b). bk
(1e~1e). FiZE()FIZAIE(1g) B W H T FIF L (1h).
B (L) A T2 (1§, 1K)SEIER YA ] DL 45 21 R 47 i
153 = R AL P2 (2a~2K). [RII M S B4R 2 A g
S BRI E ISR Y. SRS, A
TR IR (1a~1g) 177 3 2L i T W FE 1 55 AR
PR (Ah~1K). T35, ALBH RS0 SR ) F= 2 —
SE MR A7 BB ) = HURINER IR 1e LR
JRY) 1e =A%, FREHTALBLIRE, ZERTIRRIEY 1
W CUBHR I = R A5 2] =5 EL 7= 21 Z AR
SRR FR FIREIE FH T 4 07 R R Y (1m, 1n), PAHEE
ISR A B A R =5 F A=, I FE T R I (10) %of
TAZR A R AR MR, R RS 2 AN KB AL,

F2 ARSI = 5 R A R I

Table 2 Substrate scope of oxidative trifluoromethylation of
arylboronic acids

AgOAc (2.0 equiv.) CF
N B(OH) K;S:05 (40 equiv) o & Ny °
i s (40 equiv)
L * [AGCFs] DMF, rt. L

in DMF

0 CF; MeO:CECFs /©/CF3
O:C MeO OMe MeS
2d, 63%” 2e, 45% 2f, 58%
NC MeO,C
2g 60% 2h, 63% 2i, 60%
Br :©/
2j, 50% 2k, 46% 21, 42%
.
eO N ©/\/
2m, 69%° 2n 45% 20, 42%

“1 (0.6 mmol), AgCF; (4.0 equiv.), K»S,05 (4.0 equiv.), AgOAc (2.0 equiv.),
DMF (6.0 mL), Ny, r.t., 36 h. bYields determined by F NMR using fluoro-
benzene as an internal standard.

3428 http://sioc-journal.cn/
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2 i

WIE T RSN AgCF; SRR &1k
RIS N 7 (R bl 46 T — R A1 =5 FF BRI 5 18 I
FIERRE IR EY). TEZ N, K,S,05 F1 AgOAC #2 E]
THEE REMER. 1Z T/EN TR EHALEE S 51T
PR e A S ot A S N AT — S PR RAE A, TR ok gk —
AR B 22 LS 9 B ) ) = 96 R A OB

3 SRS
31 X5

'H NMR (400 MHz). "F NMR (376 MHz)f1 "°C
NMR (101 MHz)XJH Agilent-400 MHz % F: AR 72 .
FEEHTEH B 300~400 HREERR, SZU6ATH R 37
MTHER R (1a~10)¥ A T 7t 4l sl fb 40, ok
2t Al B {E . AgCF, i) DMF ¥4 1% SCHR[14]
J A
3.2 XWHE
32,1 ZAFABRGHEFEE DK

HY 100 mL A7, /£ FEF PR E AgOAc (6.67 g,
40.0 mmol), ~-BuOK (8.98 g, 80.0 mmol), JIATE/K DMF
(40.0 mL). %H RPN, FBEFER, SR MR
R 30 min. 28544 5 A R B ARl T — MR E S
W7, AAME— A K IER KA. RAE AT R
Bl 2 h REEHE, ¥R EFER T, @
it i L, %&%m%mDMF%h,ﬁﬂ%%ﬁ
) AgCF; I CEIE A ZIEWOMAN PhCF; AR, e
HIRBEKZ14 0.45 mol/L), 7E VKA Tl RAF.
3.22 569 BAL = AT EAL BT 5 3R

] 25 mL Schlenk & HHFRE T 2k 4405 BBl I 2k
W 1 (0.6 mmol), K»S,05 (2.4 mmol), AgOAc (1.2
mmol). fFHXCHEE B#E < 3 KE, EESRT T, m
A DMF (6.0 mL)Ffl AgCF; ) DMF J&#(5.3 mL, 0.45
mol/L). =i FHEER M 36 h. ML G, KN RGE
A EEEE bR, H OWmRGEGE. UMK, H LA
B, &AM, oK TR, 2o s a2~
W2, T SR YI2b~2d, 2m), RN EERE, B
B MR R AN I PhE (1.8 mmol) A i F i i %K.

