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Progress in Visible-Light Catalyzed C—F Bond Functionalization of
gem-Difluoroalkenes
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Abstract Monofluoroalkene structural units widely exist in complex functional molecules such as drugs and natural prod-
ucts. They are also critical organic synthons with broad applications in medicine, biology, materials and other fields. Therefore,
it is of great scientific significance and practical value to develop green, economical and efficient methods for synthesizing
monofluoroalkenes. Functionalization of the C—F bond of gem-difluoroalkenes is an effective method to prepare monofluoro-
alkenes. The research progress in C—F bond functionalization of gem-difluoroalkenes under visible-light redox catalysis and
visible-light redox/transition-metal synergistic catalysis, including the substrate scope, reaction mechanism, and synthesis ap-

plications, is summarized. Finally, the prospects of this reaction are also discussed.
Keywords visible-light; monofluoroalkene; gem-difluoroalkene; C—F bond functionalization

FoLEREEARFHEAMEREIICE, RAHST
(P 5 A B 5N RUR T 7T A B> T IR . 40
JECEIE M SR R/SE K AR AR e S R, X 259
IR N IR A B AR A5 i e ), [t
MBI O R 25 &t — R B Bar,
W FRZ) 20%~25% 2540 73 F11 30%~40% 1) AR 25 75
THEERIETE. 74, SRNEEM B FE
Rl SR A A2 IR B o, B
—RRFR IR TT, TR TES . R M

* Corresponding authors. E-mail: jlou@qlu.edu.cn, wangqiang83@qlu.edu.cn

Received June 6, 2021; revised July 1, 2021; published July 19, 2021.

BERAGALF i ST E > T (B DI fEZ5 4077 43
W, ARSI AY 0 THERILM SR PUE
BT R S MR VELS), FEAE M U, E SRR
SERA (R A 7 5 AT LU AT 22 T i A3 128 R 1 14 40 1 75
SR A BT VD 5T (R, S kA R
ULFR) 22 T AL 7P, W] BLTE B, i D2 AR
(1 AN KR B 5 A4, mT DA i B Bl ) A e 1,
FCRIE 5 SCRERRE Ik 7371, FEAR D A= 48K, 5
s e A 5 W RT A 5 SRR B R MR RO 251470, R )

Project supported by the National Natural Science Foundation of China (No. 22001140), the Natural Science Foundation of Shandong Province (No.
ZR2020QB002) and the Outstanding Youth Innovation Team Project of Shandong Provincial University (No. 242007040109).
XK HRFBHEHE G (No. 22001140) LR B 2883 462 (No. ZR2020QB002) FT Ll AR 4 e e 2 eI 75 75 47 BT T BA S F 1H4l (No. 242007040109) 55 B 3t

H.

CCs

FEER

4192 http://sioc-journal.cn/

A © 2021 Chinese Chemical Society & SIOC, CAS

Chin. J. Org. Chem. 2021, 41, 4192~4207



Chinese Journal of Organic Chemistry

=v=0

B2, HUE R A S AT AR B R R F
PERHASL Britbz 4b, B RSB 2 AT H
LA B, & 208 mA VLG, 7T RAH| & %2
BRI I, RGBS A DIRe 7 11
B AR HESE . R IR0

HET, AR RAEERL S EFER: (HET
% WA 3R FEAL AP0 Tulia-Kocienski #53E 1Y, . Peterson
IHIEALA Wittig R, (2)E AN AL, (3)
AR I S SRR ()Mfke e S IBcA S & Y
AR HIX L5 VE 2 AFAE R 7 TR fe bl R
FREFNEAR . R AP IRA T 2 55 R IRYE, HRoKHD
PRI T X B vE R — 2D R e 5 R 10 G ARk,
TR AL S R L BR A B A9 DA R R E P e SRR A
BT EA VLA B K %R, 1R & B
T C—F BiEk g-mkrSE T, Har bl 5
FIL HFAN2, Grignard WU, A HUERHRFIIY. X
ARIEUSI, POl () 5 IR A T A2 A8 AR B S B2, il
G 2 R R R s R, RE I 4
JEMEAAE A C—F B Re b S B B FE IS T4
Kyt g, B REmSR . S A5 R EG R
GV RO, JIEA B ERR R SO SEMA.

