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C2 alkynylation
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catalyst, base, solvent

o
Br temperature, 14 h

2 Suzuki-Miyaura J h7 #3157 (CF,=CHBPin)

— A B A R R O R A Y B A Oy
B2 R F (CF,=CHBPin) 1) 1 £ 77 ¥ & R i =X

K 3 iR

X

1. s-BuLi, THF

F R1 Br
¢ %
F Et0,-100cc [ F x=/

_— =
Tz ropen &5
-100°C

F

Pd(dppf)Cly, CH,Cly
K,COj3, dioxane
60°C

K3 (CF,=CHBPin) (1l 4 7 i B i

Knochel i 35 % 34 A0 W 1) 240, e e 17—
ol 4 7 B R0 T A Dk o ROy iR A 1 R
PRI

AndofliB 1 — g i H B4k i) 1-F 22~
(HVRSTSE L ) 2R T Dk, il 28 7 s a4 s . Bl
PATE t-BuOKAFTE T 5 22 IR S 07, 7RI AN 2
AT e 7 S A B L AR s S (1 5) 1,

N
I —ee
N

1) 2.6 equiv NaH

N
THF, 0°C, 0.5 h
N ) )
@N%SH 2) 3.0 equiv Mel
1

H 0°Ctort, 3 h, quant Me
(o] N ©
e N g
@:N>—§ Me

A (0]

Me
m-CPBA (3 equiv), CH.Cly, 1t, 19 h 62% yield
(NH4)5M07024—4H20 (0.1 equiv).
35% H,0, (9 equiv), EtOH, rt, 17 h, 14% yield

Oxone(3 equiv), MeOH-H,0 (1:1), rt, 21 h  73% yield
Oxone(3 equiv), MeOH-H,O (1:1), rt, 5h  92% yield

Bl4 i 12— CHRRIBE SR ) 2 T K ) il 76 07 7%

N © R!
JEMe + )=o
N e R?

Me

R1
t-BuOK CH
DMF, tt, 1 h R2>: 2

KI5 AR Y BN

Espinet B T B4k 3 L AL AR A T Stille 2
7 AT 7E Stille {5 EX A A FH ok 2 5% 111 AL
FFRAE TR SO0 S A3, Ay B ik 2 S L )
e

1 ATEERBEEHHTKH

1.1 ZEBEEHXH

Baran iz 38 1 — #0819 1557) (Zn (SO,CF,H) ,,
DFMS) (151 6) , 1 T i A i ZEad X A pLR ot
TP ReAl . XA — 3P B R RE S 5 — &
B 5 AR DT RN LA S F e S ar— A 28 R B2
& PR G A

1
HF,C~> o]

‘BuOOH, TFA

El6 s H AT (Zn(SO,CF,H),, DFMS)

Olah {238 T —Fh 5% fL 9650 FF 64k 7] S— 3K
F L —S— 3L 2,34, 5 U F 5 2% L4 DY Ui i 55
(7)), 3 A 30 B WEIE A AT A 206 55 f 98
H 3 5] A SEAZ IR, IR R R | Ik e 3 A 4
JB o SRTIAIFSE 2 3, 3 A HT a0 oK REKE — 360 Sk
B BN W 25 LA KA R b7 R U 565 |
A SEAZAR T ) R A R S- A -
S—AH-2,3,4,5- U F L2 LB 0 GeUAIA 7R £k 114 1 4%
JrkunE 8 s .

1
R! RZ‘N/R
V4 \ —
RZ-N-CFH R GFaH RSOOM™ R S 0-CFH

/

e b
e — RR‘P)' -

HFZC\NA\K]/CFQH imidazole BF,~ PR, - 5

R g,
4
\=/ BF," R,R', R2, R3 = alkyl, aryl
M=Na, K

BI7 TR 3O 5 A IAZ G v B — 3 A i)

O.__CFH CF,H
Sy 1. TH,0 / E,0 g’
+ ___-TfOH s
2. NaBF4 / H,0 / CH,Cl
Yield: 51%
[[= o BF4-