1-BUT FE-4- = G0 JE 4 (2a) 2 38 3 €0 S IR A
K 79%. '"H NMR (400 MHz, CDCl5) 6: 7.56 (d, J=8.4
Hz, 2 H), 7.50 (d, J=8.4 Hz, 2H), 1.35 (s, 9H). '°’F NMR
(376 MHz, CDCl3) 0: —62.4 (s, 3F); *C NMR (101 MHz,
CDCly) d: 155.1, 127.8 (q, J=32.3 Hz), 125.6, 125.0 (q,
J=3.8 Hz), 124.4 (q, J=271.6 Hz), 35.0, 31.1.

1-P9 2 -4- = G L 2b) " iR 67%. F

Chin. J. Org. Chem. 2020, 40, 3426~3430
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NMR (376 MHz, CDCl3) §: —62.5 (s, 3F).

1- =90 -4 F AR 2R 20)): UG IR 74%. °F
NMR (376 MHz, CDCl3) §: —61.5 (s, 3F).

1,2-W0 F AR i -4- = 0 R R )™ R U R
63%. '’F NMR (376 MHz, CDCl;) 6: —61.5 (s, 3F).

1,2,4- = FARFE-5- = U 3L 2R (2e)"): BRIl
1A, W& 45%. "H NMR (400 MHz, CDCL3) 8: 7.26 (d, J=
8.8 Hz, 1H), 6.68 (d, J=8.8 Hz, 1H), 3.96 (s, 3H), 3.90 (s,
3H), 3.89 (s, 3H); ’F NMR (376 MHz, CDCL3) 0: —60.8
(s, 3F); °C NMR (101 MHz, CDCl;) d: 156.8, 152.3,
142.9, 123.6 (q, J=269.9 Hz), 121.5 (q, J=5.4 Hz), 117.0
(q, J=30.6 Hz), 106.4, 61.6, 60.8, 56.1.

4- =50 PP R F R RO v B (OHDIR A, U
% 58%. 'H NMR (400 MHz, CDCly) d: 7.52 (d, J=8.4
Hz, 2H), 7.30 (d, J=8.4 Hz, 2H), 2.51 (s, 3H); "°F NMR
(376 MHz, CDCLy) §: —62.4 (s, 3F); *C NMR (101 MHz,
CDCly) 6: 143.8 (q, J=1.5 Hz), 126.8 (q, J=32.5 Hz),
125.61, 125.57 (q, J=3.9 Hz), 1242 (q, J=269.9 Hz),
15.0.

4- =G P REEE IR ) AR, R 60%.
mp. 67~68 C (lit!"": 66~67 ‘C); 'H NMR (400
MHz, CDCly) 6: 7.70 (s, 4H), 7.61 (d, J=6.8 Hz, 2H),
7.48 (t, J=7.2 Hz, 2H), 7.42 (d, J=7.2 Hz, 1H); "°’F NMR
(376 MHz, CDCL3) §: —62.4 (s, 3F); *C NMR (101 MHz,
CDCly) &: 144.7, 139.8, 129.3 (q, J=32.3 Hz), 129.0,
128.2, 127.4, 127.3, 125.6 (q, J=271.8 Hz), 125.7 (q, J=
3.8 Hz).

1-FE-4- = U P IE 2 iR IsE, U
63%. '"H NMR (400 MHz, CDCl5) ¢: 7.81 (d, J=8.0 Hz,
2H), 7.76 (d, J=8.4 Hz, 2H); '’F NMR (376 MHz, CDCl5)
5: —63.6 (s, 3F); °C NMR (101 MHz, CDCL3) 6: 134.6
(q, J=33.3 Hz), 132.7, 126.2 (q, J=3.7 Hz), 123.0 (q, J=
269.6 Hz), 117.4, 116.0.

