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Recent Advance in Development and Application of Electrophilic
Difluoromethylating Reagents

Qin, Wenbing Chen, Jiayi Xiong, Wei Liu, Guokai*
(School of Pharmaceutical Sciences, Shenzhen University Health Science Center, Shenzhen, Guangdong 518060)

Abstract In the past two decades, the development and application of bench-stable electrophilic difluoromethylating
reagents have attracted considerable attention. Consequently, some progress in this area has been ongoing recently.
Electrophilic difluoromethylating reagents play a very important role in the synthesis of fluorine-containing compounds, due to
their capability of readily transferring difluoromethyl moiety (CF,H) into wide range of nucleophiles, as well as being used as
difluoromethyl radical(*CF,H) precursorfor radical difluoromethylations. However, the electrophilic difluoromethylating
reagents and application therein remain still underdeveloped in comparison with nucleophilic ones. The research advance in

electrophilic difluoromethylating reagents in past two decades is reviewed.
Keywords electrophilic difluoromethylating reagent; electrophilic difluoromethylation reaction; radical difluoromethylation

reaction; difluorocarbene
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E:ngcone v st ¥>
pH CFH CH,Cl,, 60 min, r.t.
7:R=Ts
0
CF,H
COgMe

8:R=Tf
31% 23%

OCF,H
COZMe
BR 15 ZRI WAL — 5 ER57 7 A1 8 1A R % 3L

T B-HARR I ) — 98 A0 S B

Scheme 15 Synthesis of S-difluoromethyl-S-phenylsulfoximine
reagents 7 and 8 and its application in difluoromethylation of
P-ketoesters

BEFERRHToK o ERAE. T HiZR AR et Z DR T
REgs A EE A, mTRed T H B S WARRET S T
G R T SRR R . HLERBIE FEUE B2 S S — A
R R P AR R R AR W R R R
(Scheme 16).

1) Me3O*BF
0 oleum (20% SO5) 0\\8//NH @ DCM .
IS - = /N
ph S~ NaNa, DCM PH “CF,H (2)NayCOs
CF H 99% A 2 68%

N
0. NMe *BF - NMe
\\S// Me3O BF4 O\\ o 2

S BF,4
P’ CFH DCM i CRH ¢
uantitative
B O
BF
— e} R3N + Pl
(—SCRH <o NMe | ——— R3N-CF,H
19% ~ 78% ©/ up to 83%
4 examples 8 examples
Alkyl—OCF,H LKYI—OH| RP  +BFs
25% ~ 48% > ReP—CFoH
4 examples 35% ~ 57%

7 examples

E 16 ZREVHRER 5 F B 9 MEGRAFAT
N,O,S, P-4 A E:Ab i
Scheme 16 Synthesis of S-difluorome-thyl-S-phenylsulf-
oximine reagent 9 and its N,0,S,P-difluoromethylation

2012 4F, Shibata /NHP®ME NN-— FIE SR TR
JE VU SR #h 9 2 T B-FR R e 1) 5% L — 960 T 24k, (B
e C/O dFEMEA S, RIS T+ R,
%% AT BE TR R PH S SR H O FE A AR
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R AR P R A, BRI R R S R
ERFHZ C- inihafiﬁ% [IREN:EE: 3 NiE S L)
B2 O-1EFE =) (Scheme 17).

P4-Bu
(2.5 equiv.)
_—
CH,Cl,
-78°C
OCF,H
CF,H
X COR
5“% Y-COR * E)\/ 2
43% ~ 66%, C/0O < 69:31
7 examples

B 17 ZREARE LR s AT 9 T B-BH R Y55
H, A A S
Scheme 17 Electrophilic difluoromethylation of p-ketoesters
with S-difluoromethyl-S-phenylsulfoximine reagent 9

2016 4F, Koike Fil Akita S22 AaE . 5 A U
BT O TG ML B bR R IR SO, S T
R ity A AR iy 4 2 DU (C = C) 1 — 25 X 3 1 1 )
C(sp’)—CF,H 1 C(sp’)—O #&, & T — R HIH —HH
AL . BEAURRESRAL S, 1X— 7 kR @ A
FOUE BEACAN 5 IR 2 T 70 T RO R 4R 4 1 AT S A 4K
. VBB I RS SR I 2% A
BRI, R 7 SIS " R A TR
P A R R 3 [ E 3 («CFL H) R S It e, — 9 366
H H2E(-CF,H) S5 ke e S AE R fr sl C, C Bl
ZomAIER IV BB E AR BUH B T R AR D, ok
AL %Eﬁ—/\@éﬂ:ﬂﬁﬂ, 55 BB 1 A A D R A%
W71 ROH #EHLA5F 214~ — 5 FF 24k 7 ) (Scheme 18).

