SN KREZZ2MTIER Y R b

Kyushu University Institutional Repository

SERNTOFEROMAERERN T v REREEL

https://hdl. handle. net/2324/6787648

HAERIE#R : Kyushu University, 2022, &+ (3B%) , FEEL
N—3 Y

HEFIBAMR

%, KYUSHU UNIVERSITY




fii 3L

A

[t

Il

Hm

&






BEEREZZ oot 1
g b= & - OO OO OO 3
L1, 7 D FEITOUN T 3
12, AEWIEMESS TATIUT D 7 0 FB A et 4
1-3. T FRETEEIEAY oot 5
1-4. B U DU BEONE IS oot 15
1-5.  FTBRAFIEEE DBFITELIE oo 19
RETEIEICES ...t e e e et e e e e e et e e e eare e e eeareeeeenneas 25

FE, v )Y VROKEFIIEECICE S L 2M0EIR Y 7 vt v 2 F T F1k.27

S D 3 = OO 27
2 T 8 5 -1 TR RO 30
2-3.0 BURZRIED BRI oo 31
2-4. B FH R D IRET oot 38
2-5. I LT B0 D T et 41
2-0. B E AR 0] L T oottt ettt 46
2 B O OO 51
2-8.  Supporting INfOrmation..........cceecuveeuieeiieciiiieeie ettt ssaesere e e 52
RETEIEIICES ..ottt e e e ettt e e e e e e ettt e e e e e s snaateeeesesseaaaaeeessssnnaaeees 67
FIE, vV Y VEROKREMGEELICHE S SMLER MY 7t a X514k 68
KT DR = OO OO ROOORRT 68
T = 151w 74
3-30 S ERIE D IRTEAL oot 75
3-4. BT PR D IRET oo 90
3-5. R LT B T D ARET oo 93
3-6.  FEHPEZ TG L 72BRET oo 99
3-7. LN ettt ettt ettt ettt e et ettt et et eenaes 100
3-8, Supporting INfOrmation............ccveriieriieriiesiierieieee ettt sreesreebeeseeseesaesaens 101
RETEIEIICES ..ottt ettt e e e e e s et e e e e e s es e s aeeeessseenaseeeessseneaaaees 128
B ettt ettt et ettt ettt et et et e ettt et te et et et e e e et et eeaenaen 129
B ettt ettt ettt e et et et e et eaenaen 131






1,2-DCE
2,4-DNs
Ac

Bn
Boc

Bpy

cod

Cy
DABCO
DBU
DCM
DDQ
DMAP
DMF
DMPU
DMSO
Et
EDG

IPr

1,2-dichloroethane
2,4-dinitrobenzenesulfonyl

acetyl

aryl

benzyl

tert-butoxycarbonyl

2,2'-bipyridyl

benzoyl

1,5-cyclooctadiene

cyclohexyl
1,4-diazabicyclo[2.2.2]octane
1,8-diazabicyclo[5.4.0]undec-7-ene
dichloromethane
2,3-dichloro-5,6-dicyano-p-benzoquinone
4-dimethylaminopyridine
N,N-dimethylfolmamide
N,N'-dimethylpropyleneurea
dimethy] sulfoxide

ethyl

electron donating group

isopropyl
1,3-bis(2,6-diisopropylphenyl)imidazol-2-ylidene
Lewis acid

Lewis base

m-chloroperoxybenzoic acid
methylaluminum bis(2,6-di-tert-butyl-4-methylphenoxide)
methyl

acetonitrile

methanesulfonyl

molecular sieve 4 A

butyl

N-fluorobenzenesulfonimide
N-methylpyrrolidone

oltho-nitrobenzenesulfonyl



p-Ns
p-tol
Ph
Phen
pin

Py
t-Bu
TBAB
TBAI
TBAT
TBHP
TBS
TDAE
TEMPO
TES
Tf
TFA
TFAA
THF
TIPS
TMP
TMS
Ts

w/

w/o

para-nitrobenzenesulfonyl
para-tolyl

phenyl

phenanthroline

pinacolato

pyridyl

tert-butyl

tetrabutylammonium bromide
tetrabutylammonium iodide
tetrabutylammonium tiriphenyldifluorosilicate
tert-butyl hydroperoxide
tributylsilyl
tetrakis(dimethylamino)ethylene
2,2,6,6-tetramethylpiperidine 1-oxyl
triethylsilyl
trifluoromethanesulfonyl
trifluoroacetic acid
trifluoroacetic anhydride
tetrahydrofuran

triisopropylsilyl
2,2,6,6-tetramethylpiperidine
trimethylsilyl
para-toluenesulfony

with

without



5%
1-1. 7 RIZONT

7y BRI S REFEECEWEREEE A L, RKEET &R E R
BERRT DL Enb, M) 7t A FLRIcRESNDIE T v REREE
ARALETITHAT 2 2 & Tesn, MEIIEE R R E <2+ 5 2 L2k
BNTWD, T2 & ZIFRBIZEMESCBUKME, BV EMHFEDORRN B Z 726
T ENDERE, BRI BEM RIS S SR B TORHABHFS TV,
LINLZRI D, &7 v BALEWIIRRITIXFZ LA EFEL TWRWZD, £
DA BIEOFRFITEEZRFRE L 2> TV 5,

BETIEE 7 v #EAEMITTH A OEENGE D EE Vb D Lo TS,
ZOHR TR bFHA OEIFICEREICEGE L TWAkEmE LT, 7 7r s ™ LI
FNAHRI T vTF7 7 A rxF L (PTFE) BEEFonsd '\, 77y ™ 3
DuPont £ Plunkett (2 X > T, @ETFICRFSNLZT F T 7 FrF L3
HIEMIZES L TWD Z &b RBAICIH R 7z, PTFE XY v RIFEFOE0
BRRMEESCKE-7 v BHEGOEWVREG =R —HD 7 v R ORI
PEEICEIR UTe, SRR, TS ARME, T, e &t e EoWmBE 24 L T
BY., BEMEOSBETEEIN TS,



1-2. APEHLSFICBITS 7 v RBRF?

AYIEMN S TICEBR T2 L, TIRSNTVWAERLOPTTY v R TF52HT
b DI 1970 FEOEMETIX 2% RRE Th T, TINHEKLOPTOET v
FACED OIFERITI L TV & 2006 421213 18% 2B 2. BUESG IO —ik4%
WoTWN5D, BIETIEE 7 v ELAMOEDLERITESICEL . 28% U EEF
PRTEY, RARIZIXNZEAEE T vy EABILEVMPFIEL TWRNWI LEE
z2 5L, BEMPERIZBIT D87 v FEEWO ED HEGIFTIEFITEmN &
2 %o NFIZEBRDOE 7 v FAEWTE T DOH %2 55F 7 (Figure1-2) , 25D
BHRSF ORI, ARG FE L VA 727 v BERIEEBRT S 1,
TN K VTR BT S T DO BN FRE L 7o T Z LI LD b D EFE - T
HiEE TIERV,

essaislecke

CF3
CF4
Mefloquine (Lariam®) Bicalutamide (Casodex®) flutamide
FsC Ol SO,NH,
N™ "NH E.C /N‘N
O,N NO, 3 _
Cl
CF3
Fluazinam colecoxib
O¥
NH CF3
O
- o @
N
NH (A
0 2 O
0]
fidarestat leflunomide fluticasone propionate

Figure 1-2. Several examples of bioactive molecules with fluorine-containing

functional groups



1-3. 7 vyRBEREE

GO M7 7 o RGBS T, BRIEEMED 7 v BT R (F) @
FEEATDH 7 v ALKER (HF) % &\ o 72 B0 028 R 7 RS H &2 D 5
s, Rk R OB HSEOMBERN D o7 3, TETIE. BEBRN T v FE
ft# & L T DAST* X PhenoFluoro®, K& TH) 7 v F{bH & L T NFSP X
selectfluor™ ¢ 72 EA3BHFE 7= (Scheme 1-1) ., 245 D 7 v FALAI & A= 35
TEIRBOSHERRFE SN Z LT, AW T~D 7 v RIFF OFEANR LA
HICTEL L2720 AEESLHEARL DT ORRICKRE <HBR LT,

Deoxyfluorination

O = O
—_— ' N—-SF5
BN

70% ! DAST
PhenoFluor (1.2 equiv) ! —_
©/OH CsF (3.0 equiv) ©/F NXN
toluene, 80 °C, 16 h FF
82% ! PhenoFluor
Electorophilic fluorination l
OTMS _ 0 | 0,000
NFSI (1.0 equiv) F \S/\N’\S/
DCM, rt, 24 h | ©/ F \O
46% : NFSI
: Cl

selectfluor™ (1.2 equiv)

Sn"Bus  AGOTF (2.0 equiv) @F ! [N+
Y &)

acetone, 23 °C, 20 min

82% selectfluor™

Scheme 1-1. Fluorination using deoxyfluorination or electrophilic fluorination reagents



Flo BT R EELTP SESERT vEEFREEBIERZED,
2 O7 vy FEERECAINRE SN, 7 yRERAMEOT TS MU 7 vd e
AFIACIZOW TR b A S BFERT DI, B2 IR B TR HENL S Tz, AR
RHET TN ATINIERCTE ) TvFa ATFINVEEDO T VA T ILF AL,
BLORMNIZAAv A MR UERL N IV AT AT AR E~T ali{%
BUSEIERT yRERADAFEFOST TERSNIILDEZ b, £
DNFEHPFENEDBRFE PR A LN T WD, RELFRICTIEZ N 7t AFL
FAABELO, U 7t v 2 FIURIZON TS, ETIE7 v EERER LD
—BlE LTEN D DRISOBME &I 2,



1-3-1. bV 7F4 1 2Fu4k

AIEIC R LI2& 912, Y 7ugda XA F ARz DN T TR < AFEDM T
i a7 B ) 7 Fda AFALAINBRRE STz, KER Y 7 vda X5
{E#I & L C Ruppert-Prakash 34387 SRE 1) h U 74 v X FU(bHl & LT Togni
FlHK 8 > Umemoto 7K 7 72 E O 42 ORUSHIDBIFE S, T 6 O SH % H
Wiz U Zvd e X F AR AIZAFPE & 47 (Scheme 1-2)

Nucleophilic trifluoromethylation

Ruppert-Prakash reagent

O (1.2 equiv) OH |
TBAF (8 mol%) \ /
H CF; _Si. CF
THF, 0to 25 °C ! 3
then HCl aq. . Ruppert-Prakash
80% reagent
Electrophilic trifluoromethylation
. i F3C—1—0
Br SH Togni reagent | Br SCF, !
\O/ DCM, -78 °C \©/
82% Togni reagent |

Umemoto reagent |

1.0 equiv -
QTMS pyrid(ine (ﬁoleuniv) Q '
S o

DMF, 80 °C, overnight S*
TfO™
CF3

65% Umemoto reagent |

Scheme 1-2.  Trifluorimethylation  using nucleophilic ~ or  electrophilic

trifluoromethylation reagents



AT BRGHERO Csp?)-H fEHDEBICEBH T 5 &, 2011 41T Baran 512X -
T S 4172 NaSO,CFs (Langlois #t38) & HW\W e, BFEBRILEMDO Y 7 v 4 nm
AT WAL ZET Hi1D (Scheme1-3) 10, ZOWEHIZL Y, MY Tt m AF LT
AN RO FIEIIGTERIEGM O Y 7 uda AT ABIZB W TR 72T
ETHDLZ RS, Uk, HEBRILEWMO Csp?-H MU 7v4m 2Tk
DIFFEBIRATOND Z L2572, S BIZEEIZIEL, NaSO.CFs L 0 ZEMER
F OSSN T. Zn(SO2CuFn)y ZBHZE L, /N—T7 LA a7 F )L T DI LR
ELTHWS Z LT Cspd-H B D=7 a7 VX IALRHRETH D Z &
DR ST

NaSO,CF; (3-6 equiv)

TBHP (5-10 equiv) AN
s or
DCM/H,0 =
gv\_CFS Q\/\ ﬂ(

67% 43% 57%
C2:C3=2.4:1 Cc2:C3=1.1:1
N 9 N
| _CF3 Br = AN
MeO 2 AN FsC— |
0 N
37% 65% 53%
C4.C5=111 C2.C6=1:1.5 4 products

Scheme 1-3. Trifluoromethylation of heteroaromatic compounds using NaSO»CF3



[FEEHIC MacMillan 51, 7 4 b L K v 7 275 CFS0.Cl ~DEF B H)
WZEVETLD NI IAF B ATFATONNMILD, ~T e BEHERD C(sp?)-H b
U 7vAdr AF ARG % BA%E L 72 (Scheme 1-4) 12, MacMillan & | FLE ) 224
72 CF3SO.CLIZKI L 1 BB #4795 2 & T IR N Col _fuhik %
RDNFHI2 N U T Ada AFIVT U HNRELEERE LT, Z O®ELIRE,
R & et 2 W2 EABENZ XD N Y g a XF T A FEATEDR
EPERIATONDL Z & Lo,

CF3S0O,CI (1-4 equiv)

Ru(Phen)3Cl, (1-2 mol%) AN
@ or |Het—CF3 or || +-CF,4
K,HPO,, MeCN, 23 °C = =

26 W light source

Me
‘CF3 CFs
| N [
— i~ )
N N~ "OMe S
81% 78% 76%
C3:C5 =3:1 C2:C5=3:1
NHBoc OMe
\/?CFs AN AN
N | —CF; | —CFs
H = =
72% 80% 84%
C2:C3 =411 C2:C4 =3:1 C2:C4 =21

Scheme 1-4. Trifluoromethylation of heteroaromatic compounds using photoredox

catalyst

Stephenson 5%, TFAA L BV U N-AF L RSB RETHHIKA &7 4
MRy 7 Al WS Z & T, ZliZe TFAA 2 R U 7 Fd e XAF s oh
JRE LTRIHATE S ZEZHALMNIL, a2 CspP)-HEAD RNY 74 n
AF AL Z e L7z (Scheme 1-5) B, —fAYIC MU ZvAw AF LT VR F



VT VAN (CFCO0) X b 7t AF LA NRFT T — 1 (CFCOy) &5
20 BHIIBRIEERZ L, N IAFAa AF LT OHNANREET L LML
NTWb, LML S, CFRCOy O 1EFBILITIFEFICEZDY 55<
(CF3CO:Na Eip™ = >24 V) | WD REBLSEDNETH -7, Stephenson © %
TFAA & B U D2 N-A X2 FBARMT 5 PHEE A IS5 1 BT H g
IR Z VL9 W2 & (CFCOxpy B =—1.1 V) IZEHL, hU 74 m AT
VTN DFT IR AT E LTHE Lz,

pyridine N-oxide (1.0-2.0 equiv)
TFAA (1.1-2.1 equiv)

RU bpy)3C|2 (0 1-1 m0|°/o) AN AN
s See G
MeCN, 25-35 °C

blue LED
CF3;CO,
B
+
N.
_ dkws
A
OMe Fsc N
N X CF3 77/@\
L
30% 49% 17%
C2:C4=11
Me
AN COQMe XN OMe Br
| N | _J CFs | Pl
“CF MeO,C 3
CFs 2 Me =
44% 48% 46%
C2:C3:C4=3:1:2 C2:C4=32 C3:C4 =5:1

Scheme 1-5. Trifluoromethylation of heteroaromatic compounds by TFAA activated by
pyridine N-oxide

INBDOWED LI, B TAAEAFAT DA ORATT LS
RENFZZ LMD, HRP OB RIFRFICLY bY TAFRAFLT I

10



MWD Z S XV Eka T v FHRBECEHD NV 7 vFda A F AL A EET
bH T ENRE N, HAIZ Csp?)-H F VU 7vAd v X F A bida < R T
NDHZ Lo Te, LNLRNRL, RISHEDEW MY TAFAa AF VT Oh %
MDD Z 06 AEEREOHIEIIANEE TH Y | £ DRISNLEITEE OERE
FOBEHEEIC L > TERBEELZIT D,

1-3-2. NV It uarFLTFtE

Rk L7k 912, U 74w 2 F L RTEELCRIEOH SHE L L TR
SHANHETE DL D, Cspd)-H A D MY 7d a2 FUARITIE L B
TEMIRIHL, RESFEL, VINVFT R AFNVERL N 7 dm AFFFH
REDRNY TNFa AFNILSNO T v FERER IR 7R E AR B I PECERK M
REOBENOITFERZEDTWD Y, £/, MU T7d v A F)uF AR
FRTORBLIZE D ANVERURANLE XY RICEGICHEETH DL I LMD,
ZHOISHABFETE D, TNHOHEICL Y | ERLCEEOM S L LT
HAINTALEYMH D72 22 (Figure 1-6) , L2L72nS MU 7 utnm A5
b & R L CTUSN D 7 v FRERERCITHEF D70 < | BB AE DB
ITEELRRELE > TN D,
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\Ti;:[' EtHN SCF,

N’N
cl \\ CN Triflorex
N\ SCF;
MeO
o ji ﬁj L
> SCF,
Vanilliprole N
H
Toltrazuril
FsC Cl
-N
; iikm
Cl — O H H
HoN Ne =S
//S—CFS
O — \N
Fipronil CO.H /N\N'
Cefazaflur

Figure 1-6. Several examples of bioactive molecules with trifluoromethylthio or
trifluoromethylsulfinyl group

cNY Znvda XFF A4

HEFEGHDO NY 7 da AF LT FHEOENLEFERZED, WD
MOFRISIZEVERIN TS, LLRR b, ZLO%E, =y oIy
U A, S E N TNa S AT U = BT U — R g e s e A g
oY TR NY 7 vd e AFVF AL (Scheme 1-6a) X°, Rk LTT U —
NTFFH—= TOUT V=NV ANT 0 K B 2wz §- Y 7da X5k
(Scheme 1-6band¢) IZ XL > TERINTEHDTHY , TNUHDOKIETIE, H 50

OEREINTEREERHNDLERD D,
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a) Transition metal-catalyzed trifluoromethylthiolation

cat. Ni, Pd, Cu

©/ SCF5 source ©/SCF3

X=Br, |, B(O

b) S-trifluoromethylation of aryl thiols
NaH (1.1 equiv)

SH CF3l (1.3 equiv) ©/SCF3
©/ DMF

77%

c¢) S-trifluoromethylation of diaryl disulfides

TDAE (2.2 equiv)
S. /@ CFjl (5 0 equiv) SCF3
°S
F

186%
Scheme 1-6. Introduction of trifluoromethylthio group into aromatic compounds via the

conversion of functional groups

EREAZRE AR E LT, T, ERaEMmit e Huvizidm L2 M5
C-H b INAFAaAFNAFAELHRE SN TODN, BAEEZHND Z &b
HERENREN TH D Z ENREL LTIRS LTV 19,

i Cu(OAc), (0.5 equiv) SCF3;0
F3CS-SCFj3 (2.1 equiv)
N T
N
By Nx DMSO o s Ns
76%

Scheme 1-7. C—H Trifluoromethylthiolation of aromatic compounds using directing

group

T2, N TG ATF AT FENEIFESE THEBEZEDT-Z 0D, 1D
MOREAHIZ2 N 7oAt a AFLFHALRIOBRRBPEATS, F1LH Ol

13



LR DEFEERGEROFEREERADO b 7 1A m 2 F T ALK
JEHHE SN TVD 2, REFEFEERTFRILEMICRES LTS

(Scheme 1-8),

1 (2.0 equiv)

/Ej DMF

OMe

2 (1.0 equiv)
/© TsOH (2.5 equiv)
MeO DCM

3 (1.5 equiv)
TFA (1.0 equiv)

HO@ DCM

/é/SCFS

35%

OMe

94%

SCF,

HO

75%

/©/SCF3 |
MeO

0 00 0O

S
SCF,

H
N
Ph”" “SCF4

2

00

%

S\
©;<N—SCF3

O
3

Scheme 1-8. C—H Trifluoromethylthiolation of electron-rich aromatic compounds using

electrophilic trifluoromethylthiolation reagents

INbOWEDE T, N TFua RAFAFAREOBFNTREFH N 7
A v AFUALRIZFIH LT S- U Zudm AF e, miEMHRREFH k
U7 nFdua AFAFAAHI RS 2 FIENRSHFRSN TN D, ZHIERE
17 > RERECAOFOSHEDIR S 2, KER U 7 vFdm A FF F0H
DR L DEBPNETH DD TH D,
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14. B UIPUVEBRB~OMNEZRRODREREEA

Y U URITIERLRRIEEDOAMIENE S IR b, EOERAEIX
B2 EWEVE S F ORI IR CE 5720, ZAETRWERITHIZ > TH
J& Lt C& iz, FpRail % & 1900 AR PJEH, Chichibabin 51X >T, &'V
VUVBHOBFARMEICERT L2 TRRBRT I e OB FBHREE RS S E
1792 2 sy 47z (Scheme 1-9) 21,

O NaNH2 | X
~

N” > NH,

Scheme 1-9. Classical amination of pyridine (Chichibabin reaction)

ZORRTHE, REAIE U CRIHAREZRBSAIN ., SRE D OEWERT 2 R
WIRT =T IZHIR STV D, RUNMEDIROREEAS & DS EB T 572
D, BU VU N-F XY RO FRREEE B )G DN% AL S 47z (Scheme 1-
10) 22O

X 1) PhMgBr, THF @
N 2) Ac,0, reflux N" >Ph

O 95%

@ TMSCN (2.5 equiv) | X
l}l: MeCN N > CN
o 80%

Scheme 1-10. C2-selective functionalization through pyridine or quinoline N-oxide

BB E U U-N-A XY ROWEMEALIEE LT, BEKY E DRI KD N-F
XL ROMBEFE~DT VNEDLZ LRV EOEAIZ LAY Y DUBORE
7R IEMA LS LI Ui Th C& 2, 72 & 21E, 2013 42 Baran HI1Z L > T,

15



B Y D -N-FF Y RISR LTEYEIEATE LT Ts:0 Z/EH S ¥ 5 2 & T, RigtEn
BRI A A 1T KD 2 (LRI e RN EITT 5 2 LB |wE S
(Scheme 1-11) 3, Z D L D12V PV BROKE IR EMELEZFIH LRk &
DBRE. 2GRN B REE A O — 72 Rk L L TR BB EAT, L
UMD ZOFETIIRISHEDR N E ) O OB BIINEETH - 7=,

MeO BuyNBr (1.5 equiv) MeO
N Ts,0 (1.5 equiv) \©\/j
7 ~
N* MS4A, DCM N™ “Br
O

97%

Scheme 1-11. C2-selective bromination of quinolines through N-oxides activated by
Ts20

YD UBOBBIZLE D N-AXY RADFBEL R WFREL LT, U D
FHEIRIZH L THO <° BF3-OEL 72 I L ATEME b2 la4 2 & T, REFIE DK
ST D Z BTV S (Scheme 1-12) 24,

A "L

then aromatization N/

|
X Activator Y @ Activator Y = Tf,O
» L
Y R
‘ RMgX N

then aromatization | _
N
Activator Y = Tf,O or BF3-OEt,

Scheme 1-12. C4 functionalization of pyridine activated by Tf20 or BF;-OEt;

HTHRFETREMEL LT, MeNally HiZ ko> THEINTZ, UV UVERD

16



APNTORAT 4 EDKIGIZ L DHFEAR =T MEOEBIERZFET BN D
(Scheme 1-13) %5, JEMALIC THO ZHWTE Y P U B A2 1EMAL L, PPhy & sKIEEH|
ELTEHSED 2 & TAMERRMICRIGCHEIT T2 Z A ST, 556
NORAR= Y LEITSESEREBMMPARETH Y . AN OEREEIZIEL IS
AT maniz, Ebic7rta 7 /vx )i (CF, CFH) #8757k
AT 4 v EREAE LTHY, ACRIREICAR AR =0 MG & T S8
BT, BRMESRE T, KEEHE D Z LT a T AT VEOEIALNE Z Y |

AN TN a T IF AL EITT 5 2 & bHE STV D (Scheme 1-14) 26,

OMe
X SBn
| = AN
N |/
T N
Tf,0 (1.0equiv)
PPhs (1.1 equiv) +PPh NN
NEt,borDBU  Tio- | ° L
| AN (1.0 equiv) @
N/ DCM, -78 to rt N/ | ~
NH,
X
| =
N

Scheme 1-13. Synthesis and successive transformations of 4-phosphonium pyridines

CIDFQX
1) Tf,0 (1.0equiv)

P
phosphine (1.1 equiv)
DBU (1.0 equiv) CFX
N DCM, -78 to rt EDG EDG

| N

R— R+
N7 2 TIOH (1.5 equiv) SNF
H,O (10 equiv) X= Hor =pe = é_N:j
MeOH, rt - 40 °C 16 - 93% X=F EDG=0Me
X=HorF phosphine

Scheme 1-14. C4 fluoroalkylation of pyridines through phosphonium salts

17



BEBERIC L AMERRNRE Y PUEHOERLHE IR TV D, £ DN
HIFTEE LT, HREL DA ARRICE DY O U BROTEMHAIZHE S = v 7 /L il
B X DRI ERRE LS T b D, VA A LTl E W TiRA 2
U Y UBERICR LT VX U EERSE S Z 8T 2BRIRICT Vi =1k
IS EIT9 5 2 & 2 8E LT\ 5 (Scheme 1-15a) Y7, F7-, /LA AL LT
BWATFILT VI = BB A (2,6-tert 7T )-4-2AF )7 = ) ¥ R) (MAD) %
M, 77 EROGEE 5 2 L TAMEIRNR T L F AL S ZER LTV D
(Scheme 1-15b) 28,

a) C2 selective alkenylation of pyridine
R2 e RS
Ni('cod)z (3 mol%)
P'Pr5 (12 mol%)

Xy ZnMe, or ZnPh, (6 mol%) AN
R1'_ R1_'
& bz L
N toluene, 50 - 100 °C N = "R

R2

(3.0 equiv) 30 - 96%
b) C4 selective alkylation of pyridine -

ZR2 (1.5 equiv) R2

Ni(cod), (5 mol%)
IPr (5 mol%)
TN MAD (20 mol%)

R1 ! N R1 ! ~
T o
N7 toluene, 130 °C WS

40 - 95%
Scheme 1-15. Regioselective alkenylation and alkylation of pyridines using

nickel/Lewis acid catalyst

18



1-5. FrBWEEDOHIERE

AR L7 k912, B U PUVBROREFANEMHRLFIEE LT, EF LIV A @
LU LT DEk% 2B RBIFEZEAT 2 HENBI S, IHE bS5
BEHWD 2 & Thx ey AP EBL SN TV D, FTBIFFEE TILLET, 350
KRR THDL N LA aAF AT =F L) D UFEKE O SEFERT
572, DFT #HEZHANTE Y VU -N-AF Y FR Ts0 72 EIc kB8 Y PU-N-
F %Y RORE N RIEHERICHERXTE O REFHEOENEY U UBRE 5 2
DR ARG L. T O8ERE AW 2 (&R B Y 7 v a 2 F k& Ak
LTV Y, ZRENOHEARO LUMO =L F—HEM 2 H ML, kT 52 &
TOHRA R E Y P UHBIROREFELFHME L TS (Figure1-7) , %l L2t
U P U-N-4F ¥ R-BFR.CE 85K 11 13, U PV -N-AF v KOG TIEE LT
IR VB ILD AcO X° Ts;0, 3 L O BFs-OEtL & EH S #TH L 585K 6.
9. 10 &l L CH BTV LUMO = RLVF —HNL 2 FF LA TH 5,

