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Recent Progress on Direct Difluoromethylthiolation and
Monofluoromethylthiolation

Yan, Qiang Jiang, Liigi* Yi, Wenbin*
(Chemical Engineering College, Nanjing University of Science and Technology, Nanjing 210094)

Abstract Compounds bearing difluoromethylthio (SCF,H) and monofluoromethylthio (SCFH,) groups are potentially im-
portant targets in the pharmaceutical and agrochemical fields due to their unique physical and chemical properties. The tradi-
tional methods of synthesizing these two kinds of compounds are difluoromethylation and monofluoromethylation of sulfthy-
dryl substrates. However, the limitation of sulfthydryl substrates also limited the application and development of such com-
pounds. Thus, it is still highly desirable to develop new methods for difluoromethylthiolation and monofluoromethylthiolation
as well as new types of difluoromethylthiolation and monofluoromethylthiolation reagents. The recent development of direct
difluoromethylthiolation and monofluoromethylthiolation reactions is summarized, and the related mechanism are also dis-

cussed.

Keywords difluoromethylthiolation; monofluoromethylthiolation; direct method
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FRIRIRZY 5y R A R I B 2K H H 38, 38 DAk
R, W5 T — RIVRIAL VIR B 5 R 2
BB EEER, WERBLF. BB A, (EE R T
PhSO,SCF,H 5#J& 1 B LML, %ML N-F 3
% 4 B (NMP) B — H 25 WA (DMSO) 5 7K TR 5 70 N i
7, BL AgNO; Fl K,S,05 51 &7, 2l T RIaT k4T, 1k
KI5 94% (Scheme 14).

[F4F, VEEXHZAAIM N AT T 7. 2L B2k
A [ S 464E R, PhSO,SCF,H ATLL S 1-BURFR T A
TR, AR p- 5 AL R, AT R
FERE AT DR e st T LU D7 BR, IR s, bR, X#

http://sioc-journal.cn/ 7
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ik S R

R—B(OH),

AgNO,, SDS R—SCFoH

KszOg, H20 40% -~ 80%

R = alkyl, aryl
Alkyl—COOH
PhSO,SCF,H —
2 2 AgNO,, SDS Alkyl—SCF,H
K,S,0g, H,O  40% ~88%
RX: SCF,H

SO,Ph
AgNO3, K»S,0s R 2

NMP/DMSO, H,O  489% ~ 94%

Bl 14  PhSO,SCFH {77 ¥ — 4l FF AR B 1 S o
Scheme 14 Difluoromethylthiolation reaction using PhSO,SCF,H
HUARHR T W5 5] o B BRI I I . B Tl A AR A
B, Y493 1AL I = 0 Eq. 9).

(o}

o R AgNOs, SDS
+ PhSO,SCF,H )J\(\/)/\/SCF H (9
%OH ZPT2T Kp8,0g, H0, R n H )

50°C,6h
40% ~ 90%

2018 4E Li 4% PhSO,SCF.H £ 5 H i3t
AR R B 26 AT T R MR S RIAE SRR,
H RS, AR DT e, & B m
T (CELEFEIL I . W5l ZFREEIRIA DL K — e T E
TR IR) AT LA R R A B s I R A OB, IR

H CFL (402W)
+ PhSO,SCF,H —————
CH3CN, Ar, r.t.

FI(Eq. 10).
SCF,H
40% ~ 93%

PR R SO HLEEIEAT T HER. IR, PhSO,-
SCFH 2l — 3 2k H Hi 2k 5 oKL AL B 2k, Bl
Ja TR AL B A S O AR B BN, R
FRMIE A SR A A ORI ML R (Scheme 15).

step 1: thiyl radical generation

w/ or w/o TBAI

o) * 9
Il .
hv, homolysis hv, PET, S.
B SCRH — Y92 HeF,s <Y I SCF,H
o) \ / o)
PhSO; PhSO; +TI

step 2: thiyl radical addition

s7
SO,SPh / \
J =™ o
-
-

GC-MS detected

Bl 15 PhSO,SCFH JBIEZAF N E Hi%: sl P
JRATLEE

Scheme 15 Proposed mechanism for radical difluoromethylthi-
olation using PhSO,SCF,H under photocatalytic conditions
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2018 4, FEK IR D% PhSO,SCF,H M F i3k
T TR, & T BE(TBHP)E N 5] K5,
+4 PhSO,SCF,H 55 [ I, W] DA gt et 45 21— R 51 3k
B R, RN RAN, TRYE R TS
HUARIRIR, 3G FH T I M|k, Iy &5 55 75 34 LA KGR
53 RE i 24k &) (Scheme 16).