K8 S-— G H -5k 3k-2.3.4,5-PU H HLOK
FEGR DY FEU I AR 6 ) i) £

Nielsen 18 , 9 £ R 1] LAAE b — Ff i 571
HF 27 &Y Hg C—H 8 5 3Efb (K9) ., —
TR A AR BR , 1250 9 B hiy vl 4% i L BB A% 1
F il ik C—H B RE A H T ] A B A0 0L g
i tEY . — AR i A & — R e
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CF,HCOOH
AgNO3, K;S,04, 50 °C
Condition A

HF,C” N

\
|HetjyH
2
H N)
CF,HCOOH |He\LfCF2H
AgNO3, K;5,04, 70-80 °C HF,C N)
Condition B

Bis-difluoromethylation

K9 JBrialin o O IR E i — P W s T AL

Tiik o TR G RRRR RE NS il £ 42 05 B IR AL A W
T AT AR

2023 4, Qing fiRIE T 7R IR AN K S&F T,
(CH,),SiCF,X Fll CuX (X=Cl 5%, Br) 5 1k 7 iy i) & A
AR 3 H 3k . XA HTRAR (CH,) SiCFX
B A Tl ELAT A= 0 (R A G A QR R 655
ik 45 AL T — B A R T vk (1 10) o HLERAFSE R
W, 2R N TR I TR =S S R A I R
TR o %07 S REME AT SO N 7 B A B 2k & W v

I HER e A0
OH o _X
Pho\’(©/ +TMsc:sz Selectfluor PhOY©/ 2<F
solvent
CuX

O Np, rt, 12 h o}
X=Cl, Br,H

K10 il (CH,),SiCF,X & A HI
TRAC 560 B 55 ik

1.2 =:&HAENFTRF
Chu il 85 T — Bl 59 = 50 34k 3L50 v =5
F LR HAME I e (NTFS) o B 5 TR A AT
il & ABAE AN . Chu B NTFS 78 Sl = 0 FF 3%
IR, FE R T —Fh e 4 i A A i 5 765 e — 990 R Ok
LR AW, JF LA 0 72 3R A8 T — R 91 =5 H Ak
FEYICE 1) o Chu AR AJEAH L A4 5256 FIAH 56 SCHR, $2
T A BV HLIE, Chu %42 H B NTFS %57 %F
55 B e () = 30 FP A0 B A AILER A ] 12 st
NH,

I Dl CF.
RE) T m ° R
T o DMSO, 45°C, 12 h T

BI11 NTES 1G5 1 (19 = 98P A S 1

PIDA, K,CO3

Soloshonok 18 T 4 -3- 2 Fk-2,4- — H Jk—
31 A EE(PPFR) AT DL B AR 55 k8 89 A th

Mono-difluoromethylation

H - 0
[
! T

NH, NH,
CF.
CFs N o CF; Base i X8

Vo H* [ F

R R

B 12 NTFS X 55 75 1 1 = 5 4k s o7 AL BE

B = AR FRH] . PPFR E—FhE S N
FERY H 5L, 7E 90°CT 75 5 43 M 7= 4 CF,+ H R,
CF,+ A 5] 5 2 MO0 Bk G W On; , LA R AT 248
SRR AH N A —J5 FF AT A= (& 13)M,

T1/2

rc. crs 90 °C: 6.08 h F.C_ _F
100°C: 1.83 h
F30>H¢'\KF _— > FSCH:H(F + -CFj
F CF F CF
CFy F 78 CFy F 7°
PPFR 1
PPFR 1
N (3 equiv) <O
L~ DCE, N, Bw »
90°C, 24 h

E 13  PPFR IS5 5 v

Tang fiGH T = 98 B 57 FE AR £ (TFMS ) A
N B =3 SR E AR, TR AL M ke iy A
X PR A1 RAR = 9 Y e AL S 10 (1] 14) 03X A
GRS IE T B R A Al = U E R
WAL, IR TR IR ER (TFMS) 5 Tl 4 ELAA
T i, B RAFHY OV . 25 BE AT 32 4
7L I AR AN A R AT SR G R X RRORT Y
= Y SRR T LATE 25 9 Atk Al s it L
B R A W 5 T A B Iz

