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ATE1
2E3) (¢ A% 92 HreETendds) P o)
Ay7] "L

714 (substrate) @A &9 Al (conjugated alkenes)™ CRH vzt AF-AE HA&slar;

A7 HAZAL 2070 CollA dsid = LiClo,, A= 2 A7) W28 F=(sacrificial anode) ¥Ah HAE 2L

4
bl FOIE, TEUR MIEUELL TPl AgtE A% BHOR i A/ A=REFeR
B

Al2ge] lolA,

A7 FEule= oldlA 952 Triehthylamine, Diethylamine, 1,2,2,6,6-Pentamethylpiperidien, 1,4~
Diazabicyclol2,2,2]octane, Diethylamine, Diisopropylamine, Diisopropylethylamine, Piperidine,
Hexamethyleneimine, Morpholine, @ Piperazine oA 1% o4& AEsiy Al&stes 2SS 52 3= A
718}k slmRuEF e 2w dst Wy

AT 4

A1Eel A,

A7) 1Az N dAl(conjugated alkenes)< 4, HAd, WEA], Qiﬂlﬁ'% EfEFozdd H Ao
Z2REH 1% o Aux= 878 EOO]'L Tt Al (Terminal alkene) B+ WH L#Al(Internal alkene)<l
AL B 3= #7|gsty s E2YEFo v ds) iy,

AT% 5

A 13l oA,
271 CFH &Yzt A+-#= Difluoromethyl phenyl sulfone, Difluoromethyl 2-pyridyl sulfone,
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EAoZ 3= A7)3}E4 s|uarZF o 2uEs)t
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Ashe HeadETeRius YRS 9t AL o e AVggA sErnETeavast P,

A7) HAHZAL 20~70 CTollA A AR TBAPFs, WA= 2 A7) WAE S(sacrificial anode) ¥ HAE 2
ol EelolE, &R oMHEYELS xdste] AMEshs Ae& SHOE sk AV SERUEFLE
sk g

37E 8

A7 FLuleE oA AF<Q  Triehthylamine, Diethylamine, 1,2,2,6,6-Pentamethylpiperidien, 1,4-
Diazabicyclol[2,2,2]octane, Diethylamine, Diisopropylamine, Diisopropylethylamine, Piperidine,
Hexamethyleneimine, Morpholine, @ Piperazine oA 1% o|4& MElsto] ARt AS EFoR 3= A
718184 s|lERYEFe2vds)l Wy,

AT% 9
A6l loiA,
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AT% 10
A7Ee] A,
A7 CFH 2oz AFAE= Difluoromethyl Phenyl sulfone, Difluoromethyl 2-pyridyl sulfone,

Difluoromethyl chloro sulfone, @ Difluoromethyl 2-benzothiazolyl sulfone ZolA 1% o]A MU= AL
EAHo = 3t A7gstd S E2uEFozuds) iy,

AT 11

B33t (-C 299 Zlyz sl=myEFeavds) Wi glojA,

714 (substrate) @A & 2471 (conjugated alkyne)d} CFH o]zt A S Mes)a;

M-S ERUETeRE JYES At AS 5HOR S AVSE w AR SRRy

i)

A7) HAAFAL 20~70 CollA Al A=Z LiCl0,, Ma= 2 A7) B2)4 F=F(sacrificial anode) BHa HE 4
ofd EdlolE, 82 oMEYERS xdsto] AMgdshs AS SR s AV ERUEFeE
sk

7% 13

A7l FEul= olHlA 959 Triehthylamine, Diethylamine, 1,2,2,6,6-Pentamethylpiperidien, 1,4-
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Diazabicyclol[2,2,2]octane, Diethylamine, Diisopropylamine, Diisopropylethylamine, Piperidine,
Hexamethyleneimine, Morpholine, & Piperazine oA 1F o]A& AElslo] ALl 2SS EFORE 3= A
718}t slmRuEFewdst Wy,
A7 14

A8l loiA,

A7 1A B Fd A0 (conjugated alkynes)S &7, #Hd, WEA, d2A3E, EYSFoaddE I Alojn
ZREY 1% o) AYEE FHE7E Efste 9w g (terminal alkyn)? A& EHoZ sl 7]8EH 3
H

c2OZFo adds W
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A7 15
A 118l QA
A7) CFRH gtz A+A= Difluoromethyl Phenyl sulfone, Difluoromethyl 2-pyridyl sulfone,

