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Abstract

In related fields with a focus on life sciences, fluorine is second only to nitrogen heteroatoms in
popularity. Because fluorine is the most electronegative element, it plays a crucial role in today's
medicine, agricultural chemistry, and materials science. And trifluoromethoxy (OCF3) is a key flu-
orinated structure with unique physical and chemical properties. Introducing OCF3 groups into
organic molecules is of great value for the design and development of bioactive compounds. This
review mainly discusses some impressive strategies for synthesizing trifluoromethoxy com-
pounds.
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1. 3]

SN R R A DARORMGE 25 0 (R0 A 1 T 2 24549 R AR AR I R i 1 e 22 A o 2 S B
=5 AU (OCF3) T RGN 24547 A B R i DL I — AN g5 B[] [2] (3], BB RIS AT A LT 1)
FeoE e SEMMMERIESE A T IE 4], BT I RO, =R PSR D T R
SRIEW S AR 2GRN WU R AT A% A W L B (/R I [5] [6] [7]. HanCoIEAR Celikalim A& —Fhhk i ) %
JE 2, ST 2S AT ARV RO EOE 1 KB TE TR, DLACR] & (BTt ik 24) « Triflumuron (5 HUH)
Flurprimidol (K44 KIR3557) A1 Thifluzamide GRITEF) (&1 1)e XL 5 Tt 5o H7E BE L4500}
OCF, ZE A HEFRE, [FII A AN B — MR B ZE B M AR ] . (0 S48 1 FH 16 ok = is v
& F A CFs ik &1 7 i A BR8] [9] [10] [14] [12], F Tl 4 & i OCF3 43 F K 5 ik e ¥4 J5 [13] [14],
X AT REVAA T OCFs B & 175 5 20 it O PR [15] [16] [17]F04 FRI¥) OCF3 17[18] [19] [20] [21] [22].
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Figure 1. Drugs and agricultural chemicals containing OCF3
El 1. & OCFrMZAmMKALER

JRAE OCFs 2RI RA RUF ks, fEZ5M). A7 @7 A5 AT SN AT S A A EATT ] &l
BRI AL . SRV Rl A RGNS 2 ) S Bk AR [23] [24] [25]. BbAbh, VFEAR50T5%
R P AT BR ARG AN S BEMIR 520 . B oL, AR 208 AL ST & i OCF; T ik AL R &
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15 OCFs (L EWNHIHT A JE o LRIBAER 12 AR 733 1) OCFs 2 J R B ; 2) E#sA =5 34k
s 3) AT G EAIE R A A = G T AL SN s 4) TR R A SR = i AL S

2. OCF: L &I & R
2.1. OCFR:; EFANEHFIE

LML H4E B, OCF; 3 B S 3 A 2 O & BN & A FLEL I — P 0kmg . (B2, RRRE
TOK LR, Hh R () =S NEAR CI-F Z5#:[26]; (b) ByAl CCl, —5#4k[27]: (c) O-F5%k
AR AR AR S R IE S A [28]5 (d) 8 BR ER I WA AL [29]; (e), (F) SEALFALMEAR[30] [31] [32] [33] [34]
(1 2).
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Figure 2. Early synthesis methods for obtaining OCF3; aromatics
& 2. RHIZKE OCF, FIRME KT A

20 tH4d 50 4EARK, Yagupolskii /INH$RH T ) FH SRS #e S A B = 3 AR R I T B 7 vk, 127

AT T OCF; FrBEBI N B3R i (1] 2(a)). 1979 4, Feiring #0381 M. PUSALBRA HF — 54 s
TEAT FH 00 55 5 = 0P R X BT 7 v, (B SR Fh O e B PR T 05 B s, JF B 5 HAh eI M 2
PEARZE (1 2(b)). 1973 4, Mathey F1 Bensoam $i1& 1 O-5 L HUR AR 5 FFER IR 5 MoF 1 N aUAGT7 4
%% ArOCF; [ N () 2(c)). [FI4E, Sheppard /NEFF R T —MEin i, F HF /EREAT], FAE SF,
Xof g FR R AT B SR . SR, SFa ISR PR ) 11225 v it — 25 R JE () 2(d))» 2000 4E A4+, WFFLTT
BEE TR - A SN _E (K 2(e), [l 2(F) T iE M =R A B B AR, AR .
HEATHRIN Bris BE S AAE MR, v LARZS 5 ] % B s . BRI —Lu g,
WEH AL, O TR RMBE . BRI, X5k p R s R e i Y, I
BHEUFEHRDRL L T2, XAKMEE T EI10E BN A .