o, 0 AgF (30 mol%) Br
57 (DHQD),PHAL

S 1 l\j
RZJ\(R“ . /©/ OCF; DBDMH, CsF Rﬁ\KB, Y
F MeCN/DCM, 25t0-20°C R ToRe N

R3

B4 =9 SRR R R Y
15 = 5 P T S )
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Liv . 3 T — A 3 09 = 5B 2 1k 3 7
Cu(0,CCF,S0,F),, & Al LAFE Z I T 43 fff A BT
CuCF, ¥ Fl, Cu(0,CCF,SO,F), Al LA i i ¢ e 1h It
BB ] 45, Cu(0,CCF,SO,F), 1l LU AT 25 i
TR 5 0 =5 E Ak (B 15) , IR A5 2R
LSRNl

| CF3
Solvent
OO + Cu(FSO,0F,C00), + Cu — 7 OO

& 15

Liflil 7 — e rE T otk n) A4k

I i A F P Y = R AR (8] 16) |, 3 R

AL T — 250 A = 350 Ak SO, 3 b = s P
BRI B ) Hh i S P AR

o
¢ X
R@ % Ph)K(sozoF3

1 equiv

it Cu(0,CCF,S0,F), i = %6 FH 3Lk I i

hv (> 300 nm)
CH3CN, r.t.

@/C Fs
R+
/

P16 Jofe A7 S Aade Jit it o 1 = g A1

1.5 - 3 equiv

Magnier $2 38 T HA7 o 14 14 s ¢ = 50 3
AEE R %387 RE % LR A 19 2843 585 1 ok
A FE AR P AT A AR = 5 bl T
At IRZE (B 17,

i

HO,S 92%

NH
o

|
A §-CFs
CHCIy/tBUOH (5:1Y, rt, 90 min 5 b

F,C0,8

70% isolated

S.
/@ " A S-er
al DCM, -78°Ctort, 16 h, 73% al

¢

0

H
P, A
© \© DCM, rt, 22 h, 69%

FsC—I—N
5\(\)\«'3F3

A

K17 i =g TR A 5

AR AL Y BN

1.3 mMR=|FBEAFLFFETEENLIXF

THLHRIE 776 85 (7 LED FESE R, B0 Fa ik
# PhPh—N-(SCF,) (CF,) 5 4CzIPN {F 24 A HL Ot A
AL C—SCF, 3R L (18 18) . LM -SCF,
()3 BLAE TR ERAE R G AL N (A7 e 64T, =3
H i b G W 06 O 78 Z B R (HAT) T i A
VEREEYIFEATH . EPR GG SE 0K I 3] 7 56 5
() F F R A, S 1 5 i g A LI

ECFs 5 mol% PC1 SCFs
)L . ‘CFS NaBr (1 equiv.) /[
Ri™ Re i 40w blue LED R Ry
MeCN, 16 h
50°C

E 18 PhPh—N-(SCF,) (CF,)#Hk 7]
B4R = 980 R Sk S g

Li il 7 — R IVARE A oo— (42 e 6 ik 7
) -F7 AL G YRR XTI BE RS A 0 4
J& A pH FRPE SRS Tl 57 R AT AR Y AT A
FAL A (E19)

o]
(0] 5 O\\ rp
Br " g S\C F
CoFy7”""ONa  DMA,Ar, R
temperature
0.2 mmol 2 equiv T=70°C, no product
T =40 °C, no product
3 Nal 10 mol%
3 0
©\,Br + Cgfyy7 ONa —— @\8\9
DMF, Ar, 70 °C SerF
8! 17
0.2 mmol 1 equiv 30%
BI19 A e i 1 Ak 7R b 1R SR A U
JF i R e

1.4 =8 RSENRAA . XRBR=-aPERE

Hh Bk B L g A LA E 5T BT <6 B E 5
SOV AT IR PR = 30 T JEmR A o — RO 2R 5 T
il g8 BRBrR] , 1] U] T 48 05 & IR 107 7 = 9
HHAR AL RN o = 3 HY A A A 1R R i =
SR , S — P A Sy il 2 A SR S . eIk
KAPRERT , BEREAE 2 IR TR L #E4 T = 5
A - A (1] 20)"™

R T AL IE IR R = g Y R R ) A
P B IS SRORE I T HA = S0 P BE A 15
JI, B R A T AN TR] A = 9 AR A T 58 (R
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KF (4.5 equiv)
cis-DCy-18-C-6
(4.5 equiv)

