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Abstract

Fluorine, as the most electronegative non-metal element, imparts unique physicochemical prop-
erties to organic molecules when introduced into them. Molecules containing fluorine and trifluo-
romethyl (CF3) have been extensively studied and applied in the field of medicinal chemistry. In
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recent years, molecules containing difluoromethyl (CHF;) groups have also attracted increasing
attention. Studies have shown that the introduction of difluoromethyl groups can not only enhance
the biological activity of drugs, improve their solubility and bioavailability, but also optimize me-
tabolic stability and cell membrane permeability, and reduce toxicity. This article summarizes the
applications of difluorocarbene reagents in C-difluoromethylation, N-difluoromethylation, O-dif-
luoromethylation, and S-difluoromethylation reactions in recent years.
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Figure 1. Pharmaceutically active molecules containing difluoromethyl
groups
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2. ZRFERFE-SPRECRNPRIEZER
21 FIAZ®FESH C-“RHEHURK

FLAE 1996 4, A URBARIE 7 H H 5 — & BFE(HCFCl) ™ A 5~ 5 5 AH R 2- e P R AT A Pk
AT IS FpRAR S SR EA T, v e et A il T U A S (A 2), RN T XA R A R
[12]. BHJE, HH4 U R 2E e Th 1) S8R 0 F 0 = (OF T 28 e /e BT 1) 3R SR VR SE L C-
TR A SR (] 3) [13]

R 1) n-BuLi (1.2 equiv), THF R
1 -78°C, 30 min /I\
R
Rz)\\\ 2) HCF,Cl (excess), -78°C, 1.5 h 7N
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5 examples
up to 98% yield
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Figure 2. Difluorochloromethane achieves C-difluoromethylation
2. ZHR—SHRRII C-HRENL

R 1) n-BuLi (1.3 equiv), THF Re
X | 0°C,0.5h |
N
x N
N 2) [n-BusN(CF,H)[*CI (1.2 equiv) Nen
78°Ct0 0°C, 8 h 2
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up to 53% yield
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Figure 3. Difluoromethyltri (n-butyl) ammonium chloride achieves
C-difluoromethylation
B3 —:AE=(ET&H)%SMNMIEI C-—HFEN
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e B X R IR bR . BLRONEXT SR BT P A . R AR, DURCREE, 2805
FERNZEIE o ) R (K E RE R A 1 [14]

R CF3H (excess) Ri\,
X | {BUOK (10 equiv) |
S
A ™
X n-decane (0.1 M) N CF.H
80-100°C, 3 h 2

12 examples
up to 73% yield

Figure 4. Difluorocarbene achieves C-difluoromethylation reaction
B4 —gFEXNC-ZaREURK
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Figure 5. Difluorocarbene achieves C-difluoromethylation reaction
Es5 —sFfEXHC-aREURE
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Figure 6. Difluorocarbene achieves C-difluoromethylation reaction
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Figure 7. Difluorocarbene achieves C-difluoromethylation reaction
7. ZRFEEIU C-ZRRREUR K

22. FIA—RERIMN-—mBEEHURN

2006 4F, Nagaaki Sato £ NHRIE T —Fhr i) — vk simg, FT6 s N- 90 B 22-2- L e Bl (40 141 8).
N- (M -2-3) Z B R AT A AR 9 N- 3 R - 2- ML g BT AR 0 ) s ST, 78 i SRV v 3 R o
PRI T RIS T 2- O M RE AT AR i R b . s, 1,2- 2 5-2- LR - 1- g R
WE LR AR I 254 T BLBK A, 3RS T HbR N- U 2E-2-nb e i, WFE SR RIF. X—iEfi 7 &
BOHE, AR SRR A T — AN ST RIS [18]

CICF,COONa

R 0.2 equiv 18-crown-6 R R
|\/\ CH3CN, reflux |\/\ 1% aq KHSOy, reflux |\/\
N No N<
4 CF,H CF,H
NHAc NAc O

Figure 8. Difluorocarbene achieves N-difluoromethylation reaction
H8 —H:FEIUN-ZHERFREURKE
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2014 4, Olah 25 AF|H TMSCF; Al Lil 7EH M2 TAE R R 5, IRIDSZIL T BRI 2 K e g
B3 N- U RS ] 9)o TERE RSN TR, DA R EF RIS CRAG 2] 7 5 L= 4[19] .
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X N
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N R2 N
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2) Conventional heating, 3 h (35-97%)