4= = G5 P 3 2 R S (20)°: R €0 DR R A
% 60%. '"H NMR (400 MHz, CDCl) ¢: 8.13 (d, J=8.8
Hz, 2H), 7.68 (d, J=8.0 Hz, 2H), 3.94 (s, 3H); ’F NMR
(376 MHz, CDCl3) 6: —63.2 (s, 3F); *C NMR (101 MHz,
CDCly) d: 165.8, 134.4 (q, J=32.5 Hz), 133.3, 130.0,
125.4 (q, J=3.7 Hz), 123.6 (q, J=271.0 Hz), 52.5.

1- =40 PP 4= 2R )M vk 3 i R, W
50%. 'H NMR (400 MHz, CDCl;) 6: 7.64 (d, J=8.0 Hz,
2H), 7.50 (d, J=7.6 Hz, 2H); '’F NMR (376 MHz, CDCl5)
5: —62.8 (s, 3F); °C NMR (101 MHz, CDCl;) é: 132.0,
129.5 (q, J=32.9 Hz), 126.9 (q, J=3.8 Hz), 126.4, 123.9
(q, J=268.4 Hz).

Chin. J. Org. Chem. 2020, 40, 3426~3430
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1,2- 5 -4- = PR ZE QK F ARk, Ik
# 46%. "H NMR (400 MHz, CDCl3) 6: 7.72 (s, 1H), 7.58
(d, J=8.4 Hz, 1H), 7.47 (d, J=8.4 Hz, 1H); "F NMR
(376 MHz, CDCl3) 9: —62.8 (s, 3F); *C NMR (101 MHz,
CDCly) 6: 136.6, 133.5, 131.0, 130.4 (q, J=33.4 Hz),
127.6 (q, J=4.0 Hz), 124.5 (q, J=3.7 Hz), 123.0 (q, J=
270.8 Hz).

2-ZHFEZE D! MR, R 42%. 'H
NMR (400 MHz, CDCl;) &: 8.16 (s, 1H), 7.90~7.97 (m,
3H), 7.66~7.58 (m, 3H); '°F NMR (376 MHz, CDCL) ¢:
—62.3 (s, 3F); °C NMR (101 MHz, CDCl;) §: 134.6,
1322, 129.0, 128.8, 128.0, 127.9, 127.6 (q, J=30 Hz),
127.2, 125.7 (q, J=4.0 Hz), 124.3 (q, J=271.0 Hz), 121.4
(q, J=3.0 Hz).

2- AR - 5- = 4 F Rt (2m) ! SR ISCR. 69%.
F NMR (376 MHz, CDCl;) 6: —61.7 (s, 3F).

2- L -5- = g AR b e (2m)! e R A, R
45%. m.p. 44~45 C (1it."": 43~44 °C); "H NMR (400
MHz, CDCl;) : 8.65 (s, 1H), 7.78 (dd, J=8.4 Hz, 2.8 Hz,
1H), 7.65 (d, J=8.0 Hz, 2H); '°’F NMR (376 MHz, CDCl5)
J: —62.5 (s, 3F); PC NMR (101 MHz, CDCl;) J: 147.2
(q, J=4.1 Hz), 146.0 (q, J=1.6 Hz), 135.3 (q, J=3.3 Hz),
128.3, 126.1 (q, J =33.6 Hz), 123.2 (q, J=270.7 Hz).

E-1-2K3£-3,3,3- = 0 3 9 45 (20) ') ety Rl
A&, W 42%. 'H NMR (400 MHz, CDCLy) 6: 7.45~7.47
(m, 2H), 7.38~7.41 (m, 3H), 7.16 (d, J=16.0 Hz, 1H),
6.25~6.16 (m, 1H); "F NMR (376 MHz, CDCl;) o:
—63.4 (d, J=6.4 Hz, 3F); *C NMR (101 MHz, CDCl;) §:
137.7 (q, J=6.7 Hz), 133.4, 130.0, 128.9, 127.5, 123.6 (q,
J=267.2 Hz), 115.9 (q, J=33.7 Hz).

4 Bh#1 Kl (Supporting Information) 7574 2 () 'H
NMR, *C NMR A1 "F NMR Elifh. X Ep0R T DL 2% A
AT 3k (http://sioc-journal.cn/)_F F %K.
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