() O OOAC (3

4 5 6 7
LUMO  -0.61eV -1.56 eV -1.02 eV -1.66 eV
() O ow ) 0
OBz OBF, OBF,CF,4
8 9 10 1
LUMO  -2.31eV -2.84 eV -2.99 eV -3.23 eV

Figure 1-7. Comparison of LUMO levels of pyridine derivatives
(B3LYP/6-31G* for (4); B3LYP/6-31+G* for (5-7, 9-11); B3LYP/Lav3P+* for (8))

ERICHET LY DU N-F % R-BRCF: 88K 11 Z S EE & L THUL.,
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RN ZvFa 2F AR EER EE 25 2 & T2 Y 7 gd
A F AL ST L72 (Scheme 1-16) , BV P UBR LR N U 741 A F )L
A E DRIGIE, N 7 Fda AF T =F VFEOREEOR S G | — a7
ML E L TR BN D Ts:0 (& K DIEMEAL TIIRUGS A EIT L2V, S 61T, K&
PEDIRN MY T vFa AFANT =40 & ROSEDIRWEER LY 20 & DKRIG
HLARETH Y, N-4 ¥ R-BFCF; $5K 11 ORI, BV U BROE 7215
EFETH D Z LRI NI,

ACNIEN TMSCF; (3.0 equiv) .
o CsF (3.0 equiv) Roi o
N MS4A AL
) v SN CF
O BF,CF, EtOAc, 25 °C, 1 h 8
1 then 60 °C, 4 h 12
R=H (12a) 91% R Me
Me (12c) 83% P P
cl (12d) 92% N™ "CF3 N™ "CFs
Br (12e) 76% 12i 57%
COgMe (1 2f) 76%
X
LLLL/\/ Ph (1 29) 76% _
- N” > CF,
§—==Ph (12h) 80% Mo
12j 92%
= AN Ph X | A
~
_N | _ \(}CFa X N~ “CF,
N” > CF, N |
CF5 _N
12k 61% 121 41% 12m 27% 12n 59%
C2:C6=1:1.7
F
CFs N X O Xy
N < Ph— ||
N ~ ~
P NT>NTCF, N >CF,
N Bn
120 52% 12p 28% 12q 34%

Scheme 1-16. C2-selective trifluoromethylation of pyridine derivatives

Y OVBROKREFHITEE L2 LK EEFEORES R NI T U =R T L -
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TATD 2 & T 2D REEBE 2 SAREFEIC I v mfil U, 4008 IRE7e F U 7
A a AF AL EITT D Z & b ERICEHE LTS (Scheme 1-17) 3%, —f%#
IpN—T AT ) —VRT L L THLILD B(CFs)s & BV UV EROIEMAL
WSS, BV D UBERNARLEE Th o T, LV Lewis BB TH 5
B(C6F4-4-CF3); & VT 5 B(CeF4-4-CF3); OFFIZ L 0 v ) DU FH L sk %
TRETRPERE LTIV D 2 ENAMREIC /R D | Bix @A G52 HEED 4
POER 72 B I AFa AF )b eFEER LT, ERE T4 2050 ~7T 0 5EF
BALAY) 13m, 13q, 13r DGE, mEW R U 7 U — LR 7 ISSIARBIIZ ZEV T
HEFRFT ETRIRINEEER T2 Z &b, MERIRREREZERL T 5D,
F7o. FREONKREEE2HT5 1,5-77F VP> 13p) Th, bV 7 U —LR
FUN—HOBRRFIRNLT D2 LT, b~ HOERRRTOETHENME
TLART DA LigWedh, 5l&H< MY Zda X FIALKISIE
—HOE Y T UBEDOHRT LT LRV,
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Aol 1) TMSCF (2.0 equiv)
L | TBAT (2.0 equiv)
il 2 MS4A CFs
F N©oF EtOAc, -40 °C, 10 h Rx
-B: F S
FsC \\\ F 2) PhI(O,CCF3), (2.0 equiv) | z
Ly . cF,  25°C.12h - N
FC ¢ 3) MeOH
13 65°C,2h 14
RoH (14a) 82% CFs CFs
OMe (14b) 67% R i
Me (14c) 82% B B
F (14d) 81% - i
cl (14e) 82% N N
| (14f)  78% 14 95%

CO,Me (14g) 71% Me CF,

E/\/Ph (14h) 69% N
SN O (14i) 80% N7

N
14k 59%
CFs CFy | CFs CFs
N Ph N \N N Bn N
N N N NN
141 55% 14m 73% 14n 60% 140 54% Ph
CFs CFs CFs CFs
N = A X Fh 0 AN
“ | o - N Ph— Il
N Me” N7 N N” N
14p 52% 14q 76% 14r 28% 14s 72%

Scheme 1-17. C4-selective trifluoromethylation of pyridine derivatives

22



LDz & &R RE L, EFIE Y U VBROIEMHEL &R D AL E R 72
7 v FERRMEOFEBR OO WHFEICHE F LTz, AL TIIIER DK E 7Y
EHEALZICH LI, BV P UVBR 2D ) It a2 FALFab, BXOEY vV
VERDOBFIZRTEMALTFE L I DL REMTEHE AL Z W DU 3O B Y
A v AF AR OV TR B,

CETEEY PUROKRE R AR D 2 ORI N Y 7L
1 A FLF FAUIZ OV TR S (Scheme 1-182) , 2EH )N FTE T D W22 TLLRT
B Sz, SRETIICIEMH L Sz v ) ¥ 2 -N-4 % R-BF.CF; K%
U, REMEORMLO 7 o BEERLICBISHTE 2B 272, LnLRRG,
B P U-N-AF Y R-BR.CF; $6(A 2 HE & L THWeRE, R NY 7
7 A FFAACH & OIS T, P L7 GBI REERSTIE & A ST
L7pdrolz, —J T, BU Y U-N-AF ¥ R-BF.CF: 85K L W REFHEDSH D AV
=N L DTEMAEFEEZ WD & BRORIEHET L, 202 M) 7 A n
AFNVFAACERRERTERT D22 &2 R L, YF NMR ERIC
AgSCF; & AV =L 7 v ) RENZHEAERBSFEL, ANVFB=/r7ml) RHRE
U V-N-AF% 2 RIZT T/ < AgSCF; DIEMHALIZ B ZF 5 L Cnd 2 L2 5 M
L L7,

SETIEEY P UROREM RIS SR Y A e A
FIALIZ DN TS (Scheme 1-18b) , 5 “FE Tk 7= &Y ¥ U BR~DREZHA
ORI LV SN DMEERIE SN ALEMIZER LIz, T70bb, BliA]
REZREZRI TR Y P URDOMIGERILEITV., BRI D= I MO EY
ZHE L U THOWIUIKREFH & OBUSHA ATHBIZ 2 D | Fef TR LALERIT L
HEERTHZETIMBIRNR N 7 Fda A F LR ERTEDL EE X
2o ARG TIE, BRx 220RIZANC X DM AEEFBL ZRFT LIER, B O VRO
B Ry VMBI k> TEKRT D N-v VLT I UpsRETH R 704 A
FLFIE O Ly ® ST D30 N Y Zud v AT ALY E 54252 & %
B BnE Le, £72, TEMPO (2L 5 7 VIR FERZIT > T2BRIC, FU 70
Fu XAFbE Tz TEMPO BBIHISNTZZ &b, UV VEREOE Frv T
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VIS LD AT DA RE R N-v Db I RS RE R Togni AASE T
EDOMTOEFBEEZNT D N IAT R AFINT VANDIELETHHET
FISDETS 2 2 L VRIR ST,

ARSI E Y O BROIEVAL & SR & U7, (BRI 7 v RE R
JEDBAFEIZONTIRRTZHDTH 5,

a) C2-selective trifluoromethylthiolation of pyridine rings through electrophilic activation

r;,«“\]l\/ﬁ Trifluoromethylthiolation r;,f\@
Electrophilic Yoy then aromatization Yoy

- ~
+ <~
Activation N N "SCFs
EWG
BRI
oA
~ N
Nu
Nucleophilic ~ . . ~
Activatﬁm 7 m Trifluoromethylation o2 | o CFs
NP N then aromatization Yoy - N
|
LA

b) C3-selective trifluoromethylation of pyridine rings through Nucleophilic activation

Scheme 1-18. Regioselective fluoroalkylation of pyridines (This works)
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R
Y OUBROREFRITEELIZE S
INGBINE R Y 7 a A FAFFAL

2-1. BFRER

BT LI, BV VUV 200 C-H BHSUSIIRER & ORIGIT
TV REEZZ T2, LL2Rb, KW T v FERREH Z W 20i~D 7
v REREMADOIEHIEIRE S LHENTZ, ZTHIERERN 7 v FEREMA D
REMOIREIZ LY | A TG AL T IR0 B R B R 23 1T L 72
Wiz Th 5,

WHEBRAR S W), B U VB 2 LD RIZAIC K 28I 7~ FERREAIE, BAAf
(ZATRAFIEZE T L7 B U 7 vda X Fufb 1 X2 Hartwig HIZ K5 7 v 31k 2
PR SNTW, Ll s, REFOFMICE LYY VB 2 DR H#A-
KFERES Z EHENIMD 7 v REREIRICEWT D FiEIX, ZOREEDOK S )
O, KR E L TINEEZRBE & 72 > Tz,

BUTUR2MD MY A a ATFFIUINCE B LTEGE I BRI,
RERIOFMMAIZ L 2ETRES N TELT . Z< 04, 1-E krFd o 2.1
VOUTFA SRR T A Y PUEERERE LTHWE S-SR A r AT
Bz XV ERENTWS (Scheme 2-1a) 3, £7-. BBE&EBZHW - a7 1k
TV—=VEHD Y 7vF A FF A i STV H(Scheme 2-1b) 4, W
NOFIGIZENTH, HOENUOERELINTZE Y VUrFdks EE L LT
WD BN D
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a) S-trifluoromethylation

| ~ TFAA (4.0 equiv) | ~
DMAP (4.0 equiv) P

NS N~ >SCF,
OH Et,0, 0 to rt
98%
Z TDAE (2.2 equiv) X
N s | CF4l (4.2 equiv) |
787N N~ >SCF,
| DMF, 0 to rt

180%

b) Trifluoromethylthiolation of pyridine at C(sp?)-X bond

X . X
L . Cu-SCF, -
N™ X ’ MeCN or 1,4-dioxane N~ “SCFs
110 °C
X=Br, |
(1.0 - 1.2 equiv) 84 - 90%

CuCl (5 mol%)
Phen (5 mol%)

X K3PO,4 (1.5 equiv) X
| + TMSCF3 + Na28203 |
Z DMSO, 80 °C N~

N |
(2.0 equiv) (1.05 equiv)

SCF,
79%
Scheme 2-1. Synthesis of C2-trifluoromethylated pyridines

EHDPITE LM LB TIE, VU P UVR2MORFEKZMEGE MY 7L
Fu AFNFAIIERT L5 FEL 20 LE STV RhoTz, 128
Billard 512 X 2 5REHEAFIA Licx 2 U VB8RO 2 Lol 7 v » oABIZHkE< .
KEFAIE DORGETH D (Scheme 2-2a) 5, L LZRNG, IO T 0 kB
BEIZIT DEAMEREIC L0 ROSIERHIE SN TND Z b B SRPUE 5
EHREEICRE KRFF L T2, 2 DB, Daugulis 512 K DA EEEFIHT 5 4
v MOERAR Y I AF e XAFAFAROEASEZE Y VU BRICHEM LT
FETH D (Scheme 2-2b) 0, L L7an s, FmEEsHWDS Z s, B
EARE SHIRSND Z LR RUSDHTER CEMEEDAE BB LERZ L MY 7
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NFBAFNVFFEOEAN—DTIRILELT _OBAINTAERD BT O
D70 E | RRT REREN L KRS TV,

a) Electorophilic trifluoromethylthiolation through lithium salt using base

IYIe
TN~
TMPMgCI L|CI SCF3
THF /toluene, -25 °C T SCF,

75%

b) Trifluoromethylthiolation using directing gourp

Cu(OAc), (0.5 equiv) SCF30
F3CS-SCF; (2.1 equiv) X N
| H |
DMSO, 110 °C =z X N

76%

Scheme 2-2. Introduction of trifluoromethylthio group at C2 position of pyridines
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2-2. RUSERET

EU VRO 2MGERN: U 7 vt e A FOLF ARG E BT 5 £ T,
U PN F Y NEEERA RBAIE OROSICER Lz, L, 7y #EE
AR O RBEMEDIRE 6 R HIEMALNMNEIC 2D Z R TPR Iz, AR L
X oIC, FTBMFEE CIX I E TIT, BV P UVBROER LIS B REI &
AN L7z N-A 3% 3 R-BF:CF SR 28¢5t L, ROSICHWSD Z & T, il 7e ki
B RY 7t m AF LAl OROEZFEB L, 2008BREN N Y 704w A F
IALBOSDI AT T 52 Z L2 LT D L

N-7F %+ R-BR.CF $6R 2 & L CTHIVY, SREZHY B U 7 v A m A F LT 14k
REZEFHSELZ LT MV ERBREZFZBTEL0DEEX, MRICEFL
72 (Scheme 2-3) ,

@ Nucleophilic SCF4 @\
- =

N+ N~ "SCF;
Nucleophilic
SCF5
BFZCFs

Electrophilic Activation

Scheme 2-3. Working hypothesis
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2-3. USSR DOR#EL
AR

WIHIRRET & LT LA FTBEAT = TBAJE L 72 N-74 3 3 R-BF,CFs $5{K(255 B
L. N7t aXRFAF et 5177 -7 (Table2-1) , E7 VHEE L L
T/ U 2-N-4F% 3 R-BF.CF;s #6K (1) . KEEHI & LT AgSCF; # A\, Flix
DIEEPCRIGERBZ RSN M) I Fa A2 F 4T —h (CF:ST =4)
OREMENRTT . BHIO U 741 X F LT F{0IK 2a, 3a, 4a 135 5T IR
BHAIUL & 72 > 7= (entries 1-4) , CF3S 7 =4 L OXF 7 T4 2 OAZHIZ L 5 REEME
DO EEMFEL, IWINFIORFT 21772 > 7= (entries 5 and 6) , AgSCF; (2%} L,
BuNI <° KI ZiI14 5 2 & TREMD M 325 2 &8 Clark HI2XK > TilE S
NTW5 7, £ZTAgSCFs L Hlix ORINAIZ & 5 CDIRA LICHKIZx /Y
¥ N-F % ¥ R-BRCF: 851K (1) Z1EH S ¥ 72, BwNI & KI ZiRIA & LTHWY
BRI, BRVERM 2a AR DOTNICHRTE Db 0D, EH&EIZE EF o
7

Table 2-1. Preliminary results

AgSCF; (1.05 equiv) SCFs

m additive (1.1 equiv) @ @SCFS@
+ +
N+/ solvent, 25 °C, 1.5 h N/ SCF, N/ N/

then 70 °C, 16 h

10\ BF2CFs 2a 3a 4a
yield (%)
entry solvent additive 2a 3a 4a
1 THF - 0 0 0
2 1,2-DCE - 0 0 0
3 MeCN - 0 0 0
4 EtOAc - 0 0 0
5 EtOAc BuyNI <5 0 0
6 EtOAc KI <5 0 0
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BV TE Y P UBROIEME(L L LT, BF.CF; (22> % CTHEIIE G I E FIRREN
PEERREIR ANV AR = VHICHEH L, F1ETHRARZLSIZ, BV V-N-AF
¥ ROEFE FICA VK= VEEE BN U T2 B8 OF F iR E B A < AF9E
PITHOITND

FELELTX /U -N-AFT R (5a) . EtOAc 1 C TsCl LIRET D Z
LT, B U TUN-FFTR (5a) Z2REFHITTEMEL L7222, AgSCFs % {EH
S A BINERRSHHO NY ZvFa XF)VF X% U 2a, 3a, 4a
DALERMEEDRGHE LTHELND Z L2 R L7 (Scheme2-4) . % DEEIC
A= ) REEOHEAA AR ) D2 IEASNTZ 2-7 1
12X/ Uy (6) DARDPHERTE, B ET D MY 7 g AFF UK 2a,
3a,4a OULEDK FEZBNTND Z ERIB I T,

AgSCF5 (1.05 equiv)

X TsCI (1.1 equi X X
N* EtOAc, 25 °C, 16 h N N~ Cl

ba 2a+3a+4a 6
11% :
i: \/\\/ minor major
N™  Are -C!
O_ 77\
\_/6 0

Scheme 2-4. Formation of trifluoromethylthiolated quinolines 2a-4a and 2-

chloroquinoline (6) using TsCl as activator

| B it D3

Scheme 2-4 |23\ T, USHICHEE L CTHE U D5 A A2 ORBEMED & &

2k, EAThnw2fiirzueafbik 6 NAEKLTLED LW RENH T
WAL A A2 KO SKREMEOIR 3 kA F 3 AET D AR =13 —

U REEMHALAIE LTHOWD Z ERTE UL, 2 ~OREBEPE TS, b

VA na XAFUF AN HIRICEITT 5 &% 272 (Scheme2-5) , 5L

AR =7 a ] K& Nal % acetone 1 CIRA T 5 Z & T, acetone {272 NaCl
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UL, ANVA= LI —Y RERPTCHRASEDLZIENTEXDHEEZ-, L
LEROEIMAE LTHWEZA L= L7 8 ROZA LK== AIED A VAT
REZBEWSUSINE Z o 724 7 OERDPBLIRI S, BEORIGITET L)

> 7,

AgSCF5 (1.05 equiv)
0-NsCl (1.1 equiv)

' I
N Nal (1.1 equiv) N
P /)_SCFS
N* N

acetone, 60 °C, 16 h NO,

b5a 2a, 3a, 4a 7
Not detected detected

Working hypothesis

Q\ /,C) — N
a-Scl Ar” Tl

Scheme 2-5. Use of sulfonyl iodide instead of sulfonyl chloride as an activator

X/ U N-ZAF VR (Ba) &EDORISITEBWT, LA 4 DRV IZ CFsS
T=A B ESELZENTENE, VU UVERDO N 7t e XFFF
EBISE D HINERENTHEIT T D & B2, RHTT ArSO.SCFs 234 SH, F /U
VN-FF Y RICE&E 5 Z L 2% 272 (Scheme 2-6) ., MeCN ', AgSCF; &
TsCl L ZBEALT=DHIZ, ¥/ U V-N-AFXT K (5a) 21EfsE-L A,
WY 7 mufvik 6 OERNZEERIZIEIT S Z EATE, IR 41% THRO k
U7 Adra AF T AX ) U 2a,3a,4a ZAEBRIEEROBRAME L TR L
(B LT,
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N

AgSCF5 + TsCl 2a:3a:4a = 10%:15%:16%
in MeCN

Working hypothesis

\ 7, \ 7

/S\
Ar/S\CI Ar” " 1SCF3

Scheme 2-6. Use of S-trifluromethylaryl sulfonotrifluorometylthioate instead of sulfonyl
chloride

ATBAFFEE CLARIBIR SN/ ) P -N-4F 3 R-BF,CF; $&& (1) TIZM s
PIEE A EHEITHET, TsCl ZIEMELAI L L CHW A IR R SR DS LT
L7, BAHi, FTRBFIEEE DT - 72 3R P Rk 2 VW TR L 72 LUMO ==
NX—UWENZ BT DL, BV PUN-AFT R (5a) O bV X AEMAL
(LUMO = -2.84 eV)lZ, B U Y -N-4F 3 R-BF.CF; 881K (1, LUMO = -3.23 eV)
FORETEDERNZ ERTHINDL D, BV P URORE T TG
B C& 72\, ARBUGRTIL, AgSCF; & TsCl DIGIZE Y, BV V=7 AEOXf
T=F L ELTCRST=F B U VUV ETLHZE TR 7 A
2 AFNAFAIACIEDEIT LT E B X TS, £, THEER L TRISEAY D
H2MBLTANTO MU ZFra AFNFARITINA . 3AL TS EST
U= AERMNMBII ST, = OARBEIEIX®%IEEBRT D,

OB
FOS OIS LONEREO M Fa2 BiE L, WIEORET 21772 > 7= (Table2-2)
EFAVEELE LTH U V-N-AF LR (5a) | IEHALAI S LT TsCl k0 TR
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FIMEDEY 0-NsCl, RAZHI L LT AgSCF; & vy, 25°C, 16 B§[E TR &1T72
STz, WL LT EtOAc Z W TS ZAT 9 & 63%D IR THLE SR DIRS
WMEH 252 ENbhoiz (entryl), toluene, DCM, THF I CRSEAT 9 &Y
KR LONBRRERREIETT 5 Z L0830 h -7 (entries 2-4), Zuid, BEEIZ
*9 5 FE I LY AgSCFs DIRFRMEIZ X 2B L HEZRTE 5, £7-. THF Z iR
ELTHWSD & KBHEGHRE LTHIEL, ¥/ U V-N-AF 2 NOBETHET
LTWD &AL Tz, DMF Z8E e UTHWZER, w2 (08T 2- F
V7N AF AT AU (2a) DAER LN IRIRIZE EF o572 (entry
5) —77. MeCN W CTRISZAT 9 ENCEEIRIEITIRBL L 20> 7o b DD, 2R
SPUSDHEIT L, 82%DINE TR Y Z)bdu AF/LF 4%/ U 2a,3a 4a HMI

ERMEROEAGYE L TR LI (entry 6) , Z OfERIT, FKEORISHI D
MeCN ~OD EVRMEFEIZHE N9 5 721 T7e <. MeCN & AgSCF; & ORAIC X
DI SN DEEERDEVKRBEMEIC L Db D EEZTVD

Table 2-2. Screening of several solvents
SCF,

AgSCF5 (1.05 equiv) SCF;
@ o-NsCl (1.1 equiv) @ N @\/T N A
- s ~ ~
N* N” > SCF, N N

" MeCN, 25°C, 16 h

5a o 2a 3a 4a
yield (%)
entry solvent 2a 3a 4a 2a+3a+4a
1 EtOAc 43 13 7 63
2 toluene 19 5 4 28
3 DCM 33 2 3 38
4 THF 20 7 <1 27
5 DMF 33 <1 <1 33
6 MeCN 54 19 9 82
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TN DR

FOGOICR LR PED [ L2 BfR L, IMIIFICTH L4 Ofgr 1 ) KOG
Z4T > 72 (Table 2-3) , TsCl Z HWWTRIGZIT 9 & 41%DET MU 74w
A FIVTF ALK 2a,3a,4a DIREW = 5- 2. ALERIEIZREL L 720> 72 (entry
2) . ¥/ VD2 TORINRZM ESELHDICIE, BV PV 2AD
LUMO ZIETFTIEDLZEVROTHLEBZXTZ, TV — N ANK=)Lrnrl
RO BB RIS BRI ETHLH= b K2 HT D o-NsCl, BLW
p-NsCl ZHWTRISZATIRoTod 2T A, IERE L OMCEERRMEOM B2 61
7 (entries3and4) . FEHY | WIMFI OB U8R LICE R EEZEAT D
Z & TR K ONERRMEO M En R on/z7cd, XN REFRSIETH
L TICl Z WIS AT o7 & 2 A, BIAERMIIHR LT, HHERIEEY
%5 272 (entry 5) , 2,4-DNsCl ZHW\CTRIGEIT D &, @R, EALE R
ICEBID2-FN Y IV FAa AFNFAFX Y (2a) &5 %7 (entry 6) . 2D
BT, ANGRIRMIC N Y 7 A e A F AT AAESEEITSEDL 2 &N T
AU, AFFEDMEL S HIZ51&E RIFA2 2 M TEDLEEBZ dmmVALR=
N7l REAWTHREZITo7 (entry7) o Z0FEHE, WIRFE Y 4 (RN
M ELZZbDD, SAETORICZMHIT S Z ENTERNST, £, IRy
ferml) ROV U7 v ) RERIAIE LTHWTRISZBZRolcb 2A,
WTNOEE SRS DIEHRMELS . AR =r7nal RegLThY 7L
XA FNF HACAEDOILRITIRINRIZ & Y% -7~ (entries8and 9) , DL EDFEH
5. 2,4-DNsCl % feii 72 Al & L7z,
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Table 2-3. Screening of several additives

20 “Shitvd (11 oquivy 21 @Siﬂ
P Z Z
N MecN, 25°C, 16 h N™ "SCFs N
5a © 2a 3a 4a
yield (%)
entry additive 2a 3a 4a 2a+3a+4a
1 none - - - 0
2 TsCl 10 15 16 41
3 o-NsCl 54 9 19 82
4 p-NsCl 43 9 16 68
5 TfCl - - - 0
6 2,4-DNsCil 90 <1 4 94
7 2,4,6-PryCeH,SOLCI 23 12 29 64
8 BzCl 17 <1 <1 17
9 (EtO),P(O)CI - - - 0

SCF,
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2-4. FEE R O

sl b U7e SOSSME T BB i Ot 2 36 Z 72 > 7= (Table 2-4) , Table
2-4 |ZiE, EAER OIS L BB, AR & RIS DR 2R L
TWb, ST AFNIEEFTHHE Sb Tld, A FVEIC K D RREFIC X
> T 2NA~DORBEBENCCH B 22 5 -0y, MERIMEOIK TR bz,
[FERIC, VRIEEOREIND MU ATFNEEZ AT HIE Se °, ALD AT
IWIEEDOBEMEERE N ETHLND 4-AF)NF ) U V-N-AFT R (5¢), 61L
(CATFNVEZATLEE 5d (26 L THMEREM R TH Y . BAFRIER
B L ONLE SR THIN T DA 2¢-2e 25272, ~Nu b VT2 AT 5K
ESSiIChEARETH Y, 7 v R, HE REBLIVCIVROKEFEHER
D e RIEWNEIT LTz, = AT A=YV A MR UEREDER
EuEATHHE 5551 bRERSEHAIEETHY, X795 2-FJ 74\ R
FNFAX U UFHER 2521 # RIFRINETHEX T, ¥/ UV VROAR LT
WL DMMDRNBERAT 0 FFHFEGEWICR L THEANEETH 72, AgSCF;
F LV 2,4-DNsCl O &, BLORINREDOFIRBULEE ST b DD, 2-7 =
ZNAE VP UN-AFT R (Sm) TORBMIHEHFRETH D . IR 75% THt
J5 T 5 2- MU AR AFNFAEY D UFHER Im 25, TEFALEES
T227x2=VEY PUNAFT RS ICHBEHAGETHY . 7T AETO
MU 7t e XA FVF AAUSFHEITE TN, BRI THNARY 2n %
Hzle, VIV UEKEATLEE So OB AETH Y . TFREDIR
TRISTDERMEE 2T 4 VX U -N-AF R (5p) OGN b A]
RBTHY ., mOKREFHEOE N 1AL TERC N Y T7vFd 1 X FLF A b
TLTze A VX U V-N-AFY ROBEFEEIL'HNMR THZELTERBY, 141
DT\ R DY T T NP BIEESG BN SN2 L b TALOREFVEN
KbLEWI ENRBREINT, XUV X B EAT DY 5q,5r 12 b
AEETH VD . HEVAERY 2p-2r P ~@EINE THERK LT,

0
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Table 2-4. Substrate scope

AgSCF; (1.05 equiv) R ..
r-
L

MeCN, 25 °C, 16 h ¥ N

s @ 2,4-DNsCI (1.1 equiv) A B
(CN - N ~
SR .

