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Research Developments of the Construction of Chiral Center
Based on Fluoroalkyl Radical Reactions

Huang, Hang” Wang, Xi** Wang, Jianbo™"”
(“ College of Chemistry and Chemical Engineering, Hunan University, Changsha 410082)
(* College of Chemistry and Molecular Engineering, Peking University, Beijing 100871)

Abstract Fluorine-containing organic compounds have been widely applied in various fields, such as pharmacy, agrochemi-
cals, materials science, efc. Trifluoromethyl, difluoromethyl and perfluoroalkyl groups represent the typical fluorine-containing
functional groups. Hence, the development of highly efficient methods for introducing fluoroalkyl groups is of primary im-
portance. In recent years, the reactions based on fluoroalkyl radicals have been developed into competent methods for intro-
ducing fluoroalkyl groups. On the other hand, the synthesis of the chiral molecules containing fluoroalkyl groups has attracted
considerable attentions. However, attributed to the high reactivity of the fluoroalkyl radicals, the control of the reaction selec-
tivity is difficult. Particularly, so far there have been only limited reports on the enantiocontrol of the reaction in this regard and
the corresponding review of the field still lacks. This review summarizes the research on the asymmetric synthesis based on
fluoroalkyl radical reactions developed over the past 20 years. The review introduces the selectivities, scope and mechanism of
various reactions. It is divided into three different parts according to the type of the reaction: (1) asymmetric fluoroalkylation
of enol/enamine intermediate through fluoroalkyl radical, (2) asymmetric difunctionalization of olefin through fluoroalkyl
radical, (3) stereoselective 1,2-shift of vinylboronate complexes through fluoroalkyl radical.

Keywords fluoroalkylation; radicals; asymmetric synthesis; catalysis
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. [Cu(MeCN),]PFg
(7.5 mol%) -
42 Togni reagent Il MTBE, r.t.

Me Me

m

t-Bu 44 t-Bu

Me Me
88%, 82% ee 72%, 80% ee 85%, 83% ee 85%, 81% ee

WOH MOH ot

E)-45, E:Z > 20:1 7)-45, Z:E > 14:1 P
il\/si\s/Cﬁ il\/si\R/Cﬁ @&C%
Substrate 46 + 49 48 + 47 Ratio of stereoisomers

Yield/% eel% Yield/% eel% 46/49/48/47

(E)-45 28 93 47 58
(2)-45 24 92 40 59

o - 46
0,
OH SPh [Cu)/44 36%
— 2. CF3 Mismatched
L Me |
47

(E)-45 CF, (5)-50

S)-50:(R)-50 = 1:1 13%

(2)-45 48
[Cul/44 50%
— 2 \CFs Matched
49

1%

1:1.7  36.3:1.3:49.3:13.1
1:1.7 35.7:1.5:49.8:13.0

F3C—I—0O

[Cu) @AO
Copper-mediated
enantioselective C-O Initiation 0
bond formation
o
*CF3 +
[Cu'] (Il

(o}

Ar “Agdion HOJ\/\]/

FsC Ar
50

B 8 AL A AR FR IR A = 0 A S
Scheme 8 Cu-catalyzed asymmetric trifluoromethylesterifica-
tion of alkenes

2016 4E, XA B P HRE T {HH Togni 37 1
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NZG I EERYR, = 2 U e (TMSCN) Jy 2 1k 1k
A, E— BRI TR S3HEL T, X — R L HEAT
AW AT AN 0 BRI =0 R OUE Re A A5 2 A 52
(Scheme 9). %X N E REHN Z 1 4F, RIFEREELES
TE ) SLIER A, 5T — M b i BUA R P AR i A e JER A e A
(PR B S PRI,

0,
FiC——0 53 (1.5 mol%)

Cu(CH4CN),PFg (1 mol%)  CN
PO
AT+ @ TMSCN Ar/'\/CF3
52

Togni reagent |

CN

Cl
64%, 99% ee

CN
phthN.__L__CF,

65%, < 5% ee

|
©;<OTMS
\
@gg ¥

[F3C CN]
extraneous
cyanide

o)
o
/

82%, 97% ee 84%, 88% ee

"