Difluoromethy!l chloro sulfone, @ Difluoromethyl 2-benzothiazolyl sulfone Fol|A 1% o]4 AeEiy:= AL
EA o= 3t A7|seh sleRuyEFeaddst iy,

AT 16
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o= % o] ol gofA,

718 2 A TN oAl (conjugated  alkenes)Sl  Methyl 2-(4-(1-propeny!l )phenyl )propanoate & 2 ¢
Difluoromethyl Phenyl sulfone, Difluoromethyl 2-pyridyl sulfone, Difluoromethyl chloro sulfone,
Difluoromethyl 2-benzothiazolyl sulfone® ZT]Zr HAF-A FolA 1F o|AS MEldte], 20~70 ColA A3d
2 LiCl0,, MA= B A7) w28 FF(sacrificial anode) 4 HAE W oldd Zyo]lE, FRUZ oMHEUE
4 9 AU ST AV F bsRaete] ol pEea UETeEWY fAH BFE(TEA 1O
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AT™ 17

471 A WA A15F T o= & o] Wl 3lofA,

methyl 2-(4-ethynyl-phenyl)propanoate . Z4-E] Difluoromethyl Phenyl sulfone, Difluoromethyl 2-pyridyl
sulfone, Difluoromethyl chloro sulfone, Difluoromethyl 2-benzothiazolyl sulfone® ]zt AF+A Fol A
1% o3& AEste], 20~70 Tellq Asjd= LiClo, M= 2 7] W48 &= (sacrificial anode) Tra 2
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o Avld(geminal) ¥]=-v]EFeerdsl 4B Azt Ae S5HOR S ojRzads] fIFo ey
g A BRHE (TR 2) Az,



[0001]

[0002]

[0003]

[0004]

ZIHSd 10-2024-0034589

OMe Me
Me
0
2| 2a g
HF3C HF;C
I | HFsC HF,C
(REA 2)
A7 18

7] (FFA 1) B (F22] 2)9 ojf =z tEFe2vE FAM IFE.

R

HF,C HF,C
(FEH 1) (F+ZEY 2)

7l & & oF
w Ege A7 fdHos EddE 7 Al A2 B §% =23 (€ A9 Sz sERYEFoR
g3t ol w3 otk

Th YRS BEAR gAEE A
2o ZEEed 2 AEeH 54 xddte A
FE (Fy 2% thal fZFo2d g (CFRH) X3S, sto]l=24 ) B 2 ofwl 183 o] 4 A% FoA 9

AA SHiA] S = Ao (FHe =z FA3E -0 d3to

W, EFozdY golg, s=d E: o

) dE B, AtstxCdA A CFH 2L sl=2rEFe2rds) 9 s
ol A5 AALEATG . (H. H. Xu et al., 2019, J. Yang et al., 2021) F71=2, ¥

g4 IF E q okl Z1gel EA| st &7l Ashd YEFoEMdEs) o uestE 534

o7 JFAT. (= 1A, 8% I9)(P. Xiong et al., 2018, Y. Zhang et al., 2021)

st A A5 e G s AAdE CRH oz AE 5 A 23 &g =2y EFes

X. J. Tang et al., 2015, Q. Y. Lin et al., 2016, C. F. Meyer et al.,
; st $% AR AL TPl 2
FAE g F4 o F0A 12 Asske 8A
S

Y
ol
ot

ﬂu

&
i
o

2
(ep]

Il

(@]
i)
%
=2
o
&
jmmy
k)
O, et
i
tlo
e
N
N
gk r

_6_



Al (C. F. Meyer et al., 2019) tl%o], mEA=HS zk= (F,

H qe = -1 © (<}
S5of oledt x7] A FAH 784S Al AT = Advk. e R F2H g SHelA ol
Ao FEW JEROETeRdgst e