2019 4E, 1Z/J\éﬂ[21°114%5;—iﬁffﬂﬂ% TG
77 HER IR - R P EEXUE R, #l% T — R a-—
FR AL 2R G, TR % S BT A8 A I A R
IV =R R LN N U | St e 7
(DMSO)EZ S5 S 35t F2 H A A 38 771 B ) Bt A DRy S A 77,
PEIAR AR 1ZR 5 7 FIEJE AN —2.26 V (vs.
Cp,Fe in DMSO), UK H fac-[Ir(ppy)s] N —2.14 V,
E I 3 Y K 7 AR AT DA O A DG AL T 38 J
(Scheme 19).

1.3 WAtaz
[\

FERAFE_SREARTLE SR ENLR

2016 4F, JLHM/PNHPNRIE T — MBI 7 A S
B g R 25T 10, AR T O R s R S
HEM AWM T RNV R]. BRI T, IHAE
% 5 W R B A B TR RR AR R, 1% AT DL I
N, il £ e e 5 JEF(Scheme  20). S A SZEGIE B
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HO
CFH G|\J
0 fac-Ir(ppy)s] (5 mol%)

seon oot CH,Cly, -78°C, 24 h
o ~ (]

PR

A’ R A, OR
fac-[Ir(ppy)s] (2.5 ~ 5 Mol%) >—€R2

CFaH HF,C R
Hu's reagent

acetone/ROH, r.t., 24 ~72 h

) 2,6-lutidine (1.1 equiv.) visible light 32% ~ 88%
332}?1;;5 visible light 20 examples
" Proposed mechanism: T

O\\ - NTs
O *Ir (Il
Ph isip|
CF,H © Jj
7 2 1e reductant w OR
+1¢° SET photoredox processes I Ir(lll) sz\(CFZH
1
Ir(IV) R
O 1e oxidant
?NTS SR + ROH
O CF,H 2/\(CF2H Rz/\/CFzH
\_» 9 R1 R']
C D

Ph” S NHTs

B 18 ] WL M S — i AL S LB

Scheme 18 Photocatalytic oxydifluoromethylation of alkenes and its proposed mechanism

fac-[Ir(ppy)s]
R? O NT® (5 mol%) 2 .
Ar/\r1 + | py CFH DMISO AT)J\KRZZ
R Hu's reagent | Tt 30 ~ 60 min R’
7 visible light ~ 15% ~ 69%

16 examples

Bz 19 ] WOGHEAL T T e i 8- AL
Scheme 19 Keto-difluoromethylation of aromatic alkenes by
photoredox catalysis

IR RE AN ELAOR L AR T R R, A R R R
155, MAh, ZER BRI 1 RS 124K 70 1A S v
PERCMIARH K, BRI T 2 3 RE A ROt v
BT AR R i

SCFH [Rhy(esp),] MeO,C.__CO,Me
0.1 mol%) 1/
)% CH2C|2 /©/+\CF2H
40°C,8h o \ 10
85%
MeOZCYCOZMe LiBF,
S (1.2 equiv.)
Alkyl—OH + 2 CF,H Alkyl—OCF,H
CH2C|2 o o
309 1h 46% ~ 89%
O,N 10 ’ 43 examples
B 20 B2 R T RS ) PDFA (1) F( & B HLA
N R TR T IR R A I B S

Scheme 20 Preparation of difluoromethylated phosphonium
ylide reagent PDFA (11) and its application as a difluorocarbene
precuosor in difluorocyclopropanation of arylalkenes