2016 4, Hu PREAL[35]HRIE | —Fh MBS B 7 5= =98 HF IR (ArOCRs) B 7 ik (B 3), 077
SE4 O-FRFE 5 R AL AR AL IR 3X W25 7V F 25 5 3R AR IR TR 3 L IR 4 AN SelectFluor 11,
BRI, PRI (10 & B 2R, 1T DA DA 25 42 (107 1) 77 6 B ORI (L 1 7 26 = 0 g o

2019 4, Xiao KILFIF[36]H K T —FlEF i OCF; Hilg, fi kit pq ol vk i, 5 2RI,
Ph,P*CF,CO;, fl AgF A5 — R4 = FAREATAEW(E 4). 3248 T B ZWREMIEREIE A R
B BB ATAE 25 1 AR A P = 3 R S
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Figure 3. De novo trifluoromethylation of phenols
3. REAMIMNEL =R ENK

Crown ether

0 2,2-bipyridine
-X + PhP*CF,CO, + L+ AgF a > R-OCF
R-X PICFL0 s, 9 THF,60°C, 05h ’

Figure 4. Trifluoromethoxylation of alkyl halides or benzyl halides
E 4 REREISTERUYN=8RaEL

22. HES =S HREHRM

RPN, BRI OCF, /& — Mt G I (1 e, (RN FH B2 BR T OSSR Z1 L R IR LA R 20
BRATEAGARE . B, FERRBIEA. 58D RYIE RN . &N eiE s ke
PR SR AR N T, AR Z ARG I E R EE O-CRa 88, A =9 ik 5N
OCF,; &[4, thtn Togni iX77. TMSCF; A1 TEMS. TFBO. = {7 Al ok 3V ik 77 5 . i 26 g 3 B A R 3
B REAIF AN, 60T LA T R =W s k& i o

2009 4F, Togni /NABTIJFR T —FiiiI7r %, LMAREARY), M Togni | F1 Zn(NTF), X BE AT 55
L= AL S N (] 5) o i BRI NS L CRa #5850, Zn(NTH), NHEALT . 785 THRE R R N
FAF N AT LA B = R e, AT T DA ORI LR A B 2R . SAAmE RO, =56 R

()72 T % 99%.
CFs,
-0 Zn(NTf)),
R-OH + ———> R-0CF;
0
OCF;, OCF;
AN
Ph OCF; )\/OCF?, /@/\/
Ph O.N
99% 92% 49%

Figure 5. Zn(NTf,),-assisted direct trifluoromethylation of
alcohols

5. Zn(NTf,), BB HIE = A AL

2015 4, Qing VR4 [38]4kIE 1 — M R Had H I 5L (1] 6). ] CF3SiMes fEA CF3 JEFI AR
A5, GBI AR T RS AR 5 B A 2 R B By B AT LR AR = R Sk o XM U v T DU TR B
FITy R A FRA5 22 P 95 5 = G50 L Bk o 1% SRR N T B2 24 AH S 2590431 10 )i 11 = 3 R 364k 151

DOI: 10.12677/jocr.2024.121005 63 HHL A5


https://doi.org/10.12677/jocr.2024.121005

&

)

AgOTf (5 equiv)

N OH _ 2-fluoropyridine (5 equiv) ~CF;
Ri— + CF3SiMe; > Ri—
7 NFSI (2 equiv), CsF (6 equiv) A

