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Figure 3 5-Fluorouracil and pro-drugs
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Figure 4 Methodologies of trifluoromethylation of heteroaryls
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Scheme 8 Trifluoromethylation using non-metal induced CFs-radical
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Figure 5 Reactive sites of pyridine derivatives to CFz-radical
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Figure 6 Trifluoromethylation of bioactive compounds by CFs-radical
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R CsF (3.0 equiv) R
rl“:?:: A CF3SiMe3 (3.0 equiv) rl-\;’::; X
$ MS4A N
¢ LA @ Rt
> N AcOEt, 25 °C, 1 h v N CR
OBF20F3 then
© 60°C,4h
R 4 R 4
e ANV 3 H 91% 5 A
| 6-MeO 93% E
NP 6-Me 83% 6 N2
Z7ONTNCRs g 929% N~ CF,
6-Br 76% H 41%
6-CO,Me 76% 2-(2'-pyridyl) 59%
6-(Z)-styryl 76% 4-Ph 43%
6-ethynylphenyl 80% 4-(2)-styryl  43%
3-Me 57% 6-Ph 70%
8-Me 92% 5-Me, 6-Ph  62%
4-morpholyl 63% 5-Ph 27% (C5:Ce =1.7:1)
S N CF; X
|
N N N™ =
g L O e
Z Z
CF; CF; Ph N CF; N
61% 27% 45% 52% 83%

Scheme 9 Nucleophilic C2-selective trifluoromethylation using heteroaromatic compound-N-oxide—
BF,CF3; complexes

A AB-BEHAEERICESFHIEEMAL-6 BBRATOEEERELSYMOH - GAERRY
U Z0A B XA FIVE R DBAF

BHHEE TR SN, TRDOLERTUFENA AFRO BRCRs IZX > T 6 BEBRA~T 17 HF#k
{EEMIN-AF > RZREFICIEME L, REM MY 74 v 2TV &S S5 FEE, 5L
IR AT XS IR BUSTERNMEW E B 2 D ~T a FEREILAM D C(spd) —H FEAITxd
DMV 7Fa ATFUUICAEITHDL Z L ER LT,

L, RFEEHWESEES, 6 BEREAT 2 HROKREFHNEHELBFFEDMNETEL H720,
AL EBPPEOHIE D LLIRIR S Th 5 & B 2 1=, 1=, $5AERIC L 5 pre-functionalization 122
WL, B EMKSICE VMO THEHFEICITZA DDA EBZ 2T, S HI, ZTO pre-
functionalization 1L ~7 0 FHEBALAWIZIGE Lz v A ZERERMEAFIHT D720, A AN
R IREIR AT 0 EEFEEEWICEA TR, T7ebb MU 7 adr A FIHICB N TERWIEE
—WRMENHIRFCE D LB X T,

ZDOXIREFENS, RUFBNLA ABRIZL > T 6 BEA~T 0 HFERZ KB FINTEEIT DA
FlEZx, ZHETITRIFINENIED C—H FEIcxs2 MY 74w XA F AN
HZEEAME LTARIEETIT IR -T2,

AFHICTIE, 3 1 BEIZBWT 6 BRAT B ER/IRLEM O DAALRINE N Y 7 vAdm A5
IALBOGDRZE, 5 2 BEIZBWT 6 BT 2 FEFREEMO AMNERF) N Y 7 v4 e A F Uk
FOROBAFE, 12OV TENLNRARD,

¥, KRFEOHIIL, HxeE 7 v RILEM~DOT 7B AZIS 5 Z L TEH7 v RILEHD
B I REREOMME O R LA, B B OMSEICEMR T 2 ERIEVL D EEZ XL HD,
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K&
F1E 6EBATOFSTEIEEMOARYDILELEIR LY Z)L4 0 A FILIERIE

1. 1 &=

JFam Cik 72 X 91T, ~T v FEFICEMICRT 5 7 v FERIEEASIED AT ST
b\é Lo, AEEREO sp? [REFICKTT 27 v FERIBEALL YV NZ LI THNDE—TF
T, —EENCEWEISTEZE R TR DAL sp IRFBITHT D b U 7vF a A F AL HFikiwiEE
EAERMBTW RN, LZ) %) BEfFOFEIL, ~ary A X% NFAVEE 3B D UVIT AR
VIR ATV EORISTEICE T EREIEIZ X o TRILEMLDX P LA pre-functionalization &
zhtL’FF Iﬁ;:aézht)im‘(ébé (Scheme 1-1), F7=. FLIT 5 USEMZ~T v FEFRILEY
ZHEA LS H B0 99 ZOWEEILEIZ 720 (Scheme 1-2),

CF3SiEt3 (1.2 equiv)
KF (1.2 equiv)

Cul (1.5 equiv)

Br > CF,
DMF - NMP (1/ 1)
80°C,24 h

Ph
Ti0° CF (3.0 equiv) Ph
cu® powder (4.0 equiv)
o S\
\ﬂ/ > CF,
)

MeCN, 60 °C, 9 h

CF;SiMej3 (2.0 equiv)
KF (2.0 equiv)

RS N Cul (1.1 equiv) R A
N OMs > CF
Z DMF - HMPA (1/ 1) Z 3
60 °C 40-80%

Scheme 1-1 Benzylic trifluoromethylation using benzyl halides, xanthates, and mesylates

Tfo CF (2.0 equiv) >
cu’ (3.0 equw) |
> N7 CF,
NMP, 60 °C
83%
Tfo CF3 (3.0 equiv)
Cu® (4.0 equiv) | N
MeCN, 60 °C, 9 h N s
34%

Scheme 1-2 Benzylic trifluoromethylation of heteroaromatic compounds
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EFLOFITIE, EE O UL pre-functionalization 3N TH L7120, REDOATHED 5
VN pre- functlonallzatlon TAEIZHE D DRI T OBRENH D, ZD7=H, NP C(sp)—H
fEEIxtd % b U Zd e A F A @ LEIEIRME ) DS IDER CER TENE, b AT
Bz B2 b5, L, EERICITADRFEL RV ELIHREITMO THETHY . BE
DK S & D 7= i H P RE 72 S 1348 D TERER T H % (Scheme 1-3),

5l 21X, Scheme 1-3 (V)® (/R LI=UNE, 7 78 RaA V¥ U o~_y P UAL C(spd)—H
AT D MY IAFa AFIETH D, ZORGNE, R PO & > TRIGENT
AR LA R =T AT DREHN N 7 e A F UL TH L7720, FEEMIT sp? RFEL _iﬂ“
HEMEIETH D, ZOREDKIGHI TRENTZEEX, 7 b Tk FaA Vx /U UFE Rz
EINTW5D, —F, Scheme 1-3 (2)" TlX., 7 =/ —AEKEEEE ﬂ?é%J7wﬁuf%»i
— T MEICBW TR ONTRIMGE TR LTS, LL, ZOWER, REEAN DAL
C(sp®)—H fEa @I R Y 7 v v A F ARIZIs A éﬂ?‘_i&i i?‘otb‘o

CF;SiMe; (3.0 equiv)
KF (3.0 equiv)
(1) N\R > N\R

Benzoyl peroxide

(1.5 equiv)
CH,Cl,, reflux 15-85%
0 CF;
I~cF,
(1.2 equiv)
(2) >
CH,CI,, 25 °C
OH OH

49%
Scheme 1-3 Benzylic C(sp®)-H trifluoromethylation

~TF B HEFAW O DAL CEpP)—H FERITRT 5 b U 7 A 1 2 FAALDWE T
DHTHLH, LLIZOHEILZ, NI T7ArteXAF bz B E LR OME TIE N
(Scheme 1-4)®, ZO#ETIE, Tra—Lz b 7T — b ﬁ@?éw NFTrRa) vuip
COWIEFAETICHA R Y 74 a2 2 v 2Ry ia W, ke LTHWELF O v
RaAY DRI F)7wfmx%wm%b)7»%&}%»}»74%w1%/m#
HEZZENBRIENTND, ZDH%, KMENA~T 0 HEFEBROR VAL C(spd)—H FEA IR
B72 B U 7 a X2 F RIS STl X720,

“ 7 “
S S CF; + S 0SO0,CF,
N N
0, 0,
T$,0 17% 48%
>
ccly, CF;
B 4 O
Z \N N 0802CF3
N N N
62% 5%

Scheme 1-4 Benzylic C(sp®)-H trifluoromethylation of lutidine and colidine
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EROE B0 Ak, RUSTEESEEAE O EEZ BN DR UL C(spd)—H FEAIcx L
Hh7e b U 7oA v XA F VIO ARSI STV WEFEEZ %D TR L7,

VL EZE, ~T aBFEHBEILEH DR VAL C(spd)—H FEAITxTT D ALEEIRZE N U 71
Fu A F IR E T T D70, RUFZEICET LT,

1. 2 RUDILELERM MY 7402 FIILERGEERH S & URELRE

1. 2. 1 REFHMYZ)LADOAFIEEIZERON-EERE

NP AL C(spP)—H FEAITKIT D U TG u A F AL EBRET HICHZ 0 BEMEE D@
Ryevnra broiiae Al Lo T2 I L LEEE 9, =) I U oREMEIC L > TRE
TR Y 7oA e AF AL & OS5 2 & &5HE L7z (Scheme 1-5), =7 3 > D REEME % Fl
LMY 74 m 2F 0 bofiE, MacMillan 525> THEEINLTWD 19, 72bb, f
BT NAT e REMIBEEDXTNAIZ VT ) UoMmbER LTI, A A THEHI X
A= Togni EE D NS L TT VT B RO oL TR U 7t m XA F AR ER, ESIEEDDE
SAREIRMECTHE 52T D

FIT, 22 AT F/ Y 1 %Iﬂ‘i AT DTN A AWEEMATIREEIZ, SREFII Y 7
A A FALAIO Togni 3 L UG SH72, L LR D, @ﬁ®w4x&%ﬁbtﬂﬁﬂﬁ
Hi%éb‘liﬁj\ﬁﬁt iéﬁfﬁ;ﬁq:‘@@%flﬁﬁ)mu&)%ﬁ/bé@ﬁf EE@#@ 2a 0)%5&: mu&)%ﬂfcﬁﬁ\
STy FloL 22 AF XV 1 ORDVIZ2-AFAF ) U N-FFY FEAWEEEbSEL
o,

@l @OJ s @L

LeW|s acid
LeW|s acid
: BF3-OEt,, Cu(OTf),, TiCly, Sc(OTf)3

Scheme 1-5 Lewis acid-promoted benzylic trifluoromethylation via enamine type intermediate

BT, MU= CAIR Sz ~T v HEERILEY N-4 % K —BF,CFs $&{ 3a # & 2
oo TR 3a Tk, A ABOBEFRIIDRIZE > TAT o FHEOEFEENBEE ITIET
T 57 D K 3a DRV LT a hATEFEONRC LT b LD b EWERIEE AR
CRTHEENT, F2TC, R 3a ORI Ta OB ERT A0, EAKEBERE
BRIZE > THFELTZy NMR > 7 VT 2 —TNT, 2-AF ¥/ U N-4 % K—BF,CF; $&K
3a #EAKFLAX /) — N N ZF T I UHET, émTOSﬁﬁW%Lt% IH-NMR I
ExIToT-. FTORE. X7 a hrDy T IIVDBNERITHEE Lz, ZOFENS, N
VVW&@SO@fnbyﬁéTEmﬁmﬁﬁéﬂ\m%%4%52t:kﬁ%@émt
(Scheme 1-6), —J5. 2-AF /¥ U N-FF L RERBEOSMIAT Lzd, BRI FB L ON55°C
ZBWTbh o rm hroBEKEILITESET Lo T,

~ Et;N (1.0 equiv) N

@ @

? CD,0D, 25 °C, 30 min v CD;

OBF,CF OBF,CF
3a © 23 4 ©) 2¥"3

Scheme 1-6 Deuteration study of benzylic position of 2-methylquinolin-N-oxide-BF,CF3; complex
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FARBEBERFIOME D, 85K 3a FEELF T TR I T I LT rEEx N, £
ZC. $51K 3a ZHEAFE T, Togni i3EAEH S5 2 & TRUVMMEGERIREYZ MU 704 a A
FofbntEte Z L AWIFF L2, BB E LI2AbEW 5 OAERKITRE D HiL7e - 7= (Scheme 1-7),

(]

|:| 0
X IéF(LZ4.5equW) X
3
o2 A O CF:

| base, solvent, 25 °C
OBFZCF3 OBcmF3
3a © 5 ©

Scheme 1-7 Attempt to BF2CF3s-promoted benzylic trifluoromethylation via enamine-type
intermediate

1. 2. 2 REMRYIZILADOAFILIEIZK S SN2’ BRSO EHHET

2-AF X U N-A X FICHBEREZ T -8 A2 I b L, ZHUTk LT S’ Al
s B, ThbbRERE FOMBBERILOBBEL O =) I U ~OREMAMAE Z UL B
2a NWARKT D & % 7= (Scheme 1-8),

SOR L e >
3
@(3/ — P N —_— N/ CF;
! I
82

Y
O. - XO@
X X 2a

Scheme 1-8 Concept of Sn2’ type trifluoromethylation of enamine-type intermediate

FZT, X2V ORFBFRA EIZ T b— bERBER L L TEAT RS 2-2AF4F% U > N-
FTHT R 6 % b IMERIHITHT Lz, L LR S, SEBRRTAER LZ b b— bR DL
NATHENL L, LB 7 252 DFEF L 72> 7= (Scheme 1-9), 723, Z D K 9 RIS, F
L—h2EFLOETDIAVKRUBT AT UIINAZT BT MMETHHE SN TN D 19,

cat. DMAP (10 mol%)

m Ts,0 (1.2 equiv) X
Et;N (2.0 equiv
(3/ N ( quiv) - N/ OTs

6@ CH,CI,
6 7

Scheme 1-9 Tosylation of 2-methylquinoline-N-oxide

KIZ, Scheme 1-8 |27~ L7z SN2’ MEHS G2, 2- A F /¥ 2 U ¥ N-F ¥ N —BF,CF; #£1& 3a
Wk L TIT e o7z, T 2Tl BRCFRs 2y 2-AF % ) U D) I AL ZRET VA ABED
FEREICIN 2., EESRIR 1 b & e OBFCRs S AERL & L T < = & 2 HIfF L 72 (Table 1-1),

XU DI AT, $5K 3a ISR R Y 7 v da A FARRAEH SE L8527 -7
(Entries 1and 2), = DOFEHR. RIRARN S BHW) 2a OAEREZRD -, WIT, YHFIEE THNL S
7o 2A0&INA N Y T Fda A FAALO OGS A Uiz (Entry 3), EOfER. 2 ik 8 23
TABME LTEONEN, KIRZ2NS BRI 2a DAER RO bz, TORMEND,
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CF3Si(CHa)s DiEMALAI E LTHWE 7 by T LB D WIEREN Y 7 v4da A FLFED—
NI LT 22 & T I AR AR, B 2a £ 522 Ll s e, £ 2T,
AR O MRS K OERIAEI T AR E2BE L. 7 NI 7 TFAT U E=U L7 )VF Y
RBLORT F I AFAT E=T A7 0F Y RIKFIW 23 L7 (Entries 4 and 5), ZOF5HE., 7
NZAFAT =T LT NF Y RIUKFE 256, BOY 2a RHREDOIETHE LI
DT EMghol, SOICMINEEZFHMI L7-MER, 7' b= MU L EEEE L7ZFFIC HAIY 2a
DIHENEINRTEOND Z & & RH L7 (Entries 5-8), L2xL., —@#HDOMGHITIBU TS D FHHL
WRME DT b, T RITATFAT E= 7A7wﬁ)b®Wﬁr ié%%Sam\MW
BaIi, £IC, 7yRT =AU EHEEL2WSEM, 372206 CRSI(CHs)s 21z 771

b — VEREITR, BEK 3a DL @%ﬁﬁbt@mw%o%@%%\%<&%:km:/
FH%”%%#%%H%%2aﬁ%%@ﬂ$f%%ﬂto:@%%@\WﬁaﬁA?m%éﬁé
EMALT D Lewis fig & L T2 T, MU ZAda AFUEE L TEIW-Z L2 R LTV,

Table 1-1 Nucleophilic trifluoromethylation of 2-methylquinoline-N-oxide-BF,CF3 complex

MS4A
CF3SiMe; (3 equiv)

O activator (3 equiv)
base (3 equiv)
@ @(j\/ m
N solvent, 25 °C

|
OBF,CF; OBFZCF3
3a3 ©O 2a 8 ©O x

Result (%)?

entry activator solvent base time (h)

3a 2a 8
1 CsF THF Et;N 1 5 5 19
2 CsF THF NaH 1 0 20 0
3 CsF AcOEt - 3 trace 9 74
4 "BuyNF (THF sol.) AcOEt 4 3 17 0
5 Me,NF-4H,0 AcOEt 3 10 39 14
6 Me,NF-4H,0 CHCI; 3 27 6 0
7 Me,NF-4H,0 MeCN 3 0 77 0
8 Me,NF-4H,0 CH,ClI, 3 13 38 14
9  Me,4NF-4H,0 CH,CI, 3 54 30 0

2NMR yield © without CF;SiMe;

B, ZORFE T, A 3anbELEo I 9an6 BREBIRELZ LD ETATF I T
VENE RU A ATEEN TN TEEL L, 0N TR Zuda AFLERBET5 2 &
TR UNALEIRW e b U 7 vAd v 2 F AL HELT LT &5 2 7= (Scheme 1-10), 7235, X 0 FEAH
IR AT = XL DOHENZ SN TR 2,

X MS4A X
Me4NF-4H,0 (3 equiv) [
@ o _
N \ N7 CF;

solvent, 25 °C @ |
MeyN 0\§,CF3

I
OBF,CF,
©

7\
3a L 9a F F . 2a

Scheme 1-10 Plausible mechanism for benzylic trifluoromethylation
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1. 2. 3 ERMRICEDIRNVIILALERM LY LA O A FILIEDRE LR

BEIA 31T TIA AL LTI BFRCRs @D R YU 7 bAdm AFLEEN, b U 74 m AF LR E
IR TRUVNMLD R Y ZuFa A F AL T & o T2t ARRIGEM O i bigat & 5=
ME L7, EOWEMFTTTE = NI ARRLEWVNEE G 22800, 7Tk b= KU LS
i, IO R T U —=2 7 %47 7= (Table 1-2),

ZTORER, T RIATFAT =T L7 A Y RIWK R RS BWERA 5 % 72 (Entries 1-
N A7 V—=U 7 ORERNS, BRI OV TR~ DIRMEPENR Z LU 2 & 2RISR
DFNEEZEZ BNz, TR I TFATUEF=T L7V FY RIZOWTE, ELFaTF7—y—T X
DOIAF, THRbOLEKGFMEL 725722 L TT NI TFAT =T ARKR T~ RO BB S
KoTHEL ¥, FREDIEIZE EEomMEEREX N, —H., TR IZATF AT VU E=
U DIREERNC KRS T TH M LW E B X DL, WICHREHRE R D RS & Fe it S8 5 54
ELTELFxFaTd7— =T ARMATHDL Z LR ho7z (Entry 10), HEICHOWTIE, 1 H&M
FDOTFRIAFAT R=ZT LT AFY RIKFRLETH D Z & D3RR S 7c (Entries 7-11),
BT, 65°C THULEATI & DT H 10 /3 Toefi 25 Z & & FLH L7z (Entry 13),

B, HOBFIBWT, TR = NI AR F I UG ERZ L2 ERHEE ST
LEVERD 25807, FIRE LT, WMESRETTRALZT ' b= b VORERIC X 2 EIRG
EEZLN, BBIZCTER= NIV KT NTATF LT =L 704 ROHH W TR
INFaAFNT =ADnET 8 b=V VORBENBETLHZ ERHFREINTND,

Table 1-2 Screening of several bases for benzylic trifluoromethylation
A MS4A AN
base
@ > = CF,
N N

MeCN (0.1 M)

|
OBF,CF; temp
32 © 2a

entry base (equiv) temp (°C) time (h) yield (%)?

1 Et;N (3) 65 6 <1
2 Na,CO; (3) 65 6 <1
3 K,CO; (3) 65 6 1
4b Cs,C0; (3) 25 17 44
5b CsF (10) 25 17 35
6> "Bu,NF-3H,0(3) 25 10 41
7% Me,NF-4H,0 (3) 25 10 73
8%  Me,NF-4H,0 (0.5) 25 1 39
9>  Me,NF-4H,0 (1.5) 25 3 73
10° Me,NF-4H,0 (1.5) 25 10 17
11 Me,NF-4H,0 (6) 25 2 70
1269 Me,NF-4H,0 (3) 25 1 74
1359 Me,NF-4H,0 (3) 65 10 min 73
2 NMR yield b byproduct was observed by 'TH NMR

¢ without 4AMS S
90.03 M -
N CN

7 b= b UVESRORIERD 2 B L, R a2 B2 O ROSIBURES 21T - 72 (Table
1-3), FEDHEEBFHI B W TH—EHETIITE F= NI ARRETH- T2 b, 7R F=F
U N EORAGEEREZRG Lz, £22C. 72 b= MUV EFHRA F Lo 5 WIEHR T TV &
DIREWIR BT LIHEER, BOSTHR 0 7 )b— FIEEW D H-NMR 53477 & 13 @I R MK
DM DR S, ZHUSHEVHEIY) 2a ORE ELEEO O, £2, T b= UL —FE
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MR AT VDA 1+ 20 LTI TR bEWINREZ G 2 7= (Entries 3,5), — ., 7 F=hFVU/L—
FERR = AT LD 1 : 5 OHA, 10 2 TIXSUG S 58335k 3a 237888 L 7= (Entries 4, 6),
LLEDORER MG, e U TIAMED S WER =T L & OIRGTRIEZEIRL, 7 h=1FY L —
Fefe—F /v (1 @ 2) ZEEEsE s L7z (Entry 5),

Table 1-3 Optimization of solvents

Me4NF-4H,0 (3 equiv)
A 4AMS \\
@ > = CF;
N N

A solvent (0.03 M)
OgFZCF3 65 °C, 10 min

3a 2a
entry solvent yield (%)?
1 MeCN 73
2 MeCN / AcOMe 1:1 88
3 MeCN / AcOMe 1:2 93
4 MeCN / AcOMe 1:5 68°
5 MeCN / AcOEt 1:2 94
6 MeCN / AcOEt 1:5 76°
aNMR vyield

b Residual 3a was observed.

