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Recent Advances in Trifluoromethoxylation Reactions

Wang, Feng Tang, Pingping*
(State Key Laboratory of Elemento-organic Chemistry, College of Chemistry, Nankai University, Tianjin 300071)

Abstract In recent years, the field of organic fluorine chemistry has developed rapidly. Fluorination and fluorine-containing
functionalization reactions have attracted extensive attention of organic chemists due to their special physical and chemical
properties. The introduction of fluorine-containing group into drug molecules can improve the biological activity of drug mol-
ecules. Trifluoromethoxy group has strong electron absorption and high lipophilicity, compounds containing trifluoromethoxy
play an important role in the fields of medicine, pesticides and materials. In recent years, some innovative strategies have been
used to synthesize compounds containing trifluoromethoxy group. This account mainly focuses on the research of trifluoro-

methoxy reaction in our group, and some challenges faced by trifluoromethoxy reaction.
Keywords trifluoromethoxylation; trifluoromethyl aryl sulfonate (TFMS); (E)-O-trifluoromethyl-benzaldoximes (TFBO)
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AJ LLLLEE = 2245 31 TEMS (Scheme 1).
CF,;0
? R,_\ SOzH Togni's(ll) reagent R._\ SOsCFs
CF3O CF;0 .\\OH F !BUOH/HCCI3, r.t. Z
%wm [ N AR 1 TEMS [ % 5%
O N~ Scheme 1 Preparation of TFMS
|14 (Riluzole)® Celikalim Dj%[h"éﬁ%(FlurprimiSiol) . s p[21a] g 32 3P M 4= P SN
AN REAREGy  FREETRRGY KR b 5 AP i R AT TR R, FEK
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Figure 1
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FAGRAA, RN R = P A &, b
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BE(TFBz), FRIGA]HSLHL T AR SR =5 H A R R
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R B RERILL. BEAL, X TR LM ED, R
T FR6S R B R AR 2 (S) R BN 1 1 W, O JE SR AN
SR = A S ST FUAR L T AR

AgF (30 mol%)
(DHQD),PHAL (10 mol%)

R! DBDMH (1.0 equiv.) OCF,4
i J\(th CsF (2.0 equiv.) " Br
5 TFMS (3.0 equiv.) R2 [JR*
R MeCN/DCM, -20 to 25 °C R
OCF3 OCF3 OCF3
92% vyield 94% vyield 60% yield
91.5:85e.r. 92:8 e.r. 72:28 e.r.
OCF,4 OCF, OCF;
/@)\/ /@)\/ ©/K/BI’
88% yield 73% yield 60% yield
88:12 e.r. 78:22 e.r. 72:28 e.r.
OCF3
OCF,4
NHBoc """
89% yield OCF3 .
91.5:85e.r. 77% yield 80% vyield
1.36 g d.r=17:1(S) r.r.19:1, d.r. > 20:1
O
Br OCF3 Br
L I
OCF3 ‘OCF,4
80 yield 88 yield
ror.=14:1,d.r. = 3:1 39% yield d.r.>20:1

B2 R FRRA - =90 PR BR Y
Scheme 2 Substrates scope for asymmetric silver-catalyzed
intermolecular bromotrifluoromethoxylation of simple alkenes
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AgOCF; (6 —25). #Hil|sLie R, TFMS k555 AgF
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% AgOCF; ¥ (Scheme 3).

O\\ //O (1) CsF (1.0 equiv.) O\\ ,/O
S\ CD;CN, 30 min s’
F (2) AgF (1.0 equiv.) F
\Y O /
19 NMR /©/\S//\F N /\F
F F” :
unkpown N
o

B3 AR A PRI = P SRR AL S S ERATT 7
Scheme 3 Mechanism research for asymmetric silver-catalyzed
intermolecular bromotrifluoromethoxylation of simple alkenes
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B2 RIS FR A= 58 A S SR
Figure 2 Insights into the reaction mechanism of asymmetric
silver-catalyzed intermolecular bromotrifluoromethoxylation of
alkenes
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Scheme 4 Mechanism for direct dehydroxytrifluoromethoxyla-
tion of alcohols
RLFE) H AR 4. X SSLRDHEAT T ¥, KB — R
TR E AR A R TP R R SRR,
IR EAT R A HE . RS 1 W SRR N A AE
— WG TR, RN R A RN . 12X
2[R 3 T 5 2% 20 1 W W, SR8 Ah &5 A A
FAF BN AR B AR~ Y)(Scheme 5).