TESREAL IR SN T, AT s R =+ DA
S id w2 A ST N T A LA O, A
B TR WA B AR R AR =AW o 5 2 A Tk
1A R B RO BT L I AR B — R B SR A

HO

W "
F

N
Mg
Fluorinated tamoxifen Inhibitor of lignification

0]

0
}ﬁ/NHZ F. CO,H \ R F
0 N | ~ N
Ar
\ +
HO™ 8 (\N N \<N—o NH5
HO¢ H /N\) F K(
F

H

Ribonucleotide reductase inhibitor Antibacterial activity

Regulator of calcium and
phosphorus homeostasis

Retinoid X receptor regulator

TR N ACE S B A A B R R s S
e r. ST UG A B 1 B L R A A R A
FHRFERE R Z N, AR TR T H
FEAT SUABIBE (1) 1] WG AL IE JE A . AT OGS AL IR 5
LY 4 R P F AL RO U IR C—F BEE Re bl %5 45
A 22 B 1A PRV 18 A B D T 9t

B, o et —HUaE C—F BEasib 2
1 = 2ki&1%(Scheme 1): (1)A] WOGEALIE JFE L7 5 1
TR N 2 B R T R RS O TR R B S AR v T )
BRI E R3S, 320 5t T Wb A e U £ R A
=4 55— H R RMBIC(Path A); (2)FHUAEE H
PR 2RI U 4 R TG & W IR - 4 R e, b 5

N FIX
. Path A R1R2
ﬁfRz L Ee  MMIL
FjI Path B ;[RZ
R!
F F Y- F F Y F F Y
Y PathC NG R2 RITOR2 R R2

B 1 AT GMA S RUR R C—F ek
Scheme 1 Visible-light catalyzed C—F bond functionalization
of gem-difluoroalkenes

Me, F R HoNO,S
—\_H
= HO F 2Pr 0
HO A _on ©
L OD T
£ N

Active factor Xa inhibitor

CF,CO,

Dipeptidyl peptidase IV inhibitor

s 81

HO"

NN 0
HO S/kHJ\O/\/\/

F

Capecitabine antitumor

B Ui e i o AR R

Figure 1 Representative bioactive molecules containing monofluoroalkene structural units

Chin. J. Org. Chem. 2021, 41, 4192~4207

© 2021 Chinese Chemical Society & SIOC, CAS

http://sioc-journal.cn/ 4193



BIKE

i3 HETR (B IBC(Path B); (3)RT WAL ™ AR & 1 H i
FEYFRORE TR R N, LR TR K p-F
THERSEHL C—F B0 H REAL SN (Path C).

1 BHE/BEHEZERRN

T H SR SRR R L, IS R B
AT LG B S/ B A SIS B CL RN A Ak
— BB R R BRI — R RO&ARR0, JC AT WO
1L C—H BEETRA O ZRHTENE K
o TR R AR A A, R TE TR TR Redl, B
FIR W E PP IRATE, 56 ek (b 5 R R B2,

2016 4, Hashmi FPHLUEKEC A4 Ir[dF(CF3)ppyl2-
@wmw&ﬁTLﬁ%%LE@%U BREREN T, 1E
WOGHRGS T, B RS T AT OGS AL SR AL 18 — 5
J& C—F # 5 = fEtb &) o-C(sp®)—H B H H3E/H
A AE YARBRR B, RS T il 4% oG S B ek
1) 2 BUREL UG RS9 3 4 T — Sk m U R s 45
(Scheme 2). FFHHURIIMAIREARFR = efie . —HUR
B U EUAR AR — J500 S T BRI 1 e A I o, 9 LA

Hashmi's group, 2016 R1
F [Ir] cat. (1 mol%) E
RH/\ . RIOONTOR? NazCOs (1.5 equiv,) ~ "R?
] F RS DMF, rt, 3~36h R4 N7 RS
R blue LEDs |
1 2 R® 3

@WN&

3a,94% (16 h)  3b, 94% (24 h) 3c, 71% (24 h) 3d, 88% (12 h)