PLEOREHNTZ L0 feifb L7252 85A 3a iz Lz & = A, HERIER 80% T H W) 2a 215
% Z N TE T (Scheme 1-11), A R U 7 bF 1 X FOALESIC BV T E BMERITER O T,
B EEIREA EH 95 Z N TE T,

AN Me4NF-4H,0 (3 equiv) A
4AMS
@ = CF
N > N 3

MeCN/AcOEt (1/2), 0.03 M

|
s Cor2°Fs 65°C, 10 min 2a
a ’
80% (isolated)
1.00 mmol no regioisomer

Scheme 1-11 Optimized conditions for benzylic C(sp?)-H trifluoromethylation

1. 3 EBE—M®HE

ARG DFE 25T 5720, foifb LIz SRt 2 e OBEiEZ2 AT 5 6 BR~T
0 EHFBEALE Y N-F F 2 F-BF.CFs 84 3 (238 ] L 7= (Table 1-4),

FORER, XU U 7t e A TF AL E T 7 U UEEER (2b-2i) 23, E{ﬂ%ﬂ“ﬁx
EWICRTR LN, £72, ¥/ U UVFEEROF NG, BHEOE I X ORI ERIIZ
STIENEEEZ T ELRBEINT, ETHERICOWVTIHE, ﬁ%&ﬁi%m%%%o
2b BELO2h TIRENMETF L7=Z &md, Noeonra hroiEEER TN EOREA EEZ2 b
%o b I ODDONERBERIZOWTIE, 2@ EmWEREZ R ORE CIEENME T L2 Z &0
OISR EIC L A LRI SN, Thbb, 2 AFIE, = F Lk Y Fue sy
D 2a, 2e, 2f DI Z LLEE L7=FER, @A Y 7 a iz o 2f O ANBEEICICR KT L,
COFKNE LT 2MOBEHBEDOEFmEINTF I L M) 7vda AF VRO E T L& 2
bINb, SHIT, AR o7 a b rEFEO4-AFLF ) U o N-AF 2 R-BF.CFs §E14 3i &
HAWEGEAETH, XUUANLD R U Zvdm A F AR ET LHREDOIR T 2i XE67- ,
ZORERND BTNIEDRE DT TSP E TWD Z &R I,
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XU VBB LR, RV B Y TG a XA FLERZE Y VUK 2j-2p A3,
@ WVE R THE Oz, L, /U UFER L i LE. BV Y UBEE

DIFEDPMENNRIZE EFE 0T, /o, 7rERY DU OMERMERIZ L > TRIEOAMRE & INEK
UL, EOMEIZOWTERE Lz, TORKE, -7 ot ) UUFER 2] N bIERE <,
ZTOHMBE L TEFRGMEBERIEORFZEN SMNOGEICR LT s OBEE N RS &L 72
HZENEZONT, —F, 47 aEE Y VUFFER 2k DR HNENMELS . TOHB L LTR
FBWANDOFETIIRN DT a b OBEEOR EIZIZEAEFEE LW ENEZ BN,
EBHIZ, BRCRICENTHE U Vv N-A Xy ROBEFGMEE FIF5 Z & T, $ihE2 RLE
LA LE 2 b,

XV RN PANDA VXY URFER 2, YU URBEER 2r 2oV ThH, PR
MHENERTHEOND Z RGN, /)08 D Pso 6 BEE~T u B & FE LA
WTHEHAFHETH D Z LN D L,

Table 1-4 Substrate scope of benzylic C(sp®)-H trifluoromethylation

R1 R1A
r:\:~ . AN MS4A AN N
: | Me,NF-4H,0 (3 equiv)  : |
YL @ R? r LI:;" N/ R
> N MeCN/ACOEt (1:2)
3 OngcF:,; 65 OC, 10 min 2 CF3
cl
MeO F
€ |\ |\ |\ |\
~ ~ ~
N N N N/
CF3 CF3 CF3 (:F3
2b 58% (55%) 2¢ 33% (43%)° 2d 79% (87%) 2e 71% (89%)
CFs
<Ij\’< <j\/j\( C(j\( Me A
| ~
N
2f 18% (18%) 29 71% (81% 2h 24% (31% 2i 43% (43%)
Ph
| N ~ ~ nC4H9
~ N N
N CF, CF,
3-Br: 2j 59% (63%)° 2m 48% (49%)° CF; 2n 40% (47%)° 20 35% (44%)°

4-Br: 2k 9% (24%)?
5-Br: 21 24% (31%)¢

CF, CF, CF;
2p 53% (58%) 2q 71% (77%) 2r 37% (40%)°

2 Yield of isolated product is given. Value within parenthesis represents the yield as determined by
19F NMR analysis of the crude reaction mixture using 1,4-difluorobenzene as an internal standard.
bMeCN, 25°C,24 h. €1 h. ?MeCN, 25°C,12h. ¢MeCN, 1 h.
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FNT, MU TZAFr AF VRSO T v RERBEOEANONWTHRE L, X ¥ 714 nm
TTFNEBIONT 2T rAa v VEEZEANT LD, 22-AF 40X U N-AFT K-
BF.CrFonst 51K 10 (n=2, 3) ZFABL L, [AIZMFI2fF L7= (Scheme 1-12), ZD#ER, MU 741 R
FVHE L RIRE, EICRTHMY 11 M5 67z,

Me4NF-4H,0 (3.0 equiv)
A 4AMS N
%/ > N7 CnFans1
11

MeCN/ACOEt (1:2), 0.03 M

|
10 OBFZCoFan 65 °C, 10 min.

n=2 1Ma : 73%% (85%)°
n=3 11b : 78%% (90%)°

a|solated yield ? 19F-NMR yield

Scheme 1-12 Benzylic C(sp®)-H perfluoroalkylation

1. 4 SEWEHIEEM~DOIEA

FEHE 7S 2 FF TS LA 2 FEICH WS Z &, EIEMEROKBIZIIT DARKED
WHAMEICOW TRl L7z, WIORKREE LT, A VX7 VT hiuad RO/ U EERE L
7m0 0B, 2SR U, EEGEERIC Lo CTEES E LTEASRTWALAW THh D 18),

TR D /SN HEERYE 12 2 Fnt ., BR(LEOGL 9 ITfF LSS o N-AF & R 13 X3 90%
T, 2?13 %, R CHAES T BRCF; « ELO &SI H, $5K 14 % 47% TE/-, &6
WK 14 Z 7 h=h U, T RIAFAT =T L T70AY RIKFY & SR T T 36 B
MEOG S 7RG, 51% DR T HBY) 15 2345 H 4172 (Scheme 1-13),

UL EDOFERN G, BHMEREZ AT 2R EAMEZIRE L L THWESATH, 2ADK
JEREL BB S SNT-Z LD AFEIC L > TERLEDSRBIEICI T 50 DA%
W22 B U Zvda XF LN AREL Z 2 B,

MeO MeO
€ AN € A
N 1. neutrization N
MeO 2 » MeO 2@ 0°
OMe 2. 35%H,0; aq. (excess) OMe
HCI MeReO3 (5 mol%)
CH,Cl,, 25°C, 18 h
12 OMe 13 90% OMe
MeO MeO
€ AN e AN
. _N_©O N
KBF;CF; (1.0 equiv) MeO @ OBF,CF;  MeyNF*4H,0 MeO
BF3°OEt, (1.0 equiv) OMe (3.0 equiv) OMe
> —_— F;C
CH,Cl,, 25°C, 15 h 4AMS, MeCN
25°C,36 h
14 47% OMe 15 51% OMe

Scheme 1-13 Benzylic C(sp®)-H trifluoromethylation of Papaverine

BN T, BRAEMIEMALEMICEHET A0, ERMEMIEEYE LTI IC
D8731%0) A HH L L TEEL-, ZD ICI D873LIT 2-=F LX) U U MEENDH T b, —Ik
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FOIN 2-AFNFx ) U EFOGRPEAEZIARE, AFEAZEA L TXUUAALIZ NY 70
FuAFUIEBEATNE, 2-2°2°2- ) T da)eF R ) ) AR TE L L E R,
ZFZ T, ALEW 16 AR X —7 v MIERE LT= (Figure 1-1),

4 )

xr° xr°

T O T O
F5C HN—N HN—N
\\N \\N
NS \S
a T

L 16 ) ICI D8731

Angiotensin Il receptor antagonist
(anti-hypertensive drug candidate)

Figure 1-1 Structures of target molecule and ICI D8731

IZUDIZ, MU 7 Au ATFAEOEANLZEREBE CEHAT 2720, {LEW 17 22585k 18 %
PR L72%, 200K T TR It a AF bz dT72 o7, LinL, HIE LI2{bEW 19
3D TR Td o 7= (Scheme 1-14), =Dk, 4-b Rk % 2 U VU aHEA I L 72 55K
F. ARGEETICBWTARZETHDL Z B3 gholz, T72bbL, 4B kX ¥/ O
v A JVEERGERD DR U 7285 IRIC KT L TR ZAT o 7o i R, HEER~OMINTEE T, i
BN A AL ERIRFZ 4-%F 7 1 UBIBEIRA~ZE L LTe 2 VR S 7z 2, B5K 18 13 4-& R
XV DT NFHERTH LN, BRCRICE Y ~T r FHFRI MmO TEFRNEDOIRET
DD, RUUNE—T VOB L FIRFIZ 4-% ) v URIEBEIRICEL LI Z ERE L,
ZIT, AR TR 7 Aa AFARELEAN LAY 16 258K T 2 YOG ZZE LT,

Tr
17 18 | N o
N~
Me,4NF-4H,0 (3 equiv)
MS4A -~
MeCN-ACOEt (1/2) £aC ";"'{'\
65 °C, 10 min N
or "#
MeCN Tr
25°C,8h 19 <9%

determined by '°F NMR

Scheme 1-14 Late-stage benzylic C(sp®)-H trifluoromethylation to synthesize ICI1 D8731 analog
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BT, BRRATEICBWT 2-AF 3 2 U v 11Zx9 5 Y 7vda XA F AL EITR0, Bk
BHATBWTEF 2 U UEEER 21 LA 1T L OB TERGEIT ) v "—2 = v b &%@%
L 7z (Scheme 1-15),

FT.2ATFAX )V AN 3TRART NI Zvda A FVEEEANL, (LAY 2a ~Z
Lize AfEIC= P A8 A% 2 N-AXY FORET D), = b En S KR E~D B 25 2%
TlbEW 21 & Lk, bEW 17 L O —T WAEETERIIS 29 21TV MEEW 19 2157, &%
ifRFE 21T\, ICI D8731 §554K 16 DA Z =R LTz,

ICI D8731 #FEAK 16 DAL TlL. ARKAEIC Téb)7wﬁmf%wﬁ®%lilﬁfko
7273, ﬁﬁmf%%mtmé%2a%twr4/77m/7k¢5@%$® BlaRdZ ENT
=7,

1. mCPBA (1.1 equiv) Me,NF-4H,0 (3 equiv
P
N 2. KBF;CF; (1.1 equw) = @/ MeCN-AcOEt (1,2)
BF3;°OEt; (1.1 equiv) 65 °C. 10 min
1 CHxCl,, 25 °C 3a eOBFzCFa ’

67% for 3 steps

1) P(OMe); (1.5 equiv) ™
1) mCPBA (1.1 equiv) LED irradiation
CHCI;,25°C CH,CI,, 25 °C @ Q
@/ 17 (1.5 equiv) -
2) NaNO; (5.0 equw) |@ 2) 1M H,SO,, TFA Cs,CO; (1.5 equiv)
) .

TFA, 50 °C 20 CF, 60°C
3 F3 acetone
78% for 2 steps 82% fOl‘ 2 steps reflux, 3 h
N _ 1N HCI N P
MeOH-dioxane (5/3)
N—N 25°C,2h N
I N
/
19 80% 16 89%

Scheme 1-15 Convergent synthesis of ICI D8731 analog

1. 5 ERAMEERL-E&EE

KIS DERMELZFTMT 5720, 7T LA —LEE . 3 TR (MCPBA M., $&RL. b
U ZNFa AF L) OU IRy Muagi Lz,

7T WA — VERRIZ DWW T, 2-AF L% 7 U 2 1(2.8049, 20.0 mmol) 7> 5 &4 3a (4.83 g, 17.4
mmol) ZFHFI L, MU 7 F v XAFbEITo7-E 2 A, 85% DILRTHMY 2a (3.12 g, 14.8
mmol) 7345 5 717z (Scheme 1-16), = MU= {X, 1.00 mmol A 77— /L D5 R (80%, Scheme 1-11) & [A]
HFETHY, AT—nNT7 v FICEDIRIET NN & EffEd L,
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@
N7 CHCI3, 25°C N7
2.80g 3.15 g, 99%
(20.0 mmol) (19.8 mmol)
KBF;CF,
(1.1 equiv) | N
®_
BF;°OEt, rll o
(1.1 equiv)
CH,CI,, 25 °C 3a OBF2CFs
4.83 g, 88%
(17.4 mmol)

TRy MEDORRTTIE, 2-AF /1% U > (2.80 g, 20.0 mmol)
BF2CF3 & OSSR SUN D 2 TRE 2RS35 = L 7 < #ED =14,

FU TV

mCPBA

MS4A
Me4NF'4H20
(3.0 equiv) N

> =
MeCN-AcOEt (1/2) N
65 °C, 10 min CF;

2a
3.12 g, 85% from 3a
(14.8 mmol)

overall 74% from 1

Scheme 1-16 Gram-scale reaction

A0 A F ALK LTz, FDORER,

125545 mCPBA &k, #:<
SR 3a Gty L— RIREWM%E

2-AF )X U G B 2a HRINER 67%

T BHH 72 (Scheme 1-17), Scheme 1-16 (2R L7227 T A A r— LB ORRINER 74% & ik LT,

HEARWFERTHD L E X D,
PLEDFERMN D, KRS T DA — VARS8 TRO Y UKy MEs i
Motz
mCPBA
GOELiNGH
= ®_
N CHCI;, 25 °C N
1o
1 6 O
280g
(20.0 mmol)
KBF;CF3
(1.1 equiv) | N
— > @
BF3‘OEt2 'il S)
(1.1 equiv)
CH,Cly, 25 °C 3a OBF.CF,

1. 6

ThHI LN

MS4A
Me,4NF+4H,0
(3.0 equiv) N

> =
MeCN-AcOEt (1/2) N
65 °C, 10 min 2a CF,

2.84g
(13.4 mmol)

overall 67% from 1

Scheme 1-17 Sequential operation study of benzylic C(sp®)-H trifluoromethylation

HETE RIS 1A

Tl 22 ORRGEIRE R B LOFERFEHE)N D B L HEE SRS % Scheme 1-18 (279, £9°, AKX
JnlE, RUTUAMMIOBL T m iz ks I AEnEREEZLND, = I AL LT KIS

TR THEEDO MY 7 A XFIVENRERE L 72> 72,
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WX T AN DR N H2FE FOR L — MREET A2 8T, RUDAND B 74 n
AF L EBFEERIENEZ D EEZ NS,

R L
>SN HF ! CFs
| Or} /(CF O?B/
OBF2CF3 7\ Q\’?
L F F F CF; i
r,::\ X
—_—
-Me;NOBF,  ““ip.-"\\Z R
CF;

Scheme 1-18 Proposed reaction mechanism

T I UMEDRARKISICAFIR TH D Z L 2T 570, XU rm hrazfleirng /Y
UN-F %> K —BFCFs $5 R & RBUSSRMICA LR, U 7 g v 2 F Ui S
einoto, —J, B8R 3a WESIC=F I AbTHZ Lid, Scheme 1-6 TRENTZL HITRUY
N7a NUINEGIZERFIE SN EENLFFIND, £70, =7 ISk REM I
XA 01E, BUSKERNTRELET B h= MY KRR T I SN LI 2 & 2oRed 5 E|
R DAL, TRD BIEURIS DI ENRE SN Z E NS D,

B H RSP RUSTEMERE 2 I S 22V FINHZEROGIC L > T Y 7 A r A FAAbh e v 6E
PELEE L, MOSTEEROTFEZERT 5720 DR EER, T7bb 2 DOE % R —RENIC
TRISEAT) Z & TSR E DN E I DEHER L, TI T, SE/LOA 3g BIO
BEIK 10a Z Al —SSBEAC AL R Y 7 vt a XA F bz 7ol b 2 A, 2 000 FRRZEERK
M2 B LD 2a L HIT17% ODIEETH LN, ZOFRRNL, REM MY 704 v X F L
HUNET CHNFENTEAE L, RIS 2 & AR E U7 (Scheme 1-19), Z OFERLIE, 4-4
FNX )V AZBNTANDORDANT R 74 AF AR HEATTEELE LTV 5,

= | N | N Me,NF-4H,0 (3.0 equiv)
A @ Ph @ MS4A
N N -

I I _
OBF,CF, OBF,C,F; MeCN/ACOEE (1:2)
© ) 60 °C, 10 min

10a

g
Z Ph Z = Ph =
N + X N + X\ N + N
CF; C,Fs C,Fs CF,

2g 25% 11a 26% 22 17% 2a 17%
standard products crossover products
(intramolecular reaction) (intermolecular reaction)

3

Scheme 1-19 Crossover experiment
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MBI NY INFAa AT NI OHNVOREEEZMERT D720, $5K 3a & HW 2@ % O RIS
TCTT VAN FN THLIHNE ) XN T OO N%E 1 YENZ CRISEIT-720, FOh 5.,
SRR IIME T L2 HEIW) 2a 73 57% OWEETHERK L7z, R TZAFa AT LT TINMTED
FISTHIUITNVE ) TV T UM Lo TR S 0, BIY) 2a I3 LW EE 2 i
e LIEDRoT, ZOFRRIZ N IAVFAa AFAT P HLVOBEENBENZ L2 FT52E22 05
N5,

PLEIR L7ZFEB L OVERE R 5, Scheme 1-18 (278 L2 USRS, T b B R DAL
D7 v bk b= I qbEEAE L, AUREDO N T A a AF RN REFRE 725 T
T NE KOV TR D AANLIZEENL T 5 IO & HEET 5,

1. 7 IME

Ry ra b a6 BT a BEERIEEY N-4 %2 R-BFR.CRs $&kicxf L, 7 b7 7
ATFNT EB=U LT NAY REFERLELUTERHSESZ LI2X D, XUV C(spd)—H #i&
BRI B Y 7 vda A F ARG DB IR Lz,

ZOHFEBIRICBW T, BEE L6 BR~T o EEFEELEY N-4 % 2 K-BF,CF; kD~
DnTa b OBEMEENIEFICEN D L2 BEAKBERICEL > THERLZ, KN 70t a AF
IESIE, EDORDNAALOP T 1 AL DT I AR &R D BTV, ARl L
THWE BFR.CFs O R Y 7 AF AN F I NREMNSEZE - L, HIO KRG T
TT5EE206N05, T7bb, BRCF BIA~T aHFEHERZEMALT 204 AL LTl 2 &
Wiz, R 7t a 2F bR E LTHHERET 720, SN0 Y 74 A FVEEME L
L7Z2WKISTH D, Fio, ARISIEEOALERRME, i@ O E R A 2R3 & &bz,
FEEGROIRFN 22 450 T, R CHEE T %, S DI, T AR — VAR 3 TROU VKR v
MERHEETH Y . ERAEOEI BTV D,

ARIIEDS, BIFEM 72 & OFEER CIEH S, FiHEmoRIRChF: kR Bl SICE T 5
Z R LIC,
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Experimental

General. All reactions were carried out in a dry solvent under an argon atmosphere. All reagents were
purchased from commercial sources and used without further purification unless otherwise noted. The known
target materials 2a® and 2h?") were identified by comparing these spectroscopic data with those of reported
data. Column chromatography was performed with silica gel (230-400 mesh ASTM). NMR spectra were
recorded on 500 MHz (500 MHz for *H NMR and 125 MHz for 3C NMR) and 400 MHz (400 MHz for 'H
NMR, 100 MHz for 1*C NMR, 368 MHz for °F NMR) spectrometers. Proton and carbon chemical shifts are
reported relative to the solvent used as an internal reference. Fluorine chemical shifts are reported relative to
hexafluorobenzene (5 -164.9 ppm) as an external reference, respectively. Infrared (IR) spectra were recorded
on Fourier transform infrared spectrophotometer.

General procedure for preparation of N-oxide-BF,CF3; complexes of N-heteroaromatics.

To a mixture of potassium trifluoro(trifluoromethyl)borate (3.87 g, 22.0 mmol, 1.1 equiv) in CH»Cl, (50.0
mL) was added BFs-OEt; (2.7 mL, 22.0 mmol, 1.1 equiv), and the mixture was stirred at 25 °C for 1 h. Then,
2-methylquinoline N-oxide (3.15 g, 19.8 mmol) in CH2Cl, (17.0 mL) was added to the reaction mixture and
the mixture was stirred at 25 °C for 10 h. Insoluble solid was filtered off, washed with CH2Cl,, and then the
solvent was removed under reduced pressure. The crude product was purified by column chromatography on
silica gel (CHCIy) to give difluoro((2-methylquinolin-1-ium-1-yl)oxy)(trifluoromethyl)borate (3a, 4.83 g,
88% yield).

Difluoro((2-methylguinolin-1-ium-1-yl)oxy)(trifluoromethyl)borate (3a). N

88% yield; white solid; *H NMR (500 MHz, acetone-ds): 6 3.09 (s, 3H), 7.96-7.99 (m, @GD\
1H), 8.07 (d, J = 8.6 Hz, 1H), 8.17-8.20 (m, 1H), 8.34 (d, J = 8.6 Hz, 1H), 8.68 (d, J = N~

8.6 Hz, 1H), 8.93 (d, J = 8.6 Hz, 1H); 3C NMR (125 MHz, acetone-ds): § 19.8, 120.0, CI)BFZCFs

124.8, 129.6, 129.9, 130.2, 134.9, 140.5, 142.4, 158.3; °F NMR (368 MHz, acetone-

de): & -157.4 (brs, 2F), -75.9 (q, J = 34.2 Hz, 3F); IR (KBr, v/ cm™ ): 3133, 1608,

1520, 1159, 1100, 1065, 1027, 895, 857, 823, 755, 690; HRMS (ESI+) (m/z): Calcd for C11HoBFsNNaO*
[M+Na*] 300.0590, Found 300.0597.

Difluoro((6-methoxy-2-methylquinolin-1-ium-1-yl)oxy)(trifluoromethyl)borate (3b).
68% yield; white solid; *H NMR (500 MHz, acetone-dg): & 3.01 (s, 3H), 4.04

(s, 3H), 7.70 (s, 1H), 7.75-7.78 (m, 1H), 7.97 (d, J = 8.6 Hz, 1H), 8.56 (d, J= MeO
9.2 Hz, 1H), 8.76 (d, J = 8.6 Hz, 1H); 13C NMR (125 MHz, acetone-ds): & 19.3, |
56.5, 107.2, 121.7, 125.2, 126.9, 131.8, 136.0, 140.8, 154.9, 160.6; 1°F NMR
(368 MHz, acetone-dg): & -157.4 (brs, 2F), -75.8 (q, J = 45.5 Hz, 3F); IR (KB, OIBFZCF3
v/ cm): 3095, 1625, 1489, 1288, 1266, 1237, 1092, 1024, 885, 857, 692; ©
HRMS (ESI+) (m/z): Calcd for C12H11BFsNNaO2* [M+Na*] 330.0695, Found 330.0699.

3

D
N

((4-Chloro-2-methylquinolin-1-ium-1-yl)oxy)difluoro(trifluoromethyl)borate (3c).
72% yield; white solid; *H NMR (500 MHz, acetone-ds): & 3.08 (s, 3H), 8.11 (dd, J =
8.0, 7.3 Hz, 1H), 8.29 (ddd, J = 8.8, 7.3, 1.6 Hz, 1H), 8.34 (s, 1H), 8.51 (d, J = 8.0 Hz,
1H), 8.71 (d, J = 8.8 Hz, 1H); 3C NMR (125 MHz, acetone-ds): & 19.7, 120.8, 125.1,
126.0, 127.6, 131.4, 135.8, 141.0, 147.6, 158.5; 1°F NMR (368 MHz, acetone-ds): & -
157.1 (brs, 2F), -75.9 (g, J = 34.2 Hz, 3F); IR (KBr, v/ cm™): 3086, 1595, 1514, 1337,
1203, 1071, 876, 770, 690, 634; HRMS (ESI+) (m/z): Calcd for C1:HgBCIFsNNaO*
[M+Na*] 334.0200, Found 334.0206.