I
5 (@]
L
e
SCF,
2a 61%

(C2:C4 =>95:<5)
Me

8.
£

SCF,

2d 67%
(C2:C4 = >95:<5)

Cl

5
5
54

SCF4
29 82%
(C2:C4 =>95:<5)

M602C

5
5

SCF4
2j 58%
(C2:C4 = 86:14)

X

~
N~ >SCF,

2m 75%72
(C6:C4 = >95:<5)

ol
+3

N~ > SCF,

2p 33%"°
(C1:C3 =76:24)

Me

9

SCF,

2b 63%
(C2:C4 =85:15)

N~ > SCF,

Me
2e 50%
(C2:C4 =>95:<5)

Br

SCF,

2h 77%
(C2:C4 = >95:<5)

NC

SCF,

2k 51%
(C2:C4 = >95:<5)
Ac

X

~
N~ > SCF,

2n 61%

N~ > SCF,
29 81%

ARG S
SCF,

2f 75%
(C2:C4 =>95:<5)

SCF;
2i 71%
(C2:C4 =>95:<5)
OMe

g8

N~ > SCF,
21 83%

—2Z
Z;\ /)

SCF,

20 49%P

l X

~
N” > SCF,

2r 43%3
(C2:C4 = 81:19)

aAgSCF; (1.5 equiv), 2,4-DNsCI (1.6 equiv), 80 °C. ©80 °C.
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—J5C, Sm,5n &IIRRIGIC, ANLOBRICEBBEEFTHE Y U U FHEIK Ss-
SuzBEHE LTHWEE 2 A, ROMREE 2 BFERIIZ 150°C ETHIR L H DD
HEVAERIIE T, BV DU -N-FF 2 RFER S O5MEN R 57z (Table
2-6) . TNUHDFERND, B U U VORI TIE, 2 OB HIED LRI 22 2h F
2L, BBET S CRS 7 =AY N6 ICIE ST bND I ENEETHY . 2L
(CEHEL A b 72V EEE Ss-5u TIERUSHHETT Lo 7 8BTS,

Table 2-5. Limitation of substrate

R R
AgSCF5 (1.05 equiv)
| N 2,4-DNsCI (1.1 equiv) | A
G —
N* MeCN, 25 -150 °C, 16 h N~ “SCF;
o
5 2
Ph
Ac Ph H
N N¥ N*
| | |
¢} o o
bs 5t 5u
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2-5. ROSBEREICEEd DAt

L), AgSCFs & 2Lk =/L 7 1Y F&IREA L7ZBIC, ArSO:SCF; (8) M3
L. TDHIZF /U -N-FFT R (5a) DMEAT 22 & T2M0RIR MU 7
A B AFNFHACKIEBEITT H LB 2 Te, £ 2T, ArSO.SCF3 (8) DFA
At X OVHELEE 2 37 7= (Scheme 2-7) . MeCN H', AgSCFs (2 2,4-DNsCl % {EM
SH7m b A, WFFL7- ArSO2SCF; (8) DAEITHER TE 2o T-, ALK =)L
7 a ) RROBIEOHFI 2B 2o, EOFME T TH K 8 D4R - Bk
IZIXE SR T,

0O O AgSCF5 (1.0 equiv) O O

\ 7/ \ 7/

7 ~ /S\
Ar Cl solvent Ar SCF3

8
Ar = p—tOl, 2,4'(N02)2'CGH3

Scheme 2-7. Synthesis of S-(trifluoromethyl)arylsulfonothioate (8)

% Z T, ArSO:SCF; (8) ZlliAp L, ¥/ U V-N-AF T K (5a) IZ/EHI S
HZ L& Lz, (4-NO2CsHs)SO.SCF; (8a) ZHIMRAK L. MeCN H1, ¥/ U -
N-FF T8 (Sa) IEHSET, L LR, TRAER ULIZE A ERISITHEST
Liginole, ZHHDFERNG, UAIAEE L7z AgSCFs & ArSO:Cl & DRUGRIT
£V, ArSO.SCFs 813 AR L, ZDH%* /U V-N-AF T K (5a) &T 2D A
H = R E VIR D SOSHE CRIGMEST L2 2 & VR Sz,

N

OoN
8a
o (1.0 equiv) m
N* N” > SCF,

! MeCN, 25 °C, 16 h

5a 2a
<5%

Scheme 2-8. The reaction of quinoline N-oxide (5a) with S-(trifluoromethyl)(4-
nitrophenyl)sulfonothioate (8a)
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MeCN H1, AgSCF; & 2,4-DNsCl ORGSR D YF NMR ZJE L7 & 2 A,
AgSCF; D 71 (§ 209 ppm)/)»HREL @SS 7 M L2y 7T (8-45.7
ppm) NEHI ST (Figure2-1) . £72. ZORAWHICH LF /U V-N-AF
R (5a) ZEHSELZ & T REBRISHEITLIZZ 026, AgSCFs & 2,4-
DNsCl & ORNZHEAMERNSFE L, EHE(EE2T 2 2 & TRISDEITL TV D
DR E NIz, 72, AgSCF; & 2,4-DNsCl DIRATEIRIZF /U -N-4F ¥
R (5a) WL 7oimimiZ, AR & b 2 R O Z » 72,
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b b J1
LT s 1 .
¢ 1 AgSCF;+ 2,4-DNsCl ¢ 1 AgSCF;in MeCN
% . %,
S g 2]
£27 in MeCN g°
z 8] = 8]
£s £s
) o
2 2
=3 =3
=L S
(=3 =] |
i
=] o]
21 51
=3 =3 |
E* é’  ———— — 20860
g g
£ 5]
(=3 =]
—_— —— 45.659
2] Ex
g g
5] 5]
=3 =3
2] 2]
(=3 =]
EE ]
g g
‘
] ]
(=3 =]
=1 g
|
1 51
=3 =3
(=3 =]
3
o o ‘
54 — 0000 B4+ Jiooao
=} =3 -140.023
g g
=3 =3
. . Internal standard
EE 21
(=3 =]
g g
£ g4
= =7

Figure 2-1. ’F NMR (MeCN) of AgSCF3 and a mixture of AgSCF;3 and 2,4-DNsCl
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VT, 24-DNsCl &% UV -N-FF T K (5a) OUNMZEVF 7 U 24T
Oyl EITL 2-7vauaXx 22 (6) DAEMKLI-OBIZ, 2T CFS 7
=N K DI EBREERNO N 7 vt a XA F LT AN HET LTS A
%@%%ikoik\HMMg6Kiof\EUVV%@Z&K%L\7V$W
BRI ol REARIZER S5 2 & T, HFEBREZERSDHET L,
2ALBRPAICHEREZEATE D ZLBRESNTND &, 20D K5 2R RGHRE
ERCVWDAEEEZERT D720, BEELT2-Z7emX /Uy (6) ZHW,
MeCN H1, AgSCF; #1EH&®7=L 2 A, RU 7t a XF LT AR 2a D&
I HERR T & 727> 7= (Scheme2-9) , Z DFEFR NS, 2,4-DNsCl &%/ U »-N-
FHR VR Ba) BEETHZET2-7amx/ Uy (6) BAEKL, ZD%, 2-7
maX /Uy (6) O 20 TREZEBLISAHEIT I 51 & 13570 2 SRR ©
FOGSHELT LT 2 &SR Sz,

[:::[i§iL\ AgSCF5 (1.05 equiv) [:::Ijﬁil\
~ ~
N >cl N” > SCF,

MeCN, 25 °C, 16 h
6 2a

Scheme 2-9. The reaction of 2-chloroquinoline (6) with AgSCF3

TS OFERD B LU FICHEE DR % 7~ (Scheme 2-13) , £ 77, AgSCF;
EANKR= VT RERAGTHI LT, 77— MEERPBEET D, 207 — Mb
RICKE L, ¥/ U V-N-AF v RiFEER S BNMEHT 5 Z & T, AgCl DT A
RING, F U =0 LEREENERT 5, TD% CFS 7 =408, KETE
WL EETH LX) U =0 MM 2SRRI L, i< AV BRI
BEZ RS FEBLICE > TR 74 F a0 AFAFHEREITLTWDEED L&
ZTCW5,
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R .
20 N

Scheme 2-10. Plausible reaction mechanism
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2-6. ERMZER LR
KRMD 2 PRIV Y Z)vda X FLF AR

ZEREME D KR D 2 (LB 72 B U 7 A1 A FLF IOV THRE L
72 (Scheme2-14) , FIREEAREK L L THONLEF =V UICEHRH L, TOBEIK9
D LY 7t a A FFIACORF T -T2, T ORER, R K SIS HEIT L,

2NENAGIC N Y 7oA ma A F T AN HEIT L7210 SR 90% T
Hivle,

AgSCF3 (1.05 equiv)

MeO 2,4-DNsCI (1.1 equiv)  MeO

MeCN, 50 °C, 16 h

Scheme 2-11. 2-Position-selective trifluoromethylthiolation of quinidine derivative 9

7T KA —/VCORE

RGO EREEFM T D720, 77 DA — V2L DBRit21To 72
(Scheme2-15) , ¥/ U L -N-4F 3+ K (5a,1.05g, 7.23 mmol) % A2
L7z&Z A, 50 °CITINEANMLETH -T2 H OO HBEINE 62% (2a, 1.02 g, 4.45
mmol) THMD 2-~ U Z)Aa AF LT AX U (2a) 21552 LN TX T,
Z OFERIL 0.20 mmol A7 — /L TRIGEAT S TCBR EFBEDINETH Y | K

A= EREL L THBINREZELR Y Z < HAEKRY I E LN D Z &N
L3377,

AgSCF5 (1.05 equiv)
X 2,4-DNsCI (1.1 equiv) @\/j
- ~
N* MeCN, 50 °C, 16 h N~ “SCF,

5a 2a
(1.059) 62% (1.02 g)

Scheme 2-12. Gram-scale trifluoromethylthiolation
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KU ZvFd T X F IV RV = )Ab~DE

KR E D BESND 20 R 741 A FLF A RO RO R %
1T-72 (Scheme2-16) ., b U 7 /LA 1 A FINFA{bEITo-1412, HEE - HFE
T, VT =0 AEAFE T CNalOs 2 EH &S E5 &, FY 7t e 251
FAREOBIRORBICIEDHEIT L 2- N Y T A B AF VA VFR=vx ) ) v
(11) BUIE 62% TH LIz, BV PV 20 ~D C-H MY 74 r A F /AL
RIS N TR, 2L, P IAFr AR Z)VR= VT =F
DOREEPENMEL L REHI & LTINS 2 ERRETH DD THDH, ATE
EHWDHZ LT, BRWTEHLILOD, BV VVER2MO C-H ) 74 n
AFNWANKR =M Z R TE T,

AgSCF3; (1.05 equiv)

X 2,4-DNsCI (1.1 equiv) ©\/j
- g _CF
N* MeCN, 50 °C, 16 h N” g 73

5a 2a
Without Isolation
NalO, (3.0 equiv)
RuCls - 3H,0 (20 mol%) N
. ..CF3
MeCN, CC|4, H2O N /,S\\
25°C, 16 h Y

1
2 steps 62%

Scheme 2-13. Introduction of trifluoromethylsulfonyl group at C2-position of quinoline

2-7. 3L MY TZAA T ATFNAF A EOEREEICETHEER

AGEHR T BIVERME LT3- ) 7 da AFALF 4% U 3a) B4
T %, 2PN AN TORS TIEZ N ZE N D BUGR TDIRF IR DO 5 %
BRET D LR N Y Zvda AF AR E ORISR E 2 50, [FEkO
JOSHERETIESMETO b U 7 vt A FLF AUOSIIREETH S 2 &N E X
bivd, 3L NY ZvFd o AF AT A bLOEREREZ R TE X, ZhETH
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HEINTWEE Y PUERED SMADRISIZETE 5 B R T, £ T AKX
JERICHBNT 3- b 7 Au AF AT AR U (3a) OERBEMEL AT 5
TOiRET 1T o 7,
AREIGRIZBWTE Y PUBR SMTORIGIE N ZvFda AFVF A F 4
VRO AR HEORE T EBNC LD b O, FIL 1 E BB AN L
oy FVNNINZ > THEIT L TWD Z EnfEE I, LIPLARR L, X/
UV NIBF AR EFRICAW THD 2 L0 b ELRE S BRSUSTIREETH
L ENTRENT, EBRICOGRIZH L, ¥/ U L0 REHICELT =Y —
v (12) ZWIM UG ZIT>TH, ¥/ U V-N-AF 2 ROIFEE T, FEFE Fln
N HT . 13 OERMITE R TER) o7 (Scheme 2-14) |

w/ or w/o quinoline N-oxide
(1.0 equiv)
AgSCF3 (1.05 equiv)

M
MeO 2,4-DNsCI (1.1 equiv) €0 2
S _|SCF3
MeCN, 25 °C, 16 h

12 13

Scheme 2-14. Attempt to trifluoromethylthiolation of anisole (12) in the presence or

absence of quinoline-N-oxide

FOED, 1BFBEZN LT, T DRSS T3MTDO Y 7 b
I XAFNUFAABET LTS EHER I, SRIZEBNT MY 74w
AFNTFTIANDIEAELZOE Y VUV BES~OMIMI L 2 KSR EZEE L,
7 Y AVEIEAITH D TEMPO 2R L., Kt %1T> 72 (Scheme 2-10) , & Dk
F. TEMPO (2L - T Y Zvda X F)VFF T 2BV S i Lk 1 Lk
Rand. b TAAaXAF VT AR 2a, 3a, 4a ZEREEORGHE LT
Hx5HZ ERbhrol,
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TEMPO (1.1 equiv)
AgSCF; (1.05 equiv) SCF3

Ny 2,4,6-PrsCeH,S0,Cl (1.1 equiv) N X SCFs N
p s + s * ~
N* N” > SCF, N N

MeCN, 25 °C, 16 h

o
5a 2a 3a 4a
11% 14% 46%

Scheme 2-15. Radical trapping experiment using TEMPO

HNT, NIV TZAAaXAFATF AT IINVCEDEF ) U VERO NY 74t n
AFNF AL DOKETE4T > 72 (Scheme 2-11) , bV 7 A AFNLF AT TH
R E LT AgSCFs & KoS$:0s # W TS ZAT 7205, %/ U V-N-FF T R
(5a) £721FF /U (14) 1T L, 2B ST ponida < E a9, JFEHA
W&ot

AgSCF; (1.05 equiv)
AN AN K28208 2 0 equlV)
N+ N~ MeCN, 65 °C, 16 h

ba 14 2a, 3a, 4a

Scheme 2-16. Reaction of quinoline N-oxide (5a) or quinoline (14) with a mixture of
AgSCF; and K2S>0s

PLEDOWS O DOFEBRNLTIL, ¥/ U VE3MTO M) 7 dm AF)LF
FACEOE D SIS OFRINZIZE S 720 o T2, LI LR s, 7aebz T Uo
ETHEY D UN-FFY RO ALK VT L ATEM AR D 2 (O8I s
RERALTIX, 3N CTRUS LI AESMITBI SRl 2 Lins 00 Y 7
2 AFNVFFACDGENZ DB SN TORISHBIISI=DiE, ) 7Fdm R
FOLF HACHNT T P B VSR RA LT WSR2 8 £h b 2 LIk
LTS EBZTWD, £72, BiBET 2 CFS 7 =4 3% /) U =0 L O
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(CRAETDHZ L TIEFBENEZ Y MUSHEITT 5720, TEMPO (213
N, X2V VBRORKIGHEIT LT b D EBEZTWAD,

Fo, Andm=rv ) RELT, HBNETEETHD TsCl Z D L 3
AT 15%DUNR TG HEITT S (Table 2-6, entry 1) ., — 7 CETRKSIETH
L= EBTHAVE= L0l REHNWDZ & T3 TOIEN TRV
2L TORISIES LU CHEIT 5 (entries 2-4) . ZAUIEEF KRG FEDE AC
DBy Y UBRPRINKEFIIIE LIS Z & T, EHIIREAET D CFRS 7
=AU R D REHER L BEFBENEZ DANKERENETT 5720
EHERTE D,

Table 2-6. Effect of sulfonylchloride
SCF,

AgSCF; (1.05 equiv) SCF4
@ additive (1.1 equiv) @\/j . @(T X N
< ~ ~ ~
N* N~ > SCF, N N

! MeCN, 25 °C, 16 h

O
5a 2a 3a 4a
yield (%)
entry additive 2a 3a 4a 2a+3a+4a
1 TsClI 10 15 16 41
2 0-NsCl 54 9 19 82
3 p-NsCl 43 9 16 68
4 2,4-DNsCI 90 <1 4 94
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2-7. /NFE

2,4-DNsCl DfFFE T, AgSCF; & b U 7 m AFAFAbHF & LTHNS Z
ET, BUDURF Y U EEI LD ETHIEIERANENT B HHFHE-N-4F
VRO 2MEINE C-H b 7 vFda A FOF AUSOEE B%E Ui, AR,
B2 EREFENZRL, 7277 LA — LD TH X DAY %
RIS G 2Tz, F=V VFHEERO 2R C-H b 7 A AFLF 41l
HHEETH D . KNI ZERIED R OERAME TOEBIZ LN TE 5
LOLHETE S, NI TIAF R AFAFAEEZBET S LICX Vs T 5
RUTZAFERAZ ALK 7Y W EDICERATEETh o7, F7.
NMR B2 X Y AgSCF; & ArS0.Cl & ORNCHEAERNEFEET D Z & AVRIE S
iz, URIFTBIFRE CRE SN Y UV -N-4F > K-BF,CFs $51 & bk L
TRETHETITLE D ALR= L7 vl RIZEDIEHLDS DRI HEET D Z &
DO oTo, ZHUTE Y VU -N-4F ¥ R-BF,CF; ${A & AgSCF; & D i & 135
720, AR =ra ) RZLo T Y VU-N-AF v R L AgSCF; D RT;
PIEMH L Z=Z T 720 THH EHEZ TS,
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2.8 Supporting Information

1. General

All reactions were carried out under an atmosphere of nitrogen unless otherwise noted.
Toluene (anhydrous, Wako), dichloromethane (anhydrous, Wako), THF (anhydrous,
Wako), EtOAc (anhydrous, Wako), and DMF (anhydrous, Wako) were used as received
from commercial sources. MeCN was distilled over CaH; prior to use. All reagents were
purchased from commercial sources and used without further purification.

'H (400 MHz) and '3C (100 MHz) NMR spectra were recorded using a JEOL ECZ400
spectrometer. Proton chemical shifts are reported relative to residual solvent peak (CDCl3
at 0 7.26 ppm). Carbon chemical shifts are reported relative to CDCI3 at 6 77.00 ppm.
Fluorine chemical shifts are reported relative to 1,2,4,5-tetrafluorobenzene (6 —140.00

ppm). High resolution mass spectra were recorded on JEOL JMS-700 (EI) spectrometer.

Preparation of heteroarene N-oxides 5:' To a solution of a heteroaromatic compound
(1.0 equiv) in dichloromethane (0.5 M) was added m-CPBA (77%, 1.0 equiv) at 0 °C, and
the mixture was stirred at 25 °C for 1-24 h. After the reaction mixture was diluted with
dichloromethane, powdered potassium carbonate (1.5 equiv) was added to the reaction
mixture, and the mixture was stirred for 1 h. The resulting mixture was filtered through a
pad of Celite. After removal of the volatiles under reduced pressure, the residue was

purified by column chromatography on silica gel to give heteroaromatic N-oxide 5.

Preparation of quinoline N-oxide-BF>CF3 (1)!

To a solution of potassium trifluoro(trifluoromethyl)borate (1.1 equiv) in
dichloromethane (0.34 M) was added BF3-Oet> (1.1 equiv.), and the mixture was stirred
at 25 °C for 20 min. Then, the quinoline N-oxide (5a) was added to the reaction mixture
and the mixture was stirred at 25 °C for 1 h. After the reaction mixture was diluted with

dichloromethane/acetone (1/1). The resulting mixture was filtered through a pad of Celite.
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After removal of the volatiles under reduced pressure, the residue was purified by column
chromatography  on  silica gel to  give [(pyridine 53  -l-ium-1-

yl)oxy]difluoro(trifluoromethyl)borate (1)

2. Initial Attempts for 2-Position-Selective Trifluoromethylthiolation

(Table 2-1 and Scheme 2-4)

General Procedure using quinoline N-oxide-BF,CF3 complex (1) as Substrate

To a test tube, quinoline N-oxide-BF>CF3 complex (1, 0.200 mmol, 52.6 mg, 1.0 equiv),
AgSCF3 (0.210 mmol, 43.9 mg, 1.05 equiv) and solvent (1.00 mL) were added. The
resulting solution was sealed with a Teflon lined screw cap. The resulting mixture was
stirred at 25 °C for 1.5 h. The mixture was heated at 70 °C for 16 h and filtered through a
pad of Celite. After removal of the volatiles under reduced pressure, 1,2,4,5-
tetrafluorobenzene (0.20 mmol, internal standard) was added, and the resulting mixture

was analyzed by '°F NMR to determine the yield of 2a, 3a, and 4a.

Quinoline N-oxide reacted with AgSCF; through activation with TsCl

To a test tube, quinoline N-oxide (5a, 0.200 mmol29.0 mg, 1.0 equiv), TsCl (0.220 mmol,
41.9 mg, 1.1 equiv) and ethyl acetate (1.00 mL) were added. The resulting solution was
added AgSCF3 (0.210 mmol, 43.9 mg, 1.05 equiv), and the tube sealed with a Teflon lined
screw cap. The resulting mixture was stirred at 25 °C for 16 h. The mixture was filtered
through a pad of Celite. After removal of the volatiles under reduced pressure, 1,2,4,5-
tetrafluorobenzene (0.20 mmol, internal standard) was added, and the resulting mixture

was analyzed by '’F NMR to determine the yield of 2a, 3a, and 4a.
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3. Investigation of inhibition of by-products 6
Sulfonyl iodide instead of sulfonyl chloride

To a test tube, Nal (0.220 mmol, 33.0 mg, 1.1 equiv), o-nitrobenzenesulfonyl chloride
(0.22 mmol, 58.2 mg, 1.1 equiv) and acetone (1.00 mL) were added. The resulting
solution was added quinoline N-oxide (1a, 0.200 mmol, 29.0 mg, 1.0 equiv). The mixture
was reacted with AgSCF3; (0.210 mmol, 43.9 mg, 1.05 equiv) and the tube was sealed
with a Teflon lined screw cap. The resulting mixture was stirred at 25 °C for 16 h. The
resulting mixture was filtered through a pad of Celite. After removal of the volatiles under
reduced pressure, 1,2,4,5-tetrafluorobenzene (0.20 mmol, internal standard) was added,
and the resulting mixture was analyzed by '’F NMR to determine the yield of 2a, 3a, and

4a.

4. Investigation of several solvents and additives (Table 2-2 and Table 2-
3)

General Procedure

To a test tube, AgSCF3 (0.210 mmol, 43.9 mg, 1.05 equiv), an additive (0.22 mmol, 1.1
equiv) and solvent (1.00 mL) were added. The resulting solution was transferred to a test
tube containing quinoline N-oxide (1a, 0.200 mmol, 29.0 mg, 1.0 equiv) and the tube was
sealed with a Teflon lined screw cap. The resulting mixture was stirred at 25 °C for 16 h.
Diisopropylethylamine (50 puL) was added and filtered through a pad of Celite. After
removal of the volatiles under reduced pressure, 1,2,4,5-tetrafluorobenzene (0.20 mmol,
internal standard) was added, and the resulting mixture was analyzed by '°F NMR to

determine the yield of 2a, 3a, and 4a.
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5. Substrate scope of 2-position-selective C—H trifluoromethylthiolation
(Scheme 2)

General Procedure

To a test tube, AgSCF3 (0.210 mmol, 43.9 mg, 1.05 equiv), 2,4-(NO>)>CsH3SO,CI (0.22
mmol, 58.7 mg, 1.1 equiv), and MeCN (1.00 mL) were added. The resulting solution was
transferred to a test tube containing heteroarene N-oxide (1, 0.200 mmol, 1.0 equiv) and
the tube was sealed with a Teflon lined screw cap. The resulting mixture was stirred at 25
°C for 16 h. Diisopropylethylamine (50 pL) was added and filtered through a pad of Celite.
After removal of the volatiles under reduced pressure, the residue was purified by column

chromatography on silica gel.

2-Trifluoromethylthio quinoline (2a)

According to the general procedure, the product 2a (28.0 mg, A
61%) was obtained as yellow oil after purification by column @305
chromatography on silica gel (hexane/CH,Cl, = 1/2). "TH NMR (400 2a
MHz, CDCl3) 6 7.59-7.63 (m, 1H), 7.75-7.80 (m, 1H), 7.84 (dd, /= 8.4, 0.8 Hz, 1H), 8.10
(dd, J=8.4,0.8 Hz, 1H), 8.18(d, J = 8.4 Hz, 1H); '*C NMR (100 MHz, CDCl5): § 123.6,
127.3, 129.8, 127.9, 129.5, 129.6 (q, J = 307 Hz), 130.8, 137.8, 148.6, 150.1; '°F NMR

(368 MHz, CDCl3) 6 -40.6 (s, 3F); HRMS (EI) Calcd for CioHsF3NS* [M*] 229.0168,
Found 229.0173.