TFMS (3.0 equiv.)

CsF (2.5 equiv.)
TMABTr (0.5 equiv.)

R™OOH R OOCF,
HMPA/DMA (V:V = 9:1)
30 to 100 °C
OCF, OCF3 /@/\ OCF,
©/\/\/ ©/\)\ o
83% yield 66% yield 57% yield

OCF,

54% yield HO

H 49% vield 30% yield

BRI 5 Bedkme i - =5 H SRR BRI
Scheme 5 Substrate scope for dehydroxytrifluoromethoxylation
of alcohols

3 SHEANTREFF-=ZFPREEMREHR

2018 4, WATREEAP LI A EWNIEY, 7E
ERHEALFIRIVE R R, BRI JF R 3] T =5 R A AL
W, PR A A A 7 SR R, N T 48 5 A 11
FehE Sy, HEMRF = 5P S 008 T RISERE I, SEER
PR, ZIR P A s, Xk PR AT, St
FPLAL AT 2 5 YD, =4 F 403 8 TR T N
PEFH/IN P — gt . SR 2448 2- 2R IEIR R 2B N
i, DXk 2, IR R 23 1A 67 BH 5 F L ]
SO BT R 4R b A PSS A B R A e
I, 1% N S AR AL B /N 1) — 3t 33E 4T (Scheme 6).
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Catalyst I (10 mol%)
"BuyN*DNP" (10 mol%)

R TFMS (4.0 equiv.) HO ~ OCF;
R R? MeCN, r.t. R' R?
OCF,
©)\/OCF3 ©)\/OH ©/ OCF3
93% yield

67% comblned yleld .

©/\)\/OCF3 Me \M\/ \)\/OCF3

93% yield 95% yield
OH
Catalyst I: @O/
“'OCF4
95% vyield
(0] OH
DNP Ph—<
Bu O—""""0OCF,
DNP = 2,4-dinitrophenoxy 83% yield

B 6 IETFI- =50 H AR BRI R
Scheme 6 Substrate scope for ring-opening reaction of epox-
ides

4 KECNEEF —FRFEEUREMR

AN THERPEZIARR B, FATFEEF & T E
JEPITE B IE 25 T 1 Sl 7RI =R P A s 1
PISEAZAE, MRS T 2 Fl — 95 AR A0 ROBE. 2018 4F,
BATHR A VR TEMS 8 RSEEL T AL 2K 206
B - R P AR RE G N B 2R R R
Z o fH Hb 7 P R PR S A A 2 25 R I R
HBPE. XA FE AR 2T T 5%, RIS A
FL T IR B2 2085 MR P2 R v, A A L 13 ]
(IR 28 RIS P2 28 8%, — B R U B R B ]
BeZ2 I T T BCR R R B T LB, i B mT DLAH T
B4 1 E B &1 (Scheme 7).

TS WL S0 M E, $ H a0 AT R Y s S AL EE
B AETE A WE RS R, JeGTI[Ru(bpy)s ) 2 2K, BE
Ji B B SR A A K AE R [Ru(bpy)s ] R A & & E
H2E, BB 2R A R YO T I Bl A BT H
HIEE, “F A7 S [Ru(bpy)s]® " PR AL A s IE
B e, HE AR R P R TE BT AgOCF; #Fh
K132 HF5 =) (Scheme 8).
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Cﬁ 5.0 equiv.)