@“@f o

Br

3e, 90% (12 h) 3, 83% (12 h) 3g, 62% (24 h)

(E:Z= 61 39) (ZE= 69 31) (E:Z=76:24)
CHO
Ph
N = Ph
Me F

3h, 84% (1.2 equiv. tertiary amine), from oleanic acid

B2 AT HOGEAGIE AL C(sp?)—F 2 a-fi HFEAL
Scheme 2 Visible-light photoredox catalyzed a-aminomethyl-
ation of C(sp?)—F bond

4194 http://sioc-journal.cn/

© 2021 Chinese Chemical Society & SIOC, CAS

) R R 2 B A BELGS = P RO R R i AN K. e, RS
FREIVUEARAE R RIS R B= UL E o8 E, =
mﬁﬁ—ﬁﬁﬁﬁwm&ﬁFWUZﬁﬁI Ak, H
HURBRE . POBKEE 2= BUASHIEE . SCRVEF S 49+
&ﬂﬁ%%%\%ﬂ%m\%M£%%#%mim£ﬁ
J& JE A AT DA DL 5 2 R AT R SRS H AR, SR
M, KB ER . e R R sl W e S — SO PR Jo 2 i &
JRPITE R HE AR R NI, X RERS B0 2 1) B AR =4,
R A Ay B B 5 B B AR T R 82 H A
IR

FRUESAT T 1A AR R I 2,2,6,6-DY H IR IE
AMNYN(TEMPO)ER 1,4- H2 oK% H HZEMHHAFA], K&
NS SE AN, B H A=A R, R R AT R T
T H S FE(Scheme 3, a); 7] [ B R HOIIAIE /K 58
AR 3T M-2-, T LS 255 B 5 0 A AR A 4,
KPS FEF AT REA R T a-f F % H H5E(Scheme 3,
b); DME ek 5T RIRH, A KA B-F H R 2
BRI A, KA RNZ T E S0 R/ R R
FER AT BEMEIR N (Scheme 3, c, d).

+

\N/
F F Stan_d_ard \N/\%\Ph
conditions
| T E—— F
Additive

Ph Ph
Br
2a 1a Br 3a
Additive Yield/%
TEMPO (2 equiv.) 0
1,4-Dinitrobenzene (2 equiv.) 0

~,,~ ~N
N Standard N/\/\n/

F F conditions 0
(b) + | e
Ph™"Ph 2 (3 equiv)
Br (0] Br
2a 1a 4, 35%
~,,~
N Standard
R iti R
© . Ph/Y conditions Ph/ﬁ/
F F F
Br 6a, R = PO(OEt),, 0%
2a 5 6b, R = COPh, 0%
\N/
Standard
(d) + CRQ( _ conditions _ CH\(
Ph
Br
2a 8, 0%

BR 3 e R Bk ocfie HEALHLERRT 7T
Scheme 3 Mechanistic studies of photoredox catalyzed a-
aminomethylation of gem-difluoroalkenes

ST DL VLR SRS, (R SR T R RER &

Chin. J. Org. Chem. 2021, 41, 4192~4207



Chinese Journal of Organic Chemistry

REVIEW

FiALEE(Scheme 4): 727 WOGHRS T, SGEGH HAEAER
ERWRE, B =R AE HEHET A, FBER—
/\B’i T35 o-Jig 3L B 3t B (% — BUGS B8 Iran b

W JFON E AT C, FEMRRR 5B 15 B B U 2
HHED; &5, o-lEHEEHEB SHRFEMEEHED
28 1 AL/ B A AR B B B AR Y (Path A), 8IS
FE SRR T o H R B B X U R B

FSCFF M 5% 98 25 1 1R 1T B (Path B).
F
o+
D) RY aF
5R5
Path B| radical
"addition
F
Ir(11)* F
R5
C
F iPathA "
Ir(I1) - - R
R“\/- R
1/\ S 3
RONTOR T R«\,?, R3
R? D 2
R
2 . _H+
R1/\N/\R3 R1/\I}IAR3
R? R?
A B

B4 5IER ol BN S R
Scheme 4 Reaction mechanism of a-aminomethylation of gem-
difluoroalkenes