Q OCFs
OCF, *+ Ph—=—Br @
EtOAc, t, 12h Br

TFBz (1a) 3a 4a

TMS
L, -
oTf
2a

K20 =3 AL - p A

X

PR — 9 P 1 T 1) A 7 = iU A AL Y B )
BEHA S (8 211

o 10, 78% s—N OCF.
0  FO oS Y oeks
a) b b) 0
9.87% ) 11, 95%
o
AcO O OCFs b) <) >(° O\ -0
i B OCF, [
AcO! OA o %
L 1a OCF;
d) f) 13, 62%
12,84% o)
OCF.

Qs
F4CO N\

16, 69%

o
PH

N=" 14,69% (er. 89.5:10.5) 15, 82%

“Conditions (for details, see SI): (a) R-I, AgF, CH,CN, rt. (b) R-Br,
AgF, CH,CN, tt. (c) (i) KE/cisDCy-18-C-6, EtOAc, rt; (ii) R-OT,
—30 °C to rt. (d) alkene, cat. AgF, cat. (DHQD),PHAL, DBDMH,
CsF, MeCN/CH,Cl,, rt to —20 °C. (e) (i) KF/cis-DCy-18-C-6, THF,
rt; (i) Ar-SnBus, AgPF,, F-TDAE-PF,, NaHCO;, acetone/THF, —30
°C. (f) 2s, KF/cis-DCy-18-C-6, EtOAc/MeCN, rt. Reactions were
conducted on 0.3 mmol scale. Isolated yields are given.

P21 R = U SRR 1 22 T RE = S SRS fL

2 WA

2.1 DMSO-L,if !

DMSO-L, J2& H i A6 Fn 7 56 Ak S v 87 ik 550
TERA AR & BRI IE LT, Tolk iz e
Fi7E DMSO-Li Rl B /E T, v B R B AL F R
B WISk PRy Sk R R un | K A= R f AN IR 78 S 3
MACRIALER,, — 2251 A3 EREH], 76 B A1k iy
fi] A 5 2148 — ¥2 3% (181 22) . DMSO 7832 5 H 7
LR 27k SN | R AT | P Y- A S L B
il =

OH

(0]
80°C HO_ S
R— + DMSO-l, R+
sealed tube Z

M Readily available reagentsd Transition metal-free
4 Facile conditions / Scalabésl Atom-economy / One-pot

up to 84% yield

22 A P A SR

ZA G AU HLERF ST A B, F R S AR R
AANREHE KL, & W I AN 2 [ FH BN, 17T 2
BN R A DU R EEMY BT T
oy 35k i v A v ) AR CIRT 23) , I o g 4 R
AN T A% S ] AR

TE 7= 1) FH A 3 BRI 1 4B 8 0y () ik — 25 1
J7IE, VL H,0, R 8 A, 7E G A AR Se (0T, 1Y
AL T, DL A S HUAR Y S8 2K 8 A S B, LA
98% FY W R A5 3] 1 FF 3 AR AR A9 415 R i (&
24) . XA G YA LA B i —Fh 2T
&, DMSO-12 350 AT A T8 4o 40k | H i 24k i
SN R i B R AR SRR . 45
A 1 i DA Hh A5 2 BAT 1Y) 7 SRR b 2 16 A
AR A R At S BT G A SRR — By i AR ™

&Q

o |

) ()]
D I, (1.0 equiv) .
+ O OH
0,
" bmso,80°c,2h S‘O i S'D
Sealed tube or
- I~

(I (1
23 PERIEEUR A SBIR A it A b i e AR 3R

OH OH 9
HO i S Sc(OTf)s, Hy0, Ho\jrsx
B ——

DCM/10%EtOH, r.t.
€24y 3SR G AR A5 28 1 A itk — 25 v

2.2 DMSO-TsCligt#!

T A S A A 38 AP AE TR 2 25
AL, B B AR R0
T A Ko LA A= WA 25 W Ak 27 FUET 25 ) 1 A vh
VEE AR . MAh, 205wk id ol DLtk — 20 5%
AR BREE AR R, IR T 28 SR B o