TFMS (3.0 equiv.)
Ru(bpy)3(PFg), (1.0 mol%) OCF,4

@A AgF (50 mol%), ‘Bustpy (30 mol%) Nj
I
CH4CN, 10 °C R

14 W Blue LED, 4 h

BR7 kSR = P EE RS R R
Scheme 7 Substrate scope for azidotrifluoromethoxylation of
styrenes
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Ph/\/ 3 Ph N3
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hv /.\/Ng
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Ru*(bpy)32+ RU(bpy)3
0N3
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(0] Ph X
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Scheme 8 Mechanism of azidotrifluoromethoxylation of sty-
renes
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SR AT LA AL RIS B DR, TE R FRAL & =9
HAEAEEEY). AW 5, 2018 4F, FRATHE
Pl TR AL AR E R AL Csp®)—H $EE B =5
HAAE U ROBE, 12 B 2% AR 3 BRI AN, (R T AN [
PEI R 5 B A F 0 24 A gEi T B iRl
P BR B AR, Fe R i e, T e A R T
BN T E AgF, NEANLFZSE RPN, %Kk
LA BT ) A G L, X T — G — e I ) ¥
A—ERNERME, XL 4N T SHE R A
TEH. R T R AP AR — RN Gk, IRSIAE
P bR AR R S BT — k. 10245 [E B A
TE— R = e, [N EB R AR S EEE D). |
RERERZ, WA -5 5 -4-50-1,4- 1 EZ A0
[2.2.2)3F bt (= H IR L) (F-TEDA-OtHE N A,
T LA R F IR IR, R BIE RS B R AL
[ B AN = 5 F A A 1 7= ) (Scheme 9).
F1 A C—HEH=FPARERNEDY R

Table 1 Substrate scope of the benzylic C—H trifluoromethox-
ylation

OCF,

X = Reaction conditions X R

R R
= =
OCF,4 OCF,
/©/\OCF3
Ph ‘;
Ph ipr
67% yield? 58% yield? 55% yield?
OCF,

O ) |O
CF30
s Me
4 : 5

63% combined yield?

OCF3 OCF3
OCF3
Bu F

o vield? 0/, vialdb
52% yield 50% yield 59% yield®
/L::j/»\ocpg /J:::r/\OCFs /[::j/”\OCFs
cl CF3 NC
46% vyield® 50% yield® 53% yield®

“ Reaction conditions: AgOTf (30 mol%), K,S,05 (3.0 equiv.), CsF (4.0
equiv.), TFMS (5.0 equiv.), 1,10-phenanthroline-5,6-dione (5 mol%), DMC,
50 °C. " Reaction conditions: AgOTf (30 mol%), F-TEDA-OTT (3.0 equiv.),
CsF (4.0 equiv.), TEMS (3.0 equiv.), 1,10-phenanthroline-5,6-dione (5 mol%),
4,7-diphenyl-1,10-phenanthroline (5 mol%), DMC, 25 ‘C. ¢ Reaction condi-
tions: AgF, (6.0 equiv.), 4,4'-dimethyoxy-2,2'-bipyridine (10 mol%), di(2-
pyridinyl)-methanone (10 mol%), TFMS (4.0 equiv.), MeCN, 25 C.
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AgOTf (40 mol%) F
Me CsF (4.0 equiv.), TFMS (5.0 equiv.) OCFs
% F-TEDA-OTf (3.0 equiv.) _
\/\ | 4.7-diphenyl-1,10-phenanthroline (10 mol%) \/ [
R DMC, 40 °C R
F F F
MeO,C
/©)\OCF3 @oca eo2 ﬁ\OCF3
MeO PhO EtO
68% 47% 59%
F F F
F
C'i@)\oca j@)\OCﬁ /©)\OCF3
BuO MeO BuO
58% 55% 58%

B9 Az C—H B AL =5 FF SR S R A ]
Scheme 9 Substrate scope of the benzylic C—H trifluorometh-
oxylation and fluorination
MALE(Scheme 10). B4t AgOTf fEAR R 55 E 758
BA3E] AgF, LRI AME MR Ag(DFl, 255
TFMS {ERIZER F-Ag"-OCF; HUEE IR . AL
BRI A R, 0z B e BT Ag” 4
T A TR IE RS T, B ik IE B 1 )i S5 44 & op JR AL
TR AgOCEs YR E I A= e B Br 7 Ml (path A). 5341l
R, R4 E AR N F-Ag"-OCF; #)##
EIZME OCF; A H BRI AgF, M 4
(path B).