9 0
TBHP
R1JJ\H + PhSO,SCF,H —m ———————— ,
CH5CN, reflux, 24 h R "SCFH

43% ~ 88%
o o)

TBHP
eIy + Phso,sCRH — o
R*™S""H 2727 GHLCN, reflux szJ\SCFzH
24'h
43% ~ 88%

B3 16 PhSO,SCF,H 55 it — 36 H i 2 Ak S i
Scheme 16 Difluoromethylthiolation reaction of aldehyde with
PhSO,SCF,H

A 28 HEDN L S5 R AL EE AT B A S AE AL T R S AL A
(TBHP) 51 & N i S A 55 5 f 2%, Jf5 PhSO,SCF,H
AN ZE P ME A mERITES, BRW. MW
PhSO,SCF,H 15— BOR Rt ik H 2, did ke
R, MOUTHEUESE | 1X —ALEE ) & 3% (Scheme 17).

PhSO,SCF,H  PhsSO}

fome BN SR

B3 17 PhSO,SCFH 5/ I HiJE — 5 i ik S S ATL B A
Scheme 17 Proposed mechanism for Radical difluoromethyl-
thiolation using PhSO,SCF,H with aldehyde

2018 4E, FREBURIRMHP RGBS T PhSO,S-
CFH SHHRIE I BN R R, 7 (#4671 PPh;AuNTf,
MO T, BL Ru(bpy)sCl, ARLE, Hteml bl
PhSO,SCF,H #EAT IR B, 15 21 — 5 F i 2k 15 2R At
BB RERBIE . 76 SmIL /E R, ZRRERE L L 2t —
B, BE - RIFFNSHE R PR ESE
W), W H1%E(Scheme 18).

R SCF,H

PhsPAUNTf,
SCF,H
R'—=—R? + PhS0,SCF,H M» \2R
- 222020 by rt, Ny R’
32% ~ 88% SO,Ph
Smly, r.t. SCF,H 2
_—

R1J\/R2

E= 18 PhSO,SCF,H 8k (1 BB B
Scheme 18 Free radical addictive reaction of PhSO,SCF,H
with alkyne

2003 EIFLAR, T WOGAR BE IR AN AR R P AR
FH 3 0 G 46 51 2 A LA S 78 T A 3 i Y,

Chin. J. Org. Chem. 2020, 40, 1~14
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AT LG AL AR I IR R 1) ) ER R IR s N A T
B3 2016 4F, Glorius W EEZHPOF) A — fU R BRI AL 5 —
HH 5t IV % (PhthSCF5) 5 g 7 1 2 R 78 T W% 4% 44 T it
B, AT — RIEINE S PR S Y(Eq. 11).

SCFX
N

(0] O
+ R—COOH cat. PCI, CsOBz
CgHsF, bule LED
14 h

49% ~ 90%

R—SCF,H  (11)

38 HE DU LB ] B 2 I 107 R FR R AE O 51 RN
AIOSGSERIVE TR, el iR Ak ol B B, B S B E
%5 PhthSCF; [ B 15 2 — 55 F B 57 P (Scheme 19).

|rIII* RCOZ' 002
Y, \ ; RCO;
R-

Photocatalytic R—SCRX Phth
cycle Phth—SCF,X
Irt" It hole” CO,
\_/‘f Phth.  catalyst R-
chain
Phth”

R—SCF,X

Phth—SCF,X

B 19 “HRUTP B — B IG SRR WS FRIA
T fE R 9 o R A s AL B

Scheme 19 Proposed mechanism for visible light-promoted
decarboxylative difluoromethylthiolation of alkyl carboxylic
acids with PhthSCF;

2018 4E, SR iR A PTWE  R B, A 3
(MOM) R AU T LA PhthSCF; BUAR, ARl =4
RAEAY), HENZIEFE N B b5 B R, 75 A
b B Z RN ) R R AR T R AT T AT AR

FEGRZEAE T, H MOM R4 1) AUEE 5 PhthSCF,H 5V,
WA SENCRA R T B AR Y)(Eq. 12).
Cat. (2 mol%)
X + Phth—SCF,H (12)
R” “omom K,COs, DCM  R” “SCF,H

blue LEDs , r.t., 24 h
42% ~ 51%

Cat.:

14 TEREPIHEME @ BRI
2015 4E, Goossen URAHZHPHRIE T — il id S5 A% HL
R—FyE N P L 7. HoR ARG 2, G

Chin. J. Org. Chem. 2020, 40, 1~14
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f) 7> gl N SCN [ [8] i ) H B 4 25 43 1
TMSCF,H 1EA#IR, ¥ H5 CuSCN 3T/ M, JRAAE
% CuCF,H; )5 H CuCF,H ¥ SCN L) CN R, 4
& SCF,H F=4). BARIEN [ N5 NP AN 43, AR I
R B2 A, S T — BIE H ARG M R
SCF,H AW, SCHRIRIE MR 0 MRS 55—
SR R HRALIA OMs U, 5 388 5 B )
HEEEL. HAIRNZ, BT AT R
MR RIEUREE, HE SCN el I8 2 0%
¥ b, CN JEH AT DL CF,H 3 B1HUAL(Scheme 20).

(1) NaSCN

(2) CuSCN, CsF, TMSCF,H

DMF, 0°C ~r.t.
61% ~ 99%

R—Br/OMs

R—SCF,H

(1) CuSCN, CsCO3, NaSCN
(2) CuSCN, CsF, TMSCF,H

MeCN/DMF, r.t., Ny
65% ~ 95%

Ar—SCF,H

Ar— NzBF4

B 20 CuSCN 5 TMSCF,H —#ik & i 9 H i 31 54
Scheme 20 One pot synthesis of SCF,H-containing molecules
by using CuSCN and TMSCF,H

2015 4F, Goossen /NHPEUEIX — & 5 S & FT 3 FH )
JERIREAT 1 it — D3 RE, FERE R ZHAT T S
e R TE R 2431 SCN AR N-aidE T =
e & (NTS), 5 T 57 A AT 2% AR, 45255
P TMSCFH R AU, Wi 4% (Eq. 13).

o)
(1) AICI3
(2) CuSCN, CsF, TMSCF,H

Ar—H + QN—SCN
o) MeCN/DMF, r.t.

NTs 53% ~ 88%

ArSCF,H (13)

TR e —Fh PR E M ERA MY, TLE, FiF
2 SCHRARE T PR IR 1 B 544 22 5 B LA 1 V.
WATR AP X s TR LR B, RIET —M—8
& ZE PR S RO Ik AR IRIE
BRI, FHKS SN IR A RAE AR, 16 Y/aib 40 1)
PEFTR, B Wk 5 B H v Sl A8 il 5 A 3 22 1w ) =
W, AT SR, HESE R R TR
I [BrF,CPO(OE), i 47 — 5 FH B4k, 15 21 — 5 /i A&
7, W d i A] LR 3] 94% (Scheme 21).

2017 4F, 5 SRS 5T A B, PhaP CF,CO,
(PFDA) 57 S £ 80 °C T B 30 min 3 ) —FUHnilH. =
JRNEAA 22 H R AEAE AR AT I A= SR s, AT BAST RIS 46
Tl e 13 BB R AL S, [FIBS R AN OE 4 3 T
S EEH SCEH KB Y. #idxt M iE7. PFDA
W R RS RN I TRE AR S, B2 DL

http:/sioc-journal.cn/ 9
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ik S R

S N'H |-
R N
A P R 57 NH2 NaoH
Z =N K, I, H,0, dioxane |\\ \ H,0
H >
N
o
R K
R SBr-Yiloetr  S$—Crp R  SCRM
N J OE HO A\
| ) Y — N
=
N ~N Z N
up to 94%
B 21 GRIRAEATRIE 51N 6 A

Scheme 21 Difluoromethylthiolation using thiourea as S source

HR RIS R T — R BB IR 45 74 10— 360 R 2
YI(Eq. 14).
NHR DME, 80 °C 5h g

46% ~ 82%

VEF A T AT RER SN PIAE: & 5% PFDA 73 il 15 2
THRRE, IS Sy A a8 R, BEE i S
ERENT N R4, AREREIR 1"]5’]*@12’—“ B&
JEIZHPIAAS Z R M R RE S, 53 i

Y)(Scheme 22).
F. s NHR

F
PDFA

CF:
N
L, @[ H—8CFH
N
R

B 22 BURAEHE
SR

Scheme 22 Proposed mechanism for difluoromethylthiolation
of vicinal diamine with PFDA and Sg

1.5 &7 SCF.G {IRMIL AN EZEK

HH SCF,.G WIEHItb &2 5 PR &9
FEA—NEEHAR >, BT HFENEH SCF, 5 G
AT REH], S ERI R M EA T 240, FIR AN
R IAAE A 2R T & M . SCF.H K. i
TR, B HEE R R SR A, HEE
A SCE,G 15 AR il S 4

2018 4E, GooBen HRMIZHNTHUAC — 4 AR FEHEAT
THBEMWIA, £ CsCO; 5 NaSCN 775, 75 & ikE
BAA YA LL—8iES CuSCN K& TMSCF,PO(OEY),
N, £33 — RBEA 5 PR W RER £ FR[SCF,PO-
(OB IR, W H 55 (Eq. 15).