3-Methyl-2-(trifluoromethylthio)quinoline (2b)

According to the general procedure, the product 2b (30.3 mg, o Me
63%) was obtained as yellow oil after purification by column ©(N:ESCF3
chromatography on silica gel (hexane/CH>Cl, = 1/2). '"H NMR 2b
(400 MHz, CDCl3) & 2.50 (s, 3H), 7.53 (td, J=7.2, 1.2 Hz, 1H), 7.67 (td, J= 7.2, 0.8 Hz,
1H), 7.72 (d, J= 8.0 Hz, 1H), 7.90 (s, 1H), 8.06 (d, J = 8.8 Hz, 1H); 3*C NMR (100 MHz,
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CDCl3) 5 19.3, 126.8, 127.3, 127.5, 128.7 (q, J = 308 Hz), 129.1, 129.4, 130.6, 131.1; '°F
NMR (368 MHz, CDCls) § -39.2 (s, 3F); HRMS (EI) Calced for CiHsFsNS* [M*]
243.0330, Found 243.0331.

4-Methyl-2-(trifluoromethylthio)quinoline (2¢)
According to the general procedure, the product 2¢ (33.1 mg, Me

68%) was obtained as a yellow oil after purification by column @\
N” > SCF,

chromatography on silica gel (hexane/CH,Cl, = 1/2). '"H NMR (400

MHz, CDCl3) 6 2.71 (s, 3H), 7.42 (s, 1H), 7.60 (tt, J = 8.4, 1.6 Hz, 2

1H), 7.74 (tt, J= 7.2, 1.2 Hz, 1H), 7.97 (d, 8.8 Hz, 1H), 8.08 (d, J = 8.4 Hz, 1H); 13C
NMR (100 MHz, CDCl;) 6 18.9, 123.9, 124.1, 127.4, 127.6, 129.7 (q, J= 308 Hz), 130.0,
130.4, 146.6, 148.3, 149.7; 'F NMR (368 MHz, CDCI3) 8 -39.1 (s, 3F); HRMS (EI)

Calcd for C11HgF3NS*™ [M*] 243.0330, Found 243.0331.

6-Methyl-2-(trifluoromethylthio)quinoline (2d)

According to the general procedure, the product 2d (35.5 mg, Me N
73%) was obtained as a yellow oil after purification by column \©(Nj\ SCF,
chromatography on silica gel (hexane/CH>Cl, = 1/2). 'TH NMR 2d
(400 MHz, CDCl3) 6 2.53 (s, 3H), 7.56 (t, J = 11.6, 3H), 7.98
(d, J=8.0 Hz, 1H), 8.04 (d, /= 8.4 Hz, 1H); 3*C NMR (100 MHz, CDCl3) § 21.7, 123.9,
126.5, 127.4, 129.1, 129.7 (q, J = 307 Hz), 133.0, 137.1, 138.1, 147.2, 148.6; ’F NMR
(368 MHz, CDCl3) 6 -39.4 (s, 3F); HRMS (EI) Caled for C1iHsF3sNS*™ [M*] 243.0330,
Found 243.0333.
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8-Methyl-2-(trifluoromethylthio)quinoline (2e)
According to the general procedure, the product 2e (24.3 mg,

X
50%) was obtained as a yellow oil after purification by column Q\/NJ\SCF
3

chromatography on silica gel (hexane/CH>Cl, = 1/2). 'H NMR  Me 26

(400 MHz, CDCls) 6 2.78 (s, 3H), 7.46 (t, J= 8.4 Hz, 1H), 7.60

(d, J=6.4 Hz, 1H), 7.65 (d, J = 8.0 Hz, 1H), 8.10 (dd, 8.8, 1.2 Hz, 1H), 8.06 (d, J = 8.8
Hz, 1H); *C NMR (100 MHz, CDCls) 8 17.6, 122.0, 125.4, 127.2, 128.8 129.4(q, J =
308 Hz), 130.5, 137.3, 137.7, 147.5, 149.2; F NMR (368 MHz, CDCl3) 8 -39.4 (s, 3F);

HRMS (EI) Caled for C11HsF3sNS*[M*] 243.0330, Found 243.0328.

6-Fluoro-2-(trifluoromethylthio)quinoline (2f)
According to the general procedure, the product 2f (37.1 mg,

F
X
75%) was obtained as a yellow oil after purification by \©\/j\
N” >SCF,

column chromatography on silica gel (hexane/CH2Clz = 1/2).

'"H NMR (400 MHz, CDCl3) & 7.25 (dd, J= 8.8, 2.8 Hz, 1H), “

7.53 (td, J= 8.8, 2.4 Hz, 1H), 7.60 (d, J = 8.4 Hz, 1H), 8.08-8.13 (m, 2H); 3C NMR (100
MHz, CDCl3) 6 117(d, 111 Hz), 120.9(d, 258 Hz), 124.3, 127.8, 129.4 (q, J = 296 Hz),
131.9(d, 86 Hz), 145.5, 149.2, 159.8, 162.3; ’F NMR (368 MHz, CDCl3) 6 -110.8 (q, J
= 8.5, 1F), -39.3(s, 3H); HRMS (EI) Caled for CioHsF4sNS™ [M*] 247.0079, Found

247.0081.

6-Chloro-2-(trifluoromethylthio)quinoline (2g)
According to the general procedure, the product 2g (43.1 mg,

Cl
X
82%) was obtained as a yellow oil after purification by column m
N~ > SCF;,

chromatography on silica gel (hexane/CH>Cl> = 1/2). 'TH NMR 2g
(400 MHz, CDCI3) 6 7.60 (d, J = 8.8 Hz, 1H), 7.70 (dd, J =
8.8, 2.4 Hz, 1H), 7.60 (d, J = 8.4 Hz, 1H), 8.08-8.13 (m, 2H); *C NMR (100 MHz,

CDCls) 6 123.9, 126.3, 127.5, 129.2(q, J = 313 Hz), 130.8, 131.5, 133.5, 136.6, 146.7,
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150.5; "F NMR (368 MHz, CDCls) & -39.2(s, 3H); HRMS (EI) Calcd for C1oHsCIF;NS*
[M*] 262.9783, Found 262.9785.

6-Bromo-2-(trifluoromethylthio)quinoline (2h)

According to the general procedure, the product 2h (43.1 Br N
mg, 82%) was obtained as a yellow oil after purification by \©\/Nj\ SCF,
column chromatography on silica gel (hexane/CH.Cl, = 2h
1:2). 'H NMR (400 MHz, CDCl3) & 7.59 (d, J = 8.4 Hz, 1H), 7.83 (dd, J =9.2, 2.0 Hz,
1H), 7.96 (d, J= 8.8 Hz, 1H), 8.01 (d, J=2.0 Hz, 2H), 8.09 (d, /=8.4 Hz, 1H); 1*C NMR
(100 MHz, CDCls) & 121.6, 123.8, 128.0, 129.2 (q, J = 309 Hz), 129.6, 130.9, 134.1,

136.5, 146.9, 150.8; '°F NMR (368 MHz, CDCl3) & -39.2(s, 3H); HRMS (EI) Calcd for
C1oHsCIFsNS* [M*] 262.9783, found 262.9785.

6-Iode-2-(trifluoromethylthio)quinoline (2i)
According to the general procedure, the product 2i (51.4 mg,

I
X
71%) was obtained as a yellow oil after purification by \©\/j\
N > SCF,

column chromatography on silica gel (hexane/CH2Clz = 1/2). oi
'"H NMR (400 MHz, CDCl3)  7.57 (d, J = 8.8 Hz, 1H), 7.81

(d, J=8.8 Hz, 1H), 8.00 (dd, J = 8.8, 2.0 Hz, 1H), 8.05 (d, /= 8.8 Hz, 1H), 8.24 (d, J =
1.6 Hz, 1H); *C NMR (100 MHz, CDCl3) & 19.3, 126.8, 127.3, 127.5, 128.7 (q, J = 308
Hz), 129.1, 129.4, 130.6, 131.1; ’F NMR (368 MHz, CDCl;3) & -39.2(s, 3H); HRMS (EI)

Calcd for C1oHsF3NSI*[M*] 354.9139, Found 354.9138.

Methyl 2-[(trifluoromethyl)thio]quinoline-6-carboxylate (2j)

According to the general procedure, the product 2j (33.3

MeOQC AN
mg, 58%) was obtained as a yellow oil after purification \©\/j\
~
N~ > SCF;

by column chromatography on silica gel (hexane/CH>Cl» 2
=1/2). '"H NMR (400 MHz, CDCls) & 3.99 (s, 3H), 7.57
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(d, J = 8.8 Hz, 1H), 8.08 (d, /= 8.8 Hz, 1H), 8.23 (d, /= 8.8 Hz, 1H), 8.32 (dd, J = 8.4,
1.6 Hz, 1H), 8.56 (d, J = 1.2 Hz, 1H); '*C NMR (100 MHz, CDCL) § 52.5, 122.9, 126.0,
127.5, 128.7 (q, J = 308 Hz), 129.1, 129.4, 130.6, 131.1; °F NMR (368 MHz, CDCL3) &
-39.2 (s, 3F); HRMS (EI) Caled for C1,HgFsNO,S* [M*] 287.0228, Found 287.0226.

2-[(Trifluoromethyl)thio]quinoline-6-carbonitrile (2k)

According to the general procedure, the product 2k (25.9 NC N
mg, 51%) was obtained as a yellow oil after purification by \©\/j\

N~ >SCF,

column chromatography on silica gel (hexane/CH>Cl, = 2k
1/2). '"H NMR (400 MHz, CDCl3) 8 7.61 (d, J = 8.8 Hz, 1H), 7.89 (dd, J = 8.4, 1.2Hz,
1H), 8.13 (d, J = 8.8 Hz, 1H), 8.20-8.23 (m, 2H); '3C NMR (100 MHz, CDCls) & 29.6,
111.0, 118.1,123.3,126.0, 128.8 (q,J =307 Hz), 130.5, 131.3, 133.8, 137.6, 148.9, 154.9;

19F NMR (368 MHz, CDCls) & -39.0 (s, 3F); HRMS (EI) Calcd for C1HsFsNoS* [M*]
254.0126, Found 254.0126.

4-Methoxy-2-(trifluoromethylthio)quinoline (21)

According to the general procedure, the product 21 (43.0 mg, OMe
83%) was obtained as a yellow oil after purification by column @
chromatography on silica gel (hexane/CH>Cl, = 1/2). '"H NMR N7 SCF;

2|

(400 MHz, CDCl3) § 3.94 (s, 3H), 7.07 (d, J = 2.0 Hz, 1H), 7.41

(dd, J = 8.8, 2.8 Hz, 1H), 7.59 (d, J = 8.0 Hz, 1H), 8.00 (d, /= 9.2 Hz, 1H), 8.06 (d, J =
8.8 Hz, 1H); '*C NMR (100 MHz, CDCL) § 55.6, 104.8, 123.5, 125.0, 128.6, 129.6 (q, J
= 308 Hz), 130.9, 136.3, 144.7, 146.1, 158.8; '°F NMR (368 MHz, CDCL) & -39.6 (s,
3F); HRMS (EI") Caled for C1iHsFsNOS' [M*] 259.0279, Found 259.0279.
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2-Phenyl-6-trifluoromethylthiopyridine (2m)

According to the general procedure, the product 2m (38.3

X
mg, 75%) was obtained as a yellow oil after purification by | _
N~ "SCF
column chromatography on silica gel (hexane/CH2Cl, = 1/2). ’
2m

'H NMR (400 MHz, CDCls) § 7.42-7.51 (m, 4H), 7.71-7.79

(m, 2H), 8.03 (td, J = 6.4, 1.2 Hz, 2H); 3C NMR (100 MHz, CDCls) § 122.1, 122.5,
123.8,126.3, 126.4, 128.0, 128.0, 129.1 (q, /=308 Hz), 129.3, 130.3, 130.6, 131.5, 133.3,
143.9, 151.0; F NMR (368 MHz, CDCL) & -39.7 (s, 3F); HRMS (EI) Caled for
C12HsF3NS* [M*] 255.0330, Found 255.0330.

1-(2-phenyl-6-((trifluoromethylthio)pyridine-4-yl)ethan-1-one (2n)

According to the general procedure, the product 2n (36.2 mg,

Ac
61%) was obtained as a yellow oil after purification by column | X
chromatography on silica gel (hexane/CH,Cl> = 1/2). 'HNMR N SCF,4
(400 MHz, CDCls) & 2.68 (s, 3H), 7.45-7.53 (m, 3H), 7.81 (s, on

1H), 8.06-8.09(m, 2H), 8.13(s, 1H); 3C NMR (100 MHz, CDCL) § 26.8, 117.2, 122.3,
127.0, 129.0, 129.1 (q, J = 307 Hz), 130.3, 137.0, 145.1, 151.4, 159.5, 196.1; '9F NMR
(368 MHz, CDCls) & -39.5 (s, 3F); HRMS (EI) Calcd for C14HioFsNOS* [M*] 297.0435,
Found 297.0434.

2-Phenyl-4-[(trifluoromethylthio)pyrimidine (20)

According to the general procedure, the product 20 (21.5 mg,
42%) was obtained as a yellow oil after purification by column ij\
chromatography on silica gel (CH2Cl,). '"H NMR (400 MHz, ©)\
CDCl3) 6 7.23 (d, J = 5.6 Hz, 1H), 7.47-7.54 (td, J= 8.4, 1.2
Hz, 1H), 8.18 (d, J = 8.4 Hz, 1H), 8.32 (d, J = 8.0 Hz, 1H), 8.54 (m, 3H), 7.43-7.45 (m,
2H), 8.68 (d, J = 4.2 Hz, 1H); *C NMR (100 MHz, CDCl3) & 122.1, 122.5, 123.8, 126.3,
126.4,128.0, 128.0, 129.1 (q,J=308 Hz), 129.3, 130.3, 130.6, 131.5, 133.3, 143.9, 151.0;
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19F NMR (368 MHz, CDCls) & -38.9 (s, 3F); HRMS (EI) Calcd for C1H7FsN2S* [M*]
256.0282, Found 256.0282.

6-Trifluoromethylthiophenanthridine (2p)
According to the general procedure, the product 2p (45.2 mg,

81%) was obtained as a yellow oil after purification by column

chromatography on silica gel (hexane/CH>Cl, = 1/2). "TH NMR N “SCF,
(400 MHz, CDCl3) & 7.70 (m, 3H), 7.89 (td, J = 8.4, 1.2 Hz, 2p

1H), 8.18 (d, J = 8.4 Hz, 1H), 8.32 (d, J = 8.0 Hz, 1H), 8.54 (d, J = 8.0 Hz, 1H), 8.63 (d,
J =8.8 Hz, 1H); >*C NMR (100 MHz, CDCl5) § 122.1, 122.5, 123.8, 126.3, 126.4, 128.0,
128.0, 129.1 (q, J = 308 Hz), 129.3, 130.3, 130.6, 131.5, 133.3, 143.9, 151.0; °F NMR
(368 MHz, CDCl3) & -38.5 (s, 3F); HRMS (EI) Calcd for C1sHsFsNS* [M*] 279.0330,

Found 279.0330.

3-Trifluoromethylthio-benzo[f]quinoline (2q)
According to the general procedure, the product 2q (24.0

mg, 43%) was obtained as a yellow oil after purification by O N
‘I

column chromatography on silica gel (hexane/CH>Cl> = 1/2). N SCF,

'"H NMR (400 MHz, CDCI3) 8 7.73 (m, 2H), 7.81 (d, J= 8.8 2q

Hz, 1H), 7.96-7.99 (m, 2H), 8.05 (d, J=9.2 Hz, 1H), 8.62 (d, J = 8.0 Hz, 1H), 8.97 (d, J
= 8.8 Hz, 1H); *C NMR (100 MHz, CDCls) 8 122.8, 124.3, 124.8,127.6, 128.0, 128.9,
132.0, 132.2, 132.4, 148.7, 149.0 ; F NMR (368 MHz, CDCl3) & -39.5 (s, 3F); HRMS

(ET) Calcd for C14HsF3NS*[M*] 279.0330, Found 279.0327.
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6. Mechanistic Study
Preparation of ArSO:SCF3 8 (Scheme 2-7)

To a test tube, AgSCF3 (41.8 mg, 0.200 mmol, 1.0 equiv), ArSO,ClI (0.200 mmol, 1.0
equiv) and solvent (1.0 mL) were added, and the tube was sealed with a Teflon lined
screw cap. The resulting mixture was stirred at 25 °C. The mixture was filtered through a

pad of Celite, and the resulting mixture was analyzed by '°F NMR.

Reaction of 5a with ArSO:SCF; 8 (Scheme 2-8)

ArSO,SCF; 8a was prepared according to the reported procedure.!®

S-(trifluoromethyl) 4-nitrobenzenesulfonothioate (8a)

'"H NMR (400 MHz, CDCl3) 6 8.21 (d, J = 8.8 Hz, 2H), 8.47 ¥
(d, J = 8.8 Hz, 2H); 13C NMR (100 MHz, CDCl3) & 124.9, /©/\S/\SCF3
126.8 (q, J = 312 Hz), 129.1, 149.2, 151.2; 'F NMR (368 O:N

MHz, CDCl3) 6 -39.7 (s, 3F). 8a

To a test tube, ArSO>SCF3 8a (63.2 mg, 0.220 mmol, 1.1 equiv) and MeCN (1.0 mL)
were added. The resulting solution was transferred to a test tube containing quinoline N-
oxide (5a, 29.0 mg, 0.200 mmol) and the tube was sealed with a Teflon lined screw cap.
The resulting mixture was stirred at 25 °C for 16 h. Diisopropylethylamine (50 mL) was
added and filtered through a pad of Celite. After removal of the volatiles under reduced
pressure, 1,2,4,5-tetrafluorobenzene (0.20 mmol, internal standard) was added, and the
resulting mixture was analyzed by "F NMR. ’F NMR analysis indicated the yield of

trifluoromethylthioquinoline were less than 5%.
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Experimental of ’F NMR analysis (Figure 2-1)
AgSCF3 (20.9 mg, 0.100 mmol, 1.0 equiv) was dissolved in MeCN (0.50 mL), and the

resulting mixture was analyzed by '°F NMR.

AgSCF3 (20.9 mg, 0.100 mmol, 1.0 equiv) and ArSO>CI (26.7 mg, 0.100 mmol, 1.0
equiv) were dissolved in MeCN (0.50 mL), and the resulting mixture was analyzed by °F
NMR. Upfield shift was observed compared to the solution of AgSCF3.

2-Chloroquinoline (6) reacted with AgSCF; (Scheme 2-9)

To a test tube, 2-chloroquinoline (6, 0.200 mmol, 32.7 mg, 1.0 equiv) and MeCN (1.00
mL) were added. The resulting solution was added AgSCF; (0.210 mmol, 43.9 mg, 1.05
equiv), and the tube sealed with a Teflon lined screw cap. The resulting mixture was
stirred at 25 °C for 16 h. The mixture was filtered through a pad of Celite. After removal
of the volatiles under reduced pressure, 1,2,4,5-tetrafluorobenzene (0.20 mmol, internal
standard) was added, and the resulting mixture was analyzed by '°F NMR to determine

the yield of 2a.

7. Trifluoromethylthiolation of quinidine derivative (Scheme 2-11)

According to the General Procedure described in section 5,
the reaction was carried out at 50 °C to give the product 10
(43.6 mg, 90%) as a brown oil after purification by column

MeO
chromatography on silica gel (ethyl acetate). 'H NMR (400

MHz, CDCl3) 8 1.15-1.22 (m, 1H), 1.72-1.80 (m, 1H), 1.88-

2.02 (m, 2H), 2.38-2.43 (m, 1H), 2.55-2.61 (m, 1H), 3.32- 10

3.56 (m, SH), 3.98 (s, 3H), 4.13-4.24 (m, 1H), 4.49 (d, /= 10.0 Hz, 1H), 4.80 (d, /= 10.0
Hz, 1H),4.94 (d,J=17.6 Hz, 1 H), 5.03 (d, J= 10.4 Hz, 1H), 5.70-5.79 (m. 1H), 7.33-
7.44 (m, 5H), 7.80 (s, 1H), 8.04 (d, J = 10.0 Hz, 1H), 8.43-8.45 (m, 2H); 13C NMR (100
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MHz, CDCL) § 18.7, 23.4, 27.2, 37.0, 49.0, 50.2, 56.8, 59.9, 72.2, 75.6, 100.1, 117.4,
118.7,122.2, 124.4,126.2, 128.6, 128.7, 129.6 (q, /=307 Hz), 132.0, 136.3, 143.0, 145.1,
148.0, 148.2, 160.0; °F NMR (368 MHz, CDCls) & -39.6 (s, 3F); HRMS (EI*) Calcd for
CasHaoF3N20,S* [M*] 514.1902, Found 514.1902.

8. Gram-scale reaction (Scheme 2-12)

To a 200 mL two-necked flask containing quinoline N-oxide (5a, 7.23 mmol, 1.05 g), a
MeCN (36.0 mL) solution of AgSCF3 (7.59 mmol, 1.59 g, 1.05 equiv) and 2,4-
(NO2)2C6H3SO,Cl (7.95 mmol, 2.12 g, 1.1 equiv) was added dropwise. The resulting
mixture was stirred at 50 °C for 16 h. Diisopropylethylamine (1.9 mL) was added and
filtered through a pad of Celite. After removal of the volatiles under reduced pressure, the
residue was purified by column chromatography on silica gel (hexane/CH>Cl> = 1/2) to

give 2a (1.02 g, 62%) as a yellow oil.

9. Introduction of trifluoromethanesulfonyl group (Scheme 2-13)

According to the General Procedure described in section 5, the crude mixture of 2a was
prepared after treatment with diisopropylethylamine, filtration, and removal of volatiles.
To a test tube containing the crude mixture of 2a, RuCls;-3H>0 (2.5 mol%, 1.0 mg), NalO4
(0.600 mmol, 128 mg, 3.0 equiv), CCl4(0.170 mL), H>O (0.330 mL) and MeCN (0.170
mL) were added, and the resulting mixture was stirred at 25 °C for 16 h. The organic
materials were extracted with EtOAc, and the combined organic layer was washed with
brine, and dried over MgSQOs. The resulting crude product was purified by column
chromatography on silica gel (CH2Clo) to give the desired product 11 (32.2 mg, 62%) as

a yellow oil.
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2-[(Trifluoromethyl)sulfonyl]quinoline (11)
'"H NMR (400 MHz, CDCl3) & 7.83 (ddd, J = 7.6, 7.6, 0.8 Hz, N
1H), 7.94 (ddd, J = 8.4, 8.4, 1.2 Hz, 1H), 8.01 (d, /= 8.4 Hz, 1H), ©\/ND\S/CF3

821 (d,J = 8.8 Hz, 1H), 8.36 (d, J = 8.4 Hz, 1H), 8.54 (d, /= 8.8 ¢
1
Hz, 1H); 13C NMR (100 MHz, CDCl3) & 119.9, 120.0 (q, J = 327
Hz), 127.9, 129.9, 130.8, 130.9, 132.0, 139.4, 147.9, 150.4; '°F NMR (368 MHz, CDCl)

8 -75.1 (s, 3F); HRMS (EI*) Caled for C10HsF3NO,S* [M*] 261.0071, Found 261.0068.
10. Study on 3-position trifluoromethylthiolation of quinoline ring

Trifluoromethylation with anisole (12) (Scheme 2-14)

To a test tube, AgSCF3 (0.210 mmol, 43.9 mg, 1.05 equiv), 2,4-NO>CsH3SO>ClI (0.220
mmol, 58.7 mg, 1.1 equiv) and MeCN (1.00 mL) were added. The resulting solution was
transferred to a test tube containing anisole (12, 0.200 mmol, 21.6 mg, 1.0 equiv) and
with or without quinoline N-oxide (1a, 0.200 mmol, 29.0 mg, 1.0 equiv), and the tube
was sealed with a Teflon lined screw cap. The resulting mixture was stirred at 25 °C for
16 h. Diisopropylethylamine (50 pL) was added and filtered through a pad of Celite. After
removal of the volatiles under reduced pressure, 1,2,4,5-tetrafluorobenzene (0.20 mmol,
internal standard) was added, and the resulting mixture was analyzed by '°F NMR to

determine the yield of 13.

Radical trapping experimental (Scheme 2-15)

To a test tube, AgSCF3 (0.210 mmol, 43.9 mg, 1.05 equiv), 2,4,6-Pr:CsH>SO,C1 (0.22
mmol, 66.6 mg, 1.1 equiv) and MeCN (1.00 mL) were added. The resulting solution was
transferred to a test tube containing quinoline N-oxide (1a, 0.200 mmol, 29.0 mg, 1.0
equiv) and TEMPO (0.22 mmol, 34.4 mg, 1.1 equiv), and the tube was sealed with a
Teflon lined screw cap. The resulting mixture was stirred at 25 °C for 16 h.

Diisopropylethylamine (50 puL) was added and filtered through a pad of Celite. After
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removal of the volatiles under reduced pressure, 1,2,4,5-tetrafluorobenzene (0.20 mmol,
internal standard) was added, and the resulting mixture was analyzed by '°F NMR to

determine the yield of 2a, 3a, and 4a.