2018 4F, %P SOEAR A 10 B T 5555 M)
WoERZ R B-BAFERBE . A —TRIE . MW RIERE
R LR 27 ) PR R e SR AR T R A PSR L C- 9
AL (Scheme 21), HLEELHF TN R N A& —A 9
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RIS RE. B, JEWITE AU Li,COs FIfE A TRk —A
JRF I 505 1 E, R 10 ZETEHLU Li,COs fI1EH
TRE AT R R (CFy), M5 =M 5%
CCE)XBR M E T E KA SEHE A g EA F, JE
R F 25T &R R C- 3 R 3610 724, JFdid DFT

TFREUESE T IX—1dFE.
jjéfca

24% ~ 99%

CO,Me
0 MeO,C—(

e

n

LI2003
S—CF,H or LiO'Bu_

O:N 40 C/O 6:1~100:0
e 55 examples
Proposed mechanism:

|_| Li,CO4 O._OMe
MGOQC COzMe / O
\|/ _ O
+ CFZH
LIHCO3
LIQCOg
LIHCO3
MeO CF
2 L|HCO3 o0 H
OMe 2
Q tFo
F L|2003

B 21 B LA g P SR A0 55 R R O K

FOALER AN
Scheme 21 Electrophilic difluoromethylation reaction with
difluoromethylated sulfonium ylide reagent and its proposed
mechanism
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1.4 BMyERAFEs —sREARFIRERKN

R N7l o L S B ZRAL AP Wittig O
PR TN, B T R0 RAH A5 A G P L R e ST
RN E S It i S RN 1K N S
Y. 2013 4F, M5 B/NAPE A BT B S A g
3R PhsP CF,CO,™ (PDFA, 11), ZRFIGEW T
A0 TR 7R RO RE 6 AR R 2 1 R o R 5,
T8 H T2 1 — A A KAk 24 (Scheme 22).

PPh; DMF Ph;P*CF,CO,
+ —_—
rt. PDFA (11)
BrCF,CO,K yield 67%
[PhsP*CFy] == PhsP +[:CF;]
Wittig reaction  difluorocyclopropanation
R R F
-xylene
PhsP*CF,COy  + )\ Py Ar F
1 Ar 90°C, 8h

50% ~ 92%
6 examples

B 22 PDFA JH T 57 508 SR i — 5 A Bre Al e i
Scheme 22  Difluorocyclopropanation of aryl alkenes with
PDFA

TR 11 TR O Sy NSRRI
SR 2015 4F, 14 B/NAPOHRIE T B AR
SR 11 (PhsP CF,CO,, PDFA)BER AL 1) — 9
REXF O Sy N-EAZ R — 980 24K (Scheme 23) LA
Sk B R — G TR 5 4k (Scheme 24).

R1 R1
X X
ArCO,CF,H 4 2)[ % 2/\[ fx
67% ~91% ™", RN RTON
3 examples U CF,H
Ph;P*CF,COy X,Y =CH,N

76% ~ 88%

/ PDFA (11) 3 examples
W

o X

ArOCF,H &~ P 5™ AlkylIArSCFH

56% ~ 64% 43% ~ 92%

2 examples 10 examples

B 23 PDFA T O,S,N- 3 FF 24k e B
Scheme 23  O,N,S-Difluoromethylation with PDFA

F F
-xyl
Ph3P+CF2002- + R—R? pxyeene 1/A\ )
110°C,2h R R
PDFA (11) 34% ~ 90%
15 examples

Bz 24 PDFA HI TR i — A I A0 ST

Scheme 24  gem-Difluorocyclopropenation of alkynes with
PDFA
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2016 4E, H 75 E/MAPRE N R &R 1
(PhsP " CF,CO, , PDFA)* A ) — % % S8l 1 76 o hik
Z 5T L3-ZHREWRIE N O-— % H
BeA, GHCT — &5 A AL ) B2 E (Scheme 25). [
A, 2R AR PO R T T I A AR R R
# 11 (PhsP"CF,CO, , PDFA)X 2-F8 3 Ay /R R () 3% 1
O- 98 R AL 7 1H H) A% (Scheme 26).

R? R’
o o -xylene O OCF,H
W + PhsP*CF,CO, % W ’
R2 RS 60°C,3h R2R3
PDFA (11) 5% ~ 98%

15 examples

B 25 PDFA I 13- O- 38 240 S b
Scheme 25 O-Difluoromethylation of 1,3-diones with PDFA

o}
R! — . 0
1 A: p-xylene, 90 °C, 2 h
|\ A R' 4+ phyptcF,cOy — P2
= OH 1 B: CH3CN, 60 °C, 2 h
2.0 equiv.