=

z /i—c_)

|
OBF,CF;
©

Difluoro((6-fluoro-2-methylquinolin-1-ium-1-yl)oxy)(trifluoromethyl)borate (3d).
55% yield; white solid; *H NMR (500 MHz, acetone-ds): & 3.06 (s, 3H), 8.02-8.06 F
(m, 1H), 8.09-8.13 (m, 2H), 8.71 (dd, J = 9.7, 4.6 Hz, 1H), 8.90 (d, J = 8.6 Hz, 1H); |
13C NMR (125 MHz, acetone-ds): & 19.7, 113.3 (d, J = 24.0 Hz), 123.5, 124.5 (d,
J =26.4 Hz), 126.2, 131.4 (d, J = 10.8 Hz), 137.6, 141.8 (d, J = 4.8 Hz), 158.0,
162.4 (d, J = 251 Hz); °F NMR (368 MHz, acetone-de): & -157.3 (brs, 2F), -110.8
(s, 1F), -75.9 (q, J = 34.2 Hz, 3F); IR (KBr, v / cm* ): 3094, 1618, 1585, 1520,

d

@
N

|
OBF,CF;
©
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1485, 1385, 1335, 1259, 1229, 1073, 1025, 893, 821, 692; HRMS (ESI+) (m/z): Calcd for C1;HsBFsNNaO*
[M+Na*] 318.0495, Found 318.0484.

((2-Ethylquinolin-1-ium-1-yl)oxy)difluoro(trifluoromethyl)borate (3e).

68% yield; white solid; *H NMR (500 MHz, acetone-ds): 5 1.48 (t, J = 7.5 Hz, 3H),

3.53(q, J = 7.5 Hz, 2H), 7.96 (dd, J = 7.7, 7.7 Hz, 1H), 8.09 (d, J = 9.2 Hz, 1H), 8.16- @/
8.19 (m, 1H), 8.32 (d, J = 8.6 Hz, 1H), 8.69 (d, J = 8.6 Hz, 1H), 8.95 (d, J = 8.6 Hz, @

1H); 13C NMR (125 MHz, acetone-ds): & 11.8, 25.9, 120.3, 123.2, 129.6, 130.0, 130.4, N

134.9, 140.6, 142.9, 162.3; °F NMR (368 MHz, acetone-de): & -157.5 (brs, 2F), -75.9 OngCFs
(9, J = 31.3 Hz, 3F); IR (KBr, v / cm! ): 3097, 1608, 1521, 1383, 1089, 1021, 911,

890, 862, 838, 776, 759, 684; HRMS (ESI+) (m/z): Calcd for C12H11BFsNNaO* [M+Na*] 314.0752, Found
314.0764.

Difluoro((2-isopropylquinolin-1-ium-1-yl)oxy)(trifluoromethyl)borate (3f).
57% vyield; white solid; *H NMR (500 MHz, acetone-dg): & 1.48 (d, J = 6.9 Hz, 3H),

4.39 (sep, J = 6.9 Hz, 1H), 7.93-7.96 (m, 1H), 8.14 (d, J = 8.6 Hz, 1H), 8.15-8.19 (m, | X
1H), 8.30 (d, J = 8.6 Hz, 1H), 8.71 (d, J = 9.2 Hz, 1H), 8.96 (d, J = 8.6 Hz, 1H); 13C @
NMR (125 MHz, acetone-ds): 5 21.5, 30.2, 120.7, 120.9, 129.6, 129.8, 130.4, 134.9, 'T

140.4, 143.2, 166.0; 19F NMR (368 MHz, acetone-ds): & -158.0 (brs, 2F), -75.8 (q, J = OBF.CF
34.2 Hz, 3F); IR (KBr, v / cm! ): 3101, 2981, 1607, 1516, 1396, 1328, 1223, 1078, o223
1020, 914, 864, 861, 836, 779, 761, 717, 699, 673, 614; HRMS (ESI+) (m/z): Calcd for

C1sH1sBFsNNaO* [M+Na*] 328.0903, Found 328.0900.

((2-Benzylquinolin-1-ium-1-yhoxy)difluoro(trifluoromethyl)borate (3g).

58% vyield; white solid; *H NMR (500 MHz, CDCls): & 4.86 (s, 2H), 7.32-7.42 (m,

6H), 7.84 (dd, J = 7.7, 7.7 Hz, 1H), 8.00 (d, J = 8.0 Hz, 1H), 8.05-8.09 (m, 1H), 8.40 | N

(d, J=8.6 Hz, 1H), 8.84 (d, J = 8.6 Hz, 1H); 3C NMR (125 MHz, CDCls):  37.8 (t, ﬁ/ Ph
J = 3.6 Hz), 120.2, 122.2, 128.0, 128.2, 128.8, 129.4, 129.8, 130.0, 134.3, 134.5, |

139.8, 140.8, 158.7; 1°F NMR (368 MHz, CDCls): & -156.8 (brs, 2F), -75.4 (q J = OngcFa

22.8 Hz, 3F); IR (KBr, v/cm): 3033, 1608, 1519, 1149, 1074, 1018, 896, 861, 768,
716, 689; HRMS (ESI+) (m/z): Calcd for C17H13BFsNNaO* [M+Na*] 376.0903, Found 376.0893.

Difluoro((2-(methoxymethyl)quinolin-1-ium-1-yl)oxy)(trifluoromethyl)borate (3h).

67% vyield; white solid; 'H NMR (500 MHz, acetone-dg): & 3.61 (s, 3H), 5.21 (s,

2H), 7.99-8.01(m, 1H), 8.18 (d, J = 8.6 Hz, 1H), 8.20-8.23 (m, 1H), 8.39 (d, J = 8.6 @

Hz, 1H), 8.67 (d, J = 8.6 Hz, 1H), 9.07 (d, J = 8.6 Hz, 1H); *C NMR (125 MHz, OF OMe
acetone-ds): 5 59.8, 69.3 (t, J = 4.8 Hz), 119.9 (t, J = 3.0 Hz), 120.6, 129.8, 130.4, N

130.7, 135.3, 140.4, 143.4, 158.3; 1°F NMR (368 MHz, acetone-ds): & -157.5 (brs, Ongch
2F), -75.9 (g, J = 35.8 Hz, 3F); IR (KBr, v/ cm ): 3104, 2999, 2942, 2831, 1605,

1522, 1389, 1070, 889, 854, 778, 716, 690, 631, 610; HRMS (ESI+) (m/z): Calcd for C12H11BFsNNaO2*
[M+Na*] 330.0695, Found 330.0696.

Difluoro((4-methylguinolin-1-ium-1-yl)oxy)(trifluoromethyl)borate (3i).

73% vyield; white solid; *H NMR (400 MHz, acetone-dg): & 3.05 (s, 3H), 7.98 (dd, J =

6.3, 0.9 Hz, 1H), 8.01-8.05 (m, 1H), 8.20-8.25 (m, 1H), 8.47 (dd, J = 8.5, 1.3 Hz, 1H),

8.60 (d, J=8.5Hz, 1H), 9.11 (d, J = 6.3 Hz, 1H); *C NMR (125 MHz, acetone-ds): & | N
19.6, 119.7, 122.6, 126.7, 130.6, 130.9, 135.3, 138.9, 143.9, 155.2; °F NMR (368 @
MHz, acetone-ds): 6 -161.2 (q, J = 44.7 Hz, 2F), -76.1 (q, J = 32.8 Hz, 3F); IR (KBr, v N

|
/em): 3136, 3118, 1596, 1523, 1400, 1227, 1069, 908, 771, 688; HRMS (ESI+) (m/2): Ongch
Calcd for C11H9BFsNNaO+ [M+Na*] 300.0595, Found 300.0584.
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((3-Bromo-2-methylpyridin-1-ium-1-yl)oxy)difluoro(triflucromethyl)borate (3j). Br

76% vyield; white solid; *H NMR (500 MHz, acetone-ds): & 2.94 (s, 3H), 7.92-7.95 (m, 1H), | A

8.71 (d, J = 8.0 Hz, 1H), 8.84 (d, J = 6.3 Hz, 1H); *3C NMR (125 MHz, acetone-ds): & 18.5, ﬁ/
124.8, 126.3, 143.4, 145.8, 155.2; 1°F NMR (368 MHz, acetone-ds): 5 -160.9 (g, J = 45.5 I

Hz, 2F), -76.6 (q, J = 34.2 Hz, 3F); IR (KBr, v / cm! ): 3138, 3086, 1473, 1070, 1023, 898, O 273
849, 804, 704, 672, 633; HRMS (ESI+) (m/z): Calcd for C;HsBBrFsNNaO* [M+Na*]

327.9538, Found 327.9551.
((4-Bromo-2-methylpyridin-1-ium-1-yl)oxy)difluoro(trifluoromethyl)borate (3K). Br

72% yield; white solid; *H NMR (500 MHz, acetone-ds): & 2.78 (s, 3H), 8.19 (dd, J = 6.9,

2.3 Hz, 1H), 8.39 (d, J = 2.3 Hz, 1H), 8.66 (d, J = 6.9 Hz, 1H); *3C NMR (125 MHz, acetone- X

de): 6 17.8,129.8, 133.4, 138.1, 144.1, 156.0; °F NMR (368 MHz, acetone-ds): & -160.9 (q, | @

J =456 Hz, 2F), -76.6 (q, J = 34.2 Hz, 3F); IR (KBr, v / cm' ): 3137, 3103, 1613, 1478,
1197, 1075, 1019, 903, 871, 835, 710, 672; HRMS (ESI+) (m/z): Calcd for
C7HeBBrFsNNaO* [M+Na*] 327.9538, Found 327.9542.

N
OBF,CF5
((5-Bromo-2-methylpyridin-1-ium-1-yl)oxy)difluoro(trifluoromethyl)borate (3l).

70% yield; white solid; *H NMR (500 MHz, acetone-ds): & 2.78 (s, 3H), 8.08 (d,J=8.6 Br X

Hz, 1H), 8.60 (dd, J = 8.6, 1.7 Hz, 1H), 8.97 (d, J = 1.7 Hz, 1H); *C NMR (125 MHz, \E@D\
acetone-dg): § 17.7,119.2, 130.8, 144.3, 145.1, 154.6; °F NMR (368 MHz, acetone-ds): N/
5-160.8 (q, J = 41.8 Hz, 2F), -76.6 (q, J = 34.2 Hz, 3F); IR (KBr, v/ cm*): 3133, 3093, (IDBF CF
1501, 1448, 1382, 1232, 1094, 1016, 930, 824, 706, 669; HRMS (ESI+) (m/z): Calcd for Zrs
C7HsBBrFsNNaO* [M+Na*] 327.9538, Found 327.9551.

Difluoro((2-methyl-5-(phenylethynyl)pyridin-1-ium-1-yl)oxy)(trifluoromethyl)borate (3m).
70% vyield; pale yellow solid; *H NMR (500 MHz, acetone-ds): & 2.83 (s, 3H), Ph
7.47-7.50 (m, 3H), 7.65 (d, J = 7.4 Hz, 2H), 8.10 (d, J = 8.6 Hz, 1H), 8.46 (d, J = SN

8.6 Hz, 1H), 8.91 (s, 1H); 13C NMR (125 MHz, acetone-ds): & 17.9, 82.3, 96.8, X
121.9,122.9,129.7,130.2,131.0, 132.8, 143.8, 145.0, 154.7; 1°F NMR (368 MHz, \E@D\
acetone-ds): 6 -160.6 (g, J = 41.7 Hz, 2F), -76.4 (g, J = 32.8 Hz, 3F); IR (KBr, v N

[ ecm™): 3107, 2225, 1520, 1445, 1381, 1079, 1024, 883, 849, 773, 697; HRMS c')|3|:zc|:3
(ESI+) (m/z): Calcd for C15H11BFsNNaO* [M+Na*] 350.0746, Found 350.0740. ©

Difluoro((2-methyl-5-(perfluorophenyl)pyridin-1-ium-1-yl)oxy)(trifluoromethyl)borate (3n).
56% yield; white solid; *H NMR (500 MHz, acetone-dg): 6 2.91 (s, 3H), 8.32 (d, J =
8.0 Hz, 1H), 8.61 (d, J = 8.0 Hz, 1H), 9.03 (s, 1H); **C NMR (125 MHz, acetone-ds): CgFs X

§ 18.0, 110.0 (ddd, J = 16.8, 16.8, 3.6 Hz), 125.9, 130.6, 138.9 (dm, J = 251 Hz), | o
143.0 (dm, J = 254 Hz), 143.5, 144.3, 145.6 (dm, J = 254 Hz), 156.2; °F NMR (368 NG
MHz, acetone-d): 5 -163.9 (dd, J = 23.8, 23.8 Hz, 2F), 160.8 (g, J = 44.7 Hz, 2F), OBF,CF,

154.2 (d, J = 23.8 Hz, 1F), 143.9 (d, J = 23.8 Hz, 2F), -76.6 (q, J = 35.8 Hz, 3F); IR
(KBr, v/cm?): 3122, 1517, 1083, 1024, 997, 890, 840, 804, 708, 678, 627; HRMS
(ESI+) (m/z): Calcd for C13HsBF1o0NNaO* [M+Na*] 416.0275, Found 416.0287.

Difluoro((2-pentylpyridin-1-ium-1-yhoxy)(trifluoromethyl)borate (30).

85% vyield; yellow oil; 'H NMR (500 MHz, acetone-ds): 5 0.91 (t, J = 6.9 Hz, 3H),
1.36-1.45 (m, 4H), 1.79-1.85 (m, 2H), 3.20 (t, J = 7.7 Hz, 2H), 7.93-7.96 (m, 1H),
8.07 (dd, J = 8.0, 1.1 Hz, 1H), 8.39 (dd, J = 8.0, 8.0 Hz, 1H), 8.78 (d, J = 6.3 Hz,
1H); 3C NMR (125 MHz, acetone-de): 6 14.1, 22.8, 27.5, 31.1, 32.0, 126.3, 129.2, |
142.3, 143.6, 158.0; °F NMR (368 MHz, acetone-dg): & -160.9 (g, J = 45.5 Hz, 2F), OngCFs
-76.6 (g, J = 31.3 Hz, 3F); IR (neat, v/ cm): 3142, 2960, 2873, 1498, 1455, 1075,

1029, 905, 783; HRMS (ESI+) (m/z): Calcd for C11H1sBFsNNaO* [M+Na*] 306.1059, Found 306.1052.

2@
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((2-Benzylpyridin-1-ium-1-yhoxy)difluoro(trifluoromethyl)borate (3p).

75% yield; white solid; *H NMR (500 MHz, acetone-ds): & 4.57 (s, 2H), 7.33-7.43 (m, 5H),

7.81 (dd, J=8.0, 1.7 Hz, 1H), 7.99-8.02 (m, 1H), 8.41 (dd, J = 8.0, 8.0 Hz, 1H), 8.83 (d, J | N

= 6.9 Hz, 1H); 3C NMR (125 MHz, acetone-dg): & 36.7, 126.7, 128.5, 129.5, 129.9, 130.6, \ ®_ Ph
135.8, 142.6, 143.8, 156.9; °F NMR (368 MHz, acetone-ds): § -160.7 (q, J = 45.5 Hz, 2F), N

-76.4 (q, J = 34.2 Hz, 3F); IR (KBr, v/ cm!): 3141, 3108, 3076, 1617, 1577, 1497, 1455, Ongch
1414, 1089, 1022, 903, 847, 782, 741, 702, 671; HRMS (ESI+) (m/z): Calcd for
Ci13H11BFsNNaO* [M+Na*] 326.0746, Found 326.0751.

Difluoro((1-methylisoquinolin-2-ium-2-yl)oxy)(trifluoromethyl)borate (3q).

76% yield; white solid; 'H NMR (500 MHz, acetone-ds): & 3.26 (s, 3H), 8.04-

8.07 (m, 1H), 8.16 (dd, J = 7.4, 7.4 Hz, 1H), 8.30 (d, J = 8.6 Hz, 1H), 8.33 (d, J | N
=7.4Hz, 1H), 8.52 (d, J = 7.4 Hz, 1H), 8.64 (d, J = 8.6 Hz, 1H); 13C NMR (125
MHz, acetone-ds): & 14.6, 124.8, 128.4, 128.7, 128.9, 131.8, 135.6, 135.7, 135.9,
157.4; *°F NMR (368 MHz, acetone-ds): 6 -160.6 (q, J = 60.6 Hz, 2F), -76.3 (q,
J=44.5Hz, 3F); IR (KBr, v/cm): 3139, 1634, 1576, 1402, 1340, 1279, 1198, 1162, 1074, 1021, 911, 880,
811, 773, 763, 702, 689, 626; HRMS (ESI+) (m/z): Calcd for C11H9sBFsNNaO* [M+Na*] 300.0590, Found
300.0593.

N ©
“ @ OBF,CF;

Difluoro((4-methylguinazolin-3-ium-3-yl)oxy)(trifluoromethyl)borate (3r).

90% yield; white solid; 'H NMR (500 MHz, acetone-ds): & 3.36 (s, 3H), 8.17 N

(ddd, J = 8.6, 8.6, 1.2 Hz, 1H), 8.32 (d, J = 8.6 Hz, 1H), 8.43 (ddd, J = 8.6, 8.6, N

1.7 Hz, 1H), 8.74 (d, J = 8.6 Hz, 1H), 9.29 (s, 1H); 1*C NMR (125 MHz, acetone- _N_

de): 5 14.7, 124.0, 129.0, 130.1, 132.5, 139.7, 146.1, 147.5, 166.1; 1°F NMR (368 ® OBF;CF3

MHz, acetone-de): 6 -160.1 (g, J = 44.7 Hz, 2F), -76.4 (q, J = 32.8 Hz, 3F); IR
(KBr, v / cm): 3087, 1614, 1575, 1508, 1474, 1404, 1340, 1136, 1091, 1065, 1020, 917, 889, 768, 725,
701, 687, 627; HRMS (ESI+) (m/z): Calcd for C1oHgBFsN>NaO* [M+Na*] 301.0542, Found 301.0540.

Typical Procedure for Trifluoromethylation of N-oxide—BF,CFs; complexes of N-heteroaromatics.

Method A: MS4A (200 mg) was flame-dried under vacuum. After cooling to room temperature, difluoro((2-
methylquinolin-1-ium-1-yl)oxy)(trifluoromethyl)borate (3a, 277 mg, 1.00 mmol), TMAF-4H,0 (496 mg,
3.00 mmol), AcOEt (20 mL), and MeCN (10 mL) were added. The mixture was heated at 65 °C and stirred
for 10 min. After cooling to room temperature, an insoluble solid was filtered through a pad of Celite, washed
with CHCl_, and then the solvent was removed under reduced pressure. The crude product was purified by
column chromatography on silica gel (hexane/diethyl ether = 8/1) to give 2-(2,2,2-trifluoroethyl)quinoline
(2a, 169 mg: 80% yield).

Method B: MS4A (200 mg) was flame-dried under vacuum. After cooling to room temperature, difluoro((4-
chloro-2-methylquinolin-1-ium-1-yl)oxy)(trifluoromethyl)borate (3c, 311 mg, 1.00 mmol), TMAF-4H,0
(496 mg, 3.00 mmol), and MeCN (30 mL) were added. The mixture was stirred at 25 °C for 24 h. An insoluble
solid was filtered off through a pad of Celite, washed with CH,CI;, and then the solvent was removed under
reduced pressure. The crude product was purified by column chromatography on silica gel (hexane/AcOEt =
10/1) to give 4-chloro-2-(2,2,2-trifluoroethyl)quinoline (2c, 80.0 mg: 33% yield).

Method C: MS4A (200 mg) was flame-dried under vacuum. After cooling to room temperature, difluoro((2-
pentylpyridin-1-ium-1-yl)oxy)(trifluoromethyl)borate (3m, 283 mg, 1.00 mmol), TMAF-4H,O (496 mg,
3.00 mmol), and MeCN (30 mL) were added. The mixture was heated at 65 °C and stirred for 1 h. After
cooling to room temperature, an insoluble solid was filtered off through a pad of Celite, washed with CH.Cl>,
and then the solvent was removed under reduced pressure. The crude product was purified by column
chromatography on silica gel (pentane/diethyl ether = 10/1) to give 2-(1,1,1-trifluorohexan-2-yl)pyridine (2m,
77.0 mg: 35% vyield).
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[Technical note]

A small amount of an aldehyde was generated as a byproduct by oxidation of the benzylic position of 2-
methylquinolines if oxygen remained in the reaction vessel. Therefore, degassed solvents should be used.
2-(2,2,3,3,3-Pentafluoropropyl)quinoline and 2-(2,2,3,3,4,4,4-heptafluorobutyl)quinoline were gradually
dehydrofluorinated on silica gel. Therefore, these products should be eluted rapidly from column
chromatography on silica gel.

All reactions were carried out in 1.0 mmol scale unless otherwise noted.

2-(2,2,2-trifluoroethyl)quinoline (2a)%.

80% yield (Method A); white solid; *H NMR (500 MHz, CDCls): § 3.81 (g, J =
10.7 Hz, 2H), 7.47 (d, J = 8.6 Hz, 1H), 7.56-7.59 (m, 1H), 7.73-7.77 (m, 2H), 7.84
(d, J=8.0Hz, 1H), 8.10 (d, J = 8.6 Hz, 1H), 8.19 (d, J = 8.6 Hz, 1H) ; 13C NMR
(125 MHz, CDCls): 8 43.6 (g, J = 29.1 Hz), 121.6, 125.5 (g, J = 277 Hz), 126.9,
127.2,127.5,129.2, 129.9, 136.9, 147.9, 151.1 (g, J = 3.6 Hz); °F NMR (368 MHz, CDCls): 5 -64.4 (s,
3F); IR (KBr, v / cm1): 3054, 1507, 1430, 1359, 1250, 1210, 1144, 1128, 1079, 960, 929, 882, 822, 765,
620; HRMS (ESI+) (m/z): Calcd for C11HoFsN* [M+H*] 212.0682, Found 212.0687.

CF3

Zg\ /;

6-Methoxy-2-(2,2,2-trifluoroethyl)quinoline (2b).

58% yield (Method A); light yellow solid; *H NMR (500 MHz, CDCl3): 8 MeO
3.75(q, J = 10.7 Hz, 2H), 3.91 (s, 3H), 7.05 (d, J = 2.9 Hz, 1H), 7.36-7.39

(m, 2H), 7.97 (d, J = 9.2 Hz, 1H), 8.03 (d, J = 8.6 Hz, 1H); 3C NMR (125

MHz, CDCls): 8 43.3 (q, J =29.2 Hz), 55.5, 104.9, 121.9, 122.7, 125.6 (q, J

=277 Hz), 128.4, 130.7, 135.6, 144.1, 148.4 (q, J = 3.6 Hz), 158.0; °F NMR (368 MHz, CDCl5): § -64.6 (s,
3F); IR (KBr, v / cm): 2977, 2946, 1926, 1600, 1505, 1485, 1465, 1382, 1362, 1273, 1230, 1126, 1077,
1031, 965, 905, 856, 829, 720, 623; HRMS (ESI+) (m/z): Calcd for C12H11FsNO* [M+H*] 242.0787, Found
242.0790, Calcd for C12H10FsNNaO* [M+Na*] 264.0607, Found 264.0602.