Quinoline (9) or quinoline N-oxide (1a) reacted with AgSCF3 and K>S:0s (Scheme
2-16)

To a test tube, AgSCF3 (0.210 mmol, 43.9 mg, 1.05 equiv), K2S205 (0.400 mmol, 108
mg, 2.0 equiv) and MeCN (1.00 mL) were added. The resulting solution was added
quinoline (9, 0.200 mmol, 25.8 mg, 1.0 equiv) or quinoline N-oxide (1a, 0.200 mmol,
29.0 mg, 1.0 equiv), and the tube was sealed with a Teflon lined screw cap. The resulting
mixture was stirred at 65 °C for 16 h. The mixture was filtered through a pad of Celite.
After removal of the volatiles under reduced pressure, 1,2,4,5-tetrafluorobenzene (0.20
mmol, internal standard) was added, and the resulting mixture was analyzed by °F NMR

to determine the yield of 2a, 3a, and 4a.
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=
Y O UBROREREMELIZES<
SALGBIRM N Y 7 vFda X F Al

3-1. WHEER
—EBEBIOE _ETHRARZLHI1C, BV U UBROMBE RN 72 KX

IWEDBZENR 2 TORIETH D, ZHUIZL DA, 40080 b 2 ~DKEZ
EHRLAERE L TREZ D2 LITMA, BFARREY VUV TIE3NMTOKR
BEFEBEISPRETH L7 TH Y | 2SN TOEBSIE DFNIIR 57T
W5, PTHE Y VB 3 TORRERERAIIT. AEERORWELDORT
LI R TH D | RKIRE L TEOERMMBIEZE < 220,
FrRAFEE TIIE ) U UBROEFR IR 2E RO KA EAL, KEFHY
(WG T 2 2 & T, 2RI MU 7 A u AT Uk E2EB T 5721 The
VBV PUVROEMAGIZAWD VA A m@Em< $5 2 LIk, 200~k
EE2MmEl L, 4008 R Y 7 vt e XA F U bRE &2 e s Lz
(Scheme 3-1) !,

R .. 1) TMSCF3 (2.0 equiv)

r ) | N TBAT (2.0 equiv)

O P MS 4A CF3

. F N F EtOAc, -40 °C, 10 h R .
B: F SRR

F,C 2) PhI(0,CCFa), (2.0 equiv) L Il

g\ FE 25°C,12h “YTON

X F CF3;  3) MeOH
¥ F F 65°C,2h

Scheme 3-1. C4-selective trifluoromethylation of pyridine rings

INODORRTIE, BV P UVBROEFARRMICER LEEFREEAHNTCEBY |V
VO VBN EBIERICA T AEFREE 2R S5 2 I X D ArESEIR 7R b
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U7 Ada A FIULRIEZZR LD THY , AR E Y U8 & REEA
EDORIGDISHEE 2D, —HTEU PUVRO IMIZZDRHEZ LOBTHEEE
EETDHE, REFHNY 7040 XFIALAIE OFRIGREIFFCE 208, A
REBERTOLZENDTORFITINETH D, B Y V2B SN TORIGIEH
A2 Bk THD &, RFE(L= hrfbZe & Lewis B2 & HIW 722 51K
FEHSETH Y . 300°C LA EDOIEAE LB L 92 (Scheme 3-2)2, — 7T, AICI;
72 8D Lewis B2 % V72 Friedel-Crafts 7 2 /U LG8 E13E Y 2 BRDS Lewis
BRICHAZL, EU D UVEBROEBTFEENRDTLIENONETHD Z L35
T 5,

| AN Br, m Br Br\(ﬁ/ Br
~ = + =
N N

N 300 °C
| N HNOs, HyS0, | o NO>
N7 330 °C N7

o 0
A A
X Ph™ ~Cl X Ph O
» » N
N Lewis Acid N L A

Scheme 3-2. Electrophilic aromatic substitution reactions at C3-position of pyridine

BYDVEBRSNAAD R Tt n AFEEOE N TREGIN DI, (LRE
i F IS B O A2 W e e 7 AET ) = AT U — v VRO
g AH sy 7Y TR N Tvdu X F ARSI HE STV % (Scheme 3-
3a,b)3, £/, VTV =0 LEERS, 7=V VFEARD Sandmeyer B~ U 7L
v A F ARG S IEER STV 5 (Scheme 3-3¢) 4,
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a) Stoiciometric copper salts

B(OH),
NaSO,CF; (3.0 equiv)
TBHP (4.0 equiv)

Zg\ /;

(MeCN),CuPFg (1.0 equiv)

NaHCO3 (1.0 equiv)

- B(OH)2 MeOH, 23 °C, 12 h

\

Cl N

(1.2-1.5 equiv)

DMF, 80-100 °C, 8 h

b) Copper catalyzed reaction

Cul (10 mol%)
phen (10 mol%)
| TESCF; (2.0 equiv)

| = KF (2.0 equiv)
~
Cl”~ °N NMP/DMF
60 °C, 24 h

¢) Sandmeyer reaction

1) HF (48%)
o NH2 NaNO, (1.05 equiv)
| MeCN, 0 °C

—

N 2) CuCFj5 (1.1 equiv)

DMF, 0 °C, 10 min

CF;

Zg\ /;

55%

CF;

/

Cl N
85%

CF;

Zg\ /;

78%

CF;

my)
/I
\

32-88%

CF3

Cl N
69%

XN CF3

—

Cl N
65%

Scheme 3-3. Synthesis of 3-trifluoromethyl pyridines and quinolines
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i —KFEREE (C-HAES) OEBENRZBRTFEL LTI, Yu biZ k- TH
HEINTZ1HNCRESH45 (Scheme 3-4)5, ZAUIT 4 (ITE A S du7z il a2 Z Fi|
L7z, BlmgEn o /TAL M BRBICE ) P UBRO 34) @ C-H e h Y
INFaAF A THY | MEEPRE S REIND Z &0, (L EimE O
WAKETHLZ L, NI ZAAa AT ANEOEAR—DTIEILE LT ZoE
ANSNTEBIDRENET D272, Z< OFELEL TV,

W2 me oD oS

N HN 0 CF3 source —N HN

=N HN o)
H A F3C._-CFs
| | -
N

N
mixture

Scheme 3-4. C-H trifluoromethylation of pyridine derivative using directing group
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<fFEe>

BYUDUVEROE Rr v U UBITES, SESERETERINALTND
Nikonov 5 l&, /W7 =0 AMEFIE T, BV VUL Ry T U EDORIGIZE
D, N-INZFI U EHRISEZXHZLZHREL TS (Scheme 3-5) ©,

cat. [CpRu(PPrs)(MeCN),] PFg
SN Me,PhSiH
R_' R_' |
N7 DCM N
SiMe,Ph

Scheme 3-5. Ruthenium-catalyzed hydrosilylation of pyridine rings

Chang 5%, FU AU EZ 70407 2= V)RT EFAET, BREEO b
Ry I EDORIMMIEY, T T Rebt ) PrFERnhRi<{gons
ZEEHREL WD SBIZ HWSE ey T roEx 1 4YE&ETHZ LT,
E R U R TETIEEY, NV U A I URR IS AEKRTLH L a2
L L TW5 (Scheme 3-6)

cat. B(CGF5)3
R~ R MeyPhSiH (1.1 equiv) R R’
| m
N/ toluene-dg, 85 °C l}l
SiMe,Ph

Scheme 3-6. Tris(pentafluorophenyl)borane-catalyzed hydrosilylation of pyridine rings

LALLMl NEe), 2ok Rel U baiECo s34, BV Y
YD 1AB TR GHIZER L, BV P UHEO 3ALEIR 22 B REIALICIS A L
BT 1 BIOARTH Tz, IEOITEEE LTE Y 2 v, Y AF LY
Nl RIFET, RV FILIE>TIAEA(RY AFLT Y L)-14-Db
Rl ooz RPTCRESELOBLIC, RKEFAIELTTATE FEEHS
*HZET, B //%3{4‘(@7/1/#/14575) TTH5Z22WMELTWVD
(Scheme 3-7)8, L2>L723 5, Z OUH Tl FAED EE 72 T2 MEEHLD
EUVV?@&EL@%¢§MTw&w é%’ ANLD T Y NI E BB S 5

I REFANCBRIERTZ2EATHDILENRS Y | OB RERLIZIZEA T
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SRV EWSREN D - T,

T™MS

Li RCHO
@ TMSCI m Bu,NF in THF mCHE’R
NP THF N N7

™S

Scheme 3-7. C3-Selective alkylation of pyridine via the formation of N-silylenamine
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3-2. RUSERET

FETHRRIEE Y PUR2ADO MY A m A FILF AALS OB
o TWDER, M EFBRL SN ISHRIRICER Lz, T7bb, REHIZ
Ko TG E b - hikicxt L, SRETFHIZEH S L 3L TOERER
EHUZISH TE 5 LB %72 (Scheme3-8) , KA & DG K 5 FEE ORI
DAL =R D06 & LT, #xH-Baylis-Hillman BIOKIGIZER L2, o, B -
REFRMANR=LORDOVICZE ) VUHEZEE L THWS & KAl L DK
SR LD = F I F AT L ORIREERR AR L, Z OB RKE A E ORIG

ZRVATET B AR R 7 dm AF LR ERTE 5 L LT,
BB, BV VUVBROKREFEEBET DL L MABERMIZIN T Lewis BEOTRIN
DL D Z LIRS,

PR
L‘:\ ,@
) ’}l CF
SR . LA Trifluoromethylation - o 8
. @ Dearomatization then oxidation |
\ r’,’:\ J\/\/|\ /

S

Scheme 3-8. Working hypothesis
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3-3. RinSFMHoE#EL
RIZANC L DMEFERILERD MY 74w A F 0L
ETAREELTX /U (1a) 2V, fix O Lewis B8, REZHI, B, B
L OKEFHIOWF 24T > 7= (Scheme 3-9) ., Umemoto A 11 ZKFEFHI ~V
TnFaAFAAHE LTHWESS, /7y (la) IZRL MY 74 m XF
IALDSELT L7 Ak 2a,3,4 DERDPHER TE /o, L LR, BIRTEDJE
BLLIRINo 122 Einh, BAEEFRGIZE T, Umemoto :A3E 1T & O FHF R
BEMRSPEIT LI Z EN R I, B O UFERIE THO TREFHY
(CIEMALT 2 LR AT 4 VEORBAI LSS 22 RO TN DD 2,
TMSOTE X AlCI; 72 & D < DD Lewis g TIHEREEHR & S Le ol Z &b
5. AR TE Y UUVBREIRMEL L & REHAI L BUG L2RWN 2 & ARIE S
i,

N CF3 F5C N
Umemoto reagent Il
Lewis Acid N/ N/
Nucleophile
N/ solvent X

Mixture of
1a N/ 3 regioisomers
Lewis Acid = TMSOTT, AICl3, Zn(OTf),, etc CF;
Nucleophile = PPhs, PMes, P(OEt);, DABCO, etc 4

Scheme 3-9. Preliminary results

e T, AL B EOIEHELF 2 W T2 S FERAL OHEIT 2 /il L 7141
flix OREFH NS E LM EIT o7, FIBIIFEETRBE Lx 2 U -
B(CoFa-4-CF3)s #5{K (5) ZHE & LTV, KEEHI L LT PCys X° PMes, DABCO
ZIXLOHET ML DRAT 4 T IV ORFEIToT2M, 240, 4L I
REAIOINIIHERE TE 72 h o7 (Scheme3-10a) . F 7=, iEME(LAlE LT THO
W Ge ., MG ERGITET T2 600, Pk L LTERTL2=T I A
DREMEPMEN =D, BEOKISTHET L7222 > 7= (Scheme 3-10b)
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a) Activation by BAr;

Nu
Q)
F Nucleophile E N~ F

F cDClg F
CFs CF,
FsC
3 F F F
S 6
Nucleophile = PCys, PMe3, DABCO, etc
b) Activation by Tf,O
TfO" Nu
Tf,0
N Nucleophile Umemoto reagent Il AN
| _ | | /)—CFS
N solvent N N
|
Tf
1a A 2a,3,4

Nucleophile = PCy,, PMe3, DABCO, etc

Scheme 3-10. Electrophilic activation of quinoline (1a) using BArs or Tf20

BT 7 mu ¥ 27 L {EMALAI & LTV, flix OREAIE ORUGSIZ
L BT EERACOBF 21T o7 (Table 3-1) , FEE L LTEY TV (1b) R 3-7
=BV DY (1e) EHWD L BRI TTY VR NVERAT 4 AL DM
BEACPHEIT LT (entries1and2) , — /4T, 2-7 ==L T (1d) °F/
U (1a) ZHW25A. PMes X0 PBus 2 REAIE L THWTH, BFERILS
NI DA ITHER TE 722> 7= (entries 3-6) ., ZiLHDFERNG, BV
VUROMGTFERTERE Y OMEKREICRESELASIND ZEPREIN
Tzo Flo, WEMAEAIE LT XV RE DR CICOPh, KAl & L C BN
RHYIZ/NE 72 P(OEts Z VWS Z & T, F /U v (1a) THRISHEIT L, B
FERAL LIZARW 72 52 7= (entry 7)
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Table 3-1. Dearomatization using chloroformate

X PR,
activator (1.0 equiv) R
PPN phosphine (1.1 equiv) o | dg
Ik\ | /jR NS )
ARNN CDCl, > N
1 0to25°C,16 h AY
entry substrate phosphine activator yield (%)
1 pyridine (1b) P"Bus CICO,Et 79
2 3-phenylpyridine (1¢) PMej CICO,Et 75
3 2-phenylpyridine (1d) P"Bus CICO,Et -
4 2-phenylpyridine (1d) PMe; CICO,Et -
5 quinoline (1a) PMe; CICO,Et -
6 quinoline (1a) PMe; CICO,Ph -
7 quinoline (1a) P(OEt)3 CICO,Ph 93
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7 v RERE O

3-7 2= U VY (o) ZETAIE L LTHY.DCM H, CICO:Et & PMes
TS FBRAILZAT o Te % IZHE 2 OREFH & ORIEEAT -T2 (Table3-2) . VU
TNFA B AT D BRI BT, 7 v FLBBRE LIh, FrEd 2 A5 o Al
BRI & EE otz TIUTERT D =T I RPBEROREEMELS . 7 v FH
RER LA LAl LTOEEL 2 22 &0 b, 7 v FRERAEAID O REIK
A~DETBENEN L THMPBEZ > TSI ENFKEBZHND,

Table 3-2. The reaction of 3-phenyl pyridine (1¢) with several electrophiles

Cl" +pMe,
th PMej; (1.1 equiv) | | electrophile (1.0 equiv) Ph | AN E
N” DCM N 25°C, 16 h N”
0t025°C, 16 h PR then -BuOK
O~ "OEt
1c A 2
entry electrophile yield (%)

1 Togni reagent | trace

2 Togni reagent Il trace

3 Umemoto reagent I trace

4 NFSI

5 selectfluor™

E Fuv I UBril XHRMFFRIEEZED MY 74 X2 F ik

t Res Uiz Lo TARKRT D N-v U v F I U OEF& WZHER L.
WL DMDOREBAAI & DRSOV TG L7 (Table 3-3) B@Jm%ﬁﬁﬁ
TF /U (1a) (SXF L MePhSiH Z1Ef S8 25 Z L IC &0 BT EERIL 21T,
Fl&fe< flixe ORE\EFHEORISER Z 70 >7-, REFHI L LT Togni iRFE 1 %
FWTZBRIZ, IR 30% THIO 3- N ZuAua A F 0% ) U (2a) NE—OD
At LTELNSZEERH L (entryl) . TDOBRIZSNALIZ MY 74
AFNEOEASI N2 IV HREIE C I8l SN T 3-MU 7 rdr A F L%
IV DRI PBIIE T2 2 E D, Togni i3 I 3ER(LAI & LT HIKEE
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TWHZ EWRBENT, £/ Y 74 a 2AFbHlE LT Togni ik 11 9
Umemoto #A3E 11, 7 v #{bAlL LT NFSI X selectfluor™ % K& -4l & L THW
e, BB OERITIZ E A EBIHI S L7225 72 (entries 2-5) , ZiLH D
BOSHEDBEWTRIZE, BET D,

Table 3-3. Activation of pyridine ring by hydrosilylation and successive treatment with

electrophile

B(06F5)3 (5 mOl%)

E
@ MePhSiH, (1.2 equiv) @ Electrophile (1.0 equiv) @
N N N7

1,2-DCE \ 1,2-DCE/MeCN (1/1)
65°C,1h SiMePhH 25°C,16h
1a B 2
entry Electrophile yield (%) CF4
1 Togni reagent | 30 m
2 Togni reagent I trace H
3 Umemoto reagent I| - C
""""""""""""""""""""""""""""""" Not observed
4 NFSI -
5 selectfluor™

Lewis #2368 J O RNREE D iR

N- VNV F I ORBEHEOR 2R L, fix D Lewis MR L USUNE
FE DM 21T > 72 (Table3-4) , Fix O Lewis HiFE & Wat L7-F5 5L, DMPU 73
WTHDHZ ENbhroTe (entry?) , 7vHRT =F DL HITT VL
BT 28EZHCD EEROIK TN 547 (entries2and3) . 24k, B
&3 2 hU Zndm 2 FIOACRIEBSETT DRI N-2 ULz 3 iR
DIRUT-T20I2 LB R TS, o, FONREZ-20°C IZ N % LR DM B
Ao, DMPU % 1.2 H&HWERICRD BWIERT RN 7 vdm 2 F b4t
B8 2a 35 53172 (entry 8) . Lewis HiXEIZ X W iEMH b 2% 172 N-> U L)
UM 25°C TIHRAIIHRLTEY , RNBEEZ TITF5Z L TNV Y LxT
LVORREMGITE LD EBEZTND,

79



Table 3-4. Screening of several Lewis base and temperature

1) B(CgF5)3 (5 mol%)
H,SiMePh (1.2 equiv)

@ 1,2-DCE, 65°C, 3 h ®0F3
= . ) =
N 2) Togni reagent | (3.0 equiv) N

1a Lewis Base (X equiv) 2a
T°C,16h
Lewis Base
entry Lewis base X (equiv) T (°C) yield (%)
1 Cs,CO3 1.0 25 27
2 CsF 1.0 25 17
3 TBAT 1.0 25 trace
4 Ph3P=0 1.0 25 29
5 PPhs 1.0 25 33
6 PCy; 1.0 25 3
o DMPU 10 25 a4
8 DMPU 1.2 20 54
9 DMPU 0.5 20 48
10 DMPU 2.0 20 45
Lewis B8 DRrEt

otV C Togni 3K I OFUGHED ) LA #IFF L, flix O Lewis BBOMET 21T - 72
(Table 3-5) , —f%AJIZ Togni #A3E I DIEMALICIZ S £ I E 72 Lewis B H W B4
L7035, FTHHEEIZ K DIEMEL ORI 10, AISFHE TS RO I A
Hiv, —filids X Al OFIE 7S LAY B WINGER TR 2a 2 52 5 2 & 03
D, FTH Cu(OH), Wik b BRWAERZ 5 2 7= (entries 6-11) , L/ L722 5,
DMPU % HWzBE & i3 2 SN B TIEH A2 DIENME T Lz, £z,
CuCl & DMPU Z [RIFFICEIN L CTHIEEOM FIZR 5N o7 (entry 7) .

80



Table 3-5. Screening of several Lewis acids

1) B(C4Fs)3 (5 mol%) A
H,SiMePh (1.2 equiv)

@ 1,2-DCE, 65°C, 5 h ®0F3 FsC—1—0
N/ 2) Togni reagent | (2.0 equiv) N/ ©/l<

Lewis Acid (X equiv)

1a -20°C, 16 h 2a
entry Lewis Acid X equiv yield (%)

1 none 45

2 TMSOTf 0.2 35

3 FeCl, 0.2 42

4 ZnCl, 0.2 44
B SCOThy 02 ... 37

6 CuCl 0.2 46

7* CuCl 0.2 53

CuBr 0.2 45

Cul 0.2 45

10 CuCl, 0.2 40
11 CuOHy, 02 50

12 Cu(OH), 1.0 30

* With 1.2 equivarent of DMPU

b FrTJ v omkEt

Fxree Rav o o OWa %47 >72 (Table3-6a) , MePhSiH, % A5 & 5 B
M<Tt Fa v U AN 5E T35 DIk L (entry 1) . MeoPhSiH TIE 28
SEAET D DIT 16 FFE M ETEH > 7= (entries 2 and 3) . > U /LK EASNAAREYIZIR
FHE o> T D PhoSiH, X° EGSiH OIE Tl Ko U bRISIEIE & A EHETT
Lol &b, VUPVROERFTTFOE Fu T NIkT 5 REKE
(1T D NARREE DN K E T E DR S L7 (entries 6and9) , — 5 TAr
R HEBRBYZE TN D ELSiH, Z VT Rue v U bz iTo 284, B ke
U MERE A 2 FEHEAT L=k & OIRAW % 5 %7 (entry 8) ., 1R X<
1,4-38 50731847 L 7= MePhSiH, & Me,PhSiH (Z5%F L. Togni ik I Z/Efl S &7 &
ZAH ELOLDRISIZBW TS HIET S 3 Y Zvdu AF ufbani:
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BRI 2a DIUER 53% TR LN=Z Enb, Al b nb 250 U LED
FAFZLOBEHIKII N 7030 AFNARICIE L A EHEL RITS RN L0
537272 (entry 3-6b) .

Table 3-6. Screening of hydrosilanes in hydrosilylation and successive

trifluoromethylation
a) Hydrosilylation step
B(CgFs)s (5 mol%) H
@ hydrosilane (1.2 equiv) |
~
N 6598,(:t|i3me Ei
1a B

entry hydrosilane time (h) yield (%)
1 MePhSiH, 5 92
2 Me,PhSiH 5 66
3 Me,PhSiH 16 97
4 PhSiH; 5 47
5 PhSiH; 16 29
6 Ph,SiH, 16 29
7 Ph3SiH 16 trace
8 Et,SiH, 16 cm
9 Et;SiH 16 NR

b) Trifluoromethylation step

H
H DMPU (1.0 equiv)

| Togni reagent | (3.0 equiv) o CF3
N 25°C, 16 h @f,\,j/

Si
B 2a
Si = MePhSiH 92% Si=MePhSiH 53%
- . b 1
Me,PhSi 97% Me,Phsi 539 (basedonia)
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PO
WROm LB E L, WEEOMKE 21T -7 (Table 3-7) ., THF <> MeCN,

DMF @ K 5 7oA MR CROS 21T 9 & OSH 4 < AT L7272 7 (entries
1-3), 2D OFERIL, WEEOELIZ LV B(CeFs)s DIISHENRKE KT LTV
HIeDIEEZE R T, & 2 CLIFNMEDEEIEIT DV THEFTT 5 Z & 12 L 7= (entries
4-7), FEBLAMEEIEEDO hTH 1 7 U RO CRIGH BAFIZHEIT L7- (entries
5-7) . ZAUZ, Togni ikIE 1 D v 7V RIEBIC R DO B I L5 H D
EBZ DD, BBREWZ L2, CDCl FCRISEIT D &I 53% CHAERK
W 552 l=dlzxk L, CHCls I CRIGEAT 5 & RIBZRIVEOK T AR S
(entries 6 and 7) . Z DFEHIL, CDCL T T CHCL I1ZENCERMEE N E T2
D, Togni RIEDNEMEE S NI Z LITERT 2D EEZX TS, LLEDOKE
Fo. 1,2-DCE % st & L7,

Table 3-7. Screening of several solvents

1) B(C6F5)3 (5 mol%)
H,SiMePh (1.2 equiv)

@ solvent, 65 °C, 5 h @CFs
N/ 2) Togni reagent | (3.0 equiv) N/

DMPU (1.0 equiv)

1a 25°C, 16 h 2a
entry solvent yield (%)
1 THF trace
2 MeCN trace
3 DMF trace
4 toluene 34
5 1,2-DCE 36
6 CDCl; 53
7 CHCI3 31
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Togni I 1 Z[RERICWE & 3 5 TRt

FOSFEF T N- IV F I3 +d 528, 6 L <X Togni #03E 1 252 L
HELUTHEL TV ZENNEORETICORNB->TNDLEBE X, £ZT
Togni AL 1 ZIREEWE L L, ¥/ V2 (la) ZREEAWVTHRHNEIT 72
(Table 3-8) , L DOFER, 1la PR EIZ/ARDIZHONT MY ZrFdr A F LI
ZOBIZHEELS Iz 2a DERRBEA L, B Zvdr XA FufpEsniz=T
TR C IR L TW LS HRIA R b7z, 1a 282 BEDOKFZ 2a &
HRA C OAFHINEN KL E L /o7 (enties1-3) , SHIZF /Y B Rry
T OB EEZEC L THIEOM TR 570 > 7 (entries 4-6) , 75177 5
B ReT 7 0 Togni ik 1 & ISTHAREMELZBE L, B Frd T AZxf LT
XV U EBEIEHVDRGETIToTeE 2 A, BRHNEOR ENR T
(entry 7) .