a4 @AF Adsh] A WAUEHoR S5 v Quy
H
H

ko] A TA 2 Fo} 9k,

[0005] oo B WA= 7] dUHow ftE F oAy A WAL i B 2xs (¢ AFow Huz g
EROZFo MY s AgHor FHIIAT. (% 10). v 20e B4 = o] Az EAS sutow
Helg 4 glom | olE A E X ¥ LAl dAstE oGl REe JsRUEToawEss Fxit, =
3, AE MeE TREZL 94X HA9H o]F JRuTFEo sl o Fgwrt e 1,1,3,3-HEGS
Fogwgg-2-9 #g7)o ot HS Folste] ARl Uldk S5 WSS welFrh, o] ukeAL ARl
0F gZFozdEste] 3 A whge S nojErh, weh, o] M8y M Addoen og b (Rl
gl AHE U0 EE PhSHE 4 227 ALg3le] 7] 7153 9 ofE W thdsiA A48 5 Aot
Y 7] ¢
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Hgsl whyolrt,
A7 WA FUtE AR 4 e FEule oY 22 olwlAl @i (Triehthylamine, Diethylamine,
1,2,2,6,6-Pentamethylpiperidien, 1,4-Diazabicyclo[2,2,2]octane, Diethylamine, Diisopropylamine,

Diisopropylethylamine, Piperidine, Hexamethyleneimine, Morpholine, Piperazine) &4l 1% o]4d& AH
st ALk 4 glom F&ul AEEA| 2 AS-RU FEuE AESE A9l S7HE & (%) e

o L O
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7

Aot CRH Sz A4 2 4 42 A=A Hedes dustar;

A7 CFRH o)z A4A=2 A8 71sdt 522 Difluoromethyl Phenyl sulfone, Difluoromethyl 2-pyridyl
sulfone, Difluoromethyl chloro sulfone, Difluoromethyl 2-benzothiazolyl sulfone 59 iz A4A F

o4 1% olde Aestel AgE 5 Ak,

<CF:M &2 A-A>
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ZAL 20~70 CollA #HfAZE TBAPF;, MA= 2 A7) W28 S (sacrificial anode) ¥4 HAE
4 oldd FHOE, FEME SANEYEHS Xt Agsle AS EHoR ste AV FeY =R EFe
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T3 2 Uy Exs -C A% gz slerrEFeRddst e lojA, A7l s
X3} C-C 239 2 =Ry EF e 2vEs)t iy

712 (substrate) 241 F¥ 271 (conjugated alkyne) @} CRH ozt AFAE Aeistar;
HAzx7 sl A sEFEA Fo] Fol U= AHOlA 2~8 mAe] FHFE A &3]

YalE Ala-FERUZFo s PHES e AS SAH 0" &= H7)5erE v A-3 2o 2ug
3} Wy ozA, Ayl HAZAL 20~70 CTAA Asf|E=Z LiClo,, MA= 2 Adr] W& Y=F(sacrificial

[
it
u)

[k

anode) ©24 AE 3l ofdd ZEolE, FRME MHEUERS I3t AS SR sk 17|84 ==
EFeavdst o) Aleel B Aot

A7 HHelA F7E A = e FEvle otdlel 22 ofvlAl dF(Triehthylamine, Diethylamine,
1,2,2,6,6-Pentamethylpiperidien, 1,4-Diazabicyclol2,2,2]octane, Diethylamine, Diisopropylamine,
Diisopropylethylamine, Piperidine, Hexamethyleneimine, Morpholine, Piperazine) oA 1% o]A& M
sl AFEE 4 glom F&u ALEEHK] e AR FEulE AlEShe A SUME &S e

271 CFH &z A+AZ A8 7Fs3k 528 Difluoromethyl Phenyl sulfone, Difluoromethyl 2-pyridyl

sulfone, Difluoromethyl chloro sulfone, Difluoromethyl 2-benzothiazolyl sulfone %9 vz A+A =
oAlAl 1% oS Aeste] A1g3 5 ),

ol

Bouge grle) dHon AxdE AL 5HoR

g b olped T
Fol it Aolth,

i

Foavd A stk Al

Bodltm o ol Ul [methyl 2-(4-(1-propenyl)phenyl)propanoate] & 25 20~70 CTolA A A= LiCl0,, 7N
A= 2 A7) 48 FF(sacrificial anode) B4 FBE B ofdd ZolE, FEujE olAEUEL 2 vl
9E& ARES AVEES & Ve RElste] ol R Rde yEFeRvEs AHES AxsteE AE EHoR
St olFz a2 fgEFeavE FAA setE 9 o9 Azl #3E ol

2 A7l B8 F=(sacrificial anode) ¥t HAE Bl ofdd ZHolE, F&ME ofAEYER 3 I ddS

[e}
g AVShES F A Relstel ol TR A Avd(geninal) VAU EFOR WYL JYBS Az
A% BHoz st olyzede] qEFOENY A SEE U oo Az we Aol