Selectfluor (2 equiv)
PhCFs/PhMe (2:1), rt, 16 h

~-OH ) standard conditions N OCF;
Rk _ + CF3S|MG3 > RE _

trifluoromethanesulfonic acid X

e

Figure 6. Silver-mediated direct O-trifluoromethylation
6. RNMSHERE O-=ZFRAEKL

4, 2/NHL[3ORGE 1 — ol RS (1 fre 2 = 9 R IR ) ) 45 7 vk (P 7)o AR SN 26 AT
L TR FEEEE . MPEEAEUEE S TMSCR; FUSUML O- = AL S, DA AE 2 RAFI ™ 252t 7 A
B RS IT, HRANRKERERIMENE, ) iz i =9 PR T —Fop i 777

AgOTf (3.0 eq)
2-fluoropyridine (3.0 eq)
R-OH + TMSCF; » R-OCF;
KF (4.0 equiv), selectfluor (1.5 equiv)
EtOAc, rt, 12 h

Figure 7. Silver-mediated trifluoromethylation of aliphatic alcohols
7. RN SHEREE=F P EK

2016 4, Wu PREEHL[40]F FH F2 Al N-Z8 30T Togni 77— & il N-2% 95 =96 S8R AT AR i) O
(&l 8)o ZITEREW G S A — e NIRRT ) TLe s TC = A B &M 2SR SNSRI AT,
R BEA RN, SE2MEREBIEHE . VIEE 2-HEMtE 5 Togni 11 AT RFASH)E, TERURTIES
TR A RIFE TS (SET)HR UL H tH3k B M1 C, "EAIEH A5 B O-CFs . % B AR 3Z B R )
BRI, (ERAEAE 6 B 20 26 PRI DL TR 3845 73 OCFs i1 N-2%3F

TN Tognis reagent Il A
Re R
“So - Z S . P~
~ N OH ~ N

OCF,
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CF;
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| + 0 — N.__O i . OH
Z —— X CF N 0
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Figure 8. Synthesis of N-heterocycles containing OCF;
[E 8. & OCF; i N-ZIFHIA B

2018 4, Tang S H A VEF A1) T 8 — ANERAR N 564 T D= 960 1 2 05 B G (TFMS)TE v =
i SR A RN I AT B M e e = P RO o 125 BE N K A A T A e B e A D R N )
ZRA A, 2R ERER . BT RN R RS I, %7 R A IS 24 AN AR 24 U
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Figure 9. Synthesis of N-heterocycles containing
OCF;
B 9. & OCF; iy N-ZIF & X

2020 4, IZURAAL[A2]HCE K TCHRE S )AL SR A = 3 R SR, AT T — o I =JR 4
FA B = S SR 5 (TFBO) o AEIR AN SN2 A RIS DL R ] TFBO X et pa fe sk
TSR = AL (4 10). =90 F ARG IR TFBO fil# il e, #Agsg, JF Bl DIERRAE/E N
BT CR30 B 7

H

PN JOCF; Base _ (X=l, Br, Cl)
Ri- N ——|OCF, + qQ'| + X-R ———— R-0CF;
> -PhCN Without silver
TFBO

Figure 10. The method for nucleophilic trifluoromethoxylation of alkyl
halides

10, ARENFER=SREENS X

2021 4=, Togni VAL [43]7F A& T Jg i A0 B2 = 3 P 64k I N7, A FH i & ) v 0 LI T G I 3k
F, EMEACER) ZN(INTF) fE7E T, PAH A 2 BT AU (14%~T72%) H (A I f) = 4 R LTk (14 11). %0
REA RO EREBIN 20, RYEFAEE. PRS00, 1 H AT DLSRAEIR 2 E W E A Yok 52 1 24
M.