2019 4F, EIE REFPMHRIE 7 0] WO E AL A AL
RIS ARSI A e C—F #5405
TR 9 1) ot C—H BN H B3/ H 5 A8 SISV,
L Ir[dF(CF3)ppyJa(dtbbpy)PFs A ] WL 6L R fRE AL 751,
25710 AT, ZHREAKCRTET, 7686 5
T, & T 2 ERNREFESELEY 11, RSN
VIt RS TS, A SRR T 1 S (Scheme
5). FFAFRZERM, AR KT DA INGL KsPO, (113
fREE, Rk BT, AL F 0 i ) 2 PR =
VIS, (& U R IR vh 05 BB ik Bl
W F, - 25 G OB P D W B B AN K. BT SR A
(Boo)RY I ZARIR T e« WRWE « SR FR B Joe S Ik e (4
1 2 i S I P R A DA PP 25 &8 R A e 45 21 H bR e
Y1 11d~11g. Boc Fk B {RG [ AEFRGEIE IR P ) & B
PEA 2, MNP R 2 30 equiv.if, ATLL
DL I FRISC2A5 B A U 12 7= ) 1T~ 114, 43R Je 3
J e & AT AN SIS s s, T LA R R R A — 2
W 25 OB, R B AF 0 XS0 R, BRIEZEIR
VoL, S TSR R T I AN B s IR T =
IR R SR AT AR M A5 3 b 564k U &

Chin. J. Org. Chem. 2021, 41, 4192~4207

© 2021 Chinese Chemical Society & SIOC, CAS

7Y 8 A j~11k, HICRIRAR. oh, AR
TR B X fe L FRR A A 5% W e 55 A W A ) TR AT IS

WIERELL, NZGWIHI B 5 R SRR IR AL 1 FhT
agﬁ’]?ﬁi.

Wang's group, 2019 [Ir] (1 mol%)

H . quinuclidine (10, 20 mol%) o
_<X . RW/\F K3PO4 (1 equiv.) X
(N A MeCN/H,0 (V:V'=10:1,0.1 moliL) R~

40 W blue LED, r.t., 24 h A
o 1 X = N-Prot, C, 0, S 8 11
F N " N "
!\l \ Boc Bod
Boc Ph Ph
Ph Br Br
1a, 75% 11b, 67%, E:Z = 2.3:1 1Mc, 77%, E:Z=1.1:1
F
F F
Bo?\\S\Ph % A \
Boc Boc
Ph Ph Ph P Ph
11d, 51% 11e, 39% 11f, 66%
F F
- 4
e 2 e
Ph Boc Ph
o) PH Boc PH
11g, 82% 11h, 76% 11i, 71%

(amine, 30 equiv.) (amine, 30 equiv.)

orL O

11j, 56% 8, 95% 11k, 31%

THF as solvent

B 5 AT GRS TRk o fir C—H B UG 21
Scheme 5 Photoredox-catalyzed a-monofluoroalkenylation of
heteroatomic alkanes

5 Hashmi 5 [K4RIEZRAUII/E, TEMPO i) 1 [
B’Jlﬁﬁ i "I OIBIEIS RN 12 AEFRAESRAT T S
I, WA KL C—F bk, MEAE T 07 Nk
Fz% 13, RWIS NS FE AT RES2E 1 B g 2k B 2k
(Bq. 1); 6K SE56 e A 28 7 1] AP KOS 256807,
HT AP0 5 1 T v 2 o ORI Y SR 5
2ol

F

_— Standard
F O conditions O
O = OO @
N Boc
Ac
12 9%a 13

EZ R T T BE A S S AL EE (Scheme 6): — J7 1M,
R ASICEG (1) (Ep[*Ir(I)/Ir(D]=~+1.21 V vs

http://sioc-journal.cn/ 4195



BIKE

SCE)»W % 10 (E,=+1.1 V vs. SCE)2HE JR % KN
Ir(A)PFh, 27 3SR E HEHE T 10A, F)5
IR PR S %A HERS TFEREE TR A&
PR A B A 5, B R RE 4 =—1.04 V
vs. SCE)2 Ir(IDFH(E ) o[ *Ir(IID)/Ir(1)]= —1.37 V vs
SCE)2S227054s Ji - it i 96t 671 25 79 2 SR U 55 H 3 B,
a, A RS b B RS 2 R 4.