Zg\ /%

CF;

4-Chloro-2-(2,2,2-trifluoroethyl)quinoline (2c).

33% yield (Method B); white solid; *H NMR (500 MHz, CDCls): & 3.78 (q, J = Cl
10.5 Hz , 2H), 7.56 (s, 1H), 7.65-7.68 (m, 1H), 7.78-7.81 (m, 1H), 8.11 (d, J = 8.6
Hz, 1H), 8.23 (d, J = 8.6 Hz, 1H); 3C NMR (125 MHz, CDCls): 6 43.1 (q, J = 28.8
Hz), 121.7, 124.0, 125.3 (q, J = 277 Hz), 125.6, 128.0, 129.7, 130.8, 143.4, 148.7,
151.0 (g, J = 3.6 Hz); **F NMR (368 MHz, CDCls): & -64.4 (s, 3F); IR (KBr, v /
cmt): 3066, 3048, 1587, 1557, 1497, 1420, 1363, 1244, 1154, 1079, 939, 839, 828, 764, 709, 651, 627;
HRMS (ESI+) (m/z): Calcd for C11HsCIFsN* [M+H*] 246.0292, Found 246.0284.

Z%\ /;

CF;

6-Fluoro-2-(2,2,2-trifluoroethyl)quinoline (2d).

79% yield (Method A); light yellow solid; *H NMR (500 MHz, CDCl3): §3.79 F
(9, J=10.7 Hz , 2H), 7.44 (dd, J = 8.6, 2.8 Hz, 1H), 7.46 (d, J = 8.6 Hz, 1H),
7.50 (ddd, J = 8.6, 8.6, 2.8 Hz, 1H), 8.07-8.13 (m, 2H); 3C NMR (125 MHz,
CDCls): 6 43.5 (9, J = 29.6 Hz), 110.5 (d, J = 21.6 Hz), 120.2 (d, J = 26.4 Hz),
122.4,125.5(q, =277 Hz), 127.9(d, J = 9.6 Hz), 131.9 (d, J = 8.4 Hz), 136.3 (d, J = 6.0 Hz), 145.1, 150.5
(9, J=3.0Hz), 160.7 (d, J = 248 Hz); °F NMR (368 MHz, CDCls): 6 -113.0 (s, 1F), -64.5 (s, 3F); IR (KBr,
v/ cm?): 3060, 1630, 1611, 1566, 1511, 1479, 1359, 1270, 1139, 1084, 970, 956, 907, 877, 851, 834, 813,
724, 672, 618; HRMS (ESI+) (m/z): Calcd for C11HgF4N* [M+H*] 230.0587, Found 230.0592.

Zg\ /;

CF3

2-(1,1,1-Trifluoropropan-2-yl)quinoline (2e).

71% yield (Method A); colorless oil; *H NMR (500 MHz, CDCls): 6 1.65 (d, J = 6.9
Hz, 3H), 3.85-3.95 (m, 1H), 7.47 (d, J = 8.6 Hz, 1H), 7.54-7.57 (m, 1H), 7.71-7.75 (m,
1H), 7.82 (d, J = 8.6 Hz, 1H), 8.10 (d, J = 8.6 Hz, 1H), 8.17 (d, J = 8.6 Hz, 1H); 3C N
NMR (125 MHz, CDClg): 8 13.7 (q, J = 2.2 Hz), 47.4 (g, J = 27.6 Hz), 120.0, 126.8, CF
127.43, 127.46, 127.0 (q, J = 281 Hz), 129.4, 129.7, 136.8, 147.7, 156.2 (9, J = 2.4 3
Hz); *F NMR (368 MHz, CDCls): 5 -70.0 (s, 3F); IR (neat, v / cm): 3063, 2992, 2927, 2854, 1601, 1505,

\
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1459, 1341, 1261, 1168, 1128, 1085, 1060, 1039, 1001, 834, 760, 619; HRMS (ESI+) (m/z): Calcd for
C12H11FsN* [M+H*] 226.0838, Found 226.0838.

2-(1,1,1-Trifluoro-2-methylpropan-2-yl)quinoline (2f).

17% yield (Method B); colorless oil; *H NMR (500 MHz, CDCls): § 1.75 (s, 6H), N
7.53-7.56 (m, 1H), 7.65 (d, J = 8.6 Hz, 1H), 7.70-7.73 (m, 1H), 7.81 (dd, J = 8.6, 1.1

Hz, 1H), 8.12 (d, J = 8.6 Hz, 1H), 8.14 (d, J = 8.6 Hz, 1H); 3C NMR (125 MHz, %
CDCl3): 6 22.0 (q, J = 2.4 Hz), 47.6 (g, J = 24.8 Hz), 119.6, 126.7, 127.0, 127.2, 128.4

(9, =283 Hz),129.4,129.9, 136.1, 147.3, 158.9 (q, J = 2.4 Hz); °F NMR (368 MHz, CFs

CDCls): 6 -74.8 (s, 3F); IR (neat, v / cm™): 3063, 2991, 1601, 1504, 1291, 1197, 1123, 1094, 828, 757
HRMS (ESI+) (m/z): Calcd for CisHisFsN* [M+H*] 240.0995, Found 240.1007.

2-(2,2,2-Trifluoro-1-phenylethyl)quinoline (2g).

71% yield (Method A): colorless oil; 1H NMR (500 MHz, CDCls):  5.16 (g, J
= 9.2 Hz, 1H), 7.35-7.38 (m, 3H), 7.51-7.60 (m, 4H), 7.74 (dd, J = 7.7, 7.7 Hz, _

1H), 7.80 (d, J = 8.0 Hz, 1H), 8.13 (d, J = 8.6 Hz, 1H), 8.18 (d, J = 8.0 Hz, 1H); N

13C NMR (125 MHz, CDCls): § 58.5 (q, J = 27.2 Hz), 120.8, 125.9 (q, J = 281 CF

Hz), 126.9, 127.2, 127.4, 128.2, 128.7, 129.4, 129.6, 129.8, 134.0, 136.9, 147.7,

155.2; 19F NMR (368 MHz, CDCls): 5 -65.6 (s, 3F); IR (neat, v / cm): 3064, 1619, 1598, 1566, 1505, 1456,

1428, 1364, 1318, 1260, 1152, 1104, 824, 749, 706, 619; HRMS (ESI+) (m/z): Calcd for C17H1FsNNa*
[M+Na*] 310.0814, Found 310.0814.

3

2-(2,2,2-Trifluoro-1-methoxyethyl)quinoline (2h).

24% yield (Method A); colorless oil; *H NMR (500 MHz, CDCl5): & 3.51 (s, 3H), m\(

4.90 (q, J = 6.7 Hz, 1H), 7.58-7.61 (m, 1H), 7.68 (d, J = 8.6 Hz, 1H), 7.75 (ddd, J _ OMe
= 8.6, 8.6, 1.7 Hz, 1H), 7.86 (dd, J = 8.0, 1.1 Hz, 1H), 8.13 (d, J = 8.6 Hz, 1H), N

8.25 (d, J = 8.6 Hz, 1H); *3C NMR (125 MHz, CDCls): 6 58.8, 83.5 (q, J = 30.4 CF4
Hz), 119.1, 123.6 (g, J = 283 Hz), 127.4, 127.6, 128.2, 129.5, 130.0, 137.2, 147 5,

153.5; %F NMR (368 MHz, CDCls): 6 -75.7 (s, 3F); IR (neat, v / cm™): 2940, 2838, 1600, 1505, 1374, 1267,

1179, 1136, 1108, 998, 829, 755, 712, 621; HRMS (ESI+) (m/z): Calcd for Ci2Hi0FsNNaO* [M+Na*]
264.0607, Found 264.0611.

4-(2,2,2-Trifluoroethyl)quinoline (2i)".

43% yield (Method A); colorless oil; *H NMR (500 MHz, CDCls): § 3.86 (¢, J = 10.5 Hz, CF;
2H), 7.38 (d, J = 4.3 Hz, 1H), 7.60-7.63 (m, 1H), 7.73-7.76 (m, 1H), 7.99 (d, J = 8.6 Hz,

1H), 8.16 (d, J = 8.0 Hz, 1H), 8.90 (d, J = 4.3 Hz, 1H); 13C NMR (125 MHz, CDCls): § (:gij
36.1 (g, J = 30.8 Hz), 123.2, 123.4, 125.9 (q, J = 278 Hz), 127.2, 127.4, 129.5, 130.4, _
135.8 (g, J=6.0 Hz), 148.6, 149.8; °F NMR (368 MHz, CDCls): & -64.4 (s, 3F); IR (neat, N

v/ cmt): 3040, 156, 1275, 1254, 1240, 1143, 1098, 1032, 827, 763; HRMS (ESI+) (m/z):
Calcd for C11HoFsN* [M+H*] 212.0682, Found 212.688.

3-Bromo-2-(2,2,2-trifluoroethyl)pyridine (2j). Br
59% yield (Method A); pale yellow oil; *H NMR (500 MHz, CDCls): & 3.85 (g, J = 10.1 Hz, X

2H), 7.14 (dd, J = 8.0, 4.6 Hz, 1H), 7.90 (dd, J = 8.0, 1.7 Hz, 1H), 8.55 (d, J = 4.6, 1.7 Hz, | _

1H); 3C NMR (125 MHz, CDCls): 6 41.3 (q, J = 29.6 Hz), 122.6, 124.3, 125.2 (q, J = 278 (Nj;
Hz), 140.8, 148.2, 149.9 (q, J = 3.6 Hz); °F NMR (368 MHz, CDCls): § -64.0 (s, 3F); IR CF;3
(neat, v/ cm™): 1574, 1435, 1357, 1301, 1267, 1241, 1138, 1083, 1066, 1017, 905, 795, 652,

607; HRMS (ESI+) (m/z): Calcd for C7HsBrFsN* [M+H*] 239.9630, Found 239.9630.
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4-Bromo-2-(2,2,2-trifluoroethyl)pyridine (2k)

9% yield (Method B); colorless oil; *H NMR (500 MHz, CDCls): 6 3.59 (g, J = 10.5 Hz, Br
2H), 7.45 (dd, J = 5.2, 1.7 Hz, 1H), 7.53 (d, J = 1.7 Hz, 1H), 8.42 (d, J = 5.2 Hz, 1H); 3C

NMR (125 MHz, CDCls): 6 42.4 (g, J = 29.6 Hz), 125.1 (g, J = 277 Hz), 126.5, 127.8, @
133.4, 150.4, 152.2 (g, J = 3.6 Hz); °F NMR (368 MHz, CDCls): § -64.9 (s, 3F); IR (neat, N/

v/ cml): 2927, 1573, 1555, 1469, 1393, 1354, 1258, 1222, 1144, 1070, 822, 687, 619;
HRMS (ESI+) (m/z): Calcd for C7HsBrFsN* [M+H*] 239.9630, Found 239.9618. CF3

5-Bromo-2-(2,2,2-trifluoroethyl)pyridine (21).

24% yield (Method A); pale yellow oil; *H NMR (500 MHz, CDCls): 8 3.56 (g, J = Br

10.7 Hz, 2H), 7.23 (d, J = 8.4 Hz, 1H), 7.82 (dd, J = 8.4, 2.2 Hz, 1H), 8.66 (d, J = 2.2 X

Hz, 1H); 13C NMR (125 MHz, CDCls): 6 42.2 (q, J = 29.6 Hz), 120.4, 125.1 (q, J = | —

277 Hz), 125.6, 139.4, 149.3 (q, J = 3.6 Hz), 150.9; °F NMR (368 MHz, CDCl3): & - N

65.2 (s, 3F); IR (KBr, v/ cm™): 1577, 1469, 1361, 1261, 1229, 1142, 1095, 1077, CF3

1010, 913, 858, 816, 678, 642; HRMS (ESI+) (m/z): Calcd for C7HgBrFsN* [M+H*]
239.9630, Found 239.9630.

5-(Phenylethynyl)-2-(2,2,2-trifluoroethyl)pyridine (2m).
48% vyield (Method A, 1k (0.500 mmol)); white solid; *H NMR (500 MHz,

CDCly): 3.62 (q, J = 10.7 Hz, 2H), 7.32 (d, J = 8.0 Hz, 1H), 7.36-7.37 (m, PN~

3H), 7.54-7.56 (m, 2H), 7.80 (dd, J = 8.0, 1.7 Hz, 1H), 8.74 (d, J = 1.7 Hz, N N

1H); 13C NMR (125 MHz, CDCls): & 42.6 (q, J = 29.2 Hz), 85.4, 93.2, 119.9, | o oF
N 3

122.4,123.7, 125.3 (g, J = 277 Hz), 128.4, 128.9, 131.7, 139.0, 149.7 (q, J =

3.6 Hz), 152.0; F NMR (368 MHz, CDCls): & -64.9 (s, 3F); IR (KBr, v /cmr

1): 2221, 1555, 1496, 1357, 1269, 1230, 1137, 1067, 1025, 910, 837, 819, 759, 691, 649; HRMS (ESI+)
(m/z): Calcd for CisH11FsN* [M+H*] 262.0838, Found 262.0848.

5-(Perfluorophenyl)-2-(2,2,2-trifluoroethyl)pyridine (2n).

40% yield (Method A, 11 (0.500 mmol)); yellow oil; *H NMR (500 MHz, CDCls):

83.69 (g, J = 10.5 Hz, 2H), 7.50 (d, J = 8.0 Hz, 1H), 7.80 (d, J = 8.0 Hz, 1H), 8.68 CsFs AN

(s, 1H); C NMR (125 MHz, CDCls): § 42.6 (q, J = 29.6 Hz), 112.1 (ddd, J = \(j\/CF
16.8, 16.8, 3.6 Hz), 122.5, 124.3, 125.3 (q, J = 277 Hz), 138.0 (dm, J = 254 Hz), N 3
138.2, 141.1 (dm, J = 257 Hz), 144.3 (dm, J = 245 Hz), 150.3, 151.8 (g, J = 3.6

Hz); **F NMR (368 MHz, CDCls): 6 -161.4 (dd, J = 23.8, 23.8 Hz, 2F), -153.5 (d, J = 23.8 Hz, 1F), -143.2
(J = 23.8 Hz, 2F), -64.9 (s, 3F); IR (neat, v / cm™): 2956, 1655, 1602, 1524, 1497, 1428, 1379, 1324, 1263,

1234, 1142, 1070, 991, 914, 843, 826, 778, 673, 636; HRMS (ESI+) (m/z): Calcd for C1zHeFsN* [M+H"]
328.0367, Found 328.0360.

2-(1,1,1-Trifluorohexan-2-yl)pyridine (20).

35% yield (Method C); yellow oil; *H NMR (500 MHz, CDCl3): § 0.83 (t, J = 7.2 Hz,

1H), 1.07-1.36 (m, 4H), 1.96-2.09 (m, 2H), 3.44-3.53 (m, 1H), 7.23 (ddd, J = 7.7, 4.9, | N

1.1 Hz, 1H), 7.29 (dd, J = 7.7, 1.1 Hz, 1H), 7.67 (ddd, J = 7.7, 7.7, 1.9 Hz, 1H), 8.60 A__"C4Hg
(dd, J = 4.9, 1.9 Hz, 1H); *3C NMR (125 MHz, CDCls): 8 13.7, 22.3,27.8 (q, J = 2.4 N

Hz), 28.8,52.2 (q, J =26.0 Hz), 122.9, 123.6, 126.7 (g, J = 280 Hz), 136.6, 149.6, 155.2 CF;

(9, J = 2.4 Hz); °F NMR (368 MHz, CDCl5): & -69.3 (s, 3F); IR (neat, v / cm™): 2960,

2874, 1592, 1574, 1473, 1438, 1262, 1163, 1125, 1095, 996, 944, 749, 689, 643, 618; HRMS (ESI+) (m/2):
Calcd for Ci1HisFsN* [M+H*] 218.1151, Found 218.1142.

2-(2,2,2-Trifluoro-1-phenylethyl)pyridine (2p).
53% yield (Method A); pale yellow oil; *H NMR (500 MHz, CDCls): & 4.90 (g, J = 9.7 N
Hz, 1H), 7.21-7.24 (m, 1H), 7.31-7.38 (m, 3H), 7.42 (d, J = 8.0 Hz, 1H), 7.48 (d, J = 7.4 | A pn
Hz, 2H), 7.67 (ddd, J = 8.0, 8.0, 1.7 Hz, 1H), 8.63 (dd, J = 4.3, 1.7 Hz, 1H); BCNMR (125 N
3

MHz, CDCls): & 57.8 (g, J = 27.2 Hz), 122.8, 123.4, 125.7 (q, J = 280 Hz), 128.2, 128.7, CF
129.4,134.1, 136.8, 149.6, 155.2 (q, J = 2.4 Hz); °F NMR (368 MHz, CDCl3): § -64.0 (s,
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3F); IR (neat, v / cm): 3066, 1590, 1574, 1472, 1437, 1360, 1262, 1152, 1110, 1092, 777, 747, 712, 699,
657, 634, 618; HRMS (ESI+) (m/z): Calcd for C13Hu1FsN* [M+H*] 238.0838, Found 238.0841.

1-(2,2,2-Trifluoroethyl)isoquinoline (2q).

71% yield (Method A, 1o (0.200 mmol)); white solid; *H NMR (400 MHz, CDCls): & N
4.13(q, J = 10.5 Hz, 2H), 7.64-7.68 (m, 2H), 7.70-7.74 (m, 1H), 7.87 (d, J = 7.2 Hz, 1H),

8.11 (d, J = 8.5 Hz, 1H), 8.55 (d, J = 5.8 Hz, 1H); *H NMR (500 MHz, acetone-dg): & =N
4.31 (g, J=10.9 Hz, 2H), 7.72-7.75 (m, 1H), 7.78-7.81 (m, 2H), 8.00 (d, J = 8.0 Hz, 1H),

8.34 (d, J = 8.6 Hz, 1H), 8.52 (d, J = 5.7 Hz, 1H); 13C NMR (125 MHz, acetone-ds): & CF3

39.9 (q, J = 28.8 Hz), 121.9, 126.2, 127.2 (q, J = 277 Hz), 128.3, 128.6, 128.7, 131.2,

137.4, 142.9, 151.9 (g, J = 3.6 Hz); °F NMR (368 MHz, acetone-ds): & -64.0 (s, 3F); IR (KBr, v / cm):
2986, 2946, 1565, 1504, 1395, 1365, 1346, 1274, 1237, 1138, 1104, 1030, 914, 829, 753, 740, 632, 615;
HRMS (ESI+) (m/z): Calcd for C1iHeFsN* [M+H*] 212.0682, Found 212.0688.

4-(2,2,2-Trifluoroethyl)quinazoline (2r).

37% yield (Method A); white solid; *H NMR (500 MHz, CDCls): 6 4.08 (q, J = 10.1 Hz, N

2H), 7.67-7.70 (m, 1H), 7.90-7.93 (m, 1H), 8.05-8.08 (m, 2H), 9.30 (s, 1H); *C NMR \j
(125 MHz, CDCls): 8 39.2 (g, J = 30.0 Hz), 124.37, 124.41, 124.9 (q, J = 278 Hz ), 128.4, _N
129.4, 134.2, 150.6, 154.3, 160.0 (g, J = 3.2 Hz); *°*F NMR (368 MHz, CDCls): 5 -62.9

(s, 3F); IR (KBr, v/ cm): 3055, 1616, 1561, 1495, 1395, 1343, 1295, 1270, 1245, 1147, CF,

1087, 1025, 898, 844, 769, 741, 634, 609; HRMS (ESI+) (m/z): Calcd for CioHgFsN*
[M+H"*] 213.0634, Found 213.0639.

Preparation of N-oxide—BF,CF3; complexes of N-heteroaromatics and benzylic perfluoroalkylation.

Difluoro((2-methylquinolin-1-ium-1-yl)oxy)(perfluoroethyl)borate (10a).

54% vyield; white solid; *H NMR (400 MHz, CDCls): 6 3.10 (s, 3H), 7.64 (d, J = 8.6 N

Hz, 1H), 7.81-7.85 (m, 1H), 8.02-8.08 (m, 2H), 8.48 (d, J = 8.6 Hz, 1H), 8.79 (d, J = g@j\
8.6 Hz, 1H); 3C NMR (125 MHz, CDCls): 6 19.9 (d, J=3.6 Hz), 120.0, 123.2, 128.1, N

128.8, 129.6, 134.3, 140.1, 140.7, 156.9; *°F NMR (368 MHz, CDCls): & -154.7 (brs, (5BF202F5
2F), -136.1 (brs, 2F), -83.8 (brs, 3F); IR (KBr, v / cm™ ): 3123, 1609, 1520, 1335,

1206, 1167, 1062, 1045, 1018, 882, 834, 755, 708, 635; HRMS (ESI+) (m/z): Calcd
for C12HeBF;NNaO* [M+Na*] 350.0558, Found 350.0557.

Difluoro((2-methylquinolin-1-ium-1-yl)oxy)(perfluoropropyl)borate (10b).

67% yield; white solid; *H NMR (500 MHz, CDCls): & 3.05 (s, 3H), 7.60 (d, J = 8.6

Hz, 1H), 7.77-7.80 (m, 1H), 7.98-8.02 (m, 2H), 8.44 (d, J = 8.6 Hz, 1H), 8.73 (d, J = X

8.6 Hz, 1H); *C NMR (125 MHz, CDCls): § 19.8, 120.0, 123.2, 128.1, 128.8, 129.6, @GD\
134.3, 140.1, 140.7, 156.9; °F NMR (368 MHz, CDCls): & -153.7 (brs, 2F), -133.8 ’}‘

(brs, 2F), -127.9 (brs, 2F), -81.1 (brs, 3F); IR (KBr, v /cm): 3094, 1609, 1523, 1227, OngCeﬁ

1185, 1101, 1062, 1030, 903, 826, 771, 743, 700, 667, 634; HRMS (ESI+) (m/z): Calcd
for C13H9BFsNNaO* [M+Na*] 400.0526, Found 400.0511.

2-(2,2,3,3,3-Pentafluoropropyl)quinoline (11a).

73% yield (Method A, 3 (0.500 mmol)); white solid; *H NMR (500 MHz, CDCls): & A

3.75 (t, J = 18.3 Hz, 2H), 7.44 (d, J = 8.0 Hz, 1H), 7.54-7.57 (m, 1H), 7.72-7.75 (m, ~

1H), 7.82 (d, J = 8.0 Hz, 1H), 8.10 (d, J = 8.6 Hz, 1H), 8.15 (d, J = 8.6 Hz, 1H); 13C N

NMR (125 MHz, CDCl3): & 40.4 (t, J = 21.0 Hz), 114.7 (tq, J = 254, 38.1 Hz), 119.1 CaFs
(qt, J = 286, 36.2 Hz), 122.2, 127.0, 127.3, 127.5, 129.3, 130.0, 136.7, 148.0, 150.6;

YFNMR (368 MHz, CDCls): § -116.3 —-116.2 (m, 2F), -85.2 (brs, 3F); IR (KBr, v /cm): 3069, 1598, 1563,

1508, 1430, 1315, 1182, 1072, 1027, 848, 810, 785, 762, 706, 620; HRMS (ESI+) (m/z): Calcd for C1oHgFsN*
[M+H*] 262.0650, Found 262.0646.
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2-(2,2,3,3,4,4,4-Heptafluorobutyl)quinoline (11b).