T IR (DMSO) & — Fh 25 5 3K 15 H 8 Pk
BN . AEad BB LA B aE )
DAE R Z A 06 Y rY & LA, 1 -SMe.,
-SOMe F1-S02Me 1 & Py AU TR o SEHiT i E 1y |
T AT P 1 R e AR T 220 Y B L 2% A,
Ty 25T 2B T H DMSO-TsCl A 71 %o ik il | g
W R IEE g 54T R A Ak 2 R, DMSO-TsCl i 5l
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AL LA 7= 3 3045 T W A mg Wik (14 25) , iy Lk
W IR IR FHE My 45 T4 05 e th DA rp 45 28 R ) ™
RS X B IRAS T T AT BP9 . 7E 40
LR ERIEAL = R R 96% .

FRAE LI 25 S, i — D4R T — A5 B S

ML . DMSO # #] 8% TsCl i 4k JE % DMSO-TsCl
(A), JTAER Z 05 e i R Ak i) TR iR 1Y
AR Co R B IS (HRMS) K T iR 2 51
B Y S rp a4 (A 1 C) L SIESE T 3% S0 FOAILBE
(&126),

R2 R R\2
5275 EtsN (2.5 equiv) AR SN
"G 1\ R Gl
R | cyclohexane T
G +  DMSO-TsCI =X
s X 60°C, 24 h -
X=N,S, 0 X=N,8,0
¢ Readily available reagents ¢ Facile conditions/Scalable
¢ up to 96% yield + more than 40 examples
s > ~ ~
K25 205 0A W R F ki) : DMSO-TsCL
b). Control Experiments ! c). Plausible Reaction Mechanism
ND. ' Ve 4
'
H3C @ _CH
o CHs ! o ocMh Troge 8 Ny HaC
] cyclohexane ! o) '/_\ 0-5 | H H &®
S +  TsCl Ts. .S< (4) | el ‘oH o, O') S~cH,
H3C CH 70°C, 24 h 0”@ CHs AN 3 %-° e
' ‘o E— Y ® O
A ! o N
detected by HRMS + HiC HiC o H
L)
HRMS (ESI, m/z) calcd. for CgH1303S," [M]* 233.0301, found 233.0294 ) A Ts0 B
HiC o
_CH ' ~CH HaC
TSCI (1.5 equiv) ST : Skl @ _cH
N h loh : N
i 2 cyclohexane A 5 N heated cle EisN
HsC” " ~CH o 47-—
H 3 3 70°C, 24 h i % AN
H H N H*
t MeCl o
detected by HRMS P c

'
'
'

HRMS (ES|, m/z) caled. for C1gH1aNS* [M]* 178.0685, found 178.0682

i

i

F 26 A iR DMSO-TsCl Y S i AL F]

ZHF AR AT T v i P N (88% 1 7= 3%
A B A= ) i i — 2P AR k. DMSO-TsCLik
FRTEAOT IR Y b A C—S B 5 A 250
WA, A A FH 02455 i Ae o A A it Bk £k &
YIHRAE T —Fh S B
2.3 Na,S,0,-TBHP

Ty 25T L TF KT HTR Na,S,0,-TBHP,
OIS A Bk v S A R e i), B B g 2 A
WA PR R AR LA, 2023 4F 10
A TER ) WA ARBE Be 4 2L 55 18 Jm “ PRk
HLIB R E——% O e W ARB# B B 7 58
21 I, Na,S,0,~TBHP i 57| #% #% & Wang reagents
(FikH) o

ZHE I ALAE A B — BT R i NADH AR 7Y 43
T3 2 P 2R & L Na,S,0,~TBHP J&—F 8 1Y &

15702, 0] DL 48 AL Hantzsch—1,4- 2 M EE (E 27) ,
PR Gkt B R B, 2 BARRIAA
5 R 6 e PR AT LAGE 3 Na,S,0,~TBHP 5]
HEAT B, DA S B g 1) 7 3 A i (1 28) o

0 R O 0 R O
Risg R o R Na,5,0, -TBHP Rivo B o’
N EtOAc, air, 1t N7

R,=CH,;C,H,,CH(CH,),
R,=H;CH,;Ph;CH,0CH,;p~HOCH, ; p-CIC6H4;
p—NO,CH,
€27  Na,S,0,~TBHP %At Hantzsch—1,4- — &L BE