#44

T 2% 7HAA WFE Al #e "ol
% 32 kg gl E HAste] #ek 9ol
L 4% ou)A w7t E AR ek 9ot

%= 5% Conjugated Alkenes(&< <)e] 712 HY o] #3 27o|t},
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Wy A7 Hek A g

olsl & wgo] upgA st AAIAE FMs] Aystr|2 sk, ey B i or)A AdyEE AAde] gk
HA ¢ b FER FASE S v, 28|y, 7|4 AolEe gl HASI dsixa, Al Al
2ot o] Abaks RS Ade] Y8 AlFsks Aol

g A3} (less oxidizing) ¥ 3 ERUZFZ o 2uEs) A|2dS wygsly] & A FFE ALEE A7) Y
HhS 27108 oASATHE 2). A9 &5 S (Rl guZ2B)S AFstH, ol &l 7[dd H7M] g4 +
Al 27z DE AlFsith. AR E Ao HAA EAS Hte R T A W7tYEd AluE ot g EY. o
2012 D= DB (D/E)19) 89 A7t Eo(A/A- )(path A, R = VG EE of2lel #A9)el 2< u] Agss=

pad

T
g gole B BUHTh B ASH F5 PR
dErosdds 44 FE AT golth. Audon, va F

s
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(@)
=
(@]
o
jinss
>
=
N
A
|
{
o_>L

=" E—i}' Uﬂﬂb] E :[L/HO}L é_]E—
27 D& Eea(D/E)7F 25004 2]

ol e]l E4 Sholl 4 YAF o5 (HAT, hydrogen—atom transfer)<

<A 1. @ AgtEE =2 EFeEAEs] A2 dES A% w7 FE: path A>

2 3y a= CRH e A 28 AFE3Ske] path A9l e 7|42 3 47 1S Agste] 2AME A48
(X 3). HAsE &, 2 e FFFEH o] Eo| v AHA 4 mAY FAFE HJL3td dote =
2UZEFoEdYs AAE 38 80% &2 AT F S Ayt

HAZAL 50TAA A3A=Z LiClo,, MNEE R A7) 28 YT (sacrificial anode) ¥4 FE 2 ofd &

dolE, FEue oMEYEY B wdeds ARt WAUES 2087] e entry 19] 17183

7 A5 Ag T2Hde RUEPRATCE 3, inset box). A Zn FFL el E Zn A3k AA A6l A
). AR, 27 &5 A9l

(Bearnoae==1.8 V)& 29 24& 93 AA Aol w2t Foix &3 A9 stollA, A2 2z F3hA 400 4

St Fhaboly & (carbanion) 529 A UL BHz-54 wA WAYUSES Tl B [E 29 path A,

Erea(4/5=-2.0 V)].
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s wre e el dal mdel Wasiths Aol Wl
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] WS F8o 7 93 Rom WMt entry 5). FQ3HAE, CFH 22 AFAE 294 2-py
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A,
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WAl Hrh 47 B9 b5 A9 Ees-1.9 V'S dEE RS g weAd £

AP AR o] W HP%@N Xéﬁ% A7) Rl A gz AFAe] Aee] wE wkg Wejo] WMle] 7]91gt}
2-py7} EAE ) -1.6 Vo] 2 &4 AYR oy, ol 4
FLA 71719 %v‘i—%}ﬂ e, AR, Bk A S9E ol T ORH o

tEFeavdstel die] ¢ds] Ha&Holdnt. el Eepa=2.2 VO AL A 7]
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ol(eq. (1)) HAshE kg =34 H0 Al DOE ARSSHA 33 Fe] T4 o] dEEer, &
Wz =g 3] ko] W Sd A9e 2ddve Ao2RE okl H7HAY o C-H

P2} ol Fel & Hejsh= AdS skl th(eq. (2)).

B2 228 74S Agste] F71 A FHFAT(E 4B). IUEAL, O 2 MBS A5 (kn=-10 s
He = ud AelZRTad 6a= 39 1(8a)9] NS 7

AT, Bh(k=~10" s )9 Alo]Fme 2 =
W2

EE ZATNA AR FE 454 ge AR dob AT, olel@ Avks WA P FWA (Int-
8)9 B0l WA e PAEE AN FI WEw JUB-TH WA AAUES TATL AvATHE