Zary

TR
& OCF,H
17% ~ 97%
23 examples

B 26 2-FE A /REAEEAE O- 5 L U8
Scheme 26 Selective O-difluoromethylation of 2-hydroxy-
chalcones

ST TR ERT 1 AR SRR AR
SEHLTE, B B/ R IAA 10 TR N5
FERAT LI () 2R A R R N, B T — R =
R T RN E Y, RNALENR IR A
CsHCO; EJRFAAERSME T A, BG4 PDFA P24 (1)
THCR ERRE A A B, HEE B £ TN IRML
AN FAMA C, BEEAITM13E] D, D 40 f#A E FF,
HE AR FO2 Ak AR R 2 W R T T R TR
(Scheme 27).

AN, IR PDFA 2 RBIIN R R
TE =R EEBERIN S 5 4 0F T Rt 5 R IR M 2 —
W YA R A M T b s NS S0 SS90 ) AL VA
s AR, B, NIRS IR N A R
TERIME 26 N R £ — N oA BTS2 A, PDFA 1E
TS R 7= A2 1 38T S 06 I I S 4 O AR S L HE IR
AR 13- AR B R A IR B R A €, B i C
TR — 7 =R AR B R 4. C IR E]
HE A D, BEJG D Wk — 0T = R BB e 3 B i 4
¥)(Scheme 28)"1.

2015 4F, M B /NP R B 96 2297 PDFA b
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H
N PDFA, CSHCO
NI/ ~S0,Ar . %~ ArSO,CF,H
o . ycl oo exane 53% ~ 91%
100°C,6 h 13 examples
Proposed mechanism:
) o PDFA
N N/_\so . l CF, Cs F><F
AT LA H Ar
| CsHCO; B CF NI/ SSOAr — > s NS —
o1 T h Ph N Y0
A Ph"H g O GCs
c
. PhHC=N,
H Cs E
N~ _SO,A
Ph)\\N/ 3502 '_L. ArSO,CF,Cs* —H" »  ArS0,CFH
)
b F

B 27 PDFA JH T N-J7 BE R L 10 51 o — 560 A B O H eI
Scheme 27 Electrophilic difluoromethylation of N-arylsulfonyl hydrazones with PDFA and its proposed mechanism

PhzP (1.2 equiv.) BUOK (1.8 equiv.)

- PDFA (2.0 equiv.
A Br p-xylene . ( quiv.) Ar/\rF
120°C, 6 h r.t., 15 min 100°C, 1h E
26% ~ 75%
15 examples
Proposed mechanism: PPhs

PDFA )\ - .

A 3 X

t l A7 CF Ar/\F(
PhsP + BuOK ~+ :CF
Ar” > Br — Ar” PPh; —> Ar” PPhy; —2—» )
) < -PPh;
Br A

Phj - s
PPh
RO—ar :

F

Ar F F
cF D
Bl 28 PDFA H T M FIRG B 807 5 LM B LA

Scheme 28 Synthesis of gem-difluorostyrenes from benzyl bromide with PDFA and its proposed mechanism

S —

AE T 00 BB RAL S W 55 H 30 B i 4 R
KOIHFENEY). Hoh, fE5 7 EERCRBER RER
AR S R SN, AR WA T —A
W R R EE AR, Hk, RE A B
71 PDFA BT8R B Bl P2 AL plorb a4 B, Bl 5
A B 5 & REA B % K= C, Tk B (C)M
W S7 A H 2 () AT, RS R C ) R AT
Fddi N Cu—C BAE T A D, $5 )5 &8 R R 1T 2 H
Frr=4)(Scheme 29, Proposed mechanism 1, Path I); %
REWAHE—IFES CuBr A RMH H K EFEAE E,
b J5 5 EEA SV B AE RS A Foe = 2R R
A SR I REFE Ay [A]44 € (Scheme 29, Proposed
mechanism 1, Path II). 1 35 EEH IS R FEA
TE7C Cu Z 5T EREKAEMIRN, =77 5 H A Pl
Br— TR AR 5 T 9 T 3457 PDFA R
TR = 2R BE A P2 A e S AR R (R A K. 53— AT e
(R A A 05 R T R R e S 5 = OR R B I B AR B 1)

AR I, I BER— 2 7 & L RE R AL B 3248 ) 44
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K. B Sras b ik Koo — 5k R A SRRt BUE AL
R L, feJa KA B-PPhy HEREAL IR ") 0
REM AR E RN o7 A TR C-dm R AR SR r it
BRI M, e R — 0 TR
¥J(Scheme 29, Proposed mechanism 2).