Table 3-8. Screening of reaction conditions using Togni reagent I as limiting reagent

1) B(CgF5)3 (Y mol%)
H,SiMePh (Z equiv)

= . . = * |
N 2) Togni reagent | (1.0 equiv) N N

Cu(OH), (20 mol%) H
N 1,2-DCE/DCM 2a c
X equiv -40°C, 16 h
1a B(CgFs)3 MePhSiH, yield (%)
entry X equiv Y mol% Z eqiuv 2a C
1 1.0 5 1.2 51 10
2 15 7.5 1.8 24 29
3 2.0 10 2.4 15 51
4 3.0 15 3.6 2 64
5 4.0 20 4.8 6 61
6 5.0 25 6.0 6 53
o 25 0 20 28 3
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BEBRILOKR

HIRA C 72 D B H M % 11 S CHMAERY 2a ZIE LB 5720, Bt
RO 2 T o7z, Y Fuax ) ) 3 ZZ@Rip Ttz Vv einb
kﬁﬂ%ﬂfwék@“\ifiﬁx/M@md%ﬁot(&melno§%
DT Y o TN K DERIBAE K > T3, HEYERY) 2a BEIE L7272, 2a
IO ehoT, WICKREZBELZObBIC, ERICHT Z & TlRbEX -7
. PR C OFREERITZ LA CBINES o7, T DOFBRFER K
N, ZEKUZ X HEITINEETH D &Il LT,

1) B(CGF5)3 (10 mol%)
H,SiMePh (2.4 equiv)

CF
@ 1,2-DCE, 65°C,5h m 3
N” 2) Togni reagent | (1.0 equiv) N

Cu(OH), (20 mol%) H
1a 1,2-DCE/DCM c
(2.0 equiv) -40°C, 16 h
air bubblmg

expose to air
25°C,24h ©(j/
Scheme 3-11. Rearomatization of intermediate C by air

Z 2T, BALANZ OV T L7z (Table 3-9) . E&{LAI & LT PhI(OAc), % ]
Wzl 2 A BAEIREN T2 HRIA C 23EAF LT (entry2) . £ 2T, LD
WAL ) D8R PhI(02CCFa), ZBbAI & LCHWD & HREE C DL 5E4IC
AT L, 1a BNEAFRIGRTH LN (entry3) . S 512, BL#AI%Z DDQ &7 %
ZLT DTATESHPEOR EBR BT (entry d) |
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Table 3-9. Rearomatization of intermediate C by oxidant

1) B(C6F5)3 (10 mol%)
H,SiMePh (2.4 equiv)

@\/j 1,2-DCE, 65°C, 5h @\/TCF;; @CF3
+ |
N©  2) Tognireagent | (1.0 equiv) N7 N

Cu(OH), (20 mol%) H
1a 1,2-DCE/DCM 2a Cc
(2.0 equiv) -40°C, 16 h
3) oxidant (2.0 equiv)
25°C,3h
yield (%)
entry oxidant 2a C
1 none 15 51
2 Phl(OAc), 48 7
3 Phl(O,CCF3), 61 0
4 DDQ 63 0
WINA| D BERES
ABEHRIZIBN T, Lewis g3 KO Lewis #5612 £ % Togni #3E 1 & HfEAk C
DZENENOTEMALHIFF T & | BRI S E I E 72 Lewis B2, AN RISZIRIZ

WA 5 2 TWAHZ LD (Tables 3-4and 3-5) . U V2D K 9 IZ Bronsted fig &
Lewis ik & U CHERE L1525 BEREMEO BB ASUGIT 3 L TR ICHRE
9% EE %7 (Scheme 3-12) , 7V —/L U VEEZIRINLIZEE, K 72% TH
W % 5.z 7=, [FIBRIZ HF % Togni i3E T & A C D>V VIO 2 1EHEAL
LI2EBEZWMUTN, N- VS I U ONMRMABIHEIS i, 2a DA
NRIZE EE 0T,
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FsC,
1) B(CgFs)s (10 mol%) J '\
H,SiMePh (2.0 equiv) _,N
@ 1,2-DCE, 65°C, 5 h @\/TC% Si !
N/ 2) Togni reagent | (1.0 equiv) N/ LB; iLA

additive (1.0 equiv)
1a -20°C, 16 h 2a
(2.5 equiv) 3) DDQ (2.0 equiv)

25°C,3h
additive yield O Q0 o

diaryl phosphoric acid 72% O o OH

HF - DMPU 1%
diaryl phosphoric acid
Scheme 3-12. The effect of bifunctional additive

Togni #HE I ZRESICHE & L THWEZERIZ, BINAIZ2 ded THRET L7
(Table 3-10) . DMPU X°> 7 U — LY &, Cu(OH), Z s L T HULER DM FIC
Z272 7357 (entries 2-4) . WA Z FHIW R WS T Thed @ WOILER T 2a 235
HiL7z (entry1) ,

Table 3-10. The effect of several additives to reactions using Togni reagent I as limiting
reagent

1) B(CgFs)3 (10 mol%)
H,SiMePh (2.0 equiv)

@ 1,2-DCE, 65°C,5h @ﬁ/CQ
N/ 2) Togni reagent | (1.0 equiv) N/

additive (X equiv)

1a -20°C,16 h 2a
(2.5 equiv) 3)DDQ (2.0 equiv)
25°C,3h
entry additive X equiv yield (%)
1 none 73
2 DMPU 1.0 66
3 biaryl phosphoric acid 1.0 72
4 Cu(OH), 0.20 70
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VR & BROSIREE DR

VI & SOSTREE DRRET % 4T > 72 (Table 3-11) . EBEDE N K 2 IR O]
3% U U ERRERCWE E LTHWEEEIZEAEED BT, 1,2-DCE 2 HW»
B ER D BWINE A 5 272 (entry 3) . —J5C. Togni iR ZEH SE DD
FOSREEIZ 0 °C L FITWmEAIT 22 ENEETH Y . =R MEHSE L LINED
KRR 57 (entries3-5) . Z DPEEOIK T IX, HEUZ K 5 Togni AIET D4y
R L DD EHELE SN D, FEERIT, IR T C Togni 3T & N>V b I v
FIRA LB, BEDBBHISh VD,

Table 3-11. Screening of several solvents and temperature

1) B(C6F5)3 (10 mol%)
H,SiMePh (2.0 equiv)

@ solvent, T1 °C, 5 h @\/TCFs
N© 2 Tognireagent | N”

T,°C, 16 h
1a 3) DDQ (2.0 equiv) 2a
(2.5 equiv) 25°C,3h
entry solvent T4 (°C) T, (°C) yield (%)
1 CHCl; 65 0to 25 59
2 toluene 110 0to 25 40
_______ 3 ... M\2DCE 65 Ote2s 76 __
4 1,2-DCE 65 25 67
5 1,2-DCE 65 -20 73

KU ZvFa X FARIOE

WHEOM EEZBEfEL, N 74 v X FULRIORBmFTH 21T - 72 (Table 3-12) .
L0 RKEBFMERED Togni K 1T 2 HWTERIGZIT ) LINROEK TR RS-,
F72. Umemoto iR I BL I & AWTZERICKIERIEEDOIR TR RO,
Umemoto #AFED 1,2-DCE (259 D iRt DR & 287+ T, R DR Lo
IZ DMSO Z#isIN LIS % T o7& ZAIEROR B R H3L7203, Togni 3K &
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P URINERIZ E EF o7, 20D OFERIT Togni iFK I 3o R Y 71 A w A
FALH & Helge LT 1,2-DCE (64 DI BN TV D L sz, @l
A9 % Togni IR T HRDT /L3 REEFE D)8 Togni kK T 2 HAET 50
REXTT—FRIFLV GEORBMEEZHT L2 &0, HERRI R EMEDE
VMZ XV | Togni i3RI DN BINE LS HEE L7 R L T 5D,

Table 3-12. Screening of trifluoromethyl sources
1) B(CgF5)3 (10 mol%)
H,SiMePh (2.0 equiv)
@ 1,2-DCE, 65°C, 5 h @\/TCF?,
N/ 2) CF5 source N/
0to25°C, 16 h

1a 3) DDQ (2.0 equiv) 2a
(2.5 equiv) 25°C. 3h

CF3 source / yield

FsC—1—O

Togni Reagent |
76%

S® o
CF; OTf

Umemoto Reagent |
6%

F;C—1—O
0

Togni Reagent |l
46%

F F

S®
i S
CF; OTf

Umemoto Reagent I
<5%
with DMSO: 24%
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3-4. FEEAHEORE

il LIe RSS2 v ZEE R #PH O 21T > 72 (Table 3-13) , 7
J—=naz—=T v Y V=T )b ZRAT ARV Y NHER E 2 H T 55 1e-1h
TlE, TNODOEREEZEZR S 2Ll X VD3NN M) Zvdu XF v
fLENFERHBNELNT, a2 588 -l AR THY, =
UHER ERLDNTWET R R L E RSN EIT L, B Fe v Uk
MY 7oA u AFIACDOBRIZSAREEFIC &2 FOSOEE NG S LD 5 LI
HEFFRLMICT v HFRF. 2MICT7 ==V HEE2AT 5HE 1m-10 12 %58 7
ARRThHo7, £l AMICEBRELETL8E 1p, 1q ICHEAFRETH Y |
HFREE D & BAF R IR TN T DA/ 2p, 2q #5272, F /U BHOIIR
HBIRUYF VY (Ar) A VXU (Is) ~ONEERIR e N 704
AFIVHDOEBEAN G A[ETH -T2, 3-7 2= E U (Le) DRISTIZ R 71
T AFAbZ 0925 25°C TIT 9 LA &2 52 27> 723, -20°C £ TR A
L T Togni i3 I ZEH &H 2 Lt T 2 MM 2¢ BUINE 37% TH LT, =
MEF 2V UBREATHEEIVMAEFRILLTHZED N- VLT I U PARL
ETHY ., 0°C TIE Togni kI & DFINZ IV BEL T LE ST LHER S
N5,
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Table 3-13. Substrate scope
1) B(Cer)g (10 mol%)

H,SiMePh (2.0 equiv)
R _ 2 R
G @ 1,2-DCE, 65°C,5h  »° \]L/TCFs
“Se-NN7  2) Togni reagent | RSN
1 0to25°C,16 h 2
. 3) DDQ (2.0 equiv
(2.5 equiv) )25 °C,(3 h quiv)
~ = ~
N Me N N
2a 76%°% 2e 67% 2f 66%
TMS

+BuCO, ~CF3 O ~-CFs F ~CFs
Ty 9% Ty
N N

N
29 54% 2h 66% 2i 50%?
Cl S CF3 Br X CF3 | A CF3
N N N
2j 57% 2k 74% 21 67%
(61%)P
Br
AN CF3 Br AN CF3
~ ~
N N
F
2m 39% 2n 53%
Ph OPh
~ ~ s
N~ ~Ph N N
20 49%° 2p 38%7 2q61%
O ~CF3 CF,4 Ph ~CF3
B | »
N N N
2r 46% 2s 349%ae 2c 37%2af

a19F NMR yield. °A 1 mmol scale. “Hydrosilylation at 25 °C for 24 h. 9Hydrosilylation at 50
°C for 7 h. ®CHClI; instead of 1,2-DCE, with hydrosilylation at 110 °C for 24 h. H,SiMePh

(2.5 equiv), compound 1b (2.0 equiv), 85 °C, and 40 h; Togni reagent | (1.0 equiv), —20
°C, and 16 h.
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— T, 8- ATFNF U (1) RZTDNETRUB VBRI R LY %
JV Yy (lu) BEO2-7 2= 1Y Py Ad)D ST BEIAERY 2t, 2u B X
W 2d WA L7z > 7= (Table3-14) , ZiU5H DG % CDCl H, 'THNMR T
BL72EZA, BEUVUVEROE R UMEREITL TWRNWZ LR 0o T,
ZAUE, ERBEFEICL Y B D UBROEFRFEFDY, Lewis BRI K o TEMHIL S U
7ot Ru v AT 2 R B AN o To o s Sz, —F T,
BEAOE Y 2 1b R 37T Boc TR#ESNTZT I /A A LICAE v ITx L
TR ZEAT2 &L B Fa v UV HRIZEITT 2600, MY 7vFda A F ARG
DEPE THEMRIEAMZ 5 272, TDOIFRAE LT, PHEE LTERKRT S N-~
VIV T I U OREMENF /U FFER S g LT <\R@ﬂﬁ£1%¢%é
HBRIZ P A e AF AL D EEAER L THEITL T LE o7 2 &R
KEZExBID,

Table 3-14. Unsuitable substrates under the optimized reaction conditions

1) B(CgF5)3 (10 mol%)
R H,SiMePh (2.0 equiv)

@€~|~\ 1,2-DCE, 65 °C, 5 h Ij«j/CH
Sy N/ 2) Togni reagent |
1 O0to25°C, 16 h
. 3) DDQ (2.0 equiv)
(2.5 equiv) 25°C, 3 h
AN X AN
) ® B
N N Ph N
Me
1t 1u 1d
N BocHN N
| »
N N
1b 1v

92



3-5. RUSHEHECBE3 et
NMR 5k

FBOSHERE 2 3 5 7291 CDCls H S DB 21T - 7 (Scheme 3-13) , £ D
HE b Fo U b ENEN-VIU AT FIVBEBIORN 740 2F 4k
Xhiz=F I CH 'HNMR B LOF NMR (2 T & 7= (Figures 3-1 and
3-2) ., EHIELNHER C I L DDQ I L Wb E4TH Z & T, Y
% 3-hUTZAFaRAFAX U (2a) PE—OERME L TAEKRTHZ L%
fileid L7z,

B(CBF5)3 (50 mol%)

. H2SiMePh (1.0 equiv) @
_ N
N

CDCl3,65°C,5h |
SiHMePh

1a B
(1.0 equiv) observed by "H NMR
F3C_|—O
Togni reagent | @\/j/CFB DDAQ (2.0 equiv) A CF3
|
CDCl, N CDClg, 25°C, 3 h N7
0to25°C,16 h H
C 2a 22%

observed by
"H and 9F NMR

Scheme 3-13. Tracing of hydrosilylation and successive trifluoromethylation by 'H and
F NMR
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N2 N V% V

‘F He E
| Cl.CHCHCl, H, H |

LA 0 5 A A D A A A A D B A AR RARSA AR A A BRSNS ARRIA AARR RS
74 73 72 71 70 69 68 67 66 65 64 63 62 61 60 59 58 57 56 55 54 53 52 51 50 49 48 47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32 31 30
X : parts per Million : Proton

Figure 3-1. Hydrosilylation of quinoline(1a) was monitored by '"H NMR spectra (CHCl3)

CI.CHCHCI2

74 73 72 71 70 69 68 67 66 65 64 63 62 61 60 59 58 57 56 55 54 53

52 51 50 49 48 47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32 31 30
X : parts per Million : Proton

Figure 3-2. Trifluoromethylation of N-silyl enamine (B) was monitored by 'H NMR
spectra (CHCI3)

Bl 4 B D BB

BIAENTEINDG I v —T VO %2577 (Scheme 3-14) , & R
7 & LT MePhSiHy 2 W% & BT 5 v U o —F L g ik o5 i
BT HZENTRINTTD, KTORER I NV —T VRN ERT D Z &N
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THEND PhoSiHy & VT2, DRGSR, 38% DHENRTCH DOV U Lo—TF
VT BT,

1) B(CgF5)3 (5.0 mol%)
Ph,SiH, (1.2 equiv) )
1,2-DCE | O/SlthH

) === 4o
~ ~ *
N 2) Togni reagent | (2.0 equiv) N @/%

(o]
1a 0to25°C, 16 h 2a 7

(1.0 equiv) 38%

Scheme 3-14. Isolation of silyl ether 7

S H VIR ERR

TV NABRANC X B85 21T > 72 (Scheme 3-15) . ALJSRICT 2 H L
#2741 & L C TEMPO Z iR L CRUS&EAT 272, ZDRE, 3- U ZvFdw XA F v
X/ U2 (2a) ODUENKIEIZIL T L, TEMPO Ofg# ETHRY 704w XA F )1
T VAV ST AR (TEMPO-CF) DA HER T 7=, F7=. Togni
AE I & TEMPO Z s L= & = A, TEMPO-CF; D AERRIIHER TE 72
STy ZOFRERNS | ARRINZ R U ZvAda 2AF0T7 VI V5 LTV 5 ATEE
PEASENN T AR X T,

1) B(CgFs)s (10 mol%)
H,SiMePh (2.0 equiv) cF, >(j<
@ 12-DCE, 65°C, 5 h @\/T . N
~
N

— |
N 2) Togni reagent | (1.0 equiv) O\CFs
la TEMPO (1.0 equiv) 2a TEMPO-CF
(2.5 equiv) 0t025°C, 16 h 599, 499,
3) DDQ (2.0 equiv)
25°C,3h

Scheme 3-15. Radical trapping experiment

b FeRURKICXAEHIEERES Y 7t a X F vl

E ke bick > TAERT S N-v U L) I U ORINEZEFHIT 5 729,
t ReR ML TEKRT S N-R U L) I & Togni 3K 1 & DRIG%E
B 72->7= (Scheme 3-16) , %/ U (la) ® H-Bpin (L5 14-E Rk vHE
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fBIZBPs IZ L > T SN Z &b TWD 12, B RekRvRbEiTo7
HIZ Togni AR T ZEH SE=E 2 A, SALTO MY 7t m A FIALRIGIEIE
ENEHIT Lol 2 b, B Rr Y U MRIZ L > TAERK TS N-> Y L=
FTIVN P TIAFARRAFIAUIZHHIRESEREL TWDH I &Rz, =
DFOGHEDEN T N-AR U v I Rz~ N-2 Y b F X R o
J50% Togni 3L 1 L DB AFBIHPETLLT W EICERT L HDOEZ X TY
Do

1) BPhg (10 mol%)
H-Bpin (1.5 equiv)
CDCl5 (0.4 mL)
80°C,5h

@ w/ or w/o MS 4A <j(E/CF3 via mCFS
N© 2 Togni Reagent | N N
0t0 25 °C, 16 h N i
1a c
<5%

Scheme 3-16. Reaction of 1a via borylenamine
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ANCEERF VU VDRI 5 RS E &

bt Rr v U ABIZ LD 143 AT L, AfEHR S /7 U 3Bk o KOG
HRREARICELR 2 B D, KGDIBEE AT -7~ (Figure 3-3) , 4-7 ==/1% /U
(Ip) #HE L L THW., CDCl H', 'THNMR IZ XY G2 BB L=, 1 I CTE
Fav 7 B aEiE L2 2 A, 'THNMR IZTHEIO 4-7 =1%o &
1,2-32 5012 K 0 2 U7 R R AMBI S A7,

0 \O aa [=3-0= ] ol <t vy~ oAl
) i IeBE &a88 &2
00 00 o0 00 Wi nn i nn <t <t
S
E Ph Ph
N
< AN He N Hb
H
| a
N N H,
SiMePhH,,
g
(o]
&
CI,CHCHCI> =
He He Ha
) ) . Il U
,,,,,,,,, R R R T T R T R R T R i S T A T A S R T S R B T R N R R
9.0 8.0 7.0 6.0 5.0 4.0
X : parts per Million : Proton

Figure 3-3. Tracing of hydrosilylation of 4-phenylquinoline (1p) by 'H NMR (CHCls)

Flo, 4T 2= X2V (1p) £ 4T/ FUX U2 (1q) TORIGE
WLTZBE 4-7 =% 7 Vv (RAF L UMHRR) KVETEER 4T/ F
&Y () = AR DT R RE SRS LIZZ &b 1 4-1E TR~
(TEMECE S, 28R DEE NY 7t a A F LR EIT LI b D L& 2
CTW% (Figure 3-4) ,
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OPh Ph

: /L\ Nucleo>phlllcuy : J\\
N N

SiMePhH SiMePhH

Enole type intermediate Styrene type intermediate

Figure 3-4. Comparison of nucleophilicity between enole and styrene type intermediate

PLEDFERD & HEE G %2 kT (Scheme 3-17) . B(CeFs); ICX YV B Ry
T UMNEM LRSI, 22V UHEER 1 ERSL, N v I UHRER B
WAERT D, D% Togni RIKT & 1 EFBEIZ L3I MY Zrdr ATFL
L3 ELT LA € 2VER L2, BEANC KX VB2 2 Ltk ey v
VERBNTRY IAFa ATF LB ETLIARY 2 252500 L& 2T

bHe z
CF3 [o] CF;
Si—H- B C6F5)3 ]\/j/
Si—H
H— B(Cer)s

B(CeFs)3 r
. @N @/%
Si CF3

/

N@
FsC—I—O @ / T
r/cf\ ij/% CF3
be @ RS- Z ]\/T

OIZ

<N FaCoI—=0
Si ©/% & m Si
B N
o
B Si

Scheme 3-17. Plausible reaction mechanism
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3-6. EAMEZER LI-RER
N—T7NFu T VX ME~DE

AR EES X, RX—=T7 04 T X ALK DWW TRRE L 72 (Scheme 3-
18) . Togni ikFE 1 L FIEEDEHZH T H XX 7 A v =F LAl 8 B U
TE2INFuTa Al 9 AL, FOGEIToToE A BAFRINE Txf
IS D=7 AT ALER 10 BX O 11 2527,

1) B(CgFs)s (10 mol%)
H,SiMePh (2.0 equiv)
1,2-DCE

N/ 2) perfluoroalkylation reagent N/
(80r9)
1k 0to25°C, 16 h 10 or 11
(2.5 equiv) 3) DDAQ (2.0 equiv)
25°C,3h
Br N C,Fs Br N CsF7
Ty oy
N N
1073% 11 69%
F5Co—I—O F;,C3—I—O
8 9

Scheme 3-18. Perfluoroalkylation of 6-bromoquinoline (1k)

BIESTF D 3R R Y 74 m 2 F Lk

ZERIETH D BEEOLEHZ RFTL7- (Scheme 3-19) , 9 X AMIRICxT 5
FRFELTHOLNDIFT / FT T2y DI LAFEZEHALZEZA, AT
L35 30 MY 7oA e AF AT L2 AR 13 2 IR 60% TR D Z &
(B LT,
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F 1) B(CeFs)3 (10 mol%) F
/©/ H,SiMePh (2.0 equiv) /©/
Cl O 1.2-DCE cl O

65°C,5h

: CF
AN AN 3
m 2) Togni reagent | m
~
Cl N Oto 25 OC, 16 h Cl N/

3) DDQ (2.0 equi
12 o (20 eau) 13 60%

(2.5 equiv)

Scheme 3-19. Trifluoromethylation of quinoxyfen (12)

3-7. /NFE

B(CeFs); il LD U PO Ru v U R X B 5RETEMERICES <
B Y UVERO SMGRIRG N Y TvAd e X FOULRE E % Lz, SREFNC

i EBRGEZREAT 5 HETIZ N 704 a A F LKRITETE T, & Ra
YUMEBIZ LD = I UBRIGRAZAE TS 2 ETHIE TS AR N Y
TNFa A FIACIS LT LTz, ABUGIE, 6 BERA~T v HFEBEILEW O 317
IR C-H b Y 7 A a A F LRIGE DO TORI T D, /U N
SRV ARV BT REDIEISE R 6 BRAT 0 FEFRLE
WS, kST 5 AL U ZuF a A F AR BB ATRE Th o 120 AR iT
O EERPE TEIT L, DAL ERMARE LT3N MY 7vdr A F L
fLENTAEFIDBE LN, RBE- T e, ATV T Y —L=—T )b,
BLROVINZ—T LV ERTLEESME R CHEHAFRRTH o7z, ROGHAET
FEZEY . UGN N-> U vzt Ik 14-Ve Kax )/ U UHRIKROFRK 25
THEITTHZ 2PN Lic, £, TV UNAFHRERIZE Y PR E L
THERTD N- VxS 2L Togni ik [ L OB TOBBFBHEN LI, T
DN IR CARRIEDHEIT L TN D Z R Sz, AFEICEY, R 7L
FaAFIUADHI LT, B UEBEDO SN TONRN—T )4 a7 LRkt E
LT, F70. AMIEMES T THLIF /X7 =20D MU 7 Fda 2 F 40
WHCE 7,
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3-8. Supporting Information

1. General

All reactions were carried out under nitrogen atmosphere unless otherwise noted. 'H
(400 MHz), 13C (100 MHz) and "°F (368 MHz) NMR spectra were recorded using a JEOL
ECZ400 spectrometer. 'H (600 MHz) and *C (150 MHz) NMR spectra were recorded
using a JEOL INM-ECA600 spectrometer. Proton chemical shifts are reported relative to
residual solvent peak (CDCls at 8 7.26 ppm). Carbon chemical shifts are reported relative
to CDCls at & 77.0 ppm. Fluorine chemical shifts are reported relative to 1,2,4,5-
tetrafluorobenzene (6 -140.00 ppm). High resolution mass spectra were recorded on JEOL
JMS-700 (EI-double focusing) spectrometer. All reactions were carried out under an
atmosphere of nitrogen unless otherwise noted. Toluene (anhydrous, Wako),
dichloromethane (anhydrous, Wako), THF (anhydrous, Wako), EtOAc (anhydrous,
Wako), and DMF (anhydrous, Wako) were used as received from commercial sources.
MeCN, CHCls, CDCl3 and 1,2-dichloroethane were distilled over CaH; prior to use. All

reagents were purchased from commercial sources and used without further purification.
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2. Materials

Mel (2.2 equiv)
Mg (3.1 equiv)

I 0] l I oOH Trichloroisocyanuric Acid  g]—|—0O
MeMgl (0.36 equiv)
OMe
reflux, 5 min

1) KF (2.5 equiv)
MeCN FsC—I—0
25 °C, 24 h

2) TMSCF; (1.1 equiv)
25 °C,
Togni reagent |

Preparation of 2-(2-iodophenyl)propan-2-ol'?

To a 300 mL three-necked flask, Mg (9.43 g, 3.1 equiv) and Et,O (25 mL) was added.
A solution of Mel (17.3 mL, 2.2 equiv) in Et,0 (25 mL) was prepared in a dropping funnel.
After 4.0 mL of the solution was added dropwise to the three-necked flask, the mixture
was diluted with Et2O (35 mL), and the remaining solution was added completely. The
prepared Grignard reagent (MeMgl in Et;O) was transferred to a 500 mL three-necked
flask via PTFE tube. The remaining Mg was washed with Et2O (25 mL), and the Et2O
solution was transferred to the flask via PTFE tube, and the solution was cooled to 0 °C.
The solution of methyl 2-iodobenzoate (19.1 mL, 1.0 equiv) in Et:O (20 mL) was added
dropwise to the Grignard reagent. The resulting mixture was allowed to warm to 25 °C
and stirred for 16 h. Then, the reaction mixture was heated to reflux for 2 h using oil bath.
The sat. aq. NH4Cl (150 mL) was added to the reaction mixture at 0 °C, and water (150
mL) was added. The resulting mixture was filtered through a pad of celite, and the solid
residue was washed with water (150 mL). The organic materials were extracted with Et,0O.
The combined organic layer was dried over MgSOs, filtered, and the volatiles were
removed under vacuum to afford the crude 2-(2-iodophenyl)propan-2-ol (20.9 g, 61%) as

a brownish oil.
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Preparation of 1-chloro-3,3-dimethyl-1,2-benziodoxole!*

To a 500 mL three-necked flask, the crude 2-(2-iodophenyl)propan-2-ol (13.2 g, 1.0
equiv) and MeCN (80 mL) was added. The resulting mixture was heated at 75 °C using
oil bath. The solution of trichloroisocyanuric acid (4.00 g, 0.34 equiv) in MeCN (13 mL)
was added to the reaction mixture, and the mixture was stirred for 5 min. The resulting
mixture was filtered through a pad of celite, and the filter cake was washed with hot
MeCN. The volatiles were removed under reduced pressure. The residue was purified by
recrystallisation from MeCN to give 1-chloro-3,3-dimethyl-1,2-benziodoxole (8.21 g,
55%).

Preparation of 1-trifluoromethyl-3,3-dimethyl-1,2-benziodoxole (Togni reagent I)!*
To a 200 mL two-necked flask, KF (4.52 g, 3.0 equiv) was charged and flame-dried
under vacuum. 1-Chloro-3,3-dimethyl-1,2-benziodoxole (8.21 g, 1.0 equiv) and MeCN
(83 mL) were added to the dried mixture, and the resulting mixture was stirred at 25 °C
for 24 h. The resulting suspension was cooled to -10 °C, and TMSCF3 (4.5 mL, 1.1 equiv)
was added in one portion. The resulting mixture was stirred for 1 h and was allowed to
warm to 25 °C and stirred for 1 h. The resulting mixture was filtered through a pad of
celite, and the filter cake was washed with MeCN. The volatiles were removed under
reduced pressure. The solid materials were dissolved in hexane, filtered through short
column chromatography on alumina, and the volatiles were removed under reduced
pressure. The residue was purified by recrystallisation from hexane to give 1-

trifluoromethyl-3,3-dimethyl-1,2-benziodoxole (2a, 5.21 g, 57%).
Cl—I—0O F—I—0O

KF (3.0 equiv)
MeCN
25°C,24h
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Preparation of 1-fluoro-3,3-dimethyl-1,2-benziodoxole!®

To a 200 mL two-necked flask, KF (1.19 g, 3.0 equiv) was charged and flame-dried
under vacuum. 1-Chloro-3,3-dimethyl-1,2-benziodoxole (2.41 g, 1.0 equiv) and MeCN
(24 mL) were added to the dried mixture, and the resulting mixture was stirred at 25 °C
for 24 h. The resulting mixture was filtered through a pad of celite, and the filter cake was
washed with MeCN. The volatiles were removed under reduced pressure. The residue
was purified by recrystallisation from diisopropyl ether to give 1-fluoro-3,3-dimethyl-

1,2-benziodoxole (0.718 g, 32%).