CF
. I AI'/\/ 3
Lreul XM | ~cuicn L*CUT(CN),

/—\ - Cy

BR 9 HIEAL RO R AR R EE = 5 5L

Scheme 9 Cu-catalyzed asymmetric cyanotrifluoromethylation
of alkenes

VB RIVZIRNAFES T, 76755 0P H REilsg
F/bEANEE B AR, A AR
B R RN DY T R F A RZ I, B IR
AWK (0.4~2 mol%), M 15 5 JARE 2 46 58 )F H i
JE W, ST R B R B R H 2 0T R R
TR IR BEIE 25 20 mol% It (AH 24 T4 fi A 71 )k 2 £
45, RBEEEARTS NS, H W) ee fH T BEH] 15%.
Uk, B HEWT I I £ 2 1 R B R e T e Ak 5
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HIEC Az, P AR W RS FE T Togni 55 1T 1
TMSCN Z[AIJER T 2 AW 54, X MR B i =UE 15
S TFRER. ZE A5 EA 4R LCu'CN KA
FLE PR, TR LCu'(CN), 5 =4 H 4 E 3, W2k
CATIRDIAT A RN EAF 2 55, F5 LCu'(CN), &4
P33 =M a4 56, im0 S5 T BR 1S B R 4= ) 52.
B, X AR R P2 M 55 SRR S B T 4 4R
HISL AR — P 1) 95 2 = 55 B 244k (Scheme  10). % 8L
58 (12 mol%)

CU(CH:;CN)4PF6
(10 mol%)

EtOH (2.0 equiv.)
DCM/DMA, 0 °C

F,C—I—0

X
+ Ar?B(OH), *
Togni reagent |

&)

Ph
©\/\/(\/CF3 M90:©\/\/ /@/\/CF

65%, 88% ee 53%, 90% ee 78%, 83% ee

0\

@p >

72% 85% ee o, o,
R = CO,Me. 7%, 78% ee
46%, 83% ee

FSC oa) V‘\

72%, 84% de

Ly Lcu
u
-CF
’ ©;<o, AT
"B
17 ] “OH
Ar OH
aft~~CF3
L*cuAr? 59
CF
A L*Cu“Ar
61 60

B 10 AR AR 55 JE = 50 H A1
Scheme 10 Cu-catalyzed asymmetric aryltrifluoromethylation
of alkenes
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FAFURAN . 5 N FES ML (1) 2R AR5 38 AT
AW R REALER S 2 H AT R ) R AR A,
77 FEM R R FE AT LV AE Togni 77 T 48 HAE — 4 i) B
PR R P24 = R R 2, AR AT ek A
3| 59, [F]WXMAH BIEAAERE T T EA R 1) 5 )E
WFE, TERCS H AR 60, B H HIE 59 5 04 60
IR =AM R A 61, 75 FETE =4 v i SR
BR324 7)) 57.

2018 4F, i [ A i R 4 12214k s 3 e AR A 1 B el
B3z J(radical relay), SEHL T K ISR 0T G FE 14
(BRI — 5 A (Eq. 4). NS A Togni 671 T4 =9
FRALSRIE, TP XOABERER 62 ARCHE, JRYIVER, &
RE I 52 47, IR IR AT %261 T s i i, =
RS 2 F = 2 I it — DAk, T DL Rk
A9, FE 47 ¥ 75 (Ibuprofen) 5 5 L % 25 (Flurbiprofen) fiT 4= 4
TE PN ) 2 T i a4, AR 1 1% 5 VAR A R I LA A
4.

(A =

62 (12 mol%)
Cu(CH3CN)4PFg (10 mol%)