H 1978 F1 1A E 68 — 9~ =R Bl DA
k, &R B ERSE5NRNAE T R EPL
2016 4, FHAIEEILL BrCF,COEt A 22U,
7 EBIE - RS 5107 2R 1 U AL
Ri, e 7 —A TR RER SR, FE, H
4 B /NP M PDFA fE N R, AU S
77 FENH R A HE O A AE — 9 R R RS OB, Ty i
TR B, R, RS T s R iR i
FE(Scheme 30). fEXEEIR M KES 5T,
TN 7L DU SRR A R AL R, R RN
SEAZAL 25 (Scheme 31)7, IX 5 1EH 1) R =% iR
PEAH .
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N2 N2
F F PN PN FF
| Ar CO5R PhsP*CF,COy Ar' Ar? I
CuBr, 70 °C, 35 min THF, 70 °C, 35 min 1 2
Ar COJR PDFA (11) Ar Ar
up to 81% yield 41% ~ 88%
15 examples 13 examples
Proposed mechanism 1: E Proposed mechanism 2:
Path I: E
L~ + PPhy X |
Ar” Y COR Ar” Y CO,R Ar” > COsR Ar” O COR N - PPhg PDFA
. Ph” ~Ph
A B G : | l
f N PPh
PDFA :CF, i )J\ —»|PDFA L, i 3 :CF,
Cu(l) tPh™ "Ph ' } Ph” >Ph
Cu CF l PPhs; N» PpPh. - K
F F + | + 1l z PPh i —3> A PPN Na FZ )(+Ph3
I Ph3P><CF2 PhsF’><Cu [Cu=CF,] /”\ 3 Ph” pp,
Ar” Y COR 7T AT COR T A “COR S AT “COR! J Ph™ Ph
! * - F.__F
Phspcu D ¢ H ; :CF, N;( cF, Ny I -PPh |
L~cy PhsP ; Ph” P Ph” “Ph
Path II: | LCu=CF;, | = Ph.P and Br : M
:CF, /kCOZR Pl ’ :
CuBr —» [Cu=CF,] Ar” "CO.R i
E F '

B 29 PDFA H T WIRA BGE 577 3 206 S FLALEE HE)

Scheme 29 Synthesis of gem-difluorostyrenes from benzyl bromide with PDFA and its proposed mechanism

R
R/\/ \ B(OH Pd(PPh3)4 (20 m_ol%) ,\/ \ CF,H 23% ~ 86%
o (OH), . _ 1,3-cyclopentadione _ 14 examples
Ph3zP*CF,CO, H,0, Ca(OH),
or + o or
PDFA (11 p-xylene, 90 °C, 3 h 52% ~ 83%
A X B(OH), (1) Ar/\/CF 2H 6 examples

B 30 A R RS N

Scheme 30 Pd-catalyzed transfer of difluorocarbene

:(?/ Pdo(L,) NArCOCFZCFzH

(L,)Pd°=CF, ArCOPd'(L,)CF,CF,H
.
H |_ n)Pd"=CF,
[Pd”]
XPd'(L,)CF,H ArPd(L,,)CF,CF,H ArCFZCFzH
:CFZ 0
Pd
Base (L)
CF, ArB(OH),
X— Pd” CF,H XPd'(L,)CF,CF,H
|_