At PFDA R Sg 25644 T 1 9 i A4k

10 http:/sioc-journal.cn/
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(1) Cs,CO3, NaSCN

TMSCF,PO(OEY), + ®N28F4 CuSCN, MeCN, r.t.
(2) TMSCF,PO(OE),

DMF, r.t.
66% ~ 85%

X R R R 4 2 B T Al T — 2 AR, AR
Fl—##3%, ¥ TMSCF,COOMe. CuSCN 575k HE A
RS AR W e AR AT N, 38T — RIS H *fﬁu

B 3L 3R 1R 2 T8 (SCF,COLE) [ 72 1), R N 2 1R
K45 i (Scheme 23).

R—Br
T ————
NaSCN, CsF
DMA, 5 h, r.t.

R—SCF,CO,Et
up to 91%

TMSCF,CO,Et —
ars
@SCcmozEt

B e ]
(1) Base, NaSCN
CuSCN, MeCN, r.t.

(2) CsF, DMA, rit.

66% ~ 85%

K323 TMSCF,COOEt kil & & SCF,COOEt E fg 41431

1
Scheme 23 Synthesis of SCF,COOEt-containing molecules by
using TMSCF,COOEt

2017 4, PRI iR A g — %/F?EET%—/V“
A R R R R I 11 2 HE R AT R i
T % 2. B2 fiE (PhthNSCF,COOEY), JFIRABFR T Jﬁ’a\u
TR SN A, W TR RN, 5 WA B CFS B HCF,S
B Ae S8 U I RS 2644, 4 TMSCI 8% BF;+Et,0
HAS B AR G UK — 960 AR 25 R R B RE T 5IN B AR o
T MR R BEAE A7), AT DAAE S5 B 5 2R R
fig it AT I, WCRIE . 5 PhthNSCF,H 2L, %Ik
FIBAT LIS p IR A ITE 55K COs) 25 1 N kAT
J ¥ (Scheme 24).

‘/SCFZCOOEt
0
SCF,COOEt MgBry, DCE, 80 °C, 1 h

| 61% ~ 86%

o=N_o0 (Het)Ar—SH
R—SCF,CO,Et
MgBr5, toluene, 80 °C, 12 h
0 74% ~ 91%

MeO,C

mCOZMG SCcmOOEt
R
K,CO3DCE, r.t., 12 ~24 h

72% ~ 95%

B 24 PhthNSCF,COOEt ikl & & SCF,COOEt E fit 4]

53T B JRE
Scheme 24 Synthesis of SCF,COOEt-containing molecules by
using PhthNSCF,COOEt

Chin. J. Org. Chem. 2020, 40, 1~14
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ArNHSCF,R 87U B 422 — 5 H AR 64 07t A2 A PhSO, MES 2 [ B Z& A il T IR AT, TEMELER 1
IPER— MRS, BT N—S #AFE, ERE 8% 5 equiv. [l TMSCIAZLE R, PhSO, Al LAl R Rk A 55
FAEFWIRSE, WL E e SCF.R B35 NE TR N, 53] SCF,H 1k &%)(Scheme 26).
¥y, 2016 4F, Billaed A Y LT K T 2016 4F, Besset i Mﬂ[m]ﬁﬁ@ﬁgﬂ%ﬁjiﬁﬂﬁ\
PhNHSCF,SO,Ph. H T E & AR, —F 1% IR CuSCN 5 TMSCF,PO(OEY), X N, & T % —
0 LA R LR HEAT T SR, A A5 R A R ArNHSCF,R 28 B i) — 9 F AR ALk 7], b R=
087 5. = 2% (Scheme 25). PO(OEt),, Ar A=W 2. ZiRFI7EE 2 RS 1L T,