DCE/DMA, 25 °C

V%

80%, 92% ee
82%, 92% ee (gram scale)

ag&

70%, 90% ee

CF;
Q&/OME

65%, 92% ee

F,C—I—O0

Si(OMe); +

Togni reagent |

/Q/K MS
H,CCl

70%, 95% ee

CFs3
N@&
N ™S

/
Ph 759, 88% ee

CF;
A
Ph
73%, 91% ee

3.3 {E/FMBEBRELHEEANIRRTE TR

2014 4E, X7 WA 2H AR — th i R0 T 1 1 R
(CPAYPFMEALAR &R, SEBL T Ry IEE B B =5
A G R PIBENE o ALk S FR T S R0 (Scheme
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11). RNALEA: fE— M mImFrEmmg 64 1
[A) /5 R 57k J5 Togni B0 T, 77 A8 2% FE Y = 2
H 2L, FXTRY 63 MIXUBEHEAT I siI¥ s — b dk H
FHAE R [AA 66, FF A4 T NI 1,5-ER T (HAT),
TE R B AR E BRI o A3 B JE P (A4 67. A4 Xt
HAHATHE R TR R 68, 12T RS
M UL R 2 (B RSB E R T, B Bz ii i, &

NHCOR'f c—|— o 64 (10 mol%)
A CuCN (15 mol%)
PRI + +ROH ———(———~
R EtOAc, 25 °C
> N
63 Togni reagent | R
NHCOR' OO 0.0
0 Sy YoR? 0" “oH
R CFs OO
- R
65 R= 2,4,6-(/’-Pr)3C6H2
64
o]

PMP = 4-OMeCgH,

HsC 42%, 90% ee

62%, dr=1:1
94% ee, 93% ee

81%, 96% ee

NHCOR! NHCOR'
= (> -
R2 | — - 2 H AS-HAT
N x CF;4
63 ) 66
[-CF I . U Togni t
3 CPA 64 ogni reagen
NHCOR! r|\1c0R1
ET = H
R2 | H S_> R2 |
CFs CFg
67 68
OR
R30H ROC. H\o g

RO—P—OH 69
- U
NHCOR'!
= OR®
RZ{EC\/
N CF,
65

B 11 SRR R B b =0 AL SR B A
PRkt A AL

Scheme 11 Cu-catalyzed asymmetric C-H alkoxylation trig-
gered by radical trifluoromethylation of alkenes
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H 69 JERRZA I 2 B REHIIL ™) 65. R & E
WEFEH, RO 1,1- B R ) th i) UG 27,
o 2% s IO A5 31— X 58 1 g X R 5 P ) AR S
LAREN IR N R VSR ARRE Yi ) v/ A CE = ST E R
A RT LASRAS R e RO A A

2017 47, X0 TG IR AR PN — A 4 R P B 1
i ) R A S 2% 40 8 2 ) 28 W A ' D 2 A% 1 ) = 473
R, R TR EE. RMALELE Scheme 11 it
TR HIZEA, AR Z AAE TAE TPEBER(CPA) T AL T,
FET B T 70 08 SV AR AN B A - 5 S iZZZFf_

T M PR PR AN S B SRR R A S B SIS A I, O
THE— RIVEA =5/ BRI F MW AT A9
71 (Eq. 5).

NHCOR! FoC—1— CPA (10 mol%)
©i/\ @ 0 CuSCN (15 mol%)

T s5AMs
Tognl reagent Il EtOAc, 25°C
R2
N \\/R3 SiPh;
S e
0. .0

CPA: P ®)

NHCOR! 0" "OH
99
SiPh,

NHCOPh

R' = 4-MeCgH,, R? = 4-MeOCgH,;, R3=H, 59%, 88% ee
63%, 63% ee 54%, 85% ee R®=F, 56%, 86% ee
R' = 4-CICgH,, R? = 4-BrCgH,,

66%, 76% ee 45%, 80% ee

2016 4F, X0 ye iR EZH POHE T — 4 A0 T IR
74 P FIMEALSCIL TS IR K 72 AN R AL =5
HACRE, AT — RV TR BE(Scheme 12). [N
PUEEDy: B H 30 S A T 7 A ) = 9 2 R 20 X
BEMPE R A 75, PR = A i 76 A i 2%
FEM 73 MARRMR 75 R LA, A3 BB T
[AIA, FRESZORIZRE I, Wi T MR AR B 10 S N ik A7 I
ANREWHRRR. AT, RN T IRIE N RIR,
iR B — AN R ST 1 5 4 B T AR
A, 5 DNREN S FUERER I A S, $2
S R I . X5 2 {6 R ORI IR AT AR
77 NIRRT [ REASRE R AR —SER s RAHWI & ZR
IAE S R HEAT, AR g R AR R T R B R 4
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I, IF HoE T e ik s R FEHUA R A A Thorpe-Ingold