Difluoromethyl migration

B 31 RAEIL TR AR IS AT RERLER
Scheme 31 A possible mechanism for controllable palladium-catalyzed difluorocarbene transfer
2015 4E, HHES/NAPYRBILL 1,5- & 4 3K [Ph;PCF,H] 'Br~ (DFPB, 12a)ft# PDFA 7| th At S8l
[5.4.0]F—%&-5 (DBU)ESR M AEARE PDFA &7 A4 — 5 XA B F =4, 14 R NALER A —
R, KM RS 4- PR ) =90 a4k, o R TR DBU i fe AL P A A X, a4 T 28 B HEREI
75— 0 T W RORIE TR A B . SRALRT, DA B F BT R R EOR R IUE R CR, B, B4
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Cu(1) Ak S IR 75 18 ) = 41 B 94k (Scheme 32)1%°

EATHNZE T, W5 1 el HFx e bisEE
PRI = PR RSk, X 57 H P 0 o 35 1 R A S A S N 15
B =P BB AL A PR 2017 4, MBS
LR DOSCTLE [RE () OB AR, SEEL T IRARER AL &)
() o-Bi I = 3 R R AL DL R 95 i 5 R = PR AR I
FRACBRIE ST I N-= 3 A, R R g R AL,
SEIG AN ER VR T SRS T BRAR B Bk J R R A IR P A, L
FEAF TN A gl - 37 7k 7R B R R 7 1 e 0 I R 3 TR
PAER R RS, B S TR AR N R
PEMBRA IR BES(S =CF,), FHARRBE ALY A 2. 2
FoTis 5T R A A R o H M AR A AR 15k
(S=CF,), Bl J5 KR T e 1 I 5 = 50 i 1k
R EIRE, 2 TR (Se) R AE S TR S B A A

KOH

TMSCI
BrCF,CO,Et — 2> BrCF,CO,K —— > BrCF,CO,TMs (1)PPhs, THF, 0°C, 1h

| [PhaPCF,H]*Br, Cu(MeCN),PFg
—

DBU, DMF, 100 °C, 5 h

Proposed mechanlsm
HF,C

P
PhsPCF, :CFz
-HBr | DBU

[PhsPCF,H]"Br
12a

N )55 H PR AR A BR T 4 (Se = CFy), 1 IR SEEL 1 224
FACHCAE IR 20 T 5% R A T =5 Pk
M (Scheme 33)P41,

TR T L IR AL 2 8 25 [PhsPCF,Br] 'Br (13)#1A
N R E AT, R EOR ST
R, CHANE N m T EARES S RN,
2016 4, WP RAH 5458 T 1 4 A [PhsPCF,Br] 'Br
(13)4 H 28 50 F3R077), HO PO (THF) A A
R, TSR A - R R . (EE R R
NALEEN A [PhsPCF,Br] ‘Br~ (13)1E/K 3 544 N R
) 5K FE/E Nal Fll PPhs 77 F RERE N 5 562
Hhih, ZEELAEIR A B M R S B AL T
T30 SR AR B 3 R (CFLH), B R H
A AT 1 FR R IR AR R TR A, ARTEA A

[Ph3PCF,H]*Br
(2) TBAF, THF, reflux, 1 h
yield 85% DFPB (12a)
Ar_CF3
43% ~ 90%
17 examples

C} C}jc} HO_ C}DBU C> co C:>

ArCF,

B 32 B LA A g R B DFPB (12a) 45 08 HEFE 47 A B 5 A = 6 PP A0 s 8 o ) 2 PRI s AL
Scheme 32 Synthesis of difluoromethylated phosphonium ylide reagent DFPB (12a) and its application in copper catalyzed trifluoro-

methylation of aromatic iodides and proposed mechanism

Ar” > SeCF,
19% ~ 81%

CF;

i 41% ~ 90%

1/N\R2 32 examples

19 examples Ar & H
N ) T N
o} O\ X @
(o} Br EN R R NH2

R1JJ\(
R1J\( SCFs R2 PhsP*CF,COy
R2 -
14% ~ 70% Sg, CsF PDFA (11
Ar

19 examples
R- CHZO
g, CsF,

R—-CH,SCF;
15% ~ 95%
26 examples

B 33 7.