AgOTf

HF

o
B 10 “FAr C—H 81 =5 &340 e S HLEE

Scheme 10 Mechanism of the benzylic C—H trifluoromethox-
ylation reaction

6 MERUSYHN=FFEELEEHAR

RPN EAL P R R AR BT, fES L
FIRI AT TR ALIES =M P AR Y. AT
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M, R FHAMEA R E AT AR A 21 TR
SEHL Rk g A A 2 R e SR RE AL S I AL S
PGB o FERE AT R S SRR 1 R R R
T RH B2, BRATTPI SR RSB T AR 2t ) e
FEREL AP = R AR . 2N SRR, &
T — BB IRERE YD, &6 W S B B R R
VI RETS B R A H P2 5. T6T Rk A ReE ot JER A S
7 2RI B AR, 2R NS F T R 2% 0 11K s i
(Scheme 11). ZMNAWAFIEANE: AgF & TFMS H &K
Z, RYRR BN —. HHERIFSLR R, %R
ATREZ T T ik EH B SE R I 2.

AgF (4.0 equiv.), TFMS (5.0 equiv.)
Selectfluor (3.0 equiv.)

R—Si(OEt); R—OCF;
3,4,7,8-tetramethyl-1,10-
phenanthroline (30 mol%)
MeCN/DCM (V:V = 7:2)
(0] (0]
OCF OCF
Jonacis 0O
Bu
66% yield OMe g6% yield
] (0]
OCF OCF
/©)‘\0/\H/4 3 ©f‘\o/\ﬁ,4 3
F Cl
59% yield 61% yield
(@] (@]
OCF
/©)ko/\9,4 3 ﬁo/\ﬁ;OCF?,
FsC FONT
56% yield 61% yield
4OCF,
OCF;
o/ vi O
9% yield 62% yield
4 OCF
o
N< Bu
Fic—¢ N

—

Me
32% yield

B 11 HRAEEE R Rk Y = 5 TP AR SN R e
Scheme 11 Substrate scope for silver-mediated oxidative tri-
fluoromethoxylation of alkylsilanes

7 RENERFHNFSEEREN=FHIENK
R B
FERIEE C(sp’)—OCF; B FI, AT Csp”)—
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OCF; % [ S 7 W17 TR 0. B8 T H %GR
C(sp?)—C Fl1 C(sp®)—X i A At 5 SR « 75 ok i A%
IR e TR R BRI S RIVEIE, B i PV PR R 1 7
e B AR N R AT . IR, AT R
I T8 Ru EGIEAL . A S R E R =
SRR S 12 I A . 4 PR R AT

PSR 77 HERMURT — 60 R R I S5 S A& ) B8 T
Ru(bpy)3(PFe)2 (1 mol%)
: 55}
= %
MeCN, 25 to -40 °C
69% yield 61% yield

A ARG s R B, RT3 P S AL 1A B R 1) iR,
CuOTf (1.0 equiv.)
/©/OCF3 F\©/OCF3 @[OCF3 /©/OCF3
F F |
OCF; oW o /©/0CF3
s
MH \b

IR F 2 AL S AMZ R NIE F B A A R 5 3
f&1fi(Scheme 12).
CsF (2.0 equiv.)
TFMS (5.5 equiv.)
78% yield 75% yield 27% yield  48% yield
Bu Ph Br/\/©/
75% yield
Me
TfO
59% yield
30% yield

F3CO
SO O
O

50% yield

B 12 FFREESRN=F T AR R R
Scheme 12 Substrate scope for trifluoromethoxylation of ar-
yldiazonium salts