BUSLI) SR
(0]
R )L _Ar" FiC—1—0 CuCl (10 mol%)
‘R H H 74 (15 mol%)
B ———
* FPrCOLE, rt.
Ar® Togni |
72 ogni reagent
X
. Ar'!
;R N~ N7
\‘R . H
“Ar2
FsC
73
CF3
2 .
N N CF
H

n=1,78%, 88% ee
n=4,71%, 88% ee

RO,C
ROZC

R3 = 3-OMe, 76%, 94% ee
R3 = 3-F, 55%, 96% ee

R = Et, 60%, 95% e
R = t-Bu, 54%, 88% ee

Ar1

Q ~H.

)’L / / \o\\ O
ol

\ M,,A@

FiC 76
“CFs

Ar2
C p CUI
o ocu'cl CPA
cu'cl o]
CPA )C;k LA

Togni reagent | \“‘Ar?

FC T3

Mechanistic study

PQ
L FsC—I——0  cyucl (10 mol%)
NN OMe 74 (15 mol%)
. .
Me i-PrCO,E, r.t.
Ph L&
N

Togni reagent | No reaction

2, L
)Ll\‘l OMe
Me

7z

Ph
FsC

B 12 SRR R AR e A = & kAl
Scheme 12 Cu-catalyzed asymmetric aminotrifluoromethyla-
tion of alkenes
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AR, X0 oG 27U F AR [ SR 5 S es, OFI o8
BRI B SE I SR B Togni X7 T 7E NG IEIE,
FEZ IS A T R Y0 P T B U A A R A, X
PR R it Tt Fig JEC A0 T, P A2 S5 A e, AFLSRE PR ] B i
B R BE(73%, 50% ee). BLAN, ANEAH Thorpe-
Ingold N R PTTEZ 45 1F T A3 23 2%, IR 4L
15 FUAR L FPEPU SIS 78 (60%, 91% ee). i fd
Togni 75 T4 = 50 YR, 2 0777 2R 6T L ik 6 1 35 4%
R(25%, 51% ee). FEACHFTRER AR IR FE A T B 25 M
e A R S AL DL I S AL R RL(Bq. 6).

fe) 74 (5 mol%)

TR I _ar CuBr (10 mol%)
“R N7 N Ag,CO;3 (0.6 equiv.)
H H + R{SO,CI
= i-PrCO,Et, 28 °C
72
9 1
SR S
. R H R¢ = C4Fg, CF3, (6)
\""Ar? CF,CO,Me, CF,H
R¢

OMe CF,

2 0) b ﬁl
N7 N N~ N CFs
W A
n-C4Fg @ n-C4Fg @

98%, 99% ee
CF3

N)kN CF
n-C4F9 @ H
“N\_CF,CO,M
Ph 2L2Ne

73%, 50% ee 95%, 95% ee  CF,

95%, 92% ee

CF3 O

2 L. N
NN CF;
[ H FsC @
HF,C
’ () 78

60%, 91% ee
76%, 85% ee Togni reagent, 25%, 51% ee

2017 4E, XL yeif i B0 F A SE B 2R 54 79,
E— WA T RZ (CPA) 81 PhAIMEAL T, i FIIEF1%
IMEnEBERL 82 1EARCIR, SCBL T MRS FR H 2
A =R PR, DLE ROERR MR T — R F o i1
ZE b T PO 1) = SR AL I DY SRR IR AT A 80
(Scheme 13). # b2 /i TAF o B A B B IR ZRAT =W IR
P2 TR R R Y P R R A S TR
(CPAYE TR R T 5 55 1 2 B DL R P2 2 S 5 A A R4
FATE LA 58 I BCALAE FH, 5 80U B I S A i B M A 22
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81 (15 mol%)