HAA g 9hg wiEsE AEE F, 2 dgxeE gfos 3 dll(conjugated alkenes)e] 71E WHAE =
ARBFATHE 5). 42 (10a-b), Fd(10c), WEA(10d), T2A3E(10e-f), EZFo 2 (10g) E Alofi
(10h) ¢} 22 #8718 Rfshe s 9o ~gad 2 wkgsi, FAdgoz shstE 4 9l njddAE
o e 275 AF 1015 dEstr] A8 dAr)Eds Tl &45HA &S Az dol vt & LA 2-H)
duyzgdlo] kg Hdate s|E2vEFeards A4E 10§ d5d +8=2 ATdvs 3s ddsgiv.

o> Olo

gt ~HHA Qe E o ZintEE i AEde] 534 A48 (10m-p, & 5)o= A ddf A xg 53
He o dFHen, 9E, ged ¥ HolEd 2 vd dEHREotdlo] B A3t 7ol v
e TE(10g-s) 2 Y3t AAHEE wIHJY. =3, HEZA(10t) 2 dE2EEZ(10wd 22 A A4 shet
Tz digk WgAdo] AT Ao ElHUnt.

E oalmxe 152 TN (conjugated) i AXE I1=(electron-withdrawing) &#lo] Whg-& wWkS w) i)zt
AFA ] Adee] Fasithe Ao FH33ith. A& 5o, 1-3d-1,3-FEHM9v)S #rjzd dFA=EA BT}
AA BRI 2-pye] EA el 1 4-3ERUEIFoROEFeEdEs AYYdE 1vE afHoR
AgEATE. & EHEAE 2-pyo] ARl o MxE ¢ A2 g9 g WUt 1x2 FdE foFd FA
Int-10ve] €3t= =74 wxke] Aol g1siglem, [z 49 ¢S gl d&siA Fofste] A4

Fgats HERUETeRdEs JHB 1m0 AT,
<49d 2. @ AHE A=2OEFe NG 429 BES A% WFUS: path B>

d 7wt ® AW B A7 S5 Al wdste] dA slErYET

S =g s} ‘?}%Q HAE F7tE FFSIT (= 6). o Mo B2 (Rl 2tud 222 2-py7t EAs=
A=
T

A
o etk W wASe AHs F, L wEy
Az 2l

el A HedEs AR FAAH 2 AAd , =
A Lo A MeCNoll 2 mAY AAFE A gslo] Aajd = TBAPFS Al&sle] ste whes g9Add 4+ 92s whA