ST S A SRR H T R AT RS A R S AL
FEA] IR T, L8 [Ru(bpy)s ] T i & 25
[Ru*(bpy)s]* WiFl, iZ4Fh b B4 A AL v K, it
BRI RS, [Ru*(bpy)s]” 8 4L N[Ru(bpy)s]* ", =
RAR MR R LA NI e A i3t [FR, 76 CsF 748
N, CuOTE Al TEMS JEA7 P24 Cs[Cu(OCF;), W, 755
H 35 Cs[Cu(OCF;),|WIFE T i Cu(l)PFp. #54E
Cu(IT) ¥ F 4% [Ru(bpy)s]® " & Ak A Cu() ¥ Fi, [ B
[Ru(bpy)s]* " FH #i8 J5E N[Ru(bpy)s)* . BEJE Cu(ll))
Tl R A TR B 13 Bl e & P2 W, FE T L Cu(T) W B
(Scheme 13).

8 KERRKVHNFEZ=FFSELCEEHAR
2020 4F, FATHRBHIE R T LUE)-0-=F PR

Chin. J. Org. Chem. 2020, 40, 1805~1813



Chinese Journal of Organic Chemistry

ACCOUNT

TFMS + CuOTf + CsF Cu'OCF;
l +

Cs[Cu(OCF3),] ArOCF,

Ru( bpy T

Cu'(OCF3), CF3O—(|3u”'—Ar
. OCF;
Ru(bpy)
Ru* (bpy\//?’\ Are

ArN,BF,

B 13 05 58 E AR 10 = A AR A S AL B
Scheme 13 Mechanism for trifluoromethoxylation of aryldia-
zonium salts

Eﬁ@%ﬂ?(TFBO)f’E%#ﬁEﬁﬁﬁ%iﬁ?U pliifu iR
N I EE =B S L A2 (S I S N DA o7
(Scheme 14).

H 0 H

NS0 HCl Ny SN-OCFs
| + N-OCF3 — = ||

= H,0,80°C Y/~
R R TFBO

O

B 14 TFBO [l % )7 ik
Scheme 14 Preparation of TFBO

W J5 42 7 AZARGI I S RS, R IR AT LA
BRI AR FH T IR B =0 P B U -, T 45128 7T
PR F =% FF & 310 ) B A (Scheme  15). FATT M &
Bl ) A SRR BN T, HEAT T 22X R
757 s, Herbh s A AT TFBO 1 s Rl A 28 50
B, LRI Cs,CO BRI, 125 B LA S i ¥ 7 #6451 A
82 F) 7= 4.

_OCF Base
7 ND *
R4— -PhCN

TFBO

- +
CF;0 Q

R-X (X = Cl, Br, I)
—_—m

Without silver R—OCF,

B 15 Bl etk o doe 3 s AR ) = 3 PR AR S
Scheme 15 Base-promoted trifluoromethoxylation of alkyl
halides

ML w2022 AT IR KRR 3 58
WIR. 5%, fRGEi TR B L R, ks T
B pq AN EE s A A, B Z 2L 2 o E AR
. MERAT T 7 IRMVEH, & T ARE A 5
PAB NS TR ) e 2 AR K S A% = i SR B AL T 7,
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L3k 48 FH £l 35 (Scheme 16).

H

Sy-OCFs Cs,CO4
+ R-X ——— R—O0CF,
By DMA
o) 0
OCF OCF
/©)‘\O/\H; 3 /@)’LO% 3
F Ph
92% (X = 1) o v
93% (X = Br) 90% (X =1)
71% (X = Cl)
OCF3 OCF;
creve O
54% (X =1) 83% (X = Br)
90% (X = 1) 46% (X =Br) 56% (X = Cl)
86% (X =Br) 91% (X =
66% (X = Cl) 70% ( —CI)

B 16 i Fe A s AR I = P R S SR e
Scheme 16 Substrates scope for trifluoromethoxylation of sim-
ple alkyl halides

2N [FRESE T B A% 03 1 (0 JE B, 5 tnox 28
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