Billard WA 70 T 123055 5 XU8E 1) 57 H 0 e s 5—Z5WE B TIRYA LR, GBIV, g, &
FE X F R R B = AL B AL R, ANt R a] HLFORIA  BREEANIR I &5, 73 2IAH B 1) — 50 B Bk =42,
DL 1Z 5 A2 OBUE BE A6 =4, (H A 2 AR IR AT A TEE R ERABRK R A E. seah, TG0 Ar
i, HEM T RS2 RN H BBl SCF,PhSO, 2 A4 PHE K. RNZHERIR, KA RS AL, A Za i st
b J5 Billard X 23R T & HLT 05 F05| Wk ik DL KR o- Aty /NST BEL R B B S, AT T DA B NUEL
SO o F R S BT 7T, ISR . Ak, VR T fRI#) SCF, PO(OE), 1t & ¥)(Scheme 27).

TMSCI, BuLi
° i -CPBA i o OF
prgy (I NaH, 07C.30min_ o o g Ph g CFBr  THF Ph.[l_CF,TMS  DAST _ph.1.C._N
(2) CF3Br,, DMF o CH,Cl, I -78°C,3h ﬁ PhNH ﬁ °
35°C, 3h 60% rt, 24 h o ' o 2 o
RUCI. Nalo, | CHeCN/CCL/Hz0
U-ls NalPa | goc~rt,25h
(1) LiBF,, LiH 75%
PhSH PhS —CF,TMS
(2) CF3SiMej (2.5 equiv.) 99%
DMF, 25 °C
B 25 PhNHSCF,SO,Ph f#i %&id 7%
Scheme 25 Preparation of PANHSCF,SO,Ph
R R?
RL_LSCF;80,Ph  TsOH or BF -Et,0 0 F ArH, TsOH Mg, cat. I
| 30 phlLc No, T SCF,S0,Ph R—SCF,H
r —_—> -
R2” 0T CHCl, ﬁ ST TPh GH,Cly, 50°C, 15 272 MeOH,rt, 4h 2
30% ~ 61% o] 57% ~ 99% 81% ~ 95%
B 26 PhNHSCF,SO,Ph {4 i f SCF,SO,Ph B fe 43T s Bi
Scheme 26 Synthesis of SCF,SO,Ph-containing molecules by using PANHSCF,SO,Ph
SH
SCF,PO(OEt),

N
O,N Z N
~ H

SSCF,PO(OEt), Q R;\
|
</ /> SN
Z N
O,N
55% ~ 86%

—
\H 82% ~ 91%
SCF,PO(OEt ek R SCF,PO(OEY)
N SCF2PO(OEL), gL P OF, H N 2 2
H

i.c_ N
) TSOHMSOH g {-Cig N\ TsOHMsOH | \
g TFA | TFA
I OEt
58% ~ 91% OR' 83%
OR'
R—Iij SCF,PO(OEt),
RIS Z
| -~
/ ]
R'=H, Me R1 25% ~ 72%
SCF,PO(OEt),

56% ~ 70%

B 27 MesNHSCF,P(O)(OEL), & Hi s SCF,P(O)(OEL), B BE 15T 1
Scheme 27 Synthesis of SCF2P(O)(OEt)2-containing molecules by using MesNHSCF2P(O)(OEt)2
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ik S R

2 —sSHRELRN

55 0 R R AR L IR R R R LA, B R i
NI % TN N 2 SRR T S Ay R i
FE 7 M 1O 701 5 A R R b (O RS AU R
FigU>). B R T EA R B ) B AR R S R 3T
BRI iR A 7L B 5 A 3 A B 0 1 B R o J b
ST T AR A S BB R, BL B IX sy
2 BIR FAT I LSk i B A L, (R B BRI A B 4
AW, GRS N, BORHIBR S 7 H A R
ST, 2017 SEIFIR, KT ERR— S BR R )N
(I 7R T8 T 46 i 45 H I (Scheme 28).

R—SMe j
R—SX —/

X = Cl, Br, B(OMe),, SO,Me

R—SH

/—
¥ R—S—Me

B 28 RTINS T iR T i

Scheme 28 Indirect mehods of monofluoromethylthiolation

21 ¥(RHE—2FRECRE

1996 4, O'Mahony [BASIZER 78 = e 5% s s
ST, P AR SRR BRI 5 AN B 1 = R R A R
R BL, BEAEAFE] T —N 5 A B B 2 5 A ) 2
T SCEBAT VAN AR SR AN, 5 B R A B
FAE AT 2™, FEEAR, HICRA T, R T
" (Eq. 16).