F—l—O KF (0.10 equiv) FsCo—I—0O

TMSC,F5 (1.0 equiv)
©/K MeCN
-20°C, 16 h

52%

Preparation of 1-pentafluoroethyl-3,3-dimethyl-1,2-benziodoxole (8)'°

To a 50 mL two-necked flask, KF (12.5 mg, 0.10 equiv) was charged and flame-dried
under vacuum. 1-Fluoro-3,3-dimethyl-1,2-benziodoxole (600 mg, 1.0 equiv) and MeCN
(4.0 mL) was added to the dried mixture, and the resulting mixture was stirred at 25 °C
for 24 h. The resulting suspension was cooled to -20 °C, and TMSC:Fs (4.5 mL, 1.1 equiv)
was added in one portion. The resulting mixture was stirred at -20 °C for 16 h. The
resulting mixture was filtered through a pad of celite, and the filter cake was washed with
MeCN. The volatiles were removed under reduced pressure. The residue was purified by
column chromatography on silica gel to give 1-pentafluoroethy-3,3-dimethyl-1,2-

benziodoxole (2e, 429 mg, 52%).
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F—I—O TBAT (S mol%)  F,c,—I—O0O

TMSC;F,
MeCN
-20°C, 1h
then 25 °C, 16 h

(1.3 equiv) 9
27%

Preparation of 1-heptafluoropropyl-3,3-dimethyl-1,2-benziodoxole (9)”

To a 50 mL two-necked flask, tetrabutylammonium difluorotriphenylsilicate (4.50 g,
5.0 mol%), 1-fluoro-3,3-dimethyl-1,2-benziodoxole (475 mg, 1.3 equiv) and MeCN (5.0
mL) was added to the dried mixture, and the resulting mixture was stirred at 25 °C for 24
h. The resulting suspension was cooled to -20 °C, and TMSC;F7 (4.5 mL, 1.0 equiv) was
added in one portion. The resulting mixture was stirred at -20 °C for 16 h. The reaction
mixture was filtered through a pad of celite, and the filter cake was washed with MeCN.
The solvent was removed under reduced pressure, and the residue was purified by column
chromatography on silica gel. The volatiles were removed under reduced pressure and
the residue was cooled at -20 °C to give 1-heptafluoropropyl-3,3-dimethyl-1,2-
benziodoxole (2f, 429 mg, 27%).
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3. Initial Attempts for 3-Position-Selective Trifluoromethylation

Preliminary investigation (Scheme 3-9)

To a PTFE cock glass tube, quinoline (1a, 0.0500 mmol, 6.46 mg, 1.0 equiv), Lewis
acid (0.0100-0.0500 mmol, 0.20-1.0 equiv), Nucleophile (0.0500 mmol, 1.0 equiv),
Umemoto reagent II (0.0500 mmol, 21.9 mg, 1.0 equiv) and solvent (0.400 mL) were
added. To the resulting mixture was reacted at 25-65 °C for 16 h using aluminum heating
block. The resulting solution was filtered through a pad of celite. After removal of the
volatiles under reduced pressure, 1,2,4,5-tetrafluorobenzene (0.200 mmol, internal
standard) was added, and the resulting mixture was analyzed by '°F NMR to determine

the yield of 2a, 3, and 4.

Activation by B(C¢F4-4CF3)3 (Scheme 3-10a)
To a J-young NMR tube, quinoline-B(CgFs-4CF3); complex (0.0500 mmol, 39.6 mg,
1.0 equiv), Nucleophile (0.0500 mmol, 1.0 equiv) and chloroform-d3 (0.400 mL) were

added. To the resulting mixture was analyzed by '"H NMR to determine.

Activation by Tf,0 (Scheme 3-10b)

To a J-young NMR tube, quinoline (1a, 0.0500 mmol, 6.46 mg, 1.0 equiv), Tf20 (0.0500
mmol, 14.1 mg, 1.0 equiv) and solvent (0.400 mL) were added, and the resulting mixture
was added Nucleophile (0.0500 mmol, 1.0 equiv). The mixture was reacted at 25 °C for
16 h, and the reaction mixture was added Umemoto reagent II (0.0500 mmol, 21.9 mg,

1.0 equiv). To the resulting mixture was analyzed by '°F NMR to determine.

Activation by Chloroformate or TFAA (Table 3-1)
To a J-young NMR tube, N-heteroaromatic compounds (1, 0.0500 mmol, 1.0 equiv) and
CDCI; (0.400 mL) were added, and the resulting mixture was added chloroformate or

TFAA (0.0500 mmol, 1.0 equiv). The mixture was reacted with phosphine (0.0500 mmol,
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1.0 equiv) at 0 °C, and the reaction mixture stirred at 25 °C for 16 h. To the resulting

mixture was analyzed by 'H NMR to determine.

General procedure fluorine-containing functionalization of 3-phenyl pyridine (1d)
(Table 3-2)

To a PTFE cock glass tube, 3-phenyl pyridine (1d, 0.0500 mmol, 7.76 mg, 1.0 equiv)
and CDCl; (0.400 mL) were added, and the resulting mixture was adde ethyl
chloroformate (0.0500 mmol, 5.43 mg, 1.0 equiv). The mixture was reacted with
phosphine (0.0500 mmol, 1.0 equiv) at 0 °C, and the reaction mixture stirred at 25 °C for
16 h. The reaction mixture was added Electrophile (0.0500 mmol, 1.0 equiv). The
resulting solution was added -BuOK (0.0500 mmol, 5.61 mg, 1.0 equiv) and filtered
through a pad of celite. After removal of the volatiles under reduced pressure, 1,2,4,5-
tetrafluorobenzene (0.20 mmol, internal standard) was added, and the resulting mixture

was analyzed by '"F NMR to determine the yield of 2.

4. Investigation of several conditions through hydrosilylation
General procedure: Activation of pyridine ring through hydrosilylation (Table 3-3 —
3-5, 3-6b, 3-7, 3-8)

To a PTFE cock glass tube, tris(pentafluorophenyl)borane (5 mol%, 1.28 mg) and
solvent (0.400 mL) were added. To the resulting mixture was added hydrosilane and N-
heteroaromatic compound 1. The tube was heated at 65 °C using aluminum heating block.
To the reaction mixture was added additive and Electrophile reacted for 16 h. The
resulting solution was filtered through a pad of celite, and the volatiles were removed
under reduced pressure. The resulting mixture was analyzed by '°F NMR to determine

the yield of 2.

General procedure: Optimization of hydrosilanes (Table 3-6a)

To a PTFE cock glass tube, tris(pentafluorophenyl)borane (5 mol%, 1.28 mg) and CDCI3
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(0.400 mL) were added. To the resulting mixture was added hydrosilane (0.0600 mmol,
1.2 equiv) and quinoline (1a, 0.500 mmol, 6.46 mg, 1.0 equiv). The tube was heated at
65 °C using aluminum heating block. The resulting mixture was analyzed by 'H NMR to

determine the yield of B.

General procedure: The reaction performed with trifluoromethylation reagent as

limiting reagent (Table 3-8 — 3-12 and Scheme 3-11, 3-12)

To a PTFE cock glass tube, tris(pentafluorophenyl)borane (5-10 mol%) and solvent
(0.400 mL) were added. To the resulting mixture was added methyl phenyl silane and 1a.
The tube was heated using aluminum heating block. To the reaction mixture was added
additive and trifluoromethylation reagent and reacted for 16 h. oxidant was added to the
reaction mixture and the mixture was stirred at 25 °C. The resulting solution was filtered
through a pad of celite, and the volatiles were removed under reduced pressure. The

resulting mixture was analyzed by '°F NMR to determine the yield of 2a.

S. Substrate Scope of 3-Position-selective Trifluoromethylation of
Pyridine Rings
3-(Trifluoromethyl)quinoline (2a).

To a PTFE cock glass tube, tris(pentafluorophenyl)borane (10

CF;
X
mol%, 10.2 mg) and 1,2-dichloroethane (0.400 mL) were added. _

N
To the resulting mixture was added methyl phenyl silane (0.400

2a

mmol, 48.9 mg, 2.0 equiv) and 1a (0.500 mmol, 64.6 mg, 2.5

equiv). The tube was heated at 65 °C for 5 h using aluminum heating block. To the reaction
mixture was added Togni reagent I (0.200 mmol, 66.0 mg, 1.0 equiv) at 0 °C and reacted
at 25 °C for 16 h. DDQ (0.400 mmol, 2.0 equiv) was added to the reaction mixture and
the mixture was stirred at 25 °C for 3 h. The resulting solution was filtered through a pad

of celite, and the volatiles were removed under reduced pressure. 'F NMR analysis of
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the crude reaction mixture indicated that 2a was formed in 76% yield. The isolated yield
of 2a became lower than ’F NMR yield because 2a has low boiling point. Rf = 0.28
(hexane/Et,0=10/1), '"H NMR (400 MHz, CDCl3) § 9.11 (d, J = 2.4 Hz, 1H), 8.48 (brs,
1H), 8.22 (d, J=8.4 Hz, 1H), 7.95 (d, J = 8.4 Hz, 1H), 7.91-7.85 (m, 1H), 7.71-7.66 (m,
1H); 3*C NMR (150 MHz, CDCI3) & 149.2, 146.0 (q, J = 2.9 Hz), 134.0 (q, J = 4.4 Hz),
131.8, 129.5, 128.6, 128.0, 126.2, 123.6 (q, /=270 Hz), 123.5 (q, /= 31.5 Hz); ’F NMR
(368 MHz, CDCls) 6 -61.7 (s, 3F); HRMS (EI) m/z: [M]" calcd for C1oHsF3N: 197.0452,
found: 197.0453.

3-(Trifluoromethyl)-6-(p-tolyloxy)quinoline (2e).
To a PTFE cock glass  tube,

o) ~CFs
tris(pentafluorophenyl)borane (10 mol%, 10.2 mg) M /©/ \©\/Nj/
e

and 1,2-dichloroethane (0.400 mL) were added. To 2
the resulting mixture was added methyl phenyl

silane (0.400 mmol, 48.9 mg, 2.0 equiv) and 1e (0.500 mmol, 118 mg, 2.5 equiv). The
tube was heated at 65 °C for 5 h using aluminum heating block. To the reaction mixture
was added Togni reagent I (0.200 mmol, 66.0 mg, 1.0 equiv) at 0 °C and reacted at 25 °C
for 16 h. DDQ (0.400 mmol, 2.0 equiv) was added to the reaction mixture and the mixture
was stirred at 25 °C for 3 h. The resulting solution was filtered through a pad of celite,
and the volatiles were removed under reduced pressure. The product 2e (40.6 mg, 67%)
was obtained as a yellow oil after purification by column chromatography on silica gel
(hexane/EtOAc = 10/1). Re= 0.42 (hexane/EtOAc=10/1), "TH NMR (400 MHz, CDCl;3) &
8.97 (d, J = 2.0 Hz, 1H), 8.26-8.23 (m, 1H), 8.15 (d, J=9.2 Hz, 1H), 7.62 (dd, J = 8.8
Hz, 2.4 Hz, 1H), 7.25-7.21 (m, 2H), 7.18 (d, 2.4 Hz, 1H), 7.04-7.00 (m, 2H), 2.39 (s, 3H);
3C NMR (100 MHz, CDCl3) 6 157.7, 153.2, 145.8, 144.2 (q, J = 2.9 Hz), 134.5, 132.9
(q,/=4.8 Hz), 131.3,130.7, 127.3, 125.1, 123.9 (q, J = 32.6 Hz), 123.6 (q, J =271 Hz),
120.2, 111.7, 20.8; 'F NMR (368 MHz, CDCl3) 6 -61.7 (s, 3F); HRMS (EI) m/z: [M]*
calcd for C17H2F3NO: 303.0871, found: 303.0870.
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3-(Trifluoromethyl)-6-{(triisopropylsilyl)oxy}quinoline (2f).
To a PTFE cock glass tube,

TIPSO ~CFs
tris(pentafluorophenyl)borane (10 mol%, 10.2 mg) and \©\/j/
N

1,2-dichloroethane (0.400 mL) were added. To the of
resulting mixture was added methyl phenyl silane (0.400

mmol, 48.9 mg, 2.0 equiv) and 1f (0.500 mmol, 151 mg, 2.5 equiv). The tube was heated
at 65 °C for 5 h using aluminum heating block. To the reaction mixture was added Togni
reagent I (0.200 mmol, 66.0 mg, 1.0 equiv) at 0 °C and reacted at 25 °C for 16 h. DDQ
(0.400 mmol, 2.0 equiv) was added to the reaction mixture and the mixture was stirred at
25 °C for 3 h. The resulting solution was filtered through a pad of celite, and the volatiles
were removed under reduced pressure. The product 2f (48.8 mg, 66%) was obtained as a
yellow oil after purification by column chromatography on silica gel (hexane/EtOAc =
10/1). R¢= 0.28 (hexane/EtOAc=10/1), '"H NMR (400 MHz, CDCl3) 6 8.94 (d, /= 2.0 Hz,
1H), 8.30-8.28 (m, 1H), 8.07 (d, J = 8.8 Hz, 1H), 7.48 (dd, /=9.2 Hz, 2.0 Hz, 1H), 7.25
(d, J=2.0 Hz, 1H), 1.40-1.25 (m, 3H), 1.14 (d, J = 7.6 Hz, 18H); 13C NMR (100 MHz,
CDCl3) 6 155.5, 145.1, 143.5 (q, /= 3.9 Hz), 132.7 (q, J = 3.9 Hz), 130.8, 128.1, 127.6,
123.7 (q, J=32.6 Hz), 123.7 (q, J = 271.2 Hz), 114.4, 17.9, 12.7; ’F NMR (368 MHz,
CDCl3) 6 61.7 (s, 3F); HRMS (EI) m/z: [M]" calcd for C19H26F3NOSi: 369.1736, found:

369.1735.

3-(Trifluoromethyl)quinoline-6-yl pivalate (2g).
To a PTFE cock glass tube,

t-BUC02 AN CF3
tris(pentafluorophenyl)borane (10 mol%, 10.2 mg) and \@j
N

1,2-dichloroethane (0.400 mL) were added. To the 2

resulting mixture was added methyl phenyl silane (0.400

mmol, 48.9 mg, 2.0 equiv) and 1g (0.500 mmol, 115 mg, 2.5 equiv). The tube was heated
at 65 °C for 5 h using aluminum heating block. To the reaction mixture was added Togni

reagent I (0.200 mmol, 66.0 mg, 1.0 equiv) at 0 °C and reacted at 25 °C for 16 h. DDQ
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(0.400 mmol, 2.0 equiv) was added to the reaction mixture and the mixture was stirred at
25 °C for 3 h. The resulting solution was filtered through a pad of celite, and the volatiles
were removed under reduced pressure. The product 2g (32.1 mg, 54%) was obtained as a
white solid after purification by column chromatography on silica gel (hexane/EtOAc =
10/1). Re = 0.35 (hexane/EtOAc=10/1), 'H NMR (400 MHz, CDCl3) § 9.08 (d, J = 2.4
Hz, 1H), 8.41 (t,J= 1.2 Hz, 1H), 8.20 (d, /= 9.2 Hz, 1H), 7.66 (d, J= 2.8 Hz, 1H), 7.57
(dd, J=9.2 Hz, 2.8 Hz, 1H), 1.42 (s, 9H); 1*C NMR (100 MHz, CDCls)  176.8, 150.1,
147.1, 145.6 (q, J=3.8 Hz), 133.6 (q,J=3.9 Hz), 131.0, 127.3, 126.7, 124.1 (q, J=33.6
Hz), 123.5 (q, J=271.2 Hz), 119.1, 39.3, 27.1; ’F NMR (368 MHz, CDCl3) 8 -61.7 (s,
3F); HRMS (EI) m/z: [M]" calcd for CisH14F3NO»: 297.0977, found: 297.0976.

3-(Trifluoromethyl)-6-{4-(trimethylsilyl)phenyl}quinoline (2h).
To a PTFE cock glass tube,

TMS
tris(pentafluorophenyl)borane (10 mol%, 10.2 mg) ‘ o CFs3
and 1,2-dichloroethane (0.400 mL) were added. To the O N
resulting mixture was added methyl phenyl silane 2h

(0.400 mmol, 48.9 mg, 2.0 equiv) and 1h (0.500 mmol, 139 mg, 2.5 equiv). The tube was
heated at 65 °C for 5 h using aluminum heating block. To the reaction mixture was added
Togni reagent I (0.200 mmol, 66.0 mg, 1.0 equiv) at 0 °C and reacted at 25 °C for 16 h.
DDQ (0.400 mmol, 2.0 equiv) was added to the reaction mixture and the mixture was
stirred at 25 °C for 3 h. The resulting solution was filtered through a pad of celite, and the
volatiles were removed under reduced pressure. The product 2h (45.6 mg, 66%) was
obtained as a pale yellow solid after purification by column chromatography on silica gel
(hexane/EtOAc = 10/1). R¢= 0.47 (hexane/EtOAc=10/1), "TH NMR (400 MHz, CDCl;3) §
9.10 (d, J=2.4 Hz, 1H), 8.52-8.50 (m, 1H), 8.27 (d, J= 8.8 Hz, 1H), 8.15-8.10 (m, 2H),
7.73-7.68 (m, 4H), 0.34 (s, 9H); 1*C NMR (100 MHz, CDCl3) & 148.5, 145.7 (g, J= 3.9
Hz), 140.8, 140.7, 139.7, 134.2 (q, /= 4.8 Hz), 134.1, 131.6, 129.9, 126.7, 126.5, 126.0,

124.0 (q, J = 32.6 Hz), 123.6 (q, J = 271 Hz), -1.2; '°F NMR (368 MHz, CDCL3) § -61.6
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(s, 3F); HRMS (EI) m/z: [M]" calcd for C19HsF3NSi: 345.1161, found: 345.1159.

6-Fluoro-3-(trifluoromethyl)quinoline (2i).
To a PTFE cock glass tube, tris(pentafluorophenyl)borane

F ~-CFs
(10 mol%, 10.2 mg) and 1,2-dichloroethane (0.400 mL) were \@j
N

added. To the resulting mixture was added methyl phenyl silane _

(0.400 mmol, 48.9 mg, 2.0 equiv) and 1i (0.500 mmol, 73.6 mg, :

2.5 equiv). The tube was heated at 65 °C for 5 h using aluminum heating block. To the
reaction mixture was added Togni reagent I (0.200 mmol, 66.0 mg, 1.0 equiv) at 0 °C and
reacted at 25 °C for 16 h. DDQ (0.400 mmol, 2.0 equiv) was added to the reaction mixture
and the mixture was stirred at 25 °C for 3 h. The resulting solution was filtered through a
pad of celite, and the volatiles were removed under reduced pressure. '°F NMR analysis
of the crude reaction mixture indicated that 2i was formed in 50% yield. The isolated
yield of 2i became lower than ’F NMR yield because 2i has low boiling point. R¢= 0.26
(hexane/Et,0=10/1), '"H NMR (400 MHz, CDCl3) 6 9.07 (d, J = 2.0 Hz, 1H), 8.42-8.40
(m, 1H), 8.21 (dd, J = 8.8 Hz, 5.2 Hz, 1H), 7.67-7.61 (m, 1H), 7.55 (dd, J = 8.4 Hz, 2.8
Hz, 1H); *C NMR (150 MHz, CDCl3) 8 161.1 (d, J= 250 Hz), 146.4, 145.3 (qd, J=2.9
Hz, 2.9 Hz), 133.3 (qd, J=4.2 Hz, 4.2 Hz), 132.2 (d, /= 8.9 Hz), 127.0 (d, /= 11.6 Hz),
124.4 (q, J = 33.0 Hz), 123.5 (q, J = 272 Hz), 122.2 (d, J = 26.0 Hz), 111.6 (d, J=23.0
Hz); ’F NMR (368 MHz, CDCl3) 8 -61.9 (s, 3F), -110.4--110.5 (m, 1F); HRMS (EI) m/z:

[M]" calcd for CioHsF4N: 215.0358, found: 215.0357.

6-Chloro-3-(trifluoromethyl)quinoline (2j).
To a PTFE cock glass tube, tris(pentafluorophenyl)borane

cl ~CFs
(10 mol%, 10.2 mg) and 1,2-dichloroethane (0.400 mL) were \©\/j
N

added. To the resulting mixture was added methyl phenyl
2j
silane (0.400 mmol, 48.9 mg, 2.0 equiv) and 1j (0.500 mmol,

81.8 mg, 2.5 equiv). The tube was heated at 65 °C for 5 h using aluminum heating block.
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To the reaction mixture was added Togni reagent I (0.200 mmol, 66.0 mg, 1.0 equiv) at 0
°C and reacted at 25 °C for 16 h. DDQ (0.400 mmol, 2.0 equiv) was added to the reaction
mixture and the mixture was stirred at 25 °C for 3 h. The resulting solution was filtered
through a pad of celite, and the volatiles were removed under reduced pressure. The
product 2j (26.4 mg, 57%) was obtained as a white solid after purification by column
chromatography on silica gel (hexane/EtOAc = 10/1). R¢ = 0.42 (hexane/EtOAc=10/1),
'"H NMR (400 MHz, CDCl3) 8 9.09 (d, J= 2.0 Hz, 1H), 8.37 (t, /= 0.8 Hz, 1H), 8.14 (d,
J=9.2Hz, 1H), 7.92 (d, J = 2.4 Hz, 1H), 7.80 (dd, J = 8.8 Hz, 2.0 Hz, 1H); 3C NMR
(100 MHz, CDCl3) 6 147.4, 146.1 (q, J = 3.2 Hz), 134.2, 133.2 (q, J = 3.3 Hz), 132.9,
131.0, 127.2, 127.0, 124.5 (q, J = 33.6 Hz), 123.3 (q, J =271 Hz); "°F NMR (368 MHz,
CDCl) 8 -61.9 (s, 3F); HRMS (EI) m/z: [M]" calcd for C;oHsCIF3N: 231.0063, found:
231.0059.

6-Bromo-3-(trifluoromethyl)quinoline (2k).
To a PTFE cock glass tube,

Br AN CF3
tris(pentafluorophenyl)borane (10 mol%, 10.2 mg) and 1,2- \©\/j/
N

dichloroethane (0.400 mL) were added. To the resulting

mixture was added methyl phenyl silane (0.400 mmol, 48.9 2

mg, 2.0 equiv) and 1k (0.500 mmol, 104 mg, 2.5 equiv). The tube was heated at 65 °C for
5 h using aluminum heating block. To the reaction mixture was added Togni reagent |
(0.200 mmol, 66.0 mg, 1.0 equiv) at 0 °C and reacted at 25 °C for 16 h. DDQ (0.400 mmol,
2.0 equiv) was added to the reaction mixture and the mixture was stirred at 25 °C for 3 h.
The resulting solution was filtered through a pad of celite, and the volatiles were removed
under reduced pressure. The product 2k (40.9 mg, 74%) was obtained as a white solid
after purification by column chromatography on silica gel (hexane/EtOAc = 10/1). Rr=
0.42 (hexane/EtOAc=10/1), 'H NMR (400 MHz, CDCl3) 6 9.10 (d, /= 2.4 Hz, 1H), 8.37-
8.34 (m, 1H), 8.09 (d, J=2.4 Hz, 1H), 8.06 (d, /= 8.4 Hz, 1H), 7.92 (dd, J= 8.8 Hz, 2.0
Hz, 1H); *C NMR (100 MHz, CDCI3) & 147.7, 146.2 (q, J = 3.9 Hz), 135.4, 133.1 (q, J
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=3.8 Hz), 131.1, 130.5, 127.4, 124.5 (q, J = 32.6 Hz), 123.3 (q, /=271 Hz), 122.3; I°F
NMR (368 MHz, CDCls) 8 -61.8 (s, 3F); HRMS (EI) m/z: [M]" calcd for CioHsBrF3N:
274.9557, found: 274.9558.

The reaction of 1k using 2a in 1 mmol scale

To a PTFE cock glass tube, tris(pentafluorophenyl)borane (10 mol%, 51.2 mg) and
1,2-dichloroethane (2.00 mL) were added. To the resulting mixture was added methyl
phenyl silane (2.00 mmol, 245 mg, 2.0 equiv) and 1k (2.50 mmol, 520 mg, 2.5 equiv).
The tube was heated at 65 °C for 5 h using aluminum heating block. To the reaction
mixture was added Togni reagent I (1.00 mmol, 330 mg, 1.0 equiv) at 0 °C and reacted at
25 °C for 16 h. DDQ (2.00 mmol, 454 mg, 2.0 equiv) was added to the reaction mixture
and the mixture was stirred at 25 °C for 3 h. The resulting solution was filtered through a
pad of celite, and the volatiles were removed under reduced pressure. The resulting
solution was filtered through a pad of celite, and the volatiles were removed under
reduced pressure. The product 2k (168 mg, 61%) was obtained as a white solid after

purification by column chromatography on silica gel (hexane/EtOAc = 10/1).

6-Iodo-3-(trifluoromethyl)quinoline (21).
To a PTFE cock glass tube, tris(pentafluorophenyl)borane

| CFs
X
(10 mol%, 10.2 mg) and 1,2-dichloroethane (0.400 mL) were \©\/j
N

added. To the resulting mixture was added methyl phenyl silane .

(0.400 mmol, 48.9 mg, 2.0 equiv) and 11 (0.500 mmol, 127.5

mg, 2.5 equiv). The tube was heated at 65 °C for 5 h using aluminum heating block. To
the reaction mixture was added Togni reagent I (0.200 mmol, 66.0 mg, 1.0 equiv) at 0 °C
and reacted at 25 °C for 16 h. DDQ (0.400 mmol, 2.0 equiv) was added to the reaction
mixture and the mixture was stirred at 25 °C for 3 h. The resulting solution was filtered

through a pad of celite, and the volatiles were removed under reduced pressure. The

product 21 (43.3 mg, 67%) was obtained as a white solid after purification by column
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chromatography on silica gel (hexane/EtOAc = 10/1). R¢ = 0.42 (hexane/EtOAc=10/1),
'"H NMR (400 MHz, CDCl3) 4 9.09 (d, J = 2.0 Hz, 1H), 8.34-8.31 (m, 2H), 8.08 (dd, J=
8.8 Hz, 2.0 Hz, 1H), 7.91 (d, J=9.2 Hz, 1H); *C NMR (100 MHz, CDCl5) § 148.1, 146.4
(9, J/=2.9 Hz), 140.6, 137.2, 132.8 (q, /= 3.8 Hz), 131.0, 127.4, 124.3 (q, J = 33.6 Hz),
123.3 (q, J = 271 Hz), 93.9; 'F NMR (368 MHz, CDCl3) 8 -61.8 (s, 3F); HRMS (EI)
m/z: [M]" calcd for CioHsF3IN: 322.9419, found: 322.9419.

5-Bromo-3-(trifluoromethyl)quinoline (2m).