) e P SR A ™ A AR L A T A ML 2
— Az HHA PR AOPE GRS, 49140 Swern 2 i
1 Dess—Martin [ N7, B A1 S A0 AR B 7= A AR i
BEAL S YR GE 7 ik o B IX BE 28 )5 1 TO vk ikt
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o

R OH TBHP-Na,5,04 [SO47] )J\
EtOAG, 1t R™ "H

1. 17 examples, up to 91% yield

2. controllable oxidation

3. S04 was prepared easily

4. metal-free and room temperature

E28  Na,S,0,~TBHP U755 & Bk £ A Ak

Bl BEA E IR A BT O 4 ) A 3
11 Na,S,0,~TBHP ¥REE A 4T, 5y ) i A PR R4

F T4 240898 4 % Na,S,0,~TBHP e+ M 48 Ak i
FEM AR N R AT TR A ol
UL B I 25 JE 4 R DMPO (5, 5-— FF L —1-ni %
Wbk —N— 4 A0 ) A AR B0 v 7 A ) A T 2
FEE R X RN AT T — &R ) TR S PR
(EPR) K . & %G, ] & /R R AE R 2 1 5 771
H 4 AR 5 DMPO W I £ 52 AR & v, 943 BIHE S
20 F140 min X 520 35 W AT H A A A
T AL PR A B T 420 S LA
DU A5 S 0 AR S O 2 A YA G SRR, BT L
A BCHIIE S B SO, AR R NAR R = AR 1

SIS 25 SR A LATE A MR B, H SR
e Bl S A] AR S TR =, A, AR
U N 5 AR B ) S 25 T, AN [R) ) B 77 4%
X 3 R AL R N 7 A —E RS . A, 3
b A SRR S5, AnAE RN FR A H H ERE
Wrif BHT (2,6— — U T FE—4-H FE 28 ) A1 TEMPO
(2,2,6,6—PUH FENRIE A A ) , K BN 77 28 T B
2 FH Na,SO, 1t Na,S,0,~TBHP #4T1% 1 , 8 %
FH K,S,0,~TBHP 1 # Na,S,0,-TBHP, = 7 {ii
K,S,0, #EAT b PR SC 56, 3 TC ARG Tl 7= 4 .
o 4 250 S RN VAR 15 o MRS (HRMS) | i —
AR ST i B 3L SO AETE S

Ty T 07 A B A AL R R R ML
J IV 7E Na,S,0,-TBHP f£7E F7E N, F 47, 45 R 3%
W] TBHP 7£ 3% 5 H AR S AR i ) . S50 5 45
FREARZ I E S ) R R R, R
B B NG i 26 D5 — 1~ F B R SR B . R RN

(0]

2
CHZCN/H,0 (1:1) 1
RV\)LRZ + NaSe9H,0 ——————= 'S

rt.12-24h

H1, Na,S,0,-TBHP {4 5 J2& AT LA™ A= [ 1 5& B 2
T AGRPRARIF B LA B ), B3 A RAEIZ R 5%
PF 05 A B (B) Sk S (C) 1P Rl 4 484k
SR AL N ] 29 B .

o
00 o % .0 S ? .
@xo—'s',—é ©| TBHP ;‘O_f_o"‘ TBI-!P ;(O_f_o
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New reagents of containing fluorine and sulfur-containing in organic

reactions

WANG Naixing

Technical Institute of Physics and Chemistry CAS, Beijing 100190, China

Abstract The research and development of new reagents are of great significance for organic synthesis. In recent years, some
new reagents with universal applicability have been constantly emerging. This article introduces the latest research progress on
new reagents for difluoromethylation and trifluoromethylation. Introduced some new sulfur—containing reagents. New reagents
DMSO-1, and DMSO-TsCl for sulfur methylation were introduced detailedly, The sulfur-containing reagent Na,S,0,-TBHP
(TBHP, t-butylhydroperoxide) is a new reagent used for selective oxidation of aromatic alcohols to aldehydes which was also
known as Wang's reagent.

Keywords new reagents; fluorine—containing reagents; sulfur—containing reagents; difluoromethylation reagents;

trifluoromethylation reagents; selective oxidation reagents
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