F
BFy I
\|/\\N+ S
Ner? ~OMe
N oo base (N
+ F_SH —— N—N Cl (16)
Cl MeOH
Cl
CFs CFs

22 BHRE-—FFRENRNM

2017 47, PEH e N B AR RERR B S5 — i
B AUE LA N N- FBE I 2 (DMIF)PEVA T, e s i
T A R G R 1 B R e R,
(PhSO,SCFHy), X H s b 5 AT T Wt 7E. e R W
FERRIR AL T, DLBRER SN0, 12300 7L S I 2 1
N ERT 07 SEA R A AR AN, WL B i FTE 93%,
BREHDE MR, MERL. AHEE. pafURE. PRIEAIEIE
SRR, TR, AR X B P T i T R i
ke s S REHEAT T RS, FERRRERIAEAL T, Bl

12 http://sioc-journal.cn/
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BRER R A 51 K50, NMP/ZK NI, 12 % i~ R w]
SR AT I RURSE, A2 RS ik Tt 5 B 5, PR A 5 P 8
H R, RS (Scheme 29).

OH
B.
X" OH
R P . SCFH;
=

5% CuSO,, NaHCO; \ .
MeOH, r.t., 12 h 63% ~ 93%
PhS0,SCFH,
RN SCFH,

SO,Ph

AgNO3, K»S,0 R
A 54% ~ 91%

NMP/H,0, 25°C, 12 h
E X 29 PhSO,SCFH, 7T — i H A S Ak ;e b

Scheme 29 Monofluoromethylthiolation reaction using PhSO,-
SCFH,

VR N s SR ALIEAT T HEMBE 72, 6 RSN B
EH A1) 751 DY FR B R E B A (TEMPO), 2 44) S 40
SETEAT, IO 2,6- U T Hs-4-H B KT 5 A RO
AT DAER o FE R MM S B, RIS, A 48 i ) B
Clock JJizkft, VAL LI NIRY), v LA 3]
FEIREHEIN S E ReAL =), gk —PuEsE T H &R
N IR R AT REVE(Eq. 17).

| SO,Ph
AgNO3, K,S,0g |

+ PhSO,SCFH, ———— H2FCS “7)
NMP/H,0
25°C, 12 h

47%

2018 4F T 7K 5 i 0 2 (BST5f e g, P tE 35 4 s R i 1)
MHAHHEAT T3 7. DR = 5 G (AMBN) N 5| &7,
TR KRV, AEEALT B R R e R R T R T
AT OB, 193 — R 5 TR IR ER, 1% RO 05 A
S5 RMiEE A R, WL, smnlik 91%. [, fF
FHRIUEH TEMPO x4l e B, T iE YR 51 & 177
SR A A AT DA B F= W, UE S R N AR H 2
FE(Eq. 18).

AMBN 0
DCE, reflux, 24 h R™ "SCFH,
42% ~ 91%

0
JI_ + PhSO,SCFH,
R™H

(18)

2018 4F, BATREMABVRE T — P B —
fiJt Bunte # CFH,SSO;Na. %R A — Ut k5t 5
T ARERFREATE I RE K AR Rl A, H5aTiR AL, %
RAAR FEGET . fEmBREEA T, RS0 E
BETLTE 7 BRI A 5 CFH,SSOsNa KA R B, LA &R
RS R BRI T F LAY, Rz AT

Chin. J. Org. Chem. 2020, 40, 1~14
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AL 2R A A AR, 38— R IS4 SSCHF &
A€ HI 15 2)(Scheme 30).

Ar—NH
2 Ar—SFCH,

45% ~ 76%

CuSO0y,, bipy, ‘BUONO
MeOH, 80 °C, 5 h

CH,FSSO3Na —
2 3 SH

R

P ©/SSCFH2
R
MeOH, 50 °C, 2 h Z

58% ~ 78%

KX 30 CH,FSSO3Na £ 51 H HiJk 55 P At 2 Ak S
Scheme 30 Radical monofluoromethylthiolation using
CH,FSSO;Na

3 HitE5RE

ZRIE T IE AR H AR TR TR R NS B
AR R S L AR UG 00, 6T 2% i ] ] 26 5 92k
1T TR, XRNERREAT TR, IR RN EAT
T BAREE RP RS BEREE M PR
LT L O 1 RIREE, (BT R T s k7 i 26 PRt
gt SR Pz KOl Y AN AR S5 ks, A
KL FAHATN R PR S —m TR
WG, ARG 52 A 3 T i ) LBk
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