CE;
N Zn(NTf,), (2.5 mol% or 10 mol%)
R-OH + “S=o > R_OCF3
\CF3 neat or in solvent (DCM or DCE)

HYPISUL reagent

Figure 11. Trifluoromethylation reaction of aliphatic alcohols
E 11, PR =R PR U RN

23 RARHERECT=REELRN

e LU TER, oSN L & SOy —Fh B R A T R [44] [45] [46] [47], ©HFK
KEIIHEIE C-C I C-X B Y SN o 1 6 e S A A A ) B A 3 e TR P S B2 %A T 7 A e 2 e A R AT
59 K B i PR (SET) I FE AL Gifb 207 A L, el A g AN TR 2 3 i 2 5| R 7 A S A R BSO8R 571
AR, CAGE T JUREE T SR A Y B = 90 E R AL B I T i
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2018 4, Togni /NH[4814RIE T HiIF & 1) N-O MERE SR 111 FefiE b (F) 75 8 =5 FF AL I F 70 Rk
B 12). 7£ 350 W B led BEST R, T2 B 95 RE AN 4 95 12 1) = G0 P A AL RA B 21%~66%. [FAFE, i%
AN 52— R A LB RER, Wik, BE. W, Be. ORISR AG . 1S AT DARAL S A 2 A
A, HAESRTG A DX I 35 P A = 350 FF 3 5 1k T R P VR

H NC NTf,  Ru(bpy)s(PFe); (5 mol%) OCF;
T N MeCN, 23 C, 16 h
Il

OCF; 350W Blue LEDs

Figure 12. Visible-light photoredox-catalyzed formation of aryl trifluoromethyl
ether

B 12. AR E R R RS B = R R AR

4, AZUREAL[A9] XARIE T —F S il JEUs M B 300 | BT RO, izl Res AFT 4% A
M PEPEANE A B T 3CAE AT IOGHEA 251 T TR OCFs I HiZE (1] 13) o 58 B A, 30 AT AHEAL 22 Fh (%)
T A EYIR AL B WIREAT 70 710 C-H =3P AL . 1ZI0NEEN T &A B ReRINf o5 ke, Bt
Yoo BRIER. WL BE. WE. S BRIRERAVEACEE. BLAh, S IR R CL R TT RS, IEE | I E
ANWEWY, #REAT AT I 52 1k

R oM blue light Ar-H

NN CoTf photocatalyst photocatalyst

| P N,N —_— [ “OCF; | ————— Ar—0CF;
| OCF; R=4-NO,4-CF,

Redox-active one radical desired

OCF3-reagents species product

Figure 13. Selective trifluoromethoxylation of (hetero)arenes
B 13. () FRMiEFEE=aRa Rl

2018 4, Tang “5 A[S0]JFK T — Mg AL Ag Ae] WG/ S DG A LA R, IR H
T =GR T AR £E (TFMS) AT Zdankin 776 6 24 1 B 8 = 9 VAR AL S v (1] 14) o S Aol 7772
AR et AR SR A AR AN B 25 T AR R B R E 2k, IFH S ARG = 90 SRR A S B AR 4
o ZINEMERBNAEZERT, GHTEMD THE SR =P AN BAh, B2
— MR WL A AR SR AR 45 5 R S = S AR R S I ) 1 X AT RE S SECRRTT R — &
B L R XA T ) = i S A SN

Ru(bpy)s(PFe)2 (1 mol%)
0 N3 AgF (50 mol%)
XX n_0 1—0 Bu.t N N
! ST us'py (30 mol%)

Ry + ~OCF; *+ 0 > Ry
7 /©/ CH4CN, 10 C Z

14 W Blue LED, 4 h

Figure 14. Visible-light-mediated azidotrifluoromethoxylation of styrenes
E 14 AARANSHERZHEHNER=aRE&LRE

2019 4F, ZGEUH[S1]HR 15 DL = %0 3L 75 FL R £ (TFMS) = & FF A3 R57), SeEAbIE JE AL AN
A i E 5 32 R DU SR R 5k = 3R AR B b S B 3R g (P 1) 20 ¥R FH AT LY G SR A O T A 7 L R
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AT AT 2 B 2k, JFE G (e R = R P A SN o 2R N EAT B REMIAR R L X ik
B Pk SR e R T S B U E I = P AT A . RS,