NUC H (I S—SCF,H
Nuc

31% ~ 84%
25 examples

7 SCF,

43% ~ 99%
32 examples

2 5 e A S

Scheme 33 Fluoroalkylation involving in elemental sulfur or selenium
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THF 8 — A s & =y b (el ik B, HlEik B
eI 5 1 3] 3 1 58 i — A G AL IE PR (Scheme 34)P%%,

visible light

R? fac-Ir(ppy)s (3 mol%) RA
A+ IPhaPCRBIT'Br R*/CFzH
R 13 PhaP, Nal, KHCO3 360, - g79;

H,0, THF, r.t, 10 h

28 examples

Proposed mechanism:

H,0
[PhsPCF,BI*Br —>—>[:CF,]_+ 2HBr + Ph;P=0

PPh; lNal, H,0
[PhsP*—CF3] HCF,!
H0 or HBr lPPha PPh,
[Ph3P+CF2

HCFzBr

_______________

omdatwe
quenchlng
cycle

X Br, OH, etc-
'THF derlvatlves

...............

Ir Il

PPhg + X" + i
. visible light
CFoH DY propagation .m0

-.___ Propagation B
/“\ R
AR H
RTX R~
Y CF,H
A

THF

B 34 BRI A - U R S R R AL HE
Scheme 34 Photocatalytic hydrodifluoromethylation of alkenes
and its proposed mechanism

E R 4% /)N 41 350354 % 3 [PhsPCF,H] "Br~ (DFPB)#E
AN EANIA NGRS, AT A E SRS RO
AR B R S A R T R R («CFH), A
S I 2R (CCRH) X R K B AR, K T —
RYVHE R IAC S YIRS - PR BT P L
A~ 90 JE A OB 7 5 (Scheme 35).

5[Ph;sPCF,H] Br~ (DFPB, 12a)2%1l, [PhsPCF,H]"
OTf™ (12b) /] LU B Hidk — 5 K71, 2017 4,
R0 A AH /N LS SR TE T K SRR A A A I R e g
TN A B R R R B A B ) (Scheme 36).

R™X + [PhsPCF,H]'Br
DFPB (12a)

Hantzsh ester Me”, 'N° 'Me

H
e ~_Int1 .
[PhsPCF,H]"Br [PhsPCF,H] Br

hv

Int2
DFPB (12a)

Me N Me
Inté

Int3
Int1 n
EtOZCI\/ECOZEt NaHCO EtOZC COZEt
| L

Br
CF,H R
71% ~ 94% /\

21 examplesR1 [PhsPCF,H]"Br HZO Kl |\\
R2| DFPB (12a) 7 N
OH
Ar O 44%~ 90%
15 examples

CF,H
48% ~ 96%
27 examples

x\y

Proposed mechanism:

[Ph3PCF,H
° z |S|b|e light
*CF,H Nu
v el )\/CFZH
>< ""/
R \CF2H R CFH

B 35 e IR B e e B B R R K FEATL A
Scheme 35 Photocatalytic radical difluoromethylation of al-
kenes and its proposed mechanism

visible light

R—SH + [PhsPCF,H*OTf oo R—SCF,H
R = (hetero)aryl,  12b acPPY)s 5790 ga9s
alkyl 4 equiv. 23 examples

B 36 LA IRILA AP B i HE R AL SN
Scheme 36 Photocatalytic radical difluoromethylation of thiols
and thiophenols

20194F, ¥t B %0THRiE T LA DFPB N AU A
AR, R e mIGEATIZ SR, MR
B LA - R BT (Scheme 37). TESGIEZRAE T
2o PTG B L IE S5, DFPB 7= A4E U 5 [ i 5-CF,H
AU AR Intl, B HJECFH WM EHEAT B B NS
AR B PR Int3 M Int1 2% PhySiH, #H—ME

Hantzsh ester H
Ph;SiH, R CF,H
aHCO; 15% ~ 77%

26 WCFL,DCE o4 examples

CF,H,
Int1 or
Ph3SiH4 RN
“CF,H R CF2H

-PPhs
Ph,SiH,

)\/CFZ

Int4
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Scheme 37 Radical hydrodifluoromethylation of alkenes and its proposed mechanism

3190 http://sioc-journal.cn/

© 2020 Chinese Chemical Society & SIOC, CAS

Chin. J. Org. Chem. 2020, 40, 3177~3195



Chinese Journal of Organic Chemistry

REVIEW

JE T3 B -5 A B 272 ) (Scheme 37).