To a PTFE cock glass tube, tris(pentafluorophenyl)borane (10 Br

mol%, 10.2 mg) and 1,2-dichloroethane (0.400 mL) were added. N CFs
To the resulting mixture was added methyl phenyl silane (0.400 N"
mmol, 48.9 mg, 2.0 equiv) and 1m (0.500 mmol, 104 mg, 2.5 2m

equiv). The tube was heated at 65 °C for 5 h using aluminum heating block. To the reaction
mixture was added Togni reagent I (0.200 mmol, 66.0 mg, 1.0 equiv) at 0 °C and reacted
at 25 °C for 16 h. DDQ (0.400 mmol, 2.0 equiv) was added to the reaction mixture and
the mixture was stirred at 25 °C for 3 h. The resulting solution was filtered through a pad
of celite, and the volatiles were removed under reduced pressure. The product 2m (21.5
mg, 39%) was obtained as a white solid after purification by column chromatography on
silica gel (hexane/EtOAc = 10/1). R¢ = 0.34 (hexane/EtOAc=10/1), '"H NMR (400 MHz,
CDCl3) 6 9.91 (d, J = 2.0 Hz, 1H), 8.83-8.81 (m, 1H), 8.16 (d, J = 8.4 Hz, 1H), 7.94 (dd,
J=7.6 Hz, 1.2 Hz, 1H), 7.71 (t, J = 8.0 Hz, 1H); *C NMR (100 MHz, CDCl;) § 149.9,
146.6 (q,J=2.8 Hz), 133.9 (q, J=4.8 Hz), 132.1, 131.8, 129.4, 126.1, 124.8 (q, /= 33.6
Hz), 123.4 (q,J =272 Hz) 122.7; "F NMR (368 MHz, CDCl3) § 61.7 (s, 3F); HRMS (EI)
m/z: [M]" calcd for CioHsBrF3N: 274.9557, found: 274.9558.
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6-Bromo-8-fluoro-3-(trifluoromethyl)quinoline (2n).

To a PTFE cock glass tube, tris(pentafluorophenyl)borane g, CF,
A
(10 mol%, 10.2 mg) and 1,2-dichloroethane (0.400 mL) were N7
added. To the resulting mixture was added methyl phenyl F
2n

silane (0.400 mmol, 48.9 mg, 2.0 equiv) and 1n (0.500 mmol,

113 mg, 2.5 equiv). The tube was heated at 65 °C for 5 h using aluminum heating block.
To the reaction mixture was added Togni reagent I (0.200 mmol, 66.0 mg, 1.0 equiv) at 0
°C and reacted at 25 °C for 16 h. DDQ (0.400 mmol, 2.0 equiv) was added to the reaction
mixture and the mixture was stirred at 25 °C for 3 h. The resulting solution was filtered
through a pad of celite, and the volatiles were removed under reduced pressure. The
product 2n (31.2 mg, 53%) was obtained as a white solid after purification by column
chromatography on silica gel (hexane/EtOAc = 10/1). R¢ = 0.56 (hexane/EtOAc=10/1),
'"H NMR (400 MHz, CDCl3) 8 9.14 (d, J = 2.0 Hz, 1H), 8.41-8.38 (m, 1H), 7.92 (t, J =
2.0 Hz 1H), 7.69 (dd, J = 8.8 Hz, 2.0 Hz, 1H); '*C NMR (100 MHz, CDCl3) 4 157.6 (d,
J=264 Hz), 146.5 (qd, J=2.9 Hz, 2.9 Hz), 138.5 (d, /= 12.4 Hz), 132.7 (qd, /= 3.8 Hz,
3.8Hz), 128.5 (d,J=1.9 Hz), 126.4 (d, J=4.7 Hz), 125.6 (q, J = 34.5 Hz), 123.1 (q, J
=271 Hz), 121.1 (d, J = 9.6 Hz), 120.1 (d, J = 22.1 Hz); 'F NMR (368 MHz, CDCl3) §
-62.1 (s, 3F), -120.6 (d, J = 9.6 Hz, 1F); HRMS (EI) m/z: [M]" caled for CioH4BrFsN:
292.9463, found: 292.9460.

2-Phenyl-3-(trifluoromethyl)quinoline (20).
To a PTFE cock glass tube, tris(pentafluorophenyl)borane cF
AN 3

(10 mol%, 10.2 mg) and 1,2-dichloroethane (0.400 mL) were @\/:[
N Ph

added. To the resulting mixture was added methyl phenyl silane

(0.400 mmol, 48.9 mg, 2.0 equiv) and 1o (0.500 mmol, 103 mg, e

2.5 equiv). The tube was stirred at 25 °C for 24 h. To the reaction mixture was added
Togni reagent I (0.200 mmol, 66.0 mg, 1.0 equiv) at 0 °C and reacted at 25 °C for 16 h.

DDQ (0.400 mmol, 2.0 equiv) was added to the reaction mixture and the mixture was
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stirred at 25 °C for 3 h. The resulting solution was filtered through a pad of celite, and the
volatiles were removed under reduced pressure. The product 20 (26.8 mg, 49%) was
obtained as a white solid after purification by column chromatography on silica gel
(hexane/EtOAc = 10/1). Rr= 0.41 (hexane/EtOAc=10/1), 'H NMR (400 MHz, CDCl3) §
8.61 (s, 1H), 8.23 (d, J=8.4 Hz), 7.97 (d, /= 8.0 Hz, 1H), 7.88-7.84 (m, 1H), 7.70-7.65
(m, 1H), 7.61-7.56 (m, 2H), 7.52-7.47 (m, 3H); *C NMR (100 MHz, CDCl3) § 157.2,
148.3,139.4,136.0 (q,J=5.7 Hz), 132.1, 129.5, 128.8, 128.7, 128.3, 128.0, 127.8, 125.3,
123.6 (q, /=271 Hz), 122.8 (g, J=30.6 Hz); ’F NMR (368 MHz, CDCl3) § 57.1 (s, 3F);
HRMS (EI) m/z: [M]" calcd for CisHi0F3N: 273.0765, found: 273.0763.

4-Phenyl-3-(trifluoromethyl)quinoline (2p).

To a PTFE cock glass tube, tris(pentafluorophenyl)borane (10 Ph
mol%, 10.2 mg) and 1,2-dichloroethane (0.400 mL) were added. m CFs
To the resulting mixture was added methyl phenyl silane (0.400 N”
mmol, 48.9 mg, 2.0 equiv) and 1p (0.500 mmol, 103 mg, 2.5 2p
equiv). The tube was heated at 50 °C for 7 h using aluminum heating block. To the reaction
mixture was added Togni reagent I (0.200 mmol, 66.0 mg, 1.0 equiv) at 0 °C and reacted
at 25 °C for 16 h. DDQ (0.400 mmol, 2.0 equiv) was added to the reaction mixture and
the mixture was stirred at 25 °C for 3 h. The resulting solution was filtered through a pad
of celite, and the volatiles were removed under reduced pressure. The product 2p (20.8
mg, 38%) was obtained as a white solid after purification by column chromatography on
silica gel (hexane/EtOAc = 10/1). Ry = 0.41 (hexane/EtOAc=10/1), '"H NMR (400 MHz,
CDCl3) 6 9.22 (s, 1H), 8.24 (d, J = 8.0 Hz, 1H), 7.86-7.81 (m, 1H), 7.61-7.46 (m, SH),
7.37-7.29 (m, 2H); *C NMR (100 MHz, CDCl3) & 149.3, 148.7 (q, J = 1.9 Hz), 146.1 (q,
J=4.8 Hz), 134.0, 131.4, 129.6, 129.12, 129.10, 128.7, 128.0, 127.7, 127.3, 123.7 (q, J
=273 Hz), 121.4 (q, J = 29.7 Hz); ’F NMR (368 MHz, CDCIl3) & 56.2 (s, 3F); HRMS
(EI) m/z: [M]" calcd for Ci¢H1oF3N: 273.0765, found: 273.0762.
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4-Phenoxy-3-(trifluoromethyl)quinoline (2q).

To a PTFE cock glass tube, tris(pentafluorophenyl)borane (10 OPh
mol%, 10.2 mg) and 1,2-dichloroethane (0.400 mL) were added. @ﬁTCFS
To the resulting mixture was added methyl phenyl silane (0.400 N7
mmol, 48.9 mg, 2.0 equiv) and 1q (0.500 mmol, 111 mg, 2.5 2q

equiv). The tube was heated at 65 °C for 5 h using aluminum heating block. To the reaction
mixture was added Togni reagent I (0.200 mmol, 66.0 mg, 1.0 equiv) at 0 °C and reacted
at 25 °C for 16 h. DDQ (0.400 mmol, 2.0 equiv) was added to the reaction mixture and
the mixture was stirred at 25 °C for 3 h. The resulting solution was filtered through a pad
of celite, and the volatiles were removed under reduced pressure. The product 2q (35.3
mg, 61%) was obtained as a white solid after purification by column chromatography on
silica gel (hexane/Et;O = 10/1). R¢ = 0.19 (hexane/Et;0=10/1), 'H NMR (400 MHz,
CDCl3) 6 9.16 (s, 1H), 8.23 (d, J = 8.8 Hz, 1H), 7.88-7.80 (m, 2H), 7.55-7.48 (m, 1H),
7.33-7.27 (m, 2H), 7.09 (tt, J = 7.2 Hz, 1.2 Hz, 1H), 6.86-6.82 (m, 2H); 3C NMR (150
MHz, CDCls) 6 161.9, 153.9, 152.1, 146.1, 130.4, 128.6 (q, J = 5.7 Hz), 127.4 (q, J =
30.2 Hz), 126.5, 126.0, 124.6, 124.1 (q, J =271 Hz), 122.1, 121.1, 104.8; 'F NMR (368
MHz, CDCls) & -59.9 (s, 3F); HRMS (EI) m/z: [M]" calcd for Ci¢H10F3NO: 289.0714,
found: 289.0716.

2-(Trifluoromethyl)benzo[f]quinline (2r).
To a PTFE cock glass tube, tris(pentafluorophenyl)borane
(10 mol%, 10.2 mg) and 1,2-dichloroethane (0.400 mL) were

added. To the resulting mixture was added methyl phenyl silane

(0.400 mmol, 48.9 mg, 2.0 equiv) and 1r (0.500 mmol, 89.6 mg, 2r

2.5 equiv). The tube was heated at 65 °C for 5 h using aluminum heating block. To the
reaction mixture was added Togni reagent I (0.200 mmol, 66.0 mg, 1.0 equiv) at 0 °C and
reacted at 25 °C for 16 h. DDQ (0.400 mmol, 2.0 equiv) was added to the reaction mixture

and the mixture was stirred at 25 °C for 3 h. The resulting solution was filtered through a
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pad of celite, and the volatiles were removed under reduced pressure. The product 2r
(22.7 mg, 46%) was obtained as a white solid after purification by column
chromatography on silica gel (hexane/EtOAc = 10/1). R¢ = 0.39 (hexane/EtOAc=10/1),
"H NMR (400 MHz, CDCl3) § 9.17 (s, 2H), 8.63 (d, /= 7.6 Hz, 1H), 8.07 (q, /= 14.4 Hz,
2H), 7.97 (dd, J = 8.0 Hz, 1.6 Hz, 1H), 7.80-7.69 (m, 2H); *C NMR (100 MHz, CDCls)
0 149.7, 145.4 (q, J = 2.9 Hz), 133.5, 131.9, 129.2, 129.0, 128.5 (q, J = 3.9 Hz), 128.3,
127.9, 127.3, 124.2, 123.9 (q, J =271 Hz), 123.8 (q, J = 32.6 Hz), 122.7; 'F NMR (368
MHz, CDCl3) 6 -61.2 (s, 3F); HRMS (EI) m/z: [M]" caled for Ci4HgF3N: 247.0609,
found: 247.0610.

4-(Trifluoromethyl)isoquinoline (2s).

To a PTFE cock glass tube, tris(pentafluorophenyl)borane (10
mol%, 10.2 mg) and CHCI; (0.400 mL) were added. To the resulting CF4
mixture was added methyl phenyl silane (0.400 mmol, 48.9 mg, 2.0 S |
equiv) and 1s (0.500 mmol, 64.6 mg, 2.5 equiv). The tube was heated 26
at 110 °C for 24 h using aluminum heating block. To the reaction
mixture was added Togni reagent I (0.200 mmol, 66.0 mg, 1.0 equiv) at 0 °C and reacted
at 25 °C for 16 h. DDQ (0.400 mmol, 2.0 equiv) was added to the reaction mixture and
the mixture was stirred at 25 °C for 3 h. The resulting solution was filtered through a pad
of celite, and the volatiles were removed under reduced pressure. 'F NMR analysis of
the crude reaction mixture indicated that 2s was formed in 34% yield. The isolated yield
of 2s became lower than 'F NMR yield because 2s has low boiling point. Rf = 0.50
(hexane/Et,0=4/1), '"H NMR (400 MHz, CDCl3) § 9.38 (s, 1H), 8.85 (s, 1H), 8.13 (d, J =
8.4 Hz, 1H), 8.08-8.04 (m, 1H), 7.88-7.81 (m, 1H), 7.75-7.68 (m, 1H); 3*C NMR (150
MHz, CDCl3) 6 156.9, 141.0 (q, J=5.7 Hz), 132.2, 131.4, 128.4, 128.3, 128.2, 124.3 (q,
J =273 Hz), 123.3, 120.2 (q, J = 30.2 Hz); '°F NMR (368 MHz, CDCl5) § -60.2 (s, 3F);

HRMS (EI) m/z: [M]" caled for CioHsF3N: 197.0452, found: 197.0454.

119



3-Phenyl-5-(trifluoromethyl)pyridine (2¢).
To a PTFE cock glass tube, tris(pentafluorophenyl)borane (10

Ph._~-CFs
mol%, 10.2 mg) and 1,2-dichloroethane (0.400 mL) were added. To |
=
the resulting mixture was added methyl phenyl silane (0.500 mmol, N
2c

61.1 mg, 2.5 equiv) and 1¢ (0.400 mmol, 62.1 mg, 2.0 equiv). The

tube was heated at 85 °C for 40 h using aluminum heating block. To the reaction mixture
was added Togni reagent I (0.200 mmol, 66.0 mg, 1.0 equiv) at -20 °C and reacted for 16
h. DDQ (0.400 mmol, 2.0 equiv) was added to the reaction mixture and the mixture was
stirred at 25 °C for 3 h. The resulting solution was filtered through a pad of celite, and the
volatiles were removed under reduced pressure. °’F NMR analysis of the crude reaction
mixture indicated that 2¢ was formed in 37% yield. The isolated yield of 2d became lower
than '°F NMR yield because 2¢ has low boiling point. R¢= 0.25 (hexane/Et,0=10/1), 'H
NMR (400 MHz, CDCl3) 6 9.03 (d, J = 2.0 Hz, 1H), 8.87 (d, J = 1.2 Hz, 1H), 8.10-8.08
(m, 1H), 7.62-7.58 (m, 2H), 7.55-7.44 (m, 3H); *C NMR (100 MHz, CDCI3) 6 151.4 (d,
J=29Hz),145.1 (q,J=5.9 Hz), 136.8, 136.2, 131.3 (q,J = 5.9 Hz), 129.3, 128.9, 127 .2,
126.8 (q, J = 32.5 Hz), 123.5 (q, J = 271 Hz); °F NMR (368 MHz, CDCls) § -62.3 (s,
3F); HRMS (EI) m/z: [M]" caled for Ci12HsF3N: 223.0609, found: 223.0608.

6-Bromo-3-(pentafluoroethyl)quinoline (10).

To a PTFE cock glass tube, tris(pentafluorophenyl)borane
(10 mol%, 10.2 mg) and 1,2-dichlorocthane (0.400 mL) were Brmcﬁ
added. To the resulting mixture was added methyl phenyl 10N
silane (0.400 mmol, 48.9 mg, 2.0 equiv) and 1k (0.500 mmol,
104 mg, 2.5 equiv). The tube was heated at 65 °C for 5 h using aluminum heating block.
To the reaction mixture was added 1-pentafluoroethy-3,3-dimethyl-1,2-benziodoxole (8,
0.200 mmol, 76.0 mg, 1.0 equiv) at 0 °C and reacted at 25 °C for 16 h. DDQ (0.400 mmol,
2.0 equiv) was added to the reaction mixture and the mixture was stirred at 25 °C for 3 h.

The resulting solution was filtered through a pad of celite, and the volatiles were removed
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under reduced pressure. The product 10 (47.6 mg, 73%) was obtained as a white solid
after purification by column chromatography on silica gel (hexane/Et;O = 10/1). R¢ =
0.39 (hexane/Et;0=10/1), '"H NMR (400 MHz, CDCl3) 8 9.11 (d, J = 3.6 Hz, 1H), 8.83
(t,J=1.2Hz, 1H), 8.16 (d, /= 8.0 Hz, 1H), 7.94 (dd, J= 7.2 Hz, 0.8 Hz, 1H), 7.71 (td,
J = 8.4 Hz, 0.8 Hz, 1H); 1*C NMR (150 MHz, CDCl3) & 147.9, 146.7 (t, J = 5.7 Hz),
1354, 134.5 (t, J=5.9 Hz), 131.2, 130.5, 127.3, 122.6 (t, J = 24.5 Hz), 122.1, 118.8 (qt,
J =284 Hz, 37.4 Hz), 112.7 (tq, J = 254 Hz, 38.9 Hz); '°F NMR (368 MHz, CDCl3) 5 -
84.5 (s, 2F), -114.8 (s, 3F); HRMS (EI) m/z: [M]" calcd for Ci1HsBrFsN: 324.9526,
found: 324.9526.

6-Bromo-3-(heptafluoropropyl)quinoline (11).

To a PTFE cock glass tube, tris(pentafluorophenyl)borane
(10 mol%, 10.2 mg) and 1,2-dichloroethane (0.400 mL) were BrmC3F7
added. To the resulting mixture was added methyl phenyl 11N/
silane (0.400 mmol, 48.9 mg, 2.0 equiv) and 1k (0.500 mmol,
104 mg, 2.5 equiv). The tube was heated at 65 °C for 5 h using aluminum heating block.
To the reaction mixture was added 1-heptafluoropropyl-3,3-dimethyl-1,2-benziodoxole
(11, 86.0 mg, 0.200 mmol, 1.0 equiv) at 0 °C and reacted at 25 °C for 16 h. DDQ (0.400
mmol, 2.0 equiv) was added to the reaction mixture and the mixture was stirred at 25 °C
for 3 h. The resulting solution was filtered through a pad of celite, and the volatiles were
removed under reduced pressure. The product 11 (51.9 mg, 69%) was obtained as a white
solid after purification by column chromatography on silica gel (hexane/Et;O = 10/1). R
= 0.38 (hexane/Et0=10/1), '"H NMR (400 MHz, CDCl3) § 9.04 (s, 1H), 8.34 (d, J= 1.6
Hz, 1H), 8.13 (d, J= 1.6 Hz, 1H), 8.08 (d, /= 8.8 Hz, 1H), 7.94 (dd, /= 9.2 Hz, 2.4 Hz,
1H); 3C NMR (150 MHz, CDCl3) & 147.9, 146.9 (t,J= 5.7 Hz), 135.5, 1349 (t, J = 7.1
Hz), 131.2, 130.6, 127.4, 122.8 (t, J = 24.5 Hz), 122.2, 117.8 (qt, J = 286 Hz, 33.2 Hz),
114.7 (tt, J = 254 Hz, 31.7 Hz), 108.6 (tq, J = 263 Hz, 38.9 Hz); '°F NMR (368 MHz,
CDCl3) 6 -79.7 (t, J=9.2 Hz, 3F), -111.7 (q, J = 9.2 Hz, 2F), -125.9 (s, 2F); HRMS (EI)
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m/z: [M]" calcd for C12HsBrF7N: 374.9494, found: 374.9493.

5,7-Dichloro-4-(4-fluorophenoxy)-3-(trifluoromethyl)quinoline (13).
To a PTFE cock glass tube,

tris(pentafluorophenyl)borane (10 mol%, 10.2 mg) and 1,2- /©/F
dichloroethane (0.400 mL) were added. To the resulting T O\ CFs
mixture was added methyl phenyl silane (0.400 mmol, 48.9 o /C(Nj/

mg, 2.0 equiv) and 12 (0.500 mmol, 154 mg, 2.5 equiv). The 13

tube was heated at 65 °C for 5 h using aluminum heating block. To the reaction mixture
was added Togni reagent I (0.200 mmol, 66.0 mg, 1.0 equiv) at 0 °C and reacted at 25 °C
for 16 h. DDQ (0.400 mmol, 2.0 equiv) was added to the reaction mixture and the mixture
was stirred at 25 °C for 3 h. The resulting solution was filtered through a pad of celite,
and the volatiles were removed under reduced pressure. The product 13 (45.1 mg, 60%)
was obtained as a white solid after purification by column chromatography on silica gel
(hexane/Et;0 = 10/1). Re= 0.34 (hexane/Et;0=10/1), 'H NMR (400 MHz, CDCl3) § 9.17
(s, 1H), 8.16 (d, J=2.0 Hz, 1H), 7.62 (d, J = 2.0 Hz, 1H), 6.99-6.92 (m, 2H), 6.64-6.56
(m, 2H); 13C NMR (100 MHz, CDCls) 6 158.2 (d, J = 241 Hz), 157.4 (q, J = 2.0 Hz),
155.1 (d, J=2.9 Hz), 153.4, 149.5 (q, J = 5.7 Hz), 137.7, 131.7, 130.1, 128.6, 122.4 (q,
J=272 Hz), 119.8, 118.3 (q, J=31.6 Hz), 116.3 (d, J = 23.0 Hz), 116.0 (d, J = 8.6 Hz);
F NMR (368 MHz, CDCl3) 8 -57.5 (s, 3F), -120.8 (tt, /= 7.7 Hz, 4.0 Hz, 1F); HRMS
(EI) m/z: [M]" calcd for Ci6H7CLF4sNO: 374.9841, Found: 374.9842.
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6. Mechanistic Studies

Experiment of NMR analysis
B(C6F5)3 (50 mol%)

. H2SiMePh (1.0 equiv) @
_ N
N

CDCl3,65°C,5h

1a B
(1.0 equiv)
F3C_|—O
©/% mCFs DDQ (2.0 equiv) @CH
CDCl, N CDCl3, 25°C, 3 h N~
0t025°C, 16 h H
c 2a 22%

Scheme 3-20. Reaction monitored by 'H and '°F NMR

To a J young NMR tube, tris(pentafluorophenyl)borane (5.0 mol%, 5.12 mg),
chloroform-d (0.400 mL), and methyl phenyl silane (0.200 mmol, 24.4 mg, 1.0 equiv)
were added. Then the mixture was treated with quinoline (1a, 0.200 mmol, 25.8 mg, 1.0
equiv) and the tube was heated at 65 °C for 5 h. To the reaction mixture was added Togni
reagent I (0.200 mmol, 66.0 mg, 1.0 equiv) and 1,2,4,5-tetrafluorobenzene (0.20 mmol,
internal standard) at 0 °C and the mixture was stirred at 25 °C for 16 h. DDQ (0.400 mmol,
90.8 mg, 2.0 equiv) was added to the solution and the mixture was stirred at 25 °C for 3

h. The reaction mixture was analyzed by 'H and '°F NMR.
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Figure 3-4. Hydrosilylation of quinoline(1a) was monitored by '"H NMR spectra (CHCl3)
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Figure 3-5. Trifluoromethylation of N-silyl enamine (B) was monitored by 'H NMR
spectra (CHCI3)
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Isolation of silyl ether 7

To a PTFE cock glass tube, tris(pentafluorophenyl)borane (5 mol%, 5.12 mg), 1,2-
dichloroethane (0.400 mL), and diphenyl silane (0.240 mmol, 44.2 mg, 1.2 equiv) were
added. Then the mixture was treated with quinoline (1a, 0.200 mmol, 25.8 mg, 1.0 equiv)
and the tube was heated at 65 °C for 5 h. To the reaction mixture was added Togni reagent
I (0.400 mmol, 132 mg 2.0 equiv) at 0 °C and reacted at 25 °C for 16 h. The resulting
solution was filtered through a pad of celite, and the volatiles were removed under
reduced pressure. The silyl ether 7 (33.8 mg, 38%) was obtained as a pale yellow solid

after purification by column chromatography on silica gel.

Radical trapping experiment

To a PTFE cock glass tube, tris(pentafluorophenyl)borane (10 mol%, 10.2 mg), 1,2-
dichloroethane (0.400 mL), and methyl phenyl silane (0.400 mmol, 48.9 mg, 2.0 equiv)
were added. Then the mixture was treated with quinoline (1a, 0.500 mmol, 64.6 mg, 2.5
equiv) and the tube was heated at 65 °C for 5 h. To the reaction mixture was added Togni
reagent [ (0.200 mmol, 66.0 mg 1.0 equiv) and TEMPO (0.200 mmol, 31.3 mg 1.0 equiv)
at 0 °C and reacted at 25 °C for 16 h. The resulting solution was filtered through a pad of
celite. After removal of the volatiles under reduced pressure, 1,2,4,5-tetrafluorobenzene
(0.20 mmol, internal standard) was added, and the resulting mixture was analyzed by °F

NMR to determine the yield of 2a and TEMPO-CFs;.
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7. Reaction of 1a with Togni reagent I through N-bolylenamine

1) BPhgs (10 mol%)
H-Bpin (1.5 equiv)
CDCl5 (0.4 mL)
80°C,5h

@ w or w/o MS 4A mCFs via mCFs
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Scheme 3-21. Reaction of 1a via borylenamine

According to the reported procedure by Wang:!? To a J young NMR tube, quinoline
(1a, 0.200 mmol, 25.8 mg, 1.0 equiv), BPh3 (10 mol%, 4.84 mg), H-Bpin (0.300 mmol,
38.4 mg, 1.5 equiv), MS4A and chloroform-d (0.400 mL) were added. The tube was
heated at 80 °C for 5 h. To the reaction mixture was added Togni reagent I (0.200 mmol,
66.0 mg, 1.0 equiv) at 0 °C and the mixture was stirred at 25 °C for 16 h. The reaction

mixture was analyzed by '’F NMR.

8. Hydrosilylation of 4-Phenyl Quinoline (1p)

To a J young NMR tube, tris(pentafluorophenyl)borane (10 mol%, 10.2 mg), 1,2-
dichloroethane (0.400 mL), and methyl phenyl silane (0.400 mmol, 48.9 mg, 2.0 equiv)
were added. Then the mixture was treated with 4-phenylquinoline (1p, 0.500 mmol, 102
mg, 2.5 equiv) and the tube was heated at 50 °C for 1 h. The reaction mixture was analyzed

by 'H NMR.
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Figure 3-6. Hydrosilylation of 4-phenylquinoline (1p) was monitored by 'H NMR
spectra (CHCI3) for 1 h
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