Ru(bpy)s(PFe)2 (1 mol%)
CuOTf (1.0 equiv) OCF3

0
o NoBFs &0 CsF (2.0 equiv) N N3
Z CH4CN, 25 t0 40 ‘C Z

F 15 W White LED

TFMS

Figure 15. Visible-light photoredox-catalyzed and copper-promoted trifluorom-ethoxylation
15. ATFRENTFEEEFFRFEN=aRREN

2021 4, Togni /NH[52]FE XIRIE T YGRS o- =560 AL 7 2:(14] 16). Ml kiRl 5 N-=
SR -4 SRR M IE R D S IR SR AL TR 4-CzIPN IR T, 2 456 nm HDGIE T SONE, 15870 37 % <
50%(1) a- =S T BELAEER, F A e A #EdE

OBoc CN hv 465 nm 0 OCE
Q LN ACHPNG o) é
. L, PR
~ & MeCN. 50 C N

6CF3 1 h or 2 min in flow
Figure 16. Light-driven assembly of trifluoromethoxy ketones

16. ZHAREERLIRENA %

i)} 2021 4F, Hopkinson /NA[53]47 48 T X (=46 F 2% )i A ZI(BTMP, CFs00CF )/ A—FhszA . &
R = R A, 5T MBI LA RS . %05 R A [Ru(bpy)s](PFe), 1E AL IR B AL
7, PRI AT DA 2 m ORGSR T A I = R SR T R (A 17).

R [Ru(bpy)s](PFg)s (1.5 mmol%) Z R
+ CF3O_OCF3 > CF30©/
MeCN (0.2 M), KF (0.1 equiv) A

16 h, rt, Blue LED

Figure 17. Visible-light-induced trifluoromethoxylation of arenes with BTMP
17. AARARFESHFRE BTMP =8R8 &R N

24. TEESREUE=FPEMURN

A WG 5 A — 2 = A R N B T = AR 1 B RS P, A IR B A X e B 2
T3k 9 4 A AR ) R IDE SN R B 02, T8 05 B RN 7 A 0 = 60 R AR R R e B MR I R 47 [54] [55]
[56] [57]. JEJLH4K, Lius Qin. Zhang. Tang 25 ATEJG KR F05 08 M@ SE 0 B8 = 40 A b 77 T
i 7 BRIk

2015 4F, Liu A4t [F] 35 [58] 1 IR S, 1 ARSI 1 =360 F A8 B0 S R (1] 18), ot PA(CHSLCN),Cl
AT, AgOCRF; Ny =i HI A EIE, Selectflu-BF, AL X FRAE Ak (1 3 P 25 = i AU Ak 7
%, BANS X EOERRERE s IE WOE B, ST A SR A IR R M IRAE 12 .

2016 4F, Qin 1 Zhang [1)/NH[SORIE T a- B ZERAT AV 1% = S R0 R OB( 1] 19). ik o-
R 55 RIS AgOCF; 3 CF3S0,0CF5/AgF 7E4) 30°C~108°C + N, 5 N I N3 3] o- — 6 FF 48 38 05 2
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LIRDG, W EIA 90%, S A BURIKIF LA 5 5 1) o B EURIEI S O N . e o- A
LFHE CRTEEAE AR - =90 R o, p- MRS, 723 ik 94%., 5T B HLEE, 15 %%, CF3SO,0CF;
5 AgF JEAL BB U T AgOCFs. 2AJ5 AQFHE 15 a- B AR &, Ao A4 la 56 1b. la 54 1b
IR OCFs B TR TSEAZ N, 0 = AR AR a5 Nb, HL7E =50 FF A R0 5 F K (B S)
R, RN~

Pd(CH3CN),Cl, (10 mol%) R

R/R, SelectFluor-BF4 (2 equiv) RzﬁOCFs
NHZ + AgOCF >
M g : CH3;CN/THF (3:5),-20 'C E‘

Figure 18. Pd-catalyzed trifluoromethoxylation of unactivated alkenes

B 18. EEARFBUEEN=REAEML

0 (@]
1 1
R\n)kORZ R\|)‘\OR2
N CF3S0,0CF;, AgF OCF;
or - > or
o) MeCN, -30C to -10 C 0
1 1
N, OCF;
Proposed mechanism:

CF3;S0,0CF; + AgF——> AgOCF,

a-dizoarylacetate:

(o] ©) (e}
o ® OCF, . H,0 Q
R! Ag R 2 — R 2 ——» R!
OR2 —>Ag OR Ag OR OR?