2019 4E, B3 2 /NP PDFA ()R T 6L
FER 2 R A O, RO T 8 R A A A 1
B~ U L SR PDFA RGFIAE S5 B AR A A — 3 R
R, 12 N e T R 2 1 mU R e,
Ph;P " CF,CO, BE{EHL—AN G T4k PhP CF,HX
TEIMA 292526 PhyP ' CE,HX ™ (Ep™'=—0.959 V
vs. SCE)BEIR A BB R B Ir(ppy)s | (E1n™'=—1.73
V vs. SCE)i& J5i y — 5 H1 5 H HH & («CF,H) (Scheme 38).

2 RFHFER_SERERF

FLAENZE A R P A, BT CRH F i TR
SR, B, O AEERIEREUR, EROSHIAEE S T
i, DI AR 1 uR I AR, SR K AR
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AEPTAE. DAL, SREC— P [ sms, #2150 s At

CFH "))+ B e B Re AR, Xk o 1 o8
L R ERI I B AR e R R, Wk R R T RRE
H A BRI oE L o T B AGR). 5o r R B ) R
FRILAIAR LG, B REf R 2 U A R A T B
FE 1) 9 R AR AN 2 32 o T SRR 1 o 1 ) AN R
SE DR 25, AR BE AR E . T Bk 2 FR 2 2 — DR
PEERIML R A BR A R T . S — 7T, S E R
A B e 2 G YR R R R e — D R e A A
By FARER, 55 F 8 R 2 1 i R AT, R4
(1% 51 FEL 30 PR R 1) 3 2 S L R 9 P 4k A
it o 25— 9 H A1 2.
21 FRRIHAREATIRERN

2010 4E, Magnier /INHAPIHF R 7 — A8 IL0% W fg A
TR R 14~17, (H2 %GR 58 YR i F
FACVEREIR S, ToSRbR R A, EE U ARXZ 0 1)
A 8 N 0 — 2P0 72 (Scheme 39).

vy rPpy)s (2 mol%) CN
NaNH; (3.0 equiv.) " 2" (10 mol%) /k/CF H
R™Xx + Ph3P'CF,COO" + or I —— 2
11 NH3 (5~7.5equiv.) DMAc,rt.,2h 30%~79%
4.5 equiv. Blue LED 29 examples

Proposed mechanism:

H
_ F
NaNH, < ~ ) HF Tt
Ph3P+chcoZ-—> :CF2 —2>H,N‘\\—rF —»H,N/;(F—>HN:<H » NECH H CN.

A

"
PhaP*CF,CO,” —0 L PhyP*CF,H X-

Ph3P + - chH

CN

R
A

' CN", Cul

R AN CFaH 200 A _cFoH

F path b

CF,H RTX

WD
B c
IM(ppy)s"
hv
IV (ppy)s I (opy)s
cN
cu'cN cu'

CN
&Cu'”CN }\R)\/CFzH

path a
FoH
R)VEC s

Bz 38 B R 0 - — i P AL S L LR S

Scheme 38 Photocatalytic cyanodifluoromethylation of alkenes and its proposed mechanism

Et,, o]
N= R'=H
N—Et O  (1)R2CN, T,0, -15°C, 1 d N
N 4 ote (1) CHCN, THO, -15°C, 1d R1OS// TR0, ' RL@—S(/ R2
Qs\/ (2) Et,NH (4 equiv.), DCM, NCF.Br (2) H0 CF,Br
CF,Br -15°Ctort, 1d 2 14
15 55% ~ 83%
83%
o . R NH R=H N-TE
RZ\ s// (1) CH4CN, Tf,0, -15°C, 1 d LN s/\/ Tf,0, pyridine @S\/
— \ (2) propylamine (15 equiv.) — DCM CF,Br
CF,B CF,Br 2
2= 15°Ctort, 1d 16 ~"2 17
57% ~ 64% 38%
B 39 REEAR MV L VR R R A Ak
Scheme 39 Preparation of phenylsulfilimine bromodifluoromethylating reagents
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Scheme 40 Preparation and application of phenylsulfoximine bromodifluoromethylating reagent 18
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Scheme 41 Preparation and application of electrophilic hypervalent iodine(I1I1)-CF,SO,Ph reagent
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Scheme 42
(phenylsulfonyl)difluoromethylation reactions
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