78% yield (Method A); white solid; *H NMR (500 MHz, CDCls): 6 3.79 (t, J = 18.9 N

Hz, 2H), 7.46 (d, J = 8.6 Hz, 1H), 7.56-7.59 (m, 1H), 7.73-7.77 (m, 1H), 7.85 (d, J =

8.0 Hz, 1H), 8.11 (d, J = 8.6 Hz, 1H), 8.18 (d, J = 8.6 Hz, 1H); 3C NMR (125 MHz, NT
CDCl3): 6 40.3 (t,J=21.6 Hz), 122.4, 126.6, 127.3, 127.5, 129.3, 129.9, 136.7, 148.1, C4F;
150.5; °F NMR (368 MHz, CDCls): 6 -127.4 (m, 2F), -113.3 (m, 2F), -80.7 (m, 3F);

IR (KBr, v/ cm): 3065, 1600, 1563, 1508, 1430, 1362, 1216, 1113, 1075, 966, 940, 915, 846, 809, 782,
758, 704, 667, 618; HRMS (ESI+) (m/z): Calcd for C13HsF7N* [M+H*] 312.0618, Found 312.0621.

Application to bioactive compound (Papaverine).

((1-(3,4-Dimethoxybenzyl)-6,7-dimethoxyisoquinolin-2-ium-2-yl)oxy)difluoro(trifluoromethyl)borate
(14).

3.73 (s, 3H), 3.74 (s, 3H), 4.07 (s, 3H), 4.10 (s, 3H), 5.01 (s, 2H), 6.84
(d, J = 8.6 Hz, 1H), 6.92 (dd, J = 8.6, 1.7 Hz, 1H), 7.16 (d, J = 1.7 Hz,
1H), 7.69 (s, 1H), 7.93 (s, 1H), 8.14 (d, J = 6.9 Hz, 1H), 8.43 (d, J = 6.9
Hz, 1H); ¥C NMR (125 MHz, acetone-dg): & 32.7, 55.97, 56.01, 56.9,
57.1, 106.5, 107.3, 113.0, 114.0, 121.8, 123.0, 124.1, 129.4, 134.1,
134.7, 149.6, 150.5, 153.9, 154.0, 157.4; °F NMR (368 MHz, acetone-
de): & -160.3 (brs, 2F), -76.2 (q, J = 34.2 Hz, 3F); IR (KBr, v/ cm):
2941, 2839, 2360, 1614, 1515, 1488, 1433, 1280, 1240, 1072, 1020, 900; HRMS (ESI+) (m/z): Calcd for
C21H21BFsNNaOs* [M+Na*] 496.1325, Found 496.1347.

1-(1-(3, 4-Dimethoxyphenyl)-2,2,2-trifluoroethyl)-6,7-dimethoxyisoquinoline (15).
58% yield (Method B); light yellow amorphous; *H NMR (500 MHz,
CDCls): 8 3.78 (s, 3H), 3.83 (s, 3H), 3.91 (s, 3H), 3.99 (s, 3H), 5.39 (q,
J=8.8 Hz, 1H), 6.81 (d, J = 8.0 Hz, 1H), 7.03-7.05 (m, 3H), 7.17 (s,
1H), 7.49 (d, J = 5.7 Hz, 1H), 8.51 (d, J = 5.7 Hz, 1H); *C NMR (125
MHz, CDCl3): 6 52.7 (g, J = 27.6 Hz), 55.79, 55.81, 55.9, 56.0, 102.5,
105.6, 111.0, 112.8, 119.5, 122.4, 122.6, 125.8 (q, J = 266 Hz), 126.6,
133.6, 140.6, 149.0, 149.1, 150.3, 152.0, 152.5; °F NMR (368 MHz,
CDCls): 6 -65.5 (s, 3F); IR (neat, v / cm): 3057, 3005, 2938, 2839,
1513, 1480, 1421, 1266, 1235, 1145, 1111, 1027, 859, 736, 705; HRMS (ESI+) (m/z): Calcd for
Co1H21F3NO4* [M+H'] 408.1417, Found 408.1402, Calcd for Cz1H20FsNNaO4* [M+Na*] 430.1237, Found
430.1235.

Application to bioactive compound (IC1 D8731 analog).

Synthesis of 2-(2,2,2-trifluoroethyl)quinoline 1-oxide.
To a solution of 2-(2,2,2-trifluoroethyl)quinoline (2a, 1.06 g, 5.02 mmol) in CHCI;

(10 mL) was added mCPBA (77%, 1.24 g, 5.52 mmol, 1.1 equiv), and the mixture was N
stirred at 25 °C for 6 h. After the reaction mixture was diluted with CHCIs, powdered @_
potassium carbonate (1.04 g, 7.54 mmol, 1.5 equiv) was added to the reaction mixture, ’}‘@
and the mixture was stirred at 25 °C for 1 h. An insoluble solid was filtered through a O CFj

pad of Celite, washed with CH2Cl,, and then the solvent was removed under reduced

pressure. The crude product was purified by column chromatography on silica gel (CH2Cl,, then
MeOH/CH_Cl; = 1/50) to give 2-(2,2,2-trifluoroethyl)quinoline 1-oxide (1.08 g, 95% vyield).

light yellow solid; *H NMR (500 MHz, CDCls): & 4.13 (g, J = 10.5 Hz, 2H), 7.45 (d, J = 9.2 Hz, 1H), 7.62-
7.65 (m, 1H), 7.70 (d, J = 9.2 Hz, 1H), 7.75-7.78 (m, 1H), 7.85 (d, J = 8.0 Hz, 1H), 8.75 (d, J = 8.6 Hz, 1H);
13C NMR (125 MHz, CDCls): 6 34.8 (q, J = 31.7 Hz), 120.0, 121.9, 125.0, 125.2 (q, J = 277 Hz), 128.1,
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128.8, 129.7, 130.7, 138.2, 141.6; *F NMR (368 MHz, CDCls): & -63.5 (s, 3F); IR (KBr, v / cm-1): 3068,
3006, 1568, 1521, 1354, 1246, 1210, 1135, 1095, 1074, 956, 869, 812, 761, 741, 681; HRMS (ESI+) (m/2):
Calcd for C11HsF3sNNaO* [M+Na*] 250.0450, Found 250.0448.

Synthesis of 4-nitro-2-(2,2,2-trifluoroethyl)quinoline 1-oxide (20).
To a solution of 2-(2,2,2-trifluoroethyl)quinoline 1-oxide (454 mg, 2.00 mmol) in TFA

(13 mL) was added NaNO (850 mg, 10.0 mmol, 5.0 equiv) at 50 °C, and the mixture NO2

was stirred for 0.5 h. After cooling to room temperature, the product was extracted with XX
CHCI; (3 x 10 mL). The organic phase was dried over MgSQOs, and the solvent was @
removed under reduced pressure. The crude product was purified by column N
chromatography on silica gel (CH.Clx/hexane = 3/2, then CH.Cl,) to give 4-nitro-2- 6@ CF,

(2,2,2-trifluoroethyl)quinoline 1-oxide (446 mg, 82% yield).

yellow solid; *H NMR (500 MHz, CDCls): § 4.11 (q, J = 10.1 Hz, 2H), 7.88-7.90 (m, 2H), 8.35 (s, 1H), 8.79-
8.80 (m, 2H); *3C NMR (125 MHz, CDCls): & 34.8 (g, J = 32.3 Hz), 119.9, 120.5, 121.7, 124.6, 124.7 (q, J
= 278 Hz), 131.83, 131.84, 137.2, 139.1, 143.0; **F NMR (368 MHz, CDCls): & -63.6 (s, 3F); IR (KBr, v /
cm1): 3072, 3014, 1528, 1509, 1366, 1322, 1295, 1265, 1240, 1148, 1086, 1000, 784, 771, 736, 703, 630;
HRMS (ESI+) (m/z): Calcd for C11H7FsN2NaOs* [M+Na*] 295.0301, Found 295.0297.

Synthesis of 4-nitro-2-(2,2,2-trifluoroethyl)quinoline.
To a solution of 4-nitro-2-(2,2,2-trifluoroethyl)quinoline 1-oxide (541 mg, 1.99 mmol) NO,
in CH2Cl; (20 mL) was added P(OMe)s (469 uL, 3.98 mmol, 2.0 equiv), then the

mixture was irradiated with visible light at 25 °C for 5 h. After removing the solvent =

under reduced pressure, the crude product was purified by column chromatography on —

silica gel (AcOEt/hexane = 1/10) to give 4-nitro-2-(2,2,2-trifluoroethyl)quinoline (453 N

mg, 89% vyield). CF3

light yellow solid; *H NMR (500 MHz, CDCls): & 3.91 (q, J = 10.3 Hz, 2H), 7.77-7.80 (m, 1H), 7.87-7.90
(m, 1H), 7.98 (s, 1H), 8.23 (d, J = 8.6 Hz, 1H), 8.41 (d, J = 8.6 Hz, 1H); 3C NMR (125 MHz, CDCl): § 43.4
(9, J = 30.1 Hz), 115.8, 117.8, 122.6, 125.0 (q, J = 278 Hz), 130.1, 130.2, 131.4, 150.1, 151.2, 153.0; °F
NMR (368 MHz, CDCls): & -64.3 (s, 3F); IR (KBr, v/ cm™): 3090, 1356, 1250, 1136, 1088, 927, 838, 772,
645; HRMS (ESI+) (m/z): Calcd for C11HgF3N202* [M+H*] 257.0532, Found 257.0528.

[Technical note]

Irradiation was performed with VBL-SL150-WW as the photon source, white LED lamp for

plant science research purchased from Valore Ltd., Kyoto, Japan.

Synthesis of 2-(2,2,2-trifluoroethyl)quinolin-4-ol (21).

A solution of 4-nitro-2-(2,2,2-trifluoroethyl)quinoline (410 mg, 1.60 mmol) in 1.0 M OH
H2S04 (10 mL) and TFA (7 mL) was heated at 50 °C and stirred for 3 h. After cooling

to room temperature, TFA was removed under reduced pressure. To the crude mixture, N

aq. KsPO4 (212 mg, 1.00 mmol) and ag. NaHCOs was added until CO, gas was no _
longer generated. The mixture was extracted with AcOEt (3 x 10 mL). The combined N

organic phase was dried over MgSQs, and the solvent was removed under reduced CF3

pressure. The crude product was purified by column chromatography on silica gel

(CH2ClIy, then MeOH/CHCl, = 1/20) to give 2-(2,2,2-trifluoroethyl)quinoline-4-ol (21, 335 mg, 92% yield).
pale yellow solid; *H NMR (400 MHz, CD3;0OD): 6 3.68 (q, J = 10.5 Hz, 2H), 6.35 (s, 1H), 7.37-7.42 (m, 1H),
7.56 (d, J=8.1 Hz, 1H), 7.67-7.71 (m, 1H), 8.21 (dd, J = 8.8, 1.1 Hz, 1H); *3C NMR (100 MHz, CDs0D): §
38.9 (q, J =31.0 Hz), 111.8, 119.3, 125.6, 125.7, 126.0, 126.3 (q, J = 277 Hz), 133.9, 141.7, 144.7, 180.5;
F NMR (368 MHz, CDs0D): 6 -66.5 (s, 3F); IR (KBr, v/ cm): 3426, 2904, 1687, 1640, 1559, 1516, 1434,
1359, 1270, 1235, 1146, 1084, 932, 830, 759, 730, 669; HRMS (ESI+) (m/z): Calcd for CiiHoFsNNaO*
[M+Na*] 250.0450, Found 250.0448.
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Synthesis of 2-(2,2,2-trifluoroethyl)-4-((2'-(1-trityl-1H-tetrazol-5-yl)-[1,1'-biphenyl]-4-
yl)methoxy)quinoline (19).

To a 10 mL of two-necked round bottom flask, 2-(2,2,2-
trifluoroethyl)quinoline-4-ol (21, 45.0 mg, 0.200 mmol), 5-(4'- \
(bromomethyl)-[1,1'-biphenyl]-2-yl)-1-trityl-1H-tetrazole (17, 167 0 N N\Tr
mg, 0.300 mmol), Cs2CO3 (98.0 mg, 0.300 mmol), and acetone (2.0 O

mL) were added, and the mixture was refluxed for 2 h. An insoluble X

solid was filtered through a pad of Celite, washed with AcOEt, and _

then the solvent was removed under reduced pressure. The crude N

product was purified by column chromatography on silica gel (toluene, CF,4

then AcOEt/toluene = 1/10) to give 2-(2,2,2-trifluoroethyl)-4-((2'-(1-
trityl-1H-tetrazol-5-yl)-[1,1'-biphenyl]-4-yl)methoxy)quinoline (19, 112 mg, 80% yield).

light yellow solid; *H NMR (500 MHz, CDCls): & 3.72 (g, J = 10.7 Hz, 2H), 5.16 (s, 2H), 6.84 (s, 1H), 6.93
(d, J=8.6 Hz, 6H), 7.21-7.26 (m, 13H), 7.39-7.50 (m, 4H), 7.67-7.70 (m, 1H), 7.97 (d, J = 7.4 Hz, 1H), 8.03
(d, J = 8.6 Hz, 1H), 8.15 (d, J = 8.0 Hz, 1H); *C NMR (125 MHz, CDCls): § 44.2 (q, J = 29.1 Hz), 70.4,
83.1,101.6,120.7,122.1,125.8 (q, J =278 Hz), 126.1, 126.6, 127.2, 127.7,127.9, 128.3, 129.0, 129.8, 130.1,
130.37, 130.39, 130.43, 130.8, 134.1, 141.5, 141.7, 141.8, 149.1, 152.3 (q, J = 3.8 Hz), 162.1, 164.1; 1°F
NMR (368 MHz, CDCls): & -64.1 (s, 3F); IR (KBr, v/ cm™): 3060, 1590, 1335, 1257, 1128, 1112, 827, 752,
699; HRMS (ESI+) (m/z): Calcd for CasH3zsFsNsO* [M+H*] 704.2632, Found 704.2632.

Synthesis of 4-((2'-(1H-tetrazol-5-yI)-[1,1'-biphenyl]-4-yl)methoxy)-

2-(2,2,2-trifluoroethyl)quinoline (16). N=N
To a solution of 2-(2,2,2-trifluoroethyl)-4-((2'-(1-trityl-1H-tetrazol-5- N l\\lH
yI)-[1,1'-biphenyl]-4-yl)methoxy)quinoline (19, 136 mg, 0.193 mmol) in o

MeOH (2 mL) and 1,4-dioxane (4 mL) was added 1.0 M HCI (1.0 mL), N O

and stirred at room temperature for 2 h. After removing the solvent under O
reduced pressure, the crude product was purified by column =

chromatography on silica gel (MeOH/AcOEt = 1/6, then MeOH/AcOEt
= 1/4) to give 4-((2'-(1H-tetrazol-5-yl)-[1,1'-biphenyl]-4-yl)methoxy)-2- CFs
(2,2,2-trifluoroethyl)quinoline (16, 79.0 mg, 89% vyield).

Pale yellow oil; *H NMR (500 MHz, acetone-dg): & 3.86 (q, J = 11.3 Hz, 2H), 5.38 (s, 2H), 7.18-7.20 (m,
3H), 7.49-7.55 (m, 5H), 7.62-7.65 (m, 1H), 7.71-7.74 (m, 1H), 7.77 (d, J = 7.4 Hz, 1H), 7.96 (d, J = 8.0 Hz,
1H), 8.21 (d, J = 8.6 Hz, 1H); *C NMR (125 MHz, acetone-ds): 6 43.7 (g, J = 28.8 Hz), 70.7, 103.4, 121.2,
122.5,125.2, 126.8, 126.9 (q, J = 277 Hz), 128.4, 128.6, 129.4, 130.2, 130.9, 131.52, 131.54, 131.6, 136.2,
140.5, 142.2, 149.6, 153.4 (q, J = 3.5 Hz), 156.7, 162.4; 1°F NMR (368 MHz, acetone-dg): & -64.7 (s, 3F); IR
(neat, v/ cmt): 3008, 1595, 1335, 1254, 1139, 1116, 828, 752; HRMS (ESI+) (m/z): Calcd for C2sH19F3NsO*
[M+H*] 462.1536, Found 462.1522.

Gram scale synthesis of 2-(2,2,2-trifluoroethyl)guinoline (2a).

To a three necked 1 L round bottom flask, MS4A (3.48 g, 200 mg/mmol) was added and flame-dried under
vacuum. After cooling to room temperature, TMAF-4H,0 (8.62 g, 52.2 mmol), difluoro((2-methylquinolin-
1-ium-1-yhoxy)(trifluoromethyl)borate (3a) (4.82 g, 17.4 mmol), AcOEt (348 mL), and MeCN (174 mL)
were added. The mixture was heated at 65 °C and stirred at the same temperature for 10 min. After cooling
to room temperature, an insoluble solid in the reaction mixture was filtered off through a pad of Celite,
washed with CH.ClIy, and then the solvent was removed under reduced pressure. To the crude mixture, AcOEt
(150 mL), hexane (150 mL), and H2O (100 mL) were added, and the mixture was extracted two times. The
combined organic phase was dried over MgSOa, then the solvent was removed under reduced pressure. The
crude product was purified by column chromatography on silica gel (hexane/AcOEt = 10/1) to give 2-(2,2,2-
trifluoroethyl)quinoline (2a, 3.12 g, 85% yield).

Synthesis of 2-(2,2,2-trifluoroethyl)quinoline (2a) by sequential operation.

To a solution of 2-methylquinoline (1, 2.86 g, 20.0 mmol) in CHCI;3 (40 mL) was added mCPBA (77%, 4.92
g, 22.0 mmol, 1.1 equiv), and the mixture was stirred at 25 °C for 16 h. After the reaction mixture was diluted
with CHCIs, powdered potassium carbonate (4.14 g, 30.0 mmol, 1.5 equiv) was added to the reaction mixture,
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and the mixture was stirred at 25 °C for 1.5 h. An insoluble solid was filtered off through a pad of Celite,
washed with CH,Cl,, and then the solvent was removed under reduced pressure to give 2-methylquinoline
N-oxide (6).

To a mixture of potassium trifluoro(trifluoromethyl)borate (3.87 g, 22.0 mmol, 1.1 equiv) in CH2Cl, (67 mL)
was added BF3-OEt, (2.70 mL, 22.0 mmol, 1.1 equiv), and the mixture was stirred at 25 °C for 1 h. Then,
the obtained 2-methylquinoline N-oxide (6) was added to the reaction mixture and the mixture was stirred at
25 °C for 23 h. An insoluble solid in the reaction mixture was filtered off, washed with CH>Cl,, and then the
solvent was removed under reduced pressure to give a brown solid containing ((2-methylquinolin-1-ium-1-
yl)oxy)difluoro(trifluoromethyl)borate (3a).

MS4A (3.77 g, 200 mg/mmol) was flame-dried under vacuum. After cooling to room temperature, the
obtained 3a, TMAF-4H,0 (9.35 g, 56.6 mmol), AcOEt (377 mL), and MeCN (189 mL) were added. The
mixture was heated at 65 °C and stirred at the same temperature for 10 min. After cooling to room temperature,
an insoluble solid in the reaction mixture was filtered off through a pad of Celite, washed with CH,Cl;, and
then the solvent was removed under reduced pressure. To the crude mixture, AcOEt (150 mL), hexane (150
mL), and H>O (100 mL) were added, and the mixture was extracted two times. The combined organic phase
was dried over MgSOQ4, and the solvent was removed under reduced pressure. The crude product was purified
by column chromatography on silica gel (hexane/AcOEt = 10/1) to give 2-(2,2,2-trifluoroethyl)quinoline (2a,
2.84 g, 3 steps: 67% yield).

Crossover experiment.

We also investigated a crossover experiment to check if the trifluoromethylation occurred intramolecularly
and/or intermolecularly. MS4A (40.0 mg) was flame-dried under vacuum. After cooling to room temperature,
((2-benzylquinolin-1-ium-1-yhoxy)difluoro(trifluoromethyl)borate (3g, 35.3 mg, 0.100 mmol), difluoro((2-
methylquinolin-1-ium-1-yl)oxy)(perfluoroethyl)borate (10a, 32.7 mg, 0.100 mmol), TMAF-4H,0 (99.1 mg,
0.60 mmol), AcOEt (4.0 mL), and MeCN (2.0 mL) were added. The mixture was heated at 65 °C and stirred
for 10 min. After cooling to room temperature, an insoluble solid was filtered through a pad of Celite, washed
with CH»Cl,, and then the solvent was removed under reduced pressure. The yields of the products were
determined by *H NMR using p-difluorobenzene (20.0 uL, 0.205 mmol) as an internal standard. This result
showed that both intramolecular (major) and intermolecular (minor) trifluoromethylation reactions proceeded.

Preparation of authentic sample of crossover product.

((2-benzylquinolin-1-ium-1-ylhoxy)difluoro(perfluoroethyl)borate.

76% yield; white solid; *H NMR (500 MHz, acetone-ds): & 4.90 (s, 2H), 7.33-7.37

(m, 1H), 7.41 (dd, J = 7.4, 7.4 Hz, 2H), 7.49 (d, J = 7.4 Hz, 2H), 7.77 (d, J = 9.2 Hz, m
1H), 7.97-8.00 (m, 1H), 8.20-8.23 (m, 1H), 8.34 (d, J = 8.6 Hz, 1H), 8.70 (d, J = 9.2 ~ Ph
Hz, 1H), 8.92 (d, J = 8.6 Hz, 1H); *3C NMR (125 MHz, acetone-ds): & 38.1, 120.4, 'T'@

123.9, 128.6, 129.8, 130.0, 130.1, 130.6, 130.8, 135.2, 136.1, 140.5, 143.0, 159.9; OngCst
F NMR (368 MHz, acetone-ds): & -154.4 (brs, 2F), -136.33-136.27 (m, 2F), -84.3

(brs, 3F); IR (KBr, v/ cm™): 3036, 1608, 1520, 1330, 1209, 1166, 1072, 1041, 988, 882, 832, 768, 744, 711,
620; HRMS (ESI+) (m/z): Calcd for C1gH13BF7NNaO* [M+Na*] 426.0871, Found 426.0861.

2-(2,2,3,3,3-pentafluoro-1-phenylpropyl)quinoline (22).
72% yield (Method A); white solid; *H NMR (500 MHz, CDClz): § 5.13 (t, J=17.5

Hz, 1H), 7.31-7.34 (m, 1H), 7.38 (dd, J = 7.2, 7.2 Hz, 2H), 7.52-7.55 (m, 1H), 7.65 A

(d, J = 8.6 Hz, 1H), 7.71-7.74 (m, 3H), 7.78 (d, J = 8.0 Hz, 1H), 8.13 (d, J = 8.6 Hz, P
1H), 8.16 (d, J = 8.6 Hz, 1H); *C NMR (125 MHz, CDCls): 8 56.2 (t, J = 20.4 Hz),

115.3 (tq, J = 259, 36.6 Hz), 119.2 (qt, J = 288, 36.0 Hz), 120.9, 126.9, 127.2, 127.4, CaFs

128.3, 128.7, 129.5, 129.7, 129.8, 133.5, 136.9, 147.8, 155.0; °F NMR (368 MHz, CDCls): 5 -116.0- 114.4
(m, 2F), -81.5 (brs, 3F); IR (KBr, v / cml): 3063, 1594, 1503, 1315, 1216, 1183, 1106, 1032, 958, 815, 760,
716, 696, 620; HRMS (ESI+) (m/z): Calcd for CigH1sFsN* [M+H"] 338.0963, Found 338.0962.