FsC—I1—0
LR/ OH T CuBH,(PPh3); ,-- R’ 0
R + (10 mol%) *~-R? /1 R2
2 o,
R 82 (13 mol%) Fac

i-PrOAc/c-Hexane
79 Togni reagent | 25 °G 80

82

0 R3
e
\_
FsC FsC
RY, R' = (CH,)s, 78%, 93% ee  R®=2-Me, 66%, 86% ee

R'=CHj, 77%, 91% ee R3= 3-CF3, 61%, 90% ee
R3=4-Br, 73%, 81% ee

F3C F3C
70%, 89% ee 83%, 95% ee

71%, 95% ee

R OH P OQP/OD
O. ET \
7 Al (LIRS A
Ar R! . th b Cu(LB)
85 R' & oFy RIS
r
86 R! Ar CF3
88
o_,0 path a
I OH C R
0" ocu'(LB)
CFs + 84 OS] )
6.9 0O
cu(LB)
(LB)Cu'R
F3C—I——0Onn H R Ar CF, ;
K/W R!_/™0
Qwun \J :
Ar
CF
CONEt2 80 3

B 13 AL AR AR AR e S A/ = 3 24k
Scheme 13 Cu-catalyzed asymmetric oxytrifluoromethylation
of alkenes

fRRIX — ), VR @ e AT AR 82 1R Nk
Gy Wi 5 A RO B, A B TR A Ak, R
N7 RS0 T e P B T 2 93%. A I T A6 K S B LR
N ERAETF R E AT A Y) 82 5 — I B Az, 152+
)44 83. rf[Al{A 83 54 FHEBEBR(CPA) LI Togni
FITZ B R A BB F58, BBFE N RYFh 84 5=
T L R, U R R A R R T 1S B ) e
FEH R AR 85 PR A HA A 84 e A7 15 2 o [A) {4
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86, LIS B = [E 4k 87 (path a), T-1H:Mk%
P& (CPA) 5 T+ Mt e Fe A4 Bl [R) 7 P RS 7 4 vh E] 44 86
F 87, ST AR AR fE, Tk 87 &
B JE RSB i &7 Y 80, T MR A b 3k A Al ik
86 7 T HH AL, & HiKIES Frhiafk 88 1)
1% (path b) AR HERR.

2018 4, XGRS PO HRE T — AR AL
5 H 4 89 IR A = HHF JE L[ B (Scheme 14). %
S AEARIR R REAT, A8 & XS N AT RS 91 1k
IR R B FHERR AR, Togni 77 1 1F R = & LT,
56 R4 F N BISEAZ AR, A ey = S R w5 i #1415
FMEIEA IR B AN =P B2 90, 1ZFE AL xT
K Fheh LRI T RS, DL &R R 1R 4T 1
FERME. L FEIRFEDT T B T30 JE BT e A 1 = 38 P 2
H H X E B BRI R, RO R E H g R A
92, 93 FISIARL — 1) =M i o [l 94, )5 28 HIE iV
FR1S IR =) 90, ML FIRLAR 91 RA R, i
B b R A B 20 AME 5 (v =3237 cm S B T k.
Bk, BREFIE R Togni 3877 H3E 1 T M — 04 A ()44
95 TJ LAY = 4 P NS BT R I . 2 (5 ER SR AR A i
96 B, BLF=ZAK SRR s E N Bk B E ZIIRAK(91%,
3% ee). IXUEELE R T FHERAR S Ho0 &8 R 1 ELAL
TERRC R B, RIVRE i R 25 0 713 B AU 5
TAER AR S — W HEH, (2 =R R T Ak
T R 3 B FE AT AN RE Bl HE R

4 ZHARESHRENGEMERIGERRASS
YISIURIEEEM 1,238

2017 4, Studer WEARAPHRIE T — B4 RIE T
i 5 T 5 Fe M I () - TR IR ER AR L B A
98 JW N, Ak T A s e 3E U 1 T 99 (Scheme
15). &SR TFIETIEREE 97 R AI4, 5 oR AR )
FEARHR N 5 I 15 21 K IO PR T ek 575 35— a0 R S P AR 7
EEY 98, H 5S4 HUE T B Ok A Bl T8 i
PSR TR E B, BRI, BETEM. K
1,2-iE 8 2502, 338 F 0 HRE Ik, Bn
TEXVAKAE I EALII, BL 52% ee fEAS B4 %UT
SRR T L 99.