sk, ER, oPIEL) R B WA FHL o FAE okl FHOE AT W

JE
~
1%
=
o
=
,_,,
('}
"1
o
SZ.‘
—
~
oF

BorgAe PENE TE AWE ool we 2A(12-1)3 FUT PSS BASAG. AN (12ab) 2
1,1-0]X %5 ¢ (12c-d) & H=2FH F=d s=2fEFeaddst AES 5738 ¢85 AT, 5
s3tAle, ftEFEWEs ddEAr AHE12e)2 vaPE HdERA(1le)o 2R E fH4A dod F
glod], ol Wi ATYS FE UBTLRIUG A8lA F8 PR A8 5 Aok =, @A)
TR2EF I FEYEHE AESH B Fx(12{-h) 9 FELESEA T (Indomethacin I =, 12i)9] fF=
Agtel] Agste] dEAor APEdTt. FosH=, N-HE7h2nE(115), deotv]=(11k), N-Hd=tg(111-m)
2 ovd JdEHEZ(1In) S E2 FEFu) JEETEF Eiﬂﬂgi‘roﬂ/ﬂ o] doll ATHA Fhw HAIF FHES LAlo]
T HE A FL2 FER Y APEZ I HEBHAGT. w9 e. 2| radical clock
substrate(13)> ¥ Wb ZA3AA arglstd X %(14)3 A&kt
i PhSH (1.5 equiv) H H
/©/f H20 (1.0 mL) mcsz
v 2-py > (3)
Ph (5.0 equiv)  FZN(+)C(). lei = 20 mA Ph CF2H
15 LiCIO4 (0.16 M), MeCN/EtsN (14/1), N2
0.2 mmaol 50°C 12 h 46% (18)
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w3, B oumgzis F oY tEFeRvE aFS 2tE B3lir) A dol gA T oFE WAL 93k 1
F3 EAS JlA o 3ot ARG 7]nkele] UFl(alkyne)d €% AEA AL F=Rr)ZSFo2YEIE ¢3
MBE ZTPX o] Mre FTAslgon, U tZEFEeavEr|E Bx3) (¢ 43 Tsts 38 du 47
st = o Whgol| dlFdE . e uke} o], B wtwzE ofH U 159 thE s|ERuEFeaddE
37 AW oA B EEeEvds e Y3 A0 HAARA 50 CoAAM 2-pyel F7td do=w
gAE S Qo AFHow dd Yxjo]d A (eq. (3))EA HEk YR|o An|d v|A-t]EF2HEs] PAE
168 AT & Auhes AS AN, 2 dHxs A WA =2rEFeEvdsy) iR v dsty
Hid oz FHA9] HATE B3] J3ys <= v, 5 HA 952 A18E I719 ol X3r|d & +55H+=
iz wA WAUES Fol AdEE 2o odadn
AN 1. oRzede dESo Y A TA>
a7loh ol olnzealel fEezE fAIE ST
Cul (5 mol %)
s
9t Ohle OMe  Pda(dbals (2 mol %) e
Me s Me A,  TO e ASPhs (8 mol %) *~"S0
HaS04 DIPEA 0 LiCl (3.0 eg.)
—_— —_— g
:I‘ll:e?:; DCM ME\"’P’H{:\RSH(HBU)Q
t -15°Ctar.lt MNP
OH 95 % OH =
12h S 90°C, 5h e
17 18 i 19 85 % 20
e Ole Me CH
4 o o)
standard conditions LiOH-H:0
= e > Me
40 % THF, MeCH, Ha0 )
HF,C H rt.12h HF,C H
99 2% 22
21 Ibuprofen analogue |
g4 9 24 20(methyl  2-(4-(1-propenyl)phenyl)porpancate)S  AgHo=r  o|&  7}Hsd
2-(4-3|EE2ANH D T2 HA(17) 2 HE UAR =2 82 F0EAY. 33 g2 dsie 315131 =592
2Hgsrl 23 oA L&A JYHAT. 219 7teREE 9714 23olA golsle] 28% A & (5H

ANE el zadle] tEFe Y fA(22)E Fdskalrt.

' ONMR (400 MHz, CDCly) 6 7.26 (d, J = 8.0 Hz, 2H), 7.14 (d, J = 8.0 Hz, 2H), 5.64 (td, J = 56.8, 3.5
Hz, 1), 3.72 (q, J = 7.2 Hz, 1), 2.86 (dd, J = 13.7, 5.7 Hz, 1H), 2.46 (dd, J = 13.7, 9.1 Hz, 1H),
2.23 - 2.09 (n, 1), 1.51 (d, J = 7.2 Hz, 30), 0.97 (d, J = 6.9 Hz, 3H); C NWR (100 MHz, CDCl) &
180.4, 138.0, 137.8, 129.5, 127.8, 118.5 (t = 242.4 Hz), 44.9, 39.2 (t, J = 20.2 Hz), 35.8 (dd, J =
6.0, 3.8 Hlz), 18.1, 12.0 (t, J = 10.1 llz); "F NMR (376 Milz, CDCls) & -123.2 - -126.9 (m)

<AAd 2. oFZzA HMA-OELo A FAAY FA4>
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[0060] 3719} o] o] Z 2l HA-t]EF2WE FAAE IS
TMS— Me  OMe
OMe  Mel Me  OMe PA{PPhs)4
Cul 0

1 A-dioxane/TEA

—?8 °C 80°C
B 12h //
az% 24 80 % 2
then TBAF
Me Ohle e e OH
4 o) 0
standard conditions LiOH-H-0
» HF.C - HF.C
22 % H THF, MeOH, HzO H
HF,C H rt, 12h HF.C H
99 % 27
26
Ibuprofen analogue Il
[0061]
[0062] 2 odlgo] o] 32U Z o avdsl T2EZS 47l 25(methyl 2-(4-ethynyl-phenyl)propanoate)g 3%
geminal W]A=-t]EF e 2Wdsl AHE 2602 AT 5 YAl drh. FA4 24 G7= 268 A stH o F
o] Ha-tEFeadd fAR(27)7 A dold 5 Sl
[0063] 1H NMR (400 MHz, CDCls) & 7.28 (d, J = 8.0 Hz, 2H), 7.19 (d, J = 7.8 Hz, 2H), 6.05 - 5.74 (m, 2H),