38



Inhibition experiment using garvinoxyl radical.

MS4A (40.0 mg) was flame-dried under vacuum. After cooling to room temperature, ((2-methylquinolin-1-
ium-1-yhoxy)difluoro(trifluoromethyl)borate (3a) (55.0 mg, 0.200 mmol), TMAF-4H,0 (99.0 mg, 0.600
mmol), garvinoxyl radical (84.0 mg, 0.200 mmol), AcOEt (4.0 mL), and MeCN (2.0 mL) were added to a
reaction vessel. The mixture was heated at 65 °C and stirred at the same temperature for 10 min. After cooling
to room temperature, p-difluorobenzene (20.0 uL, 0.205 mmol) was added to the reaction mixture as an
internal standard. *°F NMR analysis of this reaction mixture showed that 2-(2,2,2-trifluoroethyl)quinoline
(2a) was formed in 57% yield. This result indicated that the trifluoromethylation reaction did not proceed via
a radical pathway.
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F2F 6EBATOFEHRIELEYMD 4GLBIRM Y Z)L4 04 FIILIERIG

2.1 &=

NU Zvda 2F ALK DRI BEANATON D BIEIZB W TS, ~T B &RILEMD 4
AL C(spd) —H FEAITEIRA R b U 7 A 1 A F LD FERH R FIEIIREHEL S TV RNy, £
O, n BT AERIEHRCEITHRT D REMAMDPNE E AL EDGEITI T 2 i THEIERY
WEEZ D, WICREFSISICOWTIE SN TR 5720, 9 L FETIH 4R NGB HE
HAIREECTCHAREEZOND, —F. NI IZAFaXRF LTI hAfEE WA FIETIE. i
THRRIC LD ICHEICRB T 2 HFEROEFEE, HER LOBERILONE & EFAIDR, RIS
VRIBEFE & 2 WIIIRIBED pH 72 & K& 22 R 112 X o TRUSHECNL R IRME N B A Z T D720,
BURE S B W TN E BRIUE O FIE 2 FEEIC T2 — R FIEOMNICE L RV RILE B 2 6D,

F 7204, Shen &, Hartwig H23FE4, A U U0 MMl A 7z C(spd) —H FEE DR Y v
b, HWT MY ZFd v 2FALELTR D HEZ#RE L TS D, ZhbDFEMEICBNTIE, 1
CODR U MAEBUS B ARFES O/ SUWLE TESE LT, fie< MY Zudm A FA0iIR Y
AL LT CliTe 72, AFEICE D MY 7038 A F AL BEIRIRMEIZ S\ T b B K
1) & & Z % (Scheme 2-1, Scheme 2-2),

CuTC (10 mol%)

1. By(pin), (0.73 equiv) 1,10-phen (20 mol%)

SN [Ir(cod)(OMe);] £0'25 mol%) ~ B(pin) ] Togni's reagent (1.0 equiv) CF,
|Het | _dtbPy (0.54 mol%) ot LiOH+H,0 (2.0 equiv) D%

> - = LU > |Hetj

N THF, 80°C, 24 h N CH,Clp, 45 °C, 4-8 h N

2. remove volatiles

CF3
= > ~
Bu N Bu N N

90% 65% 50%

Scheme 2-1 C4-Selective trifluoromethylation via iridium-catalyzed C-H borylation reported by
Shen’s group

1. By(pin), (0.75 equiv) B(pin)
| AN [Ir(cod)(OMe),] (3 mol%)
dtbpy (6 mol% N
t X, Py ( ) - |
Bu N Bu P
THF, 80 °C Bu N Bu
2. remove volatiles
. CF3
[(phen)CuCF;] (1.2 equiv)
KF (1 equiv)
| =
. o P
Air, DMF, 50 °C By N ‘B
67%

Scheme 2-2 C4-Selective trifluoromethylation via iridium-catalyzed C-H borylation reported by
Hartwig’s group
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—J5. MHRETIL, FmBLOE 1 E TR LI, AT aFERILEMN-4 X K&k
U FNA ABED BF.CF3 & W CREFANTTEMAL T 5 2 L I2 k> T, 22BN DALY
BRI R Y 7 A a AT BIZEKE L T D, RFEICBW T, ~7 n B EHRORFEDALE
ZREFINTIEMEAL T D720, MERIREOHIEN O ES TH D L& X T, £ T, ARE
T ZAVE TIZHEBI O > e ~T a BEFRACEY D AGLEIRE) R U 7 v 31 X FALKS DR
BIOGHTE D EE 2T,

T AFREZILILDDICHT-> T, WA AB—EEMAERIZ L > TAT v FEFEIEEMO
2N L AR ANLDOIEML B & 5 Z E R RIRICE 272, T LT, I bENERLT V20
FOSHMNHICE AU, AM0DRIRMENSFBLT 5 2 & IZHIFF L7z (Figure 2-1),

.o < --- potentially reactive " reactive
Ir:' ~| N JSTAN
RO (3 ~— reactive I:> G, L | @ 4---r§€tive
3 N
|
©COBF,CF, Y

Figure 2-1 Concept of Lewis acid-base interaction-induced C4-selective transformations

XU, ~TaEERO AN RKERN N 70 o 2 F R E RSS20 +5 2 iE A
B2 TCNDZEOMRBMNELEZ T2, £ T, 20LTEBIEE b o~T a BEEHRILAY O
KERWV, ZOBWEOSREEIC L > TAND b 7t a A FAbntEiTe 2 & 2 REET 5 2
EaFHE LT, MR LTERERN G ONTGE . RIS 2ALICEBRIED 2~ T 1 5 F/ R ILA Ikt
T ORI BT 5 Z Lic Uiz, BIRRNICIE, BEWRUHFELA AL O KEZTHR L, =
DiEE TR 7 FEA AFEONARBEEIZ L > T 2LICEHREDELS &b ARIRER G OND Z &

\ZHAT L 7= (Figure 2-2),

Lo reactive io. -«— reactive
r’ ' *
I | R PP r tive . - i
G, | o )= % - ) - TE tive
NS ? R ~;o N
@OBFZCF3 Y

Bulky Lewis acid

Figure 2-2 Strategy of C4-selective transformations induced by sterically protection of C2-positions

2. 2 A46LERKRY ZUF0AFIVERIGEHRE S & URERBELRET
2. 2. 1 2{EHX/ V) UNFFY F—BRCREEAD ) Z7)LA 0O X FILIEDLERIRE
2NLEHLF /U2 N-AF T R—BFCRs #&K 1 Z#58L., ~U 73 m X F AL EIT -7,
FORER, XU OEBIEN AT NVEOLGEIL 2 MAAIME 3a OB EH 27213, 4 V7 aE L
FEDOBETIT 2 A2 AINMA 3b B L N4 MLAT A 2b BRI R TE LN, S B2, BEHEN T =
SNVEEOSE T, 4ANAHINMER 2¢ BEIEIICE BT,
ZORER, Afrh MY 7 A a A FALOEITIC S ARIE L EZ T DD T ERSND ., 2
NACEHBIEOBENILE B W T 2N OGLENETH D = & MR LT,
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Table 2-1 Regioselectivity of trifluoromethyration of 2-substituted quinoline N-oxide-BF,CF3
complexes

CFs
N CF,TMS (3.0 equiv) A
®_ CsF (3.0 equiv) | CF;
NZ R +
OBF,CF ued? c@'lq@ : ®©\o R
. 12 3 AcOE, 0°C, 5 h s OBF,CF; Cs OBF,CF;
= Ne a . R
Pr  1b 2a-2c 3a-3c
Ph 1c
Yield? (%)
entry R C4-adduct C2-adduct
1 Me 0 86
2 ipr 50 50
3 Ph 730 ¢ 13
2 determined by '"H-NMR. CF,

b obtained as an aromatized compound 2c.

¢ isolated yield after purification. N

~
N Ph

2c

2. 2. 2. EEVIILARBEDHEBRIZED 4GLERM LY 7)LA 0 A FILIEDEHRE

RV VLA AFBEOREICHTZY, A AROEEICEE LTz, B2 BFRCF O X H I
RUFE LD 3 ODOEMIENF—THEWGS, SEEEOR /NS WEWRIEOE 3K T E o
T 2N CORERIGEZHRT DR EZGRAE LTz, T0H, "UHELEO 3 SOBE#HLZEEN
B — L, AFME VA ABRORE 2B LR, IS TV D B(CoFs)s? % il
L,

X UUNAFYREBCeFs)s &2y 7 mu A X U yEitd . S|l oL, TLCIZ X » TR
o —L7fR, BIOE LR ARN R I 9, Ll n, ER LK E
TLC KR I —ERFHLL B & B RL . ZEMER 0 TIEEN L a0 olz, 2
FUTHF L, A AR — A EERZ S HIZHD D Z LIk » TR DL EENE D LB 2.
L0 A AEPEDBR B(4-CFsCeFs)s #TZ & 1 LTz, £ 2T, T—F /WA, 4-7 nE/—
TnFde by n-T T F A AR TRNOIHE LTz B(4-CRCeFs)s® &, X/ U v
N-FF L REERFCHRLELIZEZA, BIE T 256K 4 NLEERBERE L TH LN, FWT,
ZOFEER A ZHT D N T A e AT LIS EITo TR, I ORMEIZB VT, DT TIE
B D DX AL 5 23 2 ALK 6 (TS T D Z & 393 h- 7= (Table 2-2),
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Table 2-2 Regioselectivity of trifluoromethyration of quinoline N-oxide—B(4-CF3;CsFs)3 complex

CF,;TMS (3.0 equiv)

activator (3.0 equiv)
A MS4A \
®_
N AcOEt, temp @ N CF3

| ©

OB(4-CFCoF)s X OB4-CFiCaFsly X OB4-CRiCaFas

4 5 6

) Yield? (%) ratio

entry activator temp (°C) 5 6 5/6

1 CsF 0 24 48 0.50

2 TBAT 0 14 21 0.67

3 TBAT -78=>0 23 15 1.5

a determined by "H-NMR.

AR EZ M E ST 5720, 5RO EIZOVWTHEE LT (Figure 2-3), ZOFER, KT O
A AEHELE LT, WMLV TE X VU UN-AFU RL0 LX) UNEETHD EE X
oo TG, %/)/®%$ﬂﬁ?f WCHEABERNT D Z LIk o TV A AL ~T a BHHFERN
LT IR, VA ABRDONARFEEIZ X D 2 (DO SUSHIHEIIEN S SIcEE 5 EF Lz,

Quinoline-N-oxide-BF,CF; Quinoline-N-oxide-B(CgF4-4-CF3);  Quinoline-B(CgF4-4-CF3)3
(C,-Selective) (C,/C4-Competitive) (C4-Selective)

Figure 2-3 Modification of complex structures for C4-selective trifluoromethylation
ZIT, Z—T)VREEHR, 4T ae =T Fa vy n- T FAYF UL, SR T #E
LI L7 B@-CRCeFs)3 l2F / U v 7 &Mz, IR N CTHEELIZE Z A, BRYL T 286K 8a
F 57 (Scheme 2-3)9, Z OS8R 8a 1L, v U B NH T ARDIREMEICR L TRETH Y |
FERZOBRERTIE, | T, PR ERE LB BIEE A ESRERO bhienol,

4-Bromoperfluorotoluene (3.1 equiv)
1. "BulLi (3.1 equiv), Et,0, -78 °C
2. BCl; (1.0 equiv), -78 °C ~ 25 °C

| N B(4-CF4C4Fy)s, 25 °C | N
P >
N N

@
@B(4 -CF3C4F )3

7 (1.2 equiv)
15.2 g, 77% (stable solid)

Scheme 2-3 Preparation of quinoline-B(4-CF3sCsF4)z complex
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BEIR 8a I35 MY 7 Adua AF AT - FER., TAREY B 4 NEIRME G BT,
o bAREFORER, entry 6 (2R L725:1E, T 70 b BInM LAl & LT TBAT & V>, -40 °C Tt
SHD5MM, b E WA EERMR X OUCGR T 4N AHINK 9a % 5 % 7= (Table 2-3),

Table 2-3 Optimization of C4-selective nucleophilic CFs addition

activator (1.5 equiv) CF,
Me;SiCF; (3.0 equiv)
| Y ms4A | /|
@ >
'il@ AcOEt, temp ’i‘
(4-CFC4F,),B ~ 18-22h (4-CF3C4F4);B
8a 9a
Yield? (%) ratio
entry activator temp(°C) ca c2 C4/C2
1 AcOK, 18-crown-6 0 90 9 10
2 AcOK, 18-crown-6 -40 84 6 14
3 CsF 0 88 9 10
4 CsF -40 20 2 10
5 TBAT 0 82 7 12
6 TBAT -40 95 4 24

a determined by "H-NMR.

ZOfIE 9a 225 HEOW) 1la 21557120 B A ba et Lz 2 A, |, ZR5EMEX T T
IXERILIC L DHETHNEZ Bihotz, 2T, BLAIZ AW THERLT 5 502 Bt
L7 D, IR 9a 2 & e OSHRIZE R HNEIEEDE (p- 7 A e XoEr) BLUOmbAlZ
W%, ZORISHT O BB 11a OILEZ 9F-NMR 12 K - TREFEIBER L=, £ OfEE.,
PhI(OOCCFs), 73 #x b BALZRER(LAI & 4y hvo 7= (Table 2-4), 7=, BRLHIZ N2 - E#£IC EPF‘WK
10a 23R L, 2D, A 10a 725V A AR 11a IZBATT 55875 F-NMR 754712
S TRB I,

Table 2-4 Oxidant screening for re-aromatization of CFs-adduct

/ oxidant
J (2 0 equiv) | @/
8a —>»

25 °C, time
(4- CF3C6F4)3 (4- CF3C6F4)3
9a 10a 11a

Yield of 11a (10a) (%)?
entry oxidant 1h 10h 48 h

1 Phl(OOCCF;), 47 (49) 94 96

2 PDC 35 (53) 91 88

3 DDQ 45 (45) 91 87

4 TrBF, 2 (3) 16 85

5 FeCl; 25 (0) 58 (7) 73

6 Chloranil® 34 (37) 68 66

7 Phl(OAc), 15 (40) 62 63

a Determined by '°F-NMR.
b Tetrachloro-p-benzoquinone
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fcﬁ:?o FE—RVERM 72 STV T, ERbAI AN 2 10 BERILL B b AR 10 23 5RIFET 5
DRO LIV, FRCHEER EICE AL GEERIEZ RO IE TlIn A A~ EEOENLRE

ﬁ’mié EEZ B, FHEE 10 okEET L kié@ﬁﬁl Db, FZ T, NRIZA X
— L ZWHINL 65°C ITMEAL 72 & 2 A, HA 10 22 HIFIFIREZ B A bTICHAY 11 WEbh
776

Fio. BEAIIEAE FICREB R A AFUVREEER S5 28T, M) 7ada AT
ﬁé@z‘iﬁﬁbu%i@ﬁﬁﬁfhﬁﬁﬁﬁﬁ HETTH 2 J: IR L TS 2T o720, R 7 rAd|
A F AU THEITE TR 8a NEIN S 7z, ZOFREENG, REW MY Z7vd v A FAFEIC
L B S & BRI X 5 BB LA BRI 2 BN 5 = & o i,

DL E R Cie b U7z SRS 2 851K 8a (i A L 7=/ . HEEINER 82% CTHAIW % 11a %
#5252 & 23T E 7= (Scheme 2-4),

TBAT (2.0 equiv)

Me;SiCF; (2.0 equiv
XN MSIA 3 (2.0 equiv) PhI(OOCCF;),
2.0 equiv
|a/ - _(20equiv)
N AcOEt, -40 °C
(4- CF3C6F4)3

I 10 h 25 °C,10 h
(4-CF3C6F4)3B@ 0
8a
1.00 mmol
CF3 Fs
| MeOH XN X
—»
@ 65°C,2h | = + Y
’ N N” “CF;

(4- CF3C6F4)3B 1Ma 11a-isomer

10a 82% (isolated) 4.6% ("°F-NMR)

Scheme 2-4 Optimized conditions of C4-selective C(sp?)-H trifluoromethylation

2. 3 HE—M#®H

ARG DFE M2 5T 5720, fifb LIz SRt 2 e OBEiEZ2 67T 5 6 BR~T
0 B E AL A Y —B(4-CFsCeFa)s $51A 8 (i H L7z, ZDOFEHE. 4Ny MU 7vAdma A F b Ehn
=X/ y%ﬁ%%ﬁi (11b-11r) 23, BULE, BEWLEIRIRYE, 2o/ WERETAETE LN
(Table 2-5), —J5, 4 b U Znd o AF LI Y ¥V FFER (11s-11D) (2 2V iz
FEDOI R E EEofe, o, SAEREY VU VU SR (11s-11B) TITALE RO TR A S
LTS, mVVERE ﬁ@ﬁ%v# ELMEER SN, 2LEHRY Y U UEEEIK (11C, 11D) O E
HYERIZOW TR, CREFICE Y BF-NMR O 7 X 1V 7 R iR CE T USSR D NMR 73470
%W%%%E#é:&@ﬁ%?%otobﬁbﬁﬁ% 11C 3 LWV 11D OKINEE Y D °F-NMR
2T N VZBW T ERMER L PRSNAMEICHN > 72— BB bR o722 & i
EREANHBERSECH Y ERENMREEHE SN2 E2BETH L, 2ERY ) U UEF
U UHERER U MW LERIEEZ RTZENREZLLND,

6T, F 2V, BUPULSNOANT v FEEHEMA (11E-11H) 1288\ T b BAFR R0
DAL, Bix 726 BEBRAT 0 B EBRICEWH SRS L CARFENEHAFRETH D Z L 2R LT,

BB, VA AFIEEL RV B LIEBOERT 2 b 65515%/\7:17?7’“#%/\% (11v, 11w, 11x,
11y, 11G, 11H) 22\ TiE, Ak, #81K 8 T DRI E R EZ HE T RETh D, 4l
AW I L DR NS SIREEO/NSWEFED B(4-CFCeFa)s & L T T 5 Z &
DHERTEX 2D, FRNZ N IAFa A TF BRI 5 6 BIg~TrEHFRE N 7141 X
FIALDALE TN FRETH 5,
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Table 2-5 Substrate scope of C4-selective C(sp?)—H trifluoromethylation

1) TBAT (2.0 equiv)

MS4A
CF
PO AcOEt 3
9% o -~
4 ]l\/j -40 °C, 10-12 h LN
S NP + Me3SiCF; > ||
S N@ . . ST ~
R I (2.0 equiv) 2) Phl(O,CCF;); (2.0 equiv) RN N
8 © B(CgF4-4-CF3)3 25°C,10-12 h R 14
CF, CF, CF, CF,
~ ~ ~ ~
N N N N
11b 78%2 (3%)° 11¢ 59%2 11d 82%7 (4%)° 11e 84%7 (3%)°
CF, CF, Ph
Ph Ph F MeO.C
B ﬁ ® 2
~ ~Z
N X N
11f 95% 11g 69%2 3%)° 11h 63% 1i 71% 4%)c
o CF, o/\l CF, CF,
N MeO
0\) Z P 7
N N N
11j 93%?2 11k 59%? 11 67%2 (1%)°
CF, (\o CF, CF,
F cl
sepliesadhosines
~ ~ ~
NG N N
1Mm 70%2 (11%)9 11n 50%°2 110 81% (4%)° 11p 82% (1%)°
Ph
CF; CF; CF3 CF,
B |
B " S T X
N N N N
1q 82% (<1%)° 1Mr 78% 11s 55%% (16%)¢ 11t 48%%b (13%)7
CF; OO CFy (= | CFs (7] CFy, (7 |
J X N ~
[ T " [ 7 N
N N N N7
11u 51%2 (15%)¢ 11v 73%2 (18%)9 11w 50%2 (11%)¢ 11x 55% (22%)¢
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Table 2-5 (continued) Substrate scope of C4-selective C(sp?)-H trifluoromethylation

'Ts
CFy, (7 | N CF, CF, CF, CF,
S / CN NO
s 2 v o s
N N N N NT NP

1My 59%7(12%)¢ 11z 60%S'(8%)7 11A 45% (18%)Y 11B 42% (19%)  11C 37%?

G <5 e o

11D 54%° 11E 72%7 (<1%)° 1F 59% 11G 76%9 11H 47%? (15%)9

a After the reaction, MeOH was added and the mixture was heated at 65 °C for 2 h to cleave
the boron complex. ? Trifluoromethylation reaction was carried out at 0 °C. ¢ '9F NMR Yield
of C-2 (or C-6) regioisomer is shown in parenthesis. ? Isolated yield of C-2 (or C-6)
regioisomer is shown in parenthesis. € Trifluoromethylation reaction was carried out at 0
°C. f After the reaction, MeOH was added and the mixture was heated at 65 °C for 4 h. 9 After
the reaction, MeOH was added and the mixture was heated at 65 °C for 10 h.