A Boc
D HAT catalytic cycle
N

\
Boc

9a N [N

10A ~_ 1
/—\

Ir(l11)* Ir(I1)

Photoredox catalytic cycle F

Ph%F
hv i

10a

BR 6 T HE a- BRURHEIL I RN
Scheme 6 Reaction mechanism of a-monofluoroalkenylation of
heteroatomic alkanes

IAESR, IR EERRILERN . 218 ke
SRR, IRWTR R O — ISR B e B 1 R A A28,
TR 4B BT WO AL R, S PR IR, hidk
FRER T LR Bk — 2 T AR BRAS BIAR N 1 e 36 B PR,
HETT 25 I WA sk k5 Hofth B Pl S e S5 ok
PSR R B IIE AL A, 5 S 2 TT L6 A 1) o 5 7 TR
FRABER SN R L BEAEAR . V53N R AUE RAF
S R ) A2 SR 28028,

2017 4, (HHESERWRIE T A AR R a-
FIBR 5 HFUG R BR B h SR N, [FIRE L
Ir[dF(CF3)ppyla(dtbbpy)PFs A e AL 7, Bk R 41 M ik,
TR PAMDMSO) AR, T = FRM, AT %
FRALY) ool IR T REAL I Z BUR R HUGB LS 10
15, RMNATUASEAR X2 FRe, . fREk. Mg
Tl Pk Jiz 253 M L [ (Scheme 7). N - A5 477 (40 il 202
MREERR . HERR. WERR. KNER. 22RAFRE

4196 http://sioc-journal.cn/

© 2021 Chinese Chemical Society & SIOC, CAS

RS IR AT REAR AP MG N T2 RN 3T ke
JRAIT S, PRI SEAA S FENE 58 = U ke e i B
BEARORR AR, XK YR R =PI L E X
NE, ZBURIIEERI L Zz X8, (2 4-BEE
BN 4- 2 SR RS AR — S0 R K SN UL E
AOUEE. A NBRITZ, i = e L A g e 7 A2 10
18 U K D AE H AT 25 A T A RE A AR SR

Fu's group, 2017
R! R4 [Ir] (2 mol%) R' F

) LioCO3 (3 equiv.) !
_N__CO,H + F% 273 _N Ar
R Y AT DMSO, rt., 36 ~ 96 h R2 S

R® F 23 W CFL RS R*

10a, 83%, 36 h  10e, 71%, 36 h 15a, 75%, 36 h 15b, 75%, 48 h

Boc” BOC IBQC FKK@\S/CH?,
h MeS N
o O

150, 82%, 72 h 15d, 75%, 36 h 15e, 91%, 36 h, ZE =1:1

Boc Cl
15f, 93%, 36 h 15g, 74%, 36 h
Z:22%, B T1% Z 41%, E: 33%

H

15i, 63%, 36 h
Z:29%, E: 34%

15h, 84%, 36 h
Z:43%, E: 41%

PO QY

15k, 56%, 60 h
Z: 29%, E: 30%

15j, 81%, 36 h
Z: 36%, E: 45%

B 7 "G o-Z BRI IR SRR I
Scheme 7 Visible-light catalyzed decarboxylative monofluoro-
alkenylation of a-amino acids

TEAR T, BA mEPEREUR S CEGH o- 2
FER(E12"d=40.95 V vs. SCE)Z AL I it ik — 454 ik
%@%%Q%%A,ﬂﬁﬁﬁmm%ﬁ TEEL RS T 18

, B RUE R eI PRk R S I B 6 15 2
%ﬁﬁ%@%%B,ﬁF,%ﬂE$%xﬂﬁﬁﬁﬁﬁ
FRFEHI(Scheme 8).