3.73 (q, J=7.2Hz, 1H), 2.94 (d, J=7.1Hz, 2H), 2.68 - 2.50 (m, 1H), 1.51 (d, J = 7.1 Hz, 3H); 13C
NMR (100 MHz, CDCl;) & 180.6, 138.7, 136.3, 129.5, 128.3, 114.6 (tt, J = 243.4, 6.1 Hz), 48.7 (p, J =

19.6 Hz), 45.1, 27.6 (p, J = 4.1 Hz), 18.2; "F NMR (376 MHz, CDCls) & -123.8 — -124.0 (m).
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A) Prior Art: Oxidative Difluoromethylation

R,@\w,EFzH Heck-type product |
via elimination

. e
FgH b — R —a-
stoi [Ag] R : ==

TMSCF,H (R = alkyl, EWGS) ! [c>cFH| ICF;H

: ——

i e b n T

[G:’CFZHI H ; via CFH R

« CFH | radical frap R
va R)\/ i {aryl group) A
[R = Eﬁ"ijl .

B) Reductive Photocatalysis
@® N Nu niscleophilic
R/\“”CFQH = RJ\/CFZH difunctionalization
ﬂxrdatwe‘\g : Jl:]\/EF H:' ks decomposilion
/ quenching R | ‘ i (polymerization, ...}
., Eyﬁf& '+ i ............. 1| H B e e e
%, unfavorable

. H 8 4
ia ] CF-H partictilarly i i
>Iﬁ' R : i R’I\/ z R =aryl or EDG |
X-CF3H C>CFH limited success  (ky or kg > kg) |

C) This Work: Electroreductive Hydrodifluoromethylation via

radical-polar
- crossover (RPC)

i R2E
R s% , ........ R1>\I|;2CF,H

SCFH  CFHSOR'

R? (R'=Phor 2-py) R2 3 H,0 R2 H

J%,FF \ » R o (R' = EWG or aryl) i R?
R' cathodic reduction F R
i M CFH
alkenes
, (a two-pronged appmach] HAT
R=SH =+s2sen H atom donor
(R' = EDG or alkyl)
« Hydrodifluoromethylation of both unactivated & activated C-C multiple bonds H H

« CFH source choice upon the electronic properties of the employed substrates || CFH
= | ate-stage functionalizations with commercially available radical CF;H sources F,H
s Access to underutilized 1,1-(bisjdifluoromethylated functional groups from alkynes || from alkynes
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RSO,

path A

Calhode
[r:-'-e:idlhud!z]

C
N\

E,oq(AA )=-22V (R =Ph
red (VA ) ( ) vsFoFet

=18V (R =2-py) e
Zn%*

R? Anode (Zn)
o R?
R‘IJ\/
c

CFyH
D

path B ||I' Eea (D/E) << Ecathode

|ir E;eq (D/E) = E;zy (AJ'A'-)‘

(R = EDG or alkyl)

Phs&H

2
n1 e
R H,0 R!
CF,H CF,H
E F
(R'= EWG or Ph)

v
)
)
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EH3
“standard conditions”
Undivided Cell
Q.0 HyO (10.0 equlv
R 4 g 4l cil i = ) 2
Ph”" “CF;H ” CF;H
F Zn(+)C(-), fyeq = 4.0 MA R
R = (4-tBu)CgHy4 2 LICIO, (0.13 M) .
1 (2.0 equiv) MeCN/plperidine (60:1), N
0.2 mmol 50°C.12h
1.0 - Voltaic Profile
E _Eanode
05 -1 Ecsthode
S 004 — 7n% — Zn?* 42 (B, =+001V)
‘s ] (Eonget ~ —0.5 V)
w e
E -0.5 1
Py ] 0,0 -PhS0,
2 40 i Rt E > OCRH ([E=-22V)
s 2 (Ecnset ~=1.7V)
= J ? |\ Eonset .
5 and
E -1.54 ‘ R,EL,CFQH N—— R,,STE.W.CFQH
) L‘__‘ A 5 {E,-&d ==20V)
-2.04 e~ —1.5W)
e,
'2.5 Ll 1 1 ) ]
0.0 0.1 0.2 03 04 0.5
e equivalent passed
Entry Varlation from "standard conditlons” Yield of 3 (%)
1 none 87 (80)
2 wio applled voltage nr.
3 wio Hz0O 2
4 wio plperldine
5 EtzN Instead of plperidine 36
6 2-pySO,CF;H (2-py) Instead of 2 <5%
7 under constant voltage (E,anede = =2 2 V) <5%
8 at room temperature (22 °C) 77
9 g as a sacrificlal anode 7
10 Al as a sacrificlal anode 9
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RV
A
0. .0 standard conditions HD
= i > CF,H
& ¥ phS eRH = e RPSCFH (1)
R = (4-BU)CaHs w/ D;0 instead of H,0O %4
1 2 (58% D incorporation)
0. .0 standard conditions H D
R ¥ Ph’S‘CF 4 » R}(‘\/CFZH (2)
) 3 1/ piperidine-dy
R = (4-Bu)CeHs Instead of piperidine 3-d
1 2 (10% D incorporation)
B :
i HF;C R i HF;C HF:C
: R!
Fit Ph :  Ph Ph
6 7 : 8 Int-8