BT, b ZAARAFAVRLSND T v RERRIELEAT 5720, RBipd 7 v REREL A
W, [FAISEEICAT Lz (Table 2-6), ZDFER., ~U 7 adm 2 F AL LR SR D&M
E SR T H B9 12-15 035 H a7z 9,

Table 2-6 C4-selective C(sp?)—H perfluoroalkylation and perfluoroarylation

TBAT (2 equiv)

. . C..F,
Me;SiC,,Fr (2 equiv) PhI(OOCCF;),

| Xy Mms4A (2.0 equiv) X

@ > r | _
'il@ AcOEt, -40 °C 25°C,10 h N

(4-CF3C4F4);B ~ 10h

8a 12 -15

CsFs CsFy CHF, CeFs
12 90% 4%)a 13 89% 3%)a 14 56%P s%)a 15 72%°

a19F NMR vyield of C-2 regioisomer is shown in parenthesis.

b Me;SiCF,H (3.0 equiv), CsF (3.0 equiv) and DMF were used instead of
TBAT and AcOEt, respectively. ¢ MeOH was added and the mixture was
heated at 60 °C for 2 h.
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2. 4 EYEHLEEYM~DIGHA

M E 2 B EMIE LB B FEE L 925 2 & T, AL DERL A RO T 5
FPEZERHE L7z, BN ARIRECH LT ETT 7187 — 169 2x8bEm & L GROY
ZOEMIEENDIE Y DURICK L TAMBRBRER N Tt e A F i 7757z
(Scheme 2-5), F£9°. MIGRFICTHBL L7 B@A-CFCeFa)s L 7 EZ T T 2T — MRS E
BEAK 17 2R 45% TH7-, #W\ T, 85K 17 1295 MU 7t a 2 F bR 21T 72 & 2
A, SNAEHE Y U ORE —REFE OFE B & FIF RS O IR IO E R T H b E
W18 G LTz, LD, BHEREEL AT 2 EMIEELEMO~T B FHFERIZON TS,
BRI BN T ANGEIRAIC U 7t a A FLELOE AN A[RETH D Z & 2R LT,

4-Bromoperfluorotoluene (3.1 equiv)

1. "BulLi (3.1 equiv), Et,0, -78 °C
2. BCl3 (1.0 equiv), -78 °C ~ 25 °C

B(4-CF3C¢F )3, 25 °C

>

Abiraterone acetate 16

(4-CF3C6F4)3B<p A PhI(OOCCF3),
© /e CF;TMS (2.0 equiv) (2.0 equiv)

TBAT (2.0 equiv) 25°C,10 h
- - CF;
AcOEt then
-40 °C,10 h MeOH
65°C,2h
AcO
17 45% 18 39%*

(regio isomer 5%¥)
*isoleted yield

Scheme 2-5 C4-selective C(sp?)-H trifluoromethylation of Abiraterone acetate

2. 5 EHAMZEML-E/EE

AIEOEREEFMT D720, 7T DA — V& %1T> 7= (Scheme 2-6), 4-7 B E/X—7
nAdwe by n-T7FLYTFUL BIOEEGRYHEY 7 aa A X 3R (1.0 mol/L, 8.00 mL,
8.00 mmol)7> 5 %L U 7= B(4-CFsCeFs)s & 6-F— K%/ U 19 (1.2 4 &) 5. 8K 8r %2 93% O
PR TR, T O8ER 8r (5.00 mmol) & AFUSSEMIZA LIz 2T A, 81% OISR TH®Y 11r
(1.31 g, 407 mmol) 23& 6472, ZOULEX, 0.50 mmol A7 — LV ERIZETHY , A7 —LT v/
WCEDNRIETFNREZ S0 &2l LT,
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4-Bromoperfluorotoluene (3.1 equiv)
1. "BulLi (3.1 equiv.), Et,0, -78 °C
2. BCl; (8.00 mmol, 1.0 equiv)
|

S -78 °C ~25°C |
| B(4-CF;C¢F,)3, 25°C, 15 h z |
N7 > 9
19 I
(1.2 equiv.) 95(4'ng3C6F4)3 6.82g (;::: mmol)
(]
CF;
y I CF;TMS (2.0 equiv) i | PhI(OOCCF,), CF;
| TBAT (2.0 equiv) (2.0 equiv) |
e'il AcOEt o N5 25°C,10 h S
. -40°C,10 h | N
B(4-CF3CcF4)3 BusN B(4-CF:CeFa)s
4.59 g (5.00 mmol) 1.31 g (4.07 mmol)
8r 9r 11r 81% from 8r

cf. 0.50 mmol scale: 127 mg, 78% from 8r
Scheme 2-6 Gram-scale reaction

WIZ, TRy MEBRBIZOWTHE L= (Scheme 2-7), 77 AR — VAR EFEE, 4-7 1
EN—=TNFr M - FAYTFULA BIXOHEARYFEY 7 e 2 X UK (10
mol/L, 3.00 mL, 3.00 mmol) 7> 5 FH% L 7= B(4-CFsCsFa)s & 6-T— R/ U 2 19 (1.2 4 &) o, o
& 8r 2157, B X OBMEERIEN OSSO NTEEK 8r 2517 V— NIREW &, KIS
U7z, ZOFEE, #ULER 68% T kU 7/vA4 1 X F b4 11r (609 mg, 1.89 mmol) 7345 5 1
oo 77 WA= VORRNLETIRT L2, ERAMEZFICRIAD DR TH D,

4-Bromoperfluorotoluene (3.1 equiv)
1. "BuLi (3.1 equiv), Et,0, -78 °C
2. BCl3 (3.00 mmol, 1.0 equiv)
|

N -78 °C ~ 25 °C I
| B(4-CF3CgF4)s, 25 °C, 10 h (D/
_ -
N \(,?
(1.2 equiv) 1
©B(4-CF;C¢Fy)s
19 8r
CFs
CF5TMS (2.0 equiv) i | Pni(ooccF,), CF3
TBAT (2.0 equiv) (2.0 equiv) |
> | — |
AcOEt N 25°C, 12 h ~
-40 °C, 10 h ® 0 N
’ BuyN B(4-CF3CgFy);
or 609 mg (1.89 mmol)

11r 63% from 19
cf. gram-scale: 75% from 19

Scheme 2-7 Sequential operation study of C4-selective C(sp®)—-H trifluoromethylation

VU EDOFRERNS . AKBOSIFEEN> 7T LA — /L TEBMARETH Y, EHNLRFIETHD Z
LAVRENT,
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2. 6 HERICHE

i 2 DRRRTER L OVEBRFEEN S B L TS % Scheme 2-8 12781,

TBAT & CnFnTMS 20 5384 U7 RILZFE [CrFn] 28, 51K 8 DR /LA AR L O NIRRT % ik
D ETANITAINL, k9 B2 HE 2D EEZBND, MK 9 ITFLANIC L - TRk &%
. BEELLE 10 25272k, A0LCEASINT 7 v RBEREOB T RIDRICE D ~T
FEREOBIZNDORTE~ORMNPIHED Z L TI10 O A AEINAN, B 11 2525
LEZLND,

S
Me;SiC,,F,+TBAT —3 [CF,]

\ CrFi

R'A~ R

Ir;\¢~ \ rx:’~~

L e > S [
LTSN el . ®

~

e >~ N BuyN
. I
(4-CF3CoF4)sB (4-CF5CoF )38 "
8 9
CuFn CmFn
R _ R
[O] AT — B(4-CF5C4F,); BRENPZC N
> ]l >
ST @ Y- Z
“v‘ T hvv N
(4-CF3CBF4)3B@ 1
10

Scheme 2-8 Plausible mechanism of C4-selective C(sp?)-H trifluoromethylation

2. 7 EE

ARFIECBT 2 4R IRMEIL, RURNLA ABROGEIIZE > T2 OENHESND Z &
THRETLHEEZOND, DF VD, 5K 8 O 2 FINRIEED KX RBRETH D EHEHI S
LI, ZDOZ LT 2NTERRILEFFO 2- AT NX ) U UER 8 IR LI WEREELST D,
EBIT, 22AFNF ) Y LUSMTE 8AF X U 227 2= LY DU b eEA 8 ZTERL L7
W2 EDHER SN, TN DOANT ua FEFIEEWIE, WThvb T o FHER EOESR LT
HAEICEBIEN SV | ZOEHILE R U FEVA A E ORI TR ME < Z & TEEZ AN H
EINdHEEZOND, INLORENL, 2MBIOSMEY VU BLOR2HLI7 = =b
FE7 EONAREED K& REBRILEZ RO ) UK AR LW, FEIZBIT 5HIF90
— DO THDHELNoT,

ZO—FT, SMEHREY VATKT HMERIEOK TIL, F /7 V0 2@ERE Y Vb
Lol LT A ABRDJENEICEMRm N H 5 Z ENFRKEEZ N, 2O X ) 2T, 6
8 D YF-NMR A7 MLDEWNZE > THFFINDH EEBEZ TS Y, T772bhb, SAEHRE Y
TV DEER 8 D F-NMR AT R LIZEBWT, RUFENLA AFED 3 ODT = = )VEEOR VP B
FiZhs1 207 v FENR2ARKOE =7 IZPOR L THHISNIZ—F, /7 ) 02 @iy ) &
VOGRS T 2RO —7 NS I, WED AT NVICHREREVD DGR i,

Fio, BEEROFTEUIFTRETH D, ATEICE D Y 7 vd v X F AL O B IR EE 2R S8R &
LT, 2/ OE#IE EIc_X> U7 a hraffonT e BFERILEY. flziE 2-2Fre) v
RENFETOND, FH1IETRRZLIIZ, VA ARICE > TAT B FREIEMHALT 5 & 85K
DR Ta b rOBMENME L, BHICTF I bt 5, Zod, AKicBWTH R
UTa N EFOEETIIRAR T e R ATE = I MBI L o TAT B FREROKE
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THIIRIEMERN i, R N Y 7 vt a A FUAEBET LW EE X b D, BEIICIE, 2-
AFNAEV DU HDHNE 22" D E ) VO IRE RS SRMCAT LIRSS, Y 7udm A
FIALITIE E A EEE FITEERNR B SNz, F2. T L ZONKE BERKBERRA X ) — )L
THFR L7 R, —H o> o7 m b UonEKRIC K > TES SRS EI Sz, LR
N, 1 E TR DAL OIEHALDARSE R 72 5 NIARISRE T THAEL LD, KK
JSDHFIERD Z ENEZBND,

2. 8 IME

WHFEEIC L > TRHRRESNZTE, ThbbhRUELA AREHANT6 BR~T u KEEFELES
W RETFHNTEMEL L, REBRY 7 da A F A E RSS2 FEZGH L, ZhETIC
HEBI D72\ 447 C(sp?) —H FEGRIN 72 U 7 v A 1 2 F LIS OBIF TR Zh L7z,
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Experimental

General. All reactions were carried out in a dry solvent under an argon atmosphere. All reagents were
purchased from commercial sources and used without further purification unless otherwise noted. Column
chromatography was performed with silica gel (230-400 mesh ASTM) and aminosilicagel (Wakogel®
50NH;). NMR spectra were recorded on 500 MHz (500 MHz for *H NMR and 125 MHz for 3C NMR) and
400 MHz (400 MHz for *H NMR, 100 MHz for *C NMR, 368 MHz for °F NMR, and 125 MHz for 1'B
NMR) spectrometers. Proton and carbon chemical shifts are reported relative to the solvent used as an internal
reference. Fluorine and boron chemical shifts are reported relative to hexafluorobenzene (6 -164.9 ppm) and
BF3;*OEt; (6 0.00 ppm) as an external reference, respectively. Infrared (IR) spectra were recorded on Fourier
transform infrared spectrophotometer.

Known products 2¢,' 11a,') 11d,'? 11e,'¥ 11f, 13 110,'? 11A,* 12,9 and 13,'Y and regioisomers of the
products 11a,'® 11b,*® 11d,'® 11e,*0 11g," 11i,*9 111, 110, 11p,*® 11q,'® 11s,'9 11w,'® 11A9
11B,29 11E,' 12,21 13,22 and 14% were identified by comparing these spectroscopic data with those of
reported data.

Regioselectivity of trifluoromethyration to 2-phenylquinoline N-oxide—BF,CF3 complex

Preparation of difluoro((2-phenylquinolin-1-ium-1-yl)oxy)(trifluoromethyl)borate (1c).

To a mixture of potassium trifluoro(trifluoromethyl)borate (2.18 g, 12.4 mmol, 1.2 N
equiv) in CHxCl, (25.0 mL) was added BF;-OEt; (1.52 mL, 12.4 mmol, 1.2 equiv), @\
and the mixture was stirred at 25 °C for 25 min. Then, 2-phenylquinoline N-oxide N~ > Ph
(2.31 g, 10.4 mmol) was added to the reaction mixture and the mixture was stirred at
25 °C for 15 h. An insoluble solid was filtered off, washed with CH.Cl», and then the
solvent was removed under reduced pressure. The crude product was purified by
column chromatography on silica gel (CH2Cl;, then CH:Cl,/ACOEt = 1/1) to give difluoro((2-
phenylquinolin-1-ium-1-yl)oxy)(trifluoromethyl)borate (1c, 2.15 g, 61% yield).

white solid; *H NMR (500 MHz, acetone-dg): § 7.58-7.65 (m, 3H), 7.98-8.03 (m, 3H), 8.16 (d, J = 8.6 Hz,
1H), 8.22 (ddd, J =8.6, 7.1, 1.4 Hz, 1H), 8.35(d, J = 7.4 Hz, 1H), 8.76 (d, J = 8.6 Hz, 1H), 9.01 (d, J = 8.6
Hz, 1H); 3C NMR (125 MHz, acetone-dg): & 120.7, 125.2, 129.2, 129.6, 130.2, 130.7, 131.2, 132.2, 132.6,
135.3, 140.9, 142.9, 156.0; *°F NMR (368 MHz, acetone-dg): & -157.2 (brs, 2F), -76.0 (g, J = 39.9 Hz, 3F);
1B NMR (125 MHz, acetone-de): & 0.46 (brs); IR (KBr, v/cm™): 3103, 1603, 1519, 1339, 1126, 1069, 1013,
891, 852, 838, 767, 738, 610; HRMS (ESI*) (m/z): Calcd for C16H11BFsNNaO* [M+Na*] 362.0746, Found
362.0762.

|
OBF,CF;
O

4-Position-selective trifluoromethylation of difluoro((2-phenylquinolin-1-ium-1-
yl)oxy)(trifluoromethyl)borate (1c).

A mixture of CsF (68.0 mg, 0.200 mmol) and MS4A (40.0 mg) was flame-dried under vacuum. After cooling
to room temperature, difluoro((2-phenylquinolin-1-ium-1-yl)oxy)(trifluoromethyl)borate (68.0 mg, 0.200
mmol) and AcOEt (2.0 mL) were added and the mixture was cooled to 0 °C. To the mixture, MesSiCF3 (89.0
uL, 0.600 mmol) was added dropwisely with vigorous stirring. After stirring at 0 °C for 5 h, the mixture was
heated at 60 °C for 3 h, and then cooled to room temperature. Insoluble solid was filtered off, washed with
CHClIy, and the solvent was removed under reduced pressure. The crude product was purified by column
chromatography on silica gel (AcOEt/hexane = 1/10) to give 2-phenyl-4-(trifluoromethyl)quinoline (2c, 40.0
mg, 73% yield).

2-Phenyl-4-(trifluoromethyl)quinoline (2c).1?

73% yield; white solid; *H NMR (500 MHz, CDCls): § 7.50-7.58 (m, 3H), 7.65 (ddd, J CF3
=8.3,6.9, 1.4 Hz, 1H), 7.81 (ddd, J= 8.3, 6.9, 1.7 Hz, 1H), 8.17-8.19 (m, 4H), 8.28 (d,

J=8.0 Hz, 1H); 23C NMR (125 MHz, CDCls): 8 115.9 (9, J =5.2 Hz), 121.8, 123.6 (q, |
J=275Hz),123.8 (9, J = 2.4 Hz), 127.4, 127.8, 129.0, 130.0, 130.3, 130.6, 134.9 (9, J N/ Ph
= 31.6 Hz), 138.3, 149.0, 156.5; °F NMR (368 MHz, CDCls): & -61.7 (s, 3F).
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General procedure for preparation of N-B(4-CF3CesF4)3 complexes of N-heteroaromatics.

To a mixture of 4-trifluoromethyl-2,3,5,6-tetrafluorobromobenzene (12.0 mL, 78.4 mmol, 3.1 equiv) in Et,O
(150 mL) was added n-BulLi in hexane (1.6 M, 49.0 mL, 78.4 mmol, 3.1 equiv) at -78 °C, and the mixture
was stirred at the same temperature for 1 h. After addition of BCl3 in CH2Cl» (1.0 M, 25.0 mL, 25.0 mmol,
1.0 equiv) to the mixture below -50 °C, the mixture was warmed to 25 °C slowly. Then, quinoline (3.55 mL,
30.0 mmol, 1.2 equiv) was added to the reaction mixture, and the mixture was stirred at 25 °C for 12 h. An
insoluble solid was filtered off, washed with CH.Cl,, and then the solvent was removed under reduced
pressure to give a brown oil. The crude mixture was roughly purified by short column chromatography on
silica gel (n-hexane/CH,CI, = 2/3) to remove unreacted quinoline, and yellow solid was obtained. To the
solid, a mixed solvent (n-hexane/CH2Cl, = 10/1, 88 mL) was added and the slurry was kept stirring at 25 °C
for 0.5 h. After filtration of the slurry, the solid was washed with n-hexane and dried under reduced pressure
to give 1-quinolinium-1-yl tris(2,3,5,6-tetrafluoro-4-(trifluoromethyl)phenyl)borate (8a, 15.2 g, 77% yield).

1-Quinolinium-1-yl tris(2,3,5,6-tetrafluoro-4-(trifluoromethyl)phenyl)borate (8a).

77% yield; white solid; *H NMR (500 MHz, acetone-ds): 6 7.86-7.89 (m, 1H),

7.98-8.02 (m, 1H), 8.08 (dd, J = 8.3, 6.0 Hz, 1H), 8.38 (dd, J = 8.0, 1.1 Hz, 1H), A

8.46 (d, J =9.2 Hz, 1H), 9.19 (d, J = 8.0 Hz, 1H), 9.64-9.67 (m, 1H); 3C NMR @@j

(125 MHz, acetone-dg): & 122.1 (d, J = 2.4 Hz), 122.2, 129.6, 130.8, 132.0, N

134.6, 143.0 (d, J = 3.6 Hz), 147.8, 153.4 (d, J = 3.6 Hz); °F NMR (368 MHz, © B(CgF4-4-CF3)3
acetone-dg): 6 -145.9 — -145.5 (m, 2F), -144.6 —-144.5 (m, 1F), -144.1 — -143.6

(m, 1F), -143.6 — -143.3 (m, 2F), -132.8 — -132.6 (m, 1F), -132.4 — -132.3 (m, 1F), -131.9 — -131.8 (m, 1F),
-131.1 — -131.0 (m, 1F), -128.4 —-128.2 (m, 1F), -125.1 — -125.0 (m, 1F), -57.6 — -57.3 (m, 9F); !B NMR
(125 MHz, acetone-dg): & -3.82 (s); IR (KBr, v/ cm): 1458, 1320, 1134, 973, 943, 780, 712; HRMS (ESI):
A target mass was not detected due to the decomposition of 8a to the corresponding quinoline.

3-Methylquinolin-1-ium-1-yl tris(2,3,5,6-tetrafluoro-4-(trifluoromethyl)phenyl)borate (8b).
83% vyield; white solid; 'H NMR (400 MHz, acetone-ds): & 2.68 (s, 3H), 7.80-

7.84 (m, 1H), 7.88-7.92 (m, 1H), 8.26 (d, J = 8.1 Hz, 1H), 8.40 (d, J = 8.1 Hz, X

1H), 8.97 (s, 1H), 9.42-9.48 (m, 1H); 3C NMR (125 MHz, acetone-ds): & 18.6, e,

121.9 (d, J = 6.0 Hz), 129.6, 130.7, 131.2, 132.6, 133.5, 141.6 (d, J = 3.6 H2), N

146.6, 153.8; 19F NMR (368 MHz, acetone-ds): 5 -145.9 —-145.6 (m, 2F), -144.6 O B(CgF4-4-CF3)s

—-1445 (m, 1F), -144.1 — -144.0 (m, 1F), -143.6 — -143.3 (m, 2F), -132.7 — -

132.4 (m, 1F), -131.9 — -131.7 (m, 1F), -131.3 (m, 1F), -130.8 (m, 1F), -128.3 (m, 1F), -125.7 (m, 1F), -57.6
—-57.3 (m, 9F); !B NMR (125 MHz, acetone-de): & -3.82 (s); IR (KBr, v / cm™): 2925, 1459, 1314, 1130,
979, 784, 761, 709; HRMS (ESI): A target mass was not detected due to the decomposition of 8b to the
corresponding quinoline.

5-Methylquinolin-1-ium-1-yl tris(2,3,5,6-tetrafluoro-4-(trifluoromethyl)phenyl)borate (8c).
70% vyield; white solid; *H NMR (500 MHz, acetone-ds): § 2.83 (s, 3H), 7.65 (d,
J=7.2 Hz, 1H), 7.80 (dd, J = 9.2, 7.2 Hz, 1H), 8.02 (dd, J = 8.6, 5.7 Hz, 1H),

8.25 (d, J = 9.2 Hz, 1H), 9.27 (d, J = 8.6 Hz, 1H), 9.56-9.60 (m, 1H); °C NMR AN

(125 MHz, acetone-dg): § 19.3, 120.3 (d, J = 4.8 Hz), 121.6, 130.1, 130.2, 134.2, =

139.5, 143.6 (d, J = 3.6 Hz), 144.1, 152.8 (d, J = 3.6 Hz); °F NMR (368 MHz, N

acetone-dg): 5 -145.9 — -145.7 (m, 2F), -144.9 — -144.5 (m, 1F), -144.2— -143.9 © B(CgF4-4-CF3)3

(m, 1F), -143.6 — -143.4 (m, 2F), -132.6 — -132.3 (m, 2F), -131.9 — -131.8 (m,

1F), -131.3 — -131.0 (m, 1F), -128.5 — -128.2 (m, 1F), -124.9 — -125.2 (m, 1F), -57.6 — -57.3 (m, 9F); 1'B
NMR (125 MHz, acetone-ds): & -3.82 (s); IR (KBr, v / cm™): 1458, 1320, 1134, 978, 801, 710; HRMS (ESI):
A target mass was not detected due to the decomposition of 8c to the corresponding quinoline.
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6-Methylquinolin-1-ium-1-yl tris(2,3,5,6-tetrafluoro-4-(trifluoromethyl)phenyl)borate (8d).

41% yield; white solid; *H NMR (400 MHz, acetone-ds): 8 2.55 (s, 3H), 7.83

(dd, J=9.2, 2.0 Hz, 1H), 8.02 (dd, J = 8.1, 5.8 Hz, 1H), 8.12 (d, J = 2.0 Hz, X

1H), 8.33 (d, J = 9.2 Hz, 1H), 9.06 (d, J = 8.1 Hz, 1H), 9.54-9.56 (m, 1H); | @

13C NMR (100 MHz, acetone-dg): § 21.0, 120.8 (d, J = 4.7 Hz), 122.1, 130.5, ’}1

131.0, 136.6, 140.2, 141.6 (d, J = 3.8 Hz), 146.9, 152.4 (d, J = 2.8 Hz); *°F © B(CgF4-4-CF3);
NMR (368 MHz, acetone-ds): 6 -145.9 — -145.5 (m, 2F), -144.7 — -144.6 (m,

1F), -144.0 — -143.9 (m, 1F), -143.6 — -143.3 (m, 2F), -132.7 — -132.6 (m, 2F), -132.5 — -132.3 (m, 1F), -
132.0 —-131.0 (m, 1F), -128.4 — -128.2 (m, 1F), -125.1 —-125.0 (m, 1F), -57.6 — -57.3 (m, 9F); !B NMR
(125 MHz, acetone-ds): & -3.97 (s); IR (KBr, v / cm™): 1458, 1319, 1144, 976, 828, 711; HRMS (ESI): A
target mass was not detected due to the decomposition of 8d to the corresponding quinoline.

7-Methylquinolin-1-ium-1-yl tris(2,3,5,6-tetrafluoro-4-(trifluoromethyl)phenyl)borate (8e).

66% yield; white solid; *H NMR (500 MHz, acetone-dg):  2.46 (s, 3H), 7.71

(d, 3 =8.3 Hz, 1H), 7.98 (dd, J = 8.3, 6.0 Hz, 1H), 8.251 (s, 1H), 8.253 (d, J N

= 8.3 Hz, 1H), 9.10 (d, J = 8.0 Hz, 1H), 9.54-9.57 (m, 1H); ¥*C NMR (125 | @

MHz, acetone-d): & 22.3, 121.2 (d, J = 7.2 Hz), 121.3, 129.1, 131.52, 131.56, N

143.2 (d, J = 3.6 Hz), 146.2, 147.2, 152.9; °F NMR (368 MHz, acetone-de): O B(C4F 4-4-CF3)3
& -145.7 — -145.6 (m, 2F), -144.63 — -144.57 (m, 2F), -143.6 —-143.4 (m, 2F),

-133.13 — -133.07 (m, 1F), -132.3 — -132.2 (m, 2F), -131.19 — -131.15 (m, 1F), -128.5 — -128.4 (m, 1F), -
125.1—-125.0 (m, 1F), -57.6 — -57.3 (m, 9F); 1B NMR (125 MHz, acetone-ds): & -3.97 (s); IR (KBr, v/ cm-
1): 1458, 1320, 1146, 977, 838, 712; HRMS (ESI): A target mass was not detected due to the decomposition
of 8e to the corresponding quinoline.