2018 4F, Studer HZH B S T @ AR 4 e
5 T G e HE R BRI S A 101 KR
N, FEEEAERIE o LT O, T g SR
TERES 100 5 2@ IEHETE —78 C O NAS 2 F 1 kst
B AT R R BR R IR L 52 A9 101, 7EelR 414
T, SMURA T BRI, 1554 5 2 U G
FiglE 102, FRAERCEUKAE N S, 152 4 st

12 http://sioc-journal.cn/

© 2019 Chinese Chemical Society & SIOC, CAS

SR SR
o F,C—I—O 91 (15 mol%) \-O
Nig Cu(OAc); (10 mol%) J\)\ SCFs
+ - R
R I R2 4 AMS, CHCI3
-10°C
89 Togni reagent |

N/

/\

S
= OMe, 99%, 919
%%%%%GMSWwe%%B%wR FQ%Q%A%

8

Togni reagent | 7&
Cu( OAc),, ||
n= 1 2 R1

L Hoac
O>s 95 R2
& .
|||
R2

OH _CF,

&i

OH N~
__ 9% | ONTCF,
Ph

standard Ph

condition
Togni reagent | 91%, 3% ee

N
S\\=O _N
o
95
Mass = 567.1975

BRIz 14 AL IO A AR R AL =3 S

Scheme 14 Cu-catalyzed asymmetric oxytrifluoromethylation
of alkenyl oximes

AR TR 103, ESER T Z, 103 fERERAEZET o
B IEARE, REHEBR— S TRAEERAE
— A F R EIUR o8 AEFTEE 104 (Scheme 16).
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/ Li+/ Ph
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Scheme 15 Perfluoroalkyl induced aryl 1,2-migration of aryl
(+)-vinylboronic pinanediol acid ester based ate complex

then NaOH, H202

Bpin "
A AN /i[ogl Ri, hv
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R OR2
101
Bpin (0]
H,0,, NaOH 2 il
R Rz _ MYz NEVR Rf\)JVR silica gel
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R periodinane 1
102 103
F (0]
R2
RN
104 R
wph wph
CaF7” ™ : CsFai™ 7
Ry Et

0, - B
R' = Me, 47%, er = 94:6 49%, er=98:2

R' = Et, 46%, er = 99:1 Ph

R' = i-Pr, 42%, er = 99:1 /E\v:ﬁ\/j/
CoF4 = Y

9 —
Et
50%, er = 99:1

B 16 bR 5 1) T — S S RS
TR BRI IR Y R S e dk 1,2- 3878 1%

Scheme 16 Perfluoroalkyl induced alkyl 1,2-migration of enan-
tioenriched secondary alkyl vinylboron ate complexes

5 R&EE5RE

KA S AT e 2 TR 7 7 OB kA 2 TN
BRI 2 19 0E, JFIUS T — e E B . A STR
A 5 B ATLRLRE 22 P e 2 B 2 ) 5 12 oo ) S S G
PRI, TR LGN HE T PR RO SR A SR AR
g e T3, DL AN AR SR B IR,
PN TR PR TR SR, T
PERC S T PRI 4% 1) ST 5 %o i 45 1 (4
AR, FT ] OB IR [ R e Rt = A e
HeH B TIEWR AT, TR RSO R R IR AR 1Y

Chin. J. Org. Chem. 2019, 39, 1~14

© 2019 Chinese Chemical Society & SIOC, CAS

G VABARIE 7T DL AL 07 1) T PR R e b . X 2B f
7 B A A RIS SRR . e
B 2 S MR B SR s AL S, i e] LA
FHF 008, S B fa] B A e (K A0 RO e 2k B RE L. R
T, SR FH FUAE i 3 X P A AR A fr e ] 4 s
RMESCIAXI RIS, TR R BRI o AL T4
Hols. i8NG B - TR A R A T T
VI SRR BRI AR L AL S 0 1,2-3E R R IR A7 AE X
HEFEPEAS A ) AL A BAE R R, BT kit B
M RE, &5 & e e E AL b i B T R R
SRR F RO, RS G EREINT T
ARSI B LA y AL AOASKIRR E BRI, &
JEEE A mIEF R TR ORI, ES
MR —BIRAWTE.
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