Substrate (8) Froducts (7/8) Rale constant (kg4)

R' = Ph (Ba) not abserved (7a) 36% (8a) ke ~ 108 571

R' =H (6b) 99% (7b) not abserved (8b) Hy~10% s~
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E95
R 0,0
iﬁ 0,0 o ageal H30 (10,0 equiv) M
> * A, of 1 > \|\rCF,H
R g G F Zni+1ICL-), gy = 4.0 mik R i
R = Heljaryl or EWG 2 2y LicID; (0.13 M) K
9 MeCNipipendme (6001), Ny 10
50°C. 12h
Styrenus!
H H Me H H ” H i ;
H
CFH CFH CF;H H Ph,
i RY Me Me MeO
R = By, 79% (10a) £ = 53% (106) 61% (10) 61% (10j) 35% (10k) 62% (101
= Me, B3% (108) = Ci, 63% (10f)
Me H

=Ph, 51% (10¢) =(F;, 68% (10g}

Boc M H
= OMe, 85% (10d) = CN, 75% (10h) A CPH s, A crH N}‘%r)v';"’”
\J O s
H H
— H CFH
@J\( ; C[} :)\f 41% (10q) 71% (10r) 46% (108)
|| CF3H
R 2

Conjugated Disne”
. H
R® = Me, 5% (10m) 67% (100} 5% (10p) A
- B —_— e
= Ph, 58% (10n) a NM H
o l /@\N; 1,.] 40%F (10v)
H Ph
. Int-10v
“NH | =2
EID = Efgctron-Withdrawing Alkenas®
H H
2 PhD](J\,CﬁH F"H"‘)I/J\/CF:"
50% (101) 52% (10u) 5 0
Tj'ﬂ:lsiné denvative Estrone derivative 36% (10w) A% {'l n-tﬁ

G (0.2 mmol), 2 (0.4 mmol), HyO (2.0 mmal), LiCIC, (0.8 mmol) in MeCN/piperidine (6.0 mL. 40:1) at 50°C.
b9 (02 mmal), 2-py (0.6 mmal), LICIO, (0.8 mmol) and H,O (1.0 mL) in MeCR/EtN (1471, 4.0 mL) at 22°C.
Isolated vields are reported unless otherwise noted.
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=06
5 PHSH (1.5 equav)
a2 e H:0 (10 mL) M
& * [ = ‘crﬂH L E,‘J\V_CF,H
R 2N FZ0(#VE[), g = 20mA
R = Ayl o EDG s TBAPF (0.16 M), MeCNIEN (14/1), Ny 12
1 " 22% 12h
Alphatic Alkenes
CFyH
®MCF;H /@/‘\(‘ @/\/E /@Jx CF,H ‘ va
56% (12a) 48% (12b) B4% (12¢) T2% (12d) 56% (120)
Me o]
| CFH f %
_)_/ ~ L__JCF;H
N/va\rﬁ W {mf dﬂﬂii'/Hj
}wu 0
m T2% (12) 60% (12g) E 44% (12 W% (12i)
Furanase denvative Paptice darivative Estrone derivative OMe |\ domethacin derivatve
Elactron-Rich Alenes Radical Clock
H CFH
— )\, CﬁH
F FH CFH Mel 1O \L
® - u # i(}ﬂ,* CL) i e Nf*
6% (12) 48% (12k) 44% (121) B0% (12mj) 30% (12n) 1 BB% (14}, dr. =311

11(0.2 mmol), 2-py (0.6 mmol). TBAPF, (0.8 mmol) and HyO (1,0 mL) in MeCN/ELN (1471, 4.0mL) at 22 «C, Isolated vields
are reported unless othensise noted,
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