Figure 9. Direct N-difluoromethylation of imidazole and benzimidazole
by TMSCF,
9. TMSCF; SETURRMEFIZ HBRIE A B 33 N-— B &

A4, Dolbier PREALME M HCF AFNTEEE . ARBA I — 3R 5, BRI SEHL 1 DKIEAN A I FIK L) N-
TR, DR IR SRR e AT A A, TS T AR R RN, X JiiR S A A
WEMI TR A BRI TE4 71 (Al 10) [20].
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Figure 10. Difluorocarbene achieves N-difluoromethylation reaction
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TEAIERT, 2222 KE . & 5 SERANVA FR — 8 DL R IFUSCR SRS B ARr29. LA O A
OE T2 M 3- R LA FFREM-2-TR AT A, 0 HERAERIE. i, 5 FicRAr=, JEH—%=Y)
TR T RIS R A 11) [21].

0
o Souk tBUONa, DMF L [ g
Ri- + CICF,CONa + S N

F 70°C, 3 h
NH, ’ CF,H

Figure 11. Difluorocarbene achieves N-difluoromethylation reaction
Bl Z®FESIN-—aREURK

2019 4¢, Wu S5 NARE 1 —Fogr st Se 5%, RERIE NS 6 N-N B ERY), B TMSCF.Br
VRN P RAG R, R I A 2E N- 3 AL SN, B T — 241 N- 90 R R (U 12). %05
IRRENS LI R A R A A N- AU P AR, TR e L L 2 f) Y e L R s e AN S AR #EE [22]

R2 H TEBAC, Cs,CO3 R2 CF,H
! +  TMS-CF,Br i
R1J\\N’N\PG toluene, 90°C, N, RSN N pg
R', R? = alkyl, aryl or het 39 examples
up to 93% yield

Figure 12. Difluorocarbene achieves N-difluoromethylation reaction
12. ZHFRIUN-ZERFEURK

23. AR FEESSHM O-— S HELURN

2013 4=, John F Hartwig 4@ 2H i3 1 5 FH 137 5 10 3 S 407 AR R R By b AT U 24k . 1%
R T IVENAL, BEHERERERIN 2, X7 IEMER . 755 kA BN 5
FH L 11 B DG A RY A mT B (] 13) [23]

B(OH),
NS \
A~ _~_OH HCF,-OTf _~_-OCF;H
R | ; R | ~ R |

x / X X
X

RT |

NS

24 examples
up to 94% yield

x = Br, Cl

Figure 13. Difluoromethyltrifluoromethanesulfonate achieves difluorome-

thylation of phenols
13. ZR A= S REBREES B — SREL

2017 4, WG BRALIGE 1AM TMSCR,Br /F 9ty LS I — 301 SR, AR AT AR SO 25 A
T SEBLRE R IR A (B B 14) . X TTVE T LASE SRR BRIV A T A A, AR, EEERU R
TR IERE . 1% SN B A RS R R SR R B T EEAT X S ) R A RE AN
BEAk, A% R T A S B TR A At R P A RT LUIE L A6 ] TMSCF,Br 34T ZFEALHF Ak . IX T
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TMSCF,Br .

_OH
R o}
(1.0 equiv)

R
34 examples
up to 98% yield

/@/Y NN
OCF,H 'D‘D/\/j
HO 2 HF,CO
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KHF;, or KOAc
CH,CI/H,0, RT

Figure 14. Difluoromethylation of alcohols by TMSCF,Br
14. TMSCF,Br SEIIEZH) — SR AL

2023 4, FEFE VIR TV K Carsten Bolm TR IRE 7 HEE . M EEATEEEAERUM A SN 2614 T i —
TR B (R P 15)0 FEAN . TCVR R OB P 52 4 A RE R, R TR A SRR AL i 1
/NIRRT . TMSCF,Br 1F08 R FERIHIAR, ATBRAIERG, JF SRR SN . %5 AR i, — 4
SAL B B DR A RS, Dy SEEUET R RIS OB it T SR [25] o

R! KFHF (4 equiv), CsCl (4 or 12 equiv) R' ;
O+ TMSCRBr S OcrH
R s S 1h R¥ s
1 3 (2 equiv) 2

31 examples
up to 99% yield

Figure 15. Mechanochemical difluoromethylations of alcohols
B 15. M AFG TER —mBEL