Chin. J. Org. Chem. 2021, 41, 4192~4207



Chinese Journal of Organic Chemistry

REVIEW

Ir(I11)

C¥

Ir(11)

F /Boc
Boc O . Ph
14a H*, CO, + ~N\ = N
\ Ph
A Boc 10a

B8 oML F SR AL R LS

Scheme 8 Reaction mechanism of decarboxylative mono-
fluoroalkenylation of a-amino acids

2019 4, ZEEHIMIZICHESEBILL 2,4,5,6-H(9-FH
)[R 5 (4-C2IPN) AT HLOG AR JR AL AR, BRIR
Haoub, SEPL T TR 1 SAREIENIEORIR 16
IR ABIR S L, F HL S Rt ) DA B A KRR G RS N
BEAT(Scheme 9). i — S ke o 57 ik b HUAQE: f) o B X
S RA BRI, ARALBACH R . X s

Li and An's group, 2019

F 4-CzIPN (4 mol%) F
Cs,CO3 (6 equiv.) 2
2
R'—CO,H + R%F N — R%w
s DMF, r.t., 24 h 3
16 R 36 W blue CFL R
1 17
S
Ph._~ N O
F F F
Ph
17a, 81% 17b, 75%, Z:E = 5:1 17c, 90%, Z:E > 20:1

GG 5

OMe
17d, 89%, Z:E > 20:1 17e, 76%, Z:E > 20:1  17f, 40%, Z:E > 20:1

F F
NG PhMPh th
F Ph Ph

179, 43%, ZZE=1:1 17h, 42% 17i, 60%

th Phﬁ/\\< Phﬁ/\/ L Pk _Ph
Ph O
17j,90% 17k, 52% 171, 40% 17m, 31%

BRI 9 T OB — S SN e IR A M R 3 K e 12
Scheme 9 Visible-light catalyzed decarboxylative cross-coup-
ling of gem-difluoroalkenes with aliphatic carboxylic acids

Chin. J. Org. Chem. 2021, 41, 4192~4207

© 2021 Chinese Chemical Society & SIOC, CAS

EUAR T 2 30t 5 4 () I S 1, o, B-AN P AN — 960
15 ) A A e DA A SIS 3645 B SR A P, (ESL ARk
BHMZE. N TRERIEDN S, KE—RIRHER. I
BUARIRTR . RALBH = ZR IR % AP FR R A T oK
(ramipril). 7 3E %' 55 (gemfibrozil). it &M\ FR (dehydro-
abietic acid). 5 VK& (enoxolone) & A W3 14 4 1 #K AT
AN A A s N4 21 H AR =4, KT, AR ge(E — o
W A0 B IR BR SRR AN e R AE .

DL A 5 12 160 NJRADIEAT B e3R8 s B, AT RA
DL 10% 10 245 230 9 2697 30 )5 518 50 1 () A 1EG
74 17n (Scheme 10); LA TEMPO Jy [ ti3Eisk 77, ]
2R B 2- DU Sk R FFR R I R s TR R ) e s 1 el 3 R A
LTRSS AR (EPR)BOAR AT AR I 2 5,5- — FH -1t
Ik -N-4E. 10 7 (DMPO) 55 ¢ I & 77 A5 AL T 5 ) EH 2R 11
&Y. XL in g IR INZ RN A T B AT,
WIIE 7RI MR 7] LA ek 5 i .

Ph

o
>—OH *»|>— — NN — Phw
F
16n 16n-A 16n-B 17n, 10%

B 10 HRHNELKESEEBEM RN

Scheme 10 Radical clock reaction involving cyclopropylacetic
acid

FEWL BT, WO A EBGR[E1a(PC*/PC)=+1.35
V vs. SCE|BUE A MR (E 2= 41.16 V vs. SCE)B2
NE EER A, FEBER— 7 AR B b B B
5 B, BN B S HOLFE O E T BEA, IR IER
BT HHGIE »(PC/PC)=—1.21 V vs. SCE]P¥{& —
MR FONFE A B RS T C, R T RIME
IR ik — AN 88 A3 B R U 2 B B 5 D; &E,
Fidk H A B 5RGUGEEE 2k D &8l | iR
SCAB I AE il be 5 B REAG O DU AR B Ui e e 5. 3
A, Jedk E AR B U A] BE ELEAE UM E R
T CABEK, 7ERFANE B H 30N T i bR o 0708 T2 E R H
Frr=#)(Scheme 11).