N, N OCF; OCF,3
® 1a lla
a-vinyldiazo carbonyl:

O

(0] A ® 0 ) (0]
1 9 1 OCF 1 H,O R!
R\/\IHkORQ - R\/%I\ORZ 3 R\AH‘\ORZ 2 R\(\)J\ORZ
N
Ib

Ad N, OCFAg OCF,
Iib

Figure 19. a-Nucleophilic trifluoromethoxy of diazo esters and their mechanism
19. - ERBEHFZ = AR E MR HENIE

2018 4 Liu BRAEZH[60]FF & T — Ffrr BUATR (A AR VS I R 16 201 1) — = JU AR R Ak OB, DA Lo
iR 71 Selectfluor™ s L7, AgOCFs hy = H AR SEVE (K 20). %I MIA B HAT B RE MR 32 M. iR
VIREER RBLEAFIRANIRE s WD HLBLRT TR 3R B, 43 R SSEFT R A2 B LA S % 5 307 W P 1 e A
PA(IV)HEAL T 51 A B, i AEA RIS AS 20 TR = 550 482 A0 (FOP) I R 5 Al o IR (1 2% A gk AT, ke
T =5 A S 1 iR

2018, Tang /NL[61] & KARIE T ARME BRI AL L C-H = HUH A HEAb B . BL AgOTF M4k 7, 1,10-
JENEI-5,6- B AL, TFEMS A= ARG, ERMRNANS T, BAARFEE G & Fh 7
FER R C-H R A =AML, TR R I mE(] 21). Ak, IESEILT & B 05 R ) =
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WRHEERL, —DERT o- SRR =RTBE. ZONEEH TR E . MR 7% B i E S
.

Pd(PrCN),Cl, (15 mol%)
2,6 -F,-Py (75 mol%)
AR+ AgOCF; - CF;0 R
SelectFluorCN-OTf (3.0 equiv)
Tf,0/iPrCN/CH;CN, - 20°C

OCF,

Figure 20. Pd-catalyzed intermolecular ditrifluoromethoxylation of alkenes

& 20. Pd fE GRS FEIN=ZAFEEUR N

0
H g/,O KZSZOB! Agon ) RZOCF3
[ Rs ~OCF, 1.10-phenanthroline-5,6-dione N
R | + > R R3
Z E CsF, 50°C, DMC, N, o~

Figure 21. Silver-promoted oxidative benzylic C-H trifluoromethoxylation

21, SRIBHEMEMNTE C-H = RE &R K

[FI4E, 1% N [62] E B AL I Bl b, JFR T TREMS (157 4% = 5 AU Ab M AL R S8 0T 38 5 ()
22)0 ZRNONFERRA AT T BRI — RPN =5 P AR T ARG RIRRgte. Bhah, %05
] LUK AR b S AR O BT R A 2 PR AT X B 9 H FR 74 o

C,,)/O SalenCoX (cat)
o /©/S:OCF3 Bu,N*DNP" HOHOCFs
R1AR2 ’ F MeCN,1t,24h R, R,
TEMS

Figure 22. Cobalt-catalyzed trifluoromethoxylation of epoxides
22. HHEUHNTEND=RREELR K

2020 4, Tang MHAEH[63] B KIRER T1E NISfE1E T, KH AgF 1ENMELFA], TEMS 2 =5 H 4
BRI, ST TR IR T R = AR R R B (] 23). R BRI 2 A T R A A%
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Figure 23. Intermolecular iodotrifluoromethoxylation of alkenes
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Figure 24. Silver-catalyzed dibromotrifluoromethoxylation of terminal
alkynes
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Figure 25. Silver-catalyzed trifluoromethoxylation of N-tosyl aziridines
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