24. FIRZRAFRI| S-“RPEMURN

2009 4, HHG IR B DRI & T — P U A R R- R R IR A S, Retg
S S- A AL S R (AN B 16) AR bR IE SRS AR, I IR R R T . XM
LRSI T — R S S T, T BRI T SR SR R AR L, SRR LR
B AL BRSSO PE B 2 22 57, D A SRR I R I 2 (A AR A 7 B PSR A3t 1 B 22 LA [26] o
K5 Wong 58 NMIH] — R R ulGiseil S- LB, AL IR T, IRBE SR S MAFEH
REALBRAR LA R 2 BIE 57 (R WA0 3 e A DR FLAH L (1 95 22 — JU B [27] -

25 IS FREUEM—_SHEMR N

2021 ¢, Guo F& NA T4 HEAL A E IR 2 — IR FE S BUAS AR 98 T AL S B2 (B 5] 17) e 9 2
FIETR (DFAA) R HRr (A= v, AEAOAL A AN 25T R i B 51 70 R I, R — 4 R Rt
AT R A BB AR SEARIEFE AR AT R A — AR R PR AT T — T s R R R AL R AN K AR
CREIATNE, IR R TIER DFAA, iX58 DFAA 1EREETHLHIBTHI PLP iy
TR BARMEMEIR . A HCRCI AF8 — R I E AR, XSRS Se Bl 7 2 kI8 F) B S e
(¥ DFAA 7 SR B A, AU 3, 1 HEA H o ik $245 (28]

DOI: 10.12677/jocr.2024.121007 92 HHL A5


https://doi.org/10.12677/jocr.2024.121007

U

1) NaH (1.1 equiv), DMF
rt,0.5h

R-SH RS CF,H
2) PhS(O)(NTs)CF,H (1.2 equiv)
60°C, 14 h 6
10 examples
up to 94% yield
SCF,
W CLy-
X SCF,H
/
R SCF,H N :
6a R = H, 4% 69, 57% 6h, 44%
6b R = p-NO,, 76% N
6¢c R = 2,5-Me0, 61% ‘Ne_SCF;H TN
6d R = 2,6-Cl, 78% N, \\Nr _N>_ SCF2H
6e R = p-Me, 61% N" o,
6f R = 0-MeO, 62% _ )
one ° 6i, 57% 6i, 71%

Figure 16. Difluoromethylation of alcohols by TMSCF,Br
[#] 16. TMSCF,Br SLEIEZHI — M £k

Cu(MeCN),4BF4 (10 mol%)

R L6 (12 mol% CO5R'
T R (e e HFC, 2
Ph N COzR' Cs,CO3, THF, 25°C HoN R
E 1 2

Figure 17. Difluorocarbene achieves asymmetric difluoromethylation reaction

17. Z&8FEZUANH_a R EC RN

2023 4F, EAURACEZATT R T —Flop BN A S A B S . FESR RSO R, RO B
BE [7 B A5 Al — 30 FF 258 1 PR R R SRR b B o X — R BB i 46 R R PR 3 v (AR S i 2
FhIRARGEHAIE AL, 9] Ak R 7 2 IR AT OO R 64k IR OGS SR DU Ak R Gt 75 B4R AL
WIHEAT R R 564k, DL R AT Y I8 XU B A 55 . [RIRE, i R = A (alfds,  JRATTea
TGRS IR 2% ST SR A% ) R B a2 X360 PR 24 DA K 7 R R P L 1 U3 PR A 5%
KRB TN E EBA E IR AR ERACG IR M T — % magss, BRI TEAIE R E
PR BERI BB 2 A (a1 18) [29] [30].

©, CF2 Erythrosin B (5 mol%) CF,H
‘ ©/CF2H DMSO:H20:DCM (10:3:5)

air, Blue LEDs

Figure 18. Novel bis (difluoromethyl) pentacoordinated phosphine compounds achieve
aryl difluoromethylation

18 RN mREARAMK LA DSEAF R SRR
3. B&

AR Rk T IR T IR G ML E B IR o B T UT AR R SR BGIAE C- 0 2k
e N-Z AL O- AL ST SN R N o SR RCR T — M A AR S R R R A, (2
MTEREH RPN EWARE AR €5 T 5RGH RN, HHEAE R S E T2 A 510
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