BRIGEHERIR AL, HHlE. EHAN =20 7 B34 5 il %
() 4-Jt 56~ 1,4- — SEnE (DHPs, P gt nT LAE AR 4T
R, B G b i & Jm . btk
T N <0 = R NN = s A RO i X VLS N U
JUAE, BEAE AT OB B R A R, (E131%25H
32 5K 2 AL RNAT LRI SEDL, FRIR I ikt G 1
reil R ARG T R R T e 3363341,

2020 4, JABIZRAEPILL 4-keBk-1,4- A EE 18
FeREA IR, ERT WAL T S T8 0T R ORI
i bedEtl, CLrp A BT RS R T SRR E

http://sioc-journal.cn/ 4197



AHE
F
LN
PC Ph
hy 1a
F
SET th’/k ]
i AL
PC* Ph Ar D R
Ph F
- -F
SET PC PH DE—
: CcO, 17a

A1

COZ -002
16a O/A

.

B E 2 P AR 5 AR IR S AL ER

Scheme 11 Reaction mechanism of decarboxylative radical cross-coupling

BB AL BB IR AL 54 19 (Scheme 12). {8 455
Bk 2 e 75 I B I 1 B 200 R AT BEL 3 ot
SN PE NS BAT W S R, — Z b S AR
(1) SN D ER RS AR B o e A2 SN, S Ab,  E R
76 W BIG TEL PR RET  H SR AT AR 1 S e A R

Zhou's group, 2020

TFAZRM. MPL 45T FE-2,6- - F -1 4- Ak ne-3,5-
TR ORI, W7 LS R 5 R M R = )
B, (IR K.

R TR R SV, A F AT T — R ] S
(Scheme 13): LA 2 equiv. 1,1- 2K 20 A H i FE4 37
i, HEsr=PIecEAE 30%, BB GC-MS A&l

B 1L,1-2R M SRR A ARG 2 20 (Scheme

R3
F 3 _
Ar% , Et0,C COZEL Ir(ppy)s (1.5 mol%) /R 13, a); SHTRHRESBIRIZ, WM =GR EY
L F I N | DISO, i1, 24 ’ \A/fF 2 HUAERR T 507 NEREF"4 13 (Scheme 13, b). X 4645
ue I
b 7 10 %%%Hﬂ, RRIZ T T B IR, I LR SR s
-------------------------------------------------------------- T T AR R E L. 50, BRI
T 4-fedk-1,4- S RE BT LK BUR A In(ppy)s,
FH L AT DA T2 S A L 4-He - 1,4- — S0nH e 5o e f
o o e o T v
Me Me F
19a, 85% 19b, 88% 19¢, 79% (a) . andard
. \\ . \\ F Ph\l/‘\F + Pr-DHP M’Phﬁ)\lpr + j\
‘ ‘ ‘ Ph (2 equiv.)
O O H " 1a 18a ° o 19, 30% detzgted
by GC-MS
MeO Bu & (b) . V
19d, 87%, Z:E = 1:1 19e, 50%, ZE=4:1  19f, 60%, Z:E = 3:1 — standard
F vi condltlons O
\_p, *PrOHP O Q
N
A
12 18a 13 49%

e
19g, R® = Bn, 36%
F R 19n, R3=Et, 26% . g
\ 19i, R® = CH,OBn, 56% . °
O O 19j, R3 = Cyclopentyl, 83%
17a, R® = Cyclohexyl, 70% O O

17k, R® = Bu, 44%
19K, 79%

B 12 AT SR I T SR e A

Scheme 12 Visible-light catalyzed defluorinative alkylation of
gem-difluoroalkenes

4198 http://sioc-journal.cn/

© 2021 Chinese Chemical Society & SIOC, CAS

B 13 0] WG — U e i e e e = A LB AT 5
Scheme 13  Mechanism studies for visible-light promoted
defluorinative alkylation of gem-difluoroalkenes
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Scheme 17 Visible-light-induced selective defluoroborylation
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Scheme 26 Reaction mechanism for the defluorinative cross-
coupling of gem-difluoroalkenes with thiols
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