3-Phenylquinolin-1-ium-1-yl tris(2,3,5,6-tetrafluoro-4-(trifluoromethyl)phenyl)borate (8f).

73% yield; white solid; *H NMR (500 MHz, acetone-ds): & 7.53-7.61 (m, 3H),

7.78-7.80 (m, 2H), 7.90-7.93 (m, 1H), 8.02 (ddd, J = 8.6, 6.9, 1.7 Hz, 1H), 8.46 - Ph

(dd, J=8.3,1.7 Hz, 1H), 8.52 (d, J = 8.6 Hz, 1H), 9.43 (d, J = 1.7 Hz, 1H), 9.68- @I\/@j

9.70 (m, 1H); 33C NMR (125 MHz, acetone-ds): § 122.0 (d, J = 6.0 Hz), 128.6, N

130.0, 130.4, 130.5, 130.9, 132.2, 134.6, 135.0, 135.8, 142.1 (d, J = 3.6 Hz), @IIB(C6F4-4-CF3)3
144.9, 151.4 (d, J = 3.6 Hz); 1°F NMR (368 MHz, acetone-ds): & -145.8 —-145.2

(m, 2F), -144.6 — -144.3 (m, 1F), -144.0 — -143.8 (m, 2F), -142.8 — -142.7 (m, 1F), -132.5 — -132.3 (m, 1F),
-131.9 - -131.7 (m, 2F), -130.82 — -130.78 (m, 1F), -128.2 — -128.0 (m, 1F), -126.2 — -126.1 (m, 1F), -57.6
—-57.3 (m, 9F); 1'B NMR (125 MHz, acetone-ds): & -3.51 (s); IR (KBr, v / cm™): 1458, 1318, 1137, 977,
860, 710; HRMS (ESI): A target mass was not detected due to the decomposition of 8f to the corresponding
quinoline.

(E)-6-Styryl-1-quinolinium-1-yl tris(2,3,5,6-tetrafluoro-4-(trifluoromethyl)phenyl)borate (8g).
This compound was purified by washing a crude mixture with n-

hexane/CHCl, (4/1) without separation by column chromatography Ph P N

on silica gel; 79% vyield; light yellow solid; *H NMR (500 MHz, \/\@
acetone-ds): 8 7.33 (dd, J=7.4, 7.4 Hz, 1H), 7.40 (d, J = 7.4 Hz, 2H), N/

7.45 (d, J = 16.6 Hz, 1H), 7.56 (d, J = 16.6 Hz, 1H), 7.67 (d,J=7.4 o é(C F4-4-CFs)
Hz, 2H), 8.04 (dd, J = 8.3, 5.7 Hz, 1H), 8.32 (d, J = 9.5 Hz, 1H), 8.40 674 373
(s, 1H), 8.42 (d, J = 9.5 Hz, 1H), 9.11 (d, J = 8.3 Hz, 1H), 9.55-9.58 (m, 1H); 3C NMR (125 MHz, acetone-
de): 8122.4 (d, J=6.0 Hz), 122.6, 126.5, 127.9, 128.8, 129.4, 129.7, 131.5, 132.2, 133.9, 137.5, 138.7, 142.5,
147.3, 152.5; *F NMR (368 MHz, acetone-ds): & -145.3 — -145.1 (m, 2F), -144.1 — -144.0 (m, 1F), -143.43
—-143.37 (m, 1F), -143.1 —-142.9 (m, 2F), -132.6 — -131.6 (m, 3F), -130.4 —-130.7 (m, 1F), -127.8 — -127.7
(m, 1F), -124.4 - 124.8 (m, 1F), -57.2 —-56.9 (m, 9F); 1B NMR (125 MHz, acetone-de):  -3.59 (s); IR (KBr,
v/cem™): 1459, 1321, 1133, 975, 712; HRMS (ESI): A target mass was not detected due to the decomposition
of 8g to the corresponding quinoline.
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3-Phenylethynyl-1-quinolinium-1-yl tris(2,3,5,6-tetrafluoro-4-(trifluoromethyl)phenyl)borate (8h).
This compound was purified by washing a crude mixture with n-hexane/CHCl,

(4/1) without separation by column chromatography on silica gel; 82% vyield; _ Ph
white solid; *H NMR (500 MHz, acetone-ds): 6 7.45-7.52 (m, 3H), 7.56 (dd, J = X =
7.7,1.4 Hz, 2H), 7.90-7.93 (m, 1H), 8.02-8.05 (m, 1H), 8.39 (d, J = 8.0 Hz, 1H), | ®

8.51 (d, J = 8.6 Hz, 1H), 9.35 (s, 1H), 9.69-9.71 (m, 1H); 1*C NMR (125 MHz, N/

acetone-ds): 6 84.2,95.4,118.4, 122.3 (d, J = 6.0 Hz), 129.7, 130.4, 130.7, 132.0, o EIS(C F4-4-CF3)
132.7,135.4, 142.0 (d, J = 3.6 Hz), 149.3, 154.1 (d, J = 3.6 Hz); 3C NMR (125 64 373
MHz, CDCls): 6 82.8, 96.1, 117.9, 120.9, 121.6 (d, J = 9.6 Hz), 128.7, 129.1, 129.6, 130.1, 130.3, 132.0,
134.0,141.0 (d, J = 3.6 Hz), 146.8, 152.4 (d, J = 3.6 Hz); °F NMR (368 MHz, acetone-dg): § -145.6 —-145.2
(m, 2F), -144.4 — -144.3 (m, 1F), -143.9 — -143.8 (m, 1F), -143.3 — -143.2 (m, 2F), -132.4 — -132.3 (m, 2F),
-131.8 —-131.7 (m, 1F), -130.6 —-130.5 (m, 1F), -128.2 —-128.1 (m, 1F), -125.9 — -125.8 (m, 1F), -57.6 — -
57.4 (m, 9F); B NMR (125 MHz, acetone-ds): 6 -3.51 (s); IR (KBr, v/ cmt): 2225, 1458, 1319, 1139, 979,
710; HRMS (ESI): A target mass was not detected due to the decomposition of 8h to the corresponding
quinoline.

6-(Methoxycarbonyl)quinolin-1-ium-1-yl tris(2,3,5,6-tetrafluoro-4-(trifluoromethyl)phenyl)borate (8i).
This compound was purified by washing a crude mixture with n-

hexane/CHCl, (4/1) without separation by column chromatography MeO,C N

on silica gel; 70% yield; white solid; *H NMR (500 MHz, acetone-ds): \@@D

8 3.97 (s, 3H), 8.19 (dd, J = 8.0, 6.0 Hz, 1H), 8.42 (dd, J = 9.2, 1.7 N/

Hz, 1H), 8.55 (d, J= 9.2 Hz, 1H), 9.00 (d, J = 1.7 Hz, 1H), 9.39 (d, J o ||3(C F,-4-CFs)

= 8.0 Hz, 1H), 9.75-9.78 (m, 1H); 3C NMR (125 MHz, acetone-ds): 6 4 373
853.1, 122.9 (d, J = 6.6 Hz), 123.1, 130.5, 130.8, 133.5, 134.0, 144.8 (d, J = 3.8 Hz), 149.1, 155.1, 165.5;
F NMR (368 MHz, acetone-dg): & -145.8 — -145.7 (m, 1F), -145.5 — -145.4 (m, 1F), -144.4 — -144.3 (m,
1F), -143.8 — -143.2 (m, 3F), -132.8 — -132.7 (m, 1F), -132.4 — -132.3 (m, 1F), -131.9 — -131.7 (m, 1F), -
131.1 —-131.0 (m, 1F), -128.4 — -128.2 (m, 1F), -125.2 — -124.9 (m, 1F), -57.6 — -57.3 (m, 9F); !B NMR
(125 MHz, acetone-ds): & -3.66 (s); IR (KBr, v/ cm™): 1732, 1458, 1320, 1139, 963, 711; HRMS (ESI): A
target mass was not detected due to the decomposition of 8i to the corresponding quinoline.

6-(Morpholine-4-carbonyl)quinolin-1-ium-1-yl tris(2,3,5,6-tetrafluoro-4-
(trifluoromethyl)phenyl)borate (8j).

48% yield; white solid; *H NMR (400 MHz, acetone-ds): & 3.30- 0

3.90 (m, 8H), 8.01 (dd, J = 9.4, 1.8 Hz, 1H), 8.12 (dd, J = 8.1, 5.8

Hz, 1H), 8.43 (d, J = 1.8 Hz, 1H), 8.50 (d, J = 9.4 Hz, 1H), 9.22 (d, ﬁN | N

J =8.1Hz, 1H), 9.66-9.70 (m, 1H); 3C NMR (125 MHz, acetone- o Q @

de): 8 43.2 (br), 48.8 (br), 67.3 (2C), 122.6 (d, J = 6.0 Hz), 122.8, '}‘

130.48, 130.51, 133.4, 136.8, 143.1 (d, J = 3.6 Hz), 148.2, 154.2, © B(CoF4-4-CF3)s
167.9; 1°F NMR (368 MHz, acetone-ds): 6 -145.8 — -145.7 (m, 1F),

-144.5 — -144.4 (m, 1F), -144.5 — -144.2 (m, 1F), -143.8 — -143.3 (m, 3F), -132.7 — -132.5 (m, 1F), -132.44
—-132.37 (m, 1F), -131.9--131.8 (m, 1F), -131.1 —-130.9 (m, 1F), -128.4 —-128.1 (m, 1F), -125.2 —-124.93
(m, 1F), -57.6 —-57.3 (m, 9F); B NMR (125 MHz, acetone-ds): & -3.82 (s); IR (KBr, v/ cm): 1650, 1456,
1321, 1139, 965, 712; HRMS (ESI): A target mass was not detected due to the decomposition of 8j to the
corresponding quinoline.

6-Morpholinoquinolin-1-ium-1-yl tris(2,3,5,6-tetrafluoro-4-(trifluoromethyl)phenyl)borate (8k).
82% vyield; yellow solid; *H NMR (500 MHz, acetone-ds): & 3.37-3.39

(m, 4H), 3.78-3.82 (m, 4H), 7.50 (d, J = 2.9 Hz, 1H), 7.80 (dd, J = o/\

10.0, 2.9 Hz, 1H), 7.87 (dd, J = 8.3, 5.7 Hz, 1H), 8.25 (d, J = 10.0 Hz, K/N

1H), 8.87 (d, J = 8.3 Hz, 1H), 9.27-9.30 (m, 1H); 3C NMR (125 MHz, m
acetone-dg): & 48.3, 67.0, 110.0, 122.1, 122.7 (d, J = 6.0 Hz), 125.0, | @,

132.9, 137.6 (d, J = 3.6 Hz), 145.3, 149.3 (d, J = 3.6 Hz), 150.8; °F N

NMR (368 MHz, acetone-dg): & -145.8 — -145.6 (m, 2F), -144.6 — - © B(CgF4-4-CF3)3

144.5 (m, 1F), -144.0 — -143.9 (m, 1F), -143.5 — -143.4 (m, 2F), -132.7
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—-132.6 (m, 1F), -132.34 — -132.25 (m, 1F), -132.1 — -132.0 (m, 1F), -131.0 — -130.9 (m, 1F), -128.2 — -
128.1 (m, 1F), -125.1 — -124.9 (m, 1F), -57.5 — -57.4 (m, 9F); !B NMR (125 MHz, acetone-ds): & -4.12 (s);
IR (KBr, v / cm): 1458, 1319, 1138, 962, 711; HRMS (ESI): A target mass was not detected due to the
decomposition of 8k to the corresponding quinoline.

6-Methoxyquinolin-1-ium-1-yl tris(2,3,5,6-tetrafluoro-4-(trifluoromethyl)phenyl)borate (8I).

75% yield; white solid; *H NMR (400 MHz, acetone-ds): & 3.95 (s, 3H),

7.55 (dd, J=9.9, 2.7 Hz, 1H), 7.70 (d, J = 2.7 Hz, 1H), 7.96 (dd, J = 8.1, MeO X

5.8 Hz, 1H), 8.31 (d, J = 9.9 Hz, 1H), 9.00 (d, J = 8.1 Hz, 1H), 9.40-9.44 m

(m, 1H); C NMR (100 MHz, acetone-ds): & 56.4, 109.0, 122.4, 123.6, N/

126.8, 132.8, 138.8, 146.0, 150.6, 159.5; *°F NMR (368 MHz, acetone- O A
B(CeF4-4-CF3)s

de): 8 -145.5 — -145.1 (m, 2F), -144.2 — -144.1 (m, 1F), -143.5 — -143.0

(m, 3F), -132.5 - -132.4 (m, 1F), -132.3 - -131.9 (m, 1F), -131.6 — -131.4 (m, 1F), -130.7 — -130.6 (m, 1F),

-127.9 - -127.8 (m, 1F), -124.7 — -124.6 (m, 1F), -57.2 — -56.9 (m, 9F); !B NMR (125 MHz, acetone-ds): &

-3.97 (s); IR (KBr, v / cm): 1458, 1320, 1143, 974, 713; HRMS (ESI): A target mass was not detected due
to the decomposition of 8l to the corresponding quinoline.

3-Phenoxyquinolin-1-ium-1-yl tris(2,3,5,6-tetrafluoro-4-(trifluoromethyl)phenyl)borate (8m).

72% yield; white solid; *H NMR (500 MHz, acetone-ds): & 7.28 (d, J = 8.3 Hz,

2H), 7.32 (dd, J = 7.4, 7.4 Hz, 1H), 7.52 (dd, J = 8.3, 7.4 Hz, 2H), 7.82 (dd, J - OPh
=7.7,7.7 Hz, 1H), 7.89 (ddd, J = 9.2, 7.7, 1.1 Hz, 1H), 8.28 (dd, J = 8.0, 1.1 ©|\/@j/

Hz, 1H), 8.42 (d, J = 9.2 Hz, 1H), 8.70 (d, J = 2.3 Hz, 1H), 9.24-9.27 (m, 1H); N~

13C NMR (125 MHz, acetone-ds): 6 120.6, 122.0 (d, J = 6.0 Hz), 126.5, 130.1, o IIB(CGF4—4—CF3)3
131.2,131.4, 131.6, 131.8, 132.9, 140.0 (d, J = 3.6 Hz), 146.2 (d, J = 4.8 Hz),

151.9, 156.0; °F NMR (368 MHz, acetone-de): 5 -145.9 — -145.5 (m, 1F), -145.3 —-144.9 (m, 1F), -144.7 —
-144.3 (m, 1F), -144.2 — -143.8 (m, 1F), -143.4 — -143.1 (m, 1F), -142.9 — -142.6 (m, 1F), -132.5 — -132.0
(m, 2F), -132.0 — -131.8 (m, 1F), -130.6 — -130.4 (m, 1F), -128.5 — -128.2 (m, 1F), -125.8 — -125.5 (m, 1F),
-57.6 — -57.3 (m, 9F); B NMR (125 MHz, acetone-ds): & -3.51 (s); IR (KBr, v / cm): 1459, 1319, 1183,
1141, 979, 961, 944, 782, 709; HRMS (ESI): A target mass was not detected due to the decomposition of 8m
to the corresponding pyridine.

3-Morpholinoquinolin-1-ium-1-yl tris(2,3,5,6-tetrafluoro-4-(trifluoromethyl)phenyl)borate (8n).

65% yield; light yellow solid; *H NMR (500 MHz, acetone-ds): & 3.33-3.44

(m, 4H), 3.79-3.83 (m, 4H), 7.68-7.71 (m, 2H), 8.15 (d, J = 8.0 Hz, 1H), 8.27 ﬁo

(d, J=8.6 Hz, 1H), 8.45 (d, J = 2.3 Hz, 1H), 9.28-9.29 (m, 1H); *C NMR (125 NJ

MHz, acetone-de): & 49.6, 66.8, 121.6 (d, J = 4.8 Hz), 127.2, 129.6, 130.5, A
130.7,131.5,137.7 (d, J = 3.6 Hz), 145.7, 146.2 (d, J = 3.6 Hz); 1°F NMR (368 | @

MHz, acetone-dg): 6 -145.8 — -145.6 (m, 2F), -144.7 — -144.4 (m, 1F), -144.1 — '}‘

-143.7 (m, 2F), -143.1 — -142.8 (m, 1F), -132.8 — -132.6 (m, 1F), -132.1 — - © B(CgF4-4-CF3)3
131.9 (m, 1F), -131.8 —-131.6 (m, 1F), -130.3 --130.2 (m, 1F), -128.2 —-128.0

(m, 1F), -126.0 — -125.8 (m, 1F), -57.6 — -57.3 (m, 9F); B NMR (125 MHz, acetone-dg): & -3.66 (s); IR
(KBr, v / cmt): 2967, 2859, 1612, 1457, 1318, 1141, 979, 958, 944, 709; HRMS (ESI): A target mass was
not detected due to the decomposition of 8n to the corresponding pyridine.

6-Fluoroquinolin-1-ium-1-yl tris(2,3,5,6-tetrafluoro-4-(trifluoromethyl)phenyl)borate (80).

This compound was purified by washing a crude mixture with n-

hexane/CH>Cl, (4/1) without separation by column chromatography on F X

silica gel; 62% yield; white solid; *H NMR (500 MHz, acetone-dg): & 7.88 | ®_

(ddd, J=9.7, 8.0, 2.9 Hz, 1H), 8.12-8.14 (m, 2H), 8.55 (dd, J = 9.7, 4.0 Hz, l}l

1H), 9.19 (d, J = 8.6 Hz, 1H), 9.65-9.68 (m, 1H); *C NMR (125 MHz, O B(C4F 4-4-CF3)3
acetone-ds): 8 114.9 (d, J = 22.8 Hz), 123.2, 124.4 (d, J = 26.4 Hz), 125.3,

132.4 (d, J = 10.8 Hz), 140.1, 147.3 (d, J = 4.8 Hz), 153.2, 161.5 (d, J = 252 Hz); °F NMR (368 MHz,
acetone-dg): 6 -145.3 — -144.9 (m, 2F), -144.0 — -143.9 (m, 1F), -143.4 —-142.8 (m, 3F), -132.4 —-132.3 (m,
1F), -132.3 - -131.8 (m, 1F), -131.6 — -131.5 (m, 1F), -130.65 — -130.55 (m, 1F), -127.8 — -127.7 (m, 1F), -
124.7 —-124.5 (m, 1F), -57.2 — -56.9 (m, 9F); !B NMR (125 MHz, acetone-ds): & -3.66 (s); IR (KBr, v/ cm-
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1): 1458, 1320, 1144, 977, 713; HRMS (ESI): A target mass was not detected due to the decomposition of 8o
to the corresponding quinoline.

6-Chloroquinolin-1-ium-1-yl tris(2,3,5,6-tetrafluoro-4-(trifluoromethyl)phenyl)borate (8p).

This compound was purified by washing a crude mixture with n-hexane/CH.Cl, (4/1) without separation by
column chromatography on silica gel; 75% yield; white solid; 'H NMR ¢,

(500 MHz, acetone-ds):  7.98 (dd, J = 9.2, 2.9 Hz, 1H), 8.16 (dd, J = 8.0, m

5.7 Hz, 1H), 8.46 (d, J = 2.9 Hz, 1H), 8.49 (d, J = 9.2 Hz, 1H), 9.17 (d, J = @

8.0 Hz, 1H), 9.69-9.72 (m, 1H); 3C NMR (125 MHz, acetone-dg): § 123.4, '}l

124.3 (d, J = 4.8 Hz), 130.4, 131.9, 134.88, 134.91, 141.7 (d, J = 3.6 Hz), © B(CoF4-4-CF3)s
147.0, 153.9 (d, J = 3.6 Hz); 9F NMR (368 MHz, acetone-ds): & -145.7 — -145.4 (m, 2F), -144.19 — -144.16
(m, 1F), -143.69 — -143.66 (m, 1F), -143.4 —-143.2 (m, 2F), -132.7 —-132.5 (m, 1F), -132.2 —-132.0 (m, 2F),
-131.06 —-131.01 (m, 1F), -128.2 —-128.1 (m, 1F), -125.1 — -125.0(m, 1F), -57.6 —-57.5 (m, 9F); !B NMR
(125 MHz, acetone-ds): & -3.66 (s); IR (KBr, v / cm™): 1458, 1321, 1152, 972, 712; HRMS (ESI): A target
mass was not detected due to the decomposition of 8p to the corresponding quinoline.

3-Bromoquinolin-1-ium-1-yl tris(2,3,5,6-tetrafluoro-4-(trifluoromethyl)phenyl)borate (8q).

This compound was purified by washing a crude mixture with n-hexane/CHCl,

(9/1) without separation by column chromatography on silica gel; 57% yield; white X B

solid; 'H NMR (500 MHz, acetone-ds): & 7.92-7.95 (m, 1H), 8.03-8.06 (m, 1H), | @

8.36 (d, J = 8.0 Hz, 1H), 8.48 (d, J = 9.2 Hz, 1H), 9.49 (d, J = 1.7 Hz, 1H), 9.58- f}l

9.61 (m, 1H); 1*C NMR (125 MHz, acetone-ds): & 115.4, 122.2 (d, J = 4.8 Hz), O B(C4F4-4-CF3)3
130.7, 131.35, 131.42, 135.2, 141.9 (d, J = 3.6 Hz), 149.5, 153.3; °F NMR (368

MHz, acetone-de): 6 -145.6 — -145.5 (m, 1F), -145.2 — -145.1 (m, 1F), -144.42 — -144.36 (m, 1F), -143.90 —
-143.86 (m, 1F), -143.4 — -143.2 (m, 2F), -132.4 —-132.3 (m, 1F), -132.2 — -132.1 (m, 1F), -131.9 — -131.8
(m, 1F), -130.43 —-130.40 (m, 1F), -128.20 — -128.16 (m, 1F), -126.32 —-126.25 (m, 1F), -57.6 — -57.4 (m,
9F); 1'B NMR (125 MHz, acetone-ds): & -3.51 (s); IR (KBr, v / cm): 1457, 1319, 1141, 976, 711; HRMS
(ESI): A target mass was not detected due to the decomposition of 8q to the corresponding quinoline.

6-lodoquinolin-1-ium-1-yl tris(2,3,5,6-tetrafluoro-4-(trifluoromethyl)phenyl)borate (8r).

This compound was purified by washing a crude mixture with n-

hexane/CHCl, (2/1) without separation by column chromatography on silica | X

gel; 88% yield; white solid; *H NMR (500 MHz, acetone-ds): 6 8.11 (dd, J = | @

8.6, 6.0 Hz, 1H), 8.22 (s, 2H), 8.81 (s, 1H), 9.11 (d, J = 8.6 Hz, 1H), 9.63- l}l

9.69 (m, 1H); 13C NMR (125 MHz, acetone-ds): 6 94.9, 123.1, 123.7 (d, J = O B(C4F4-4-CF3)3
4.8 Hz), 132.3, 140.0, 142.3, 142.8, 146.7, 153.8; F NMR (368 MHz,

acetone-dg): 8 -145.50— -145.46 (m, 1F), -145.33 — -145.25 (m, 1F), -144.2 — -144.1 (m, 1F), -143.55 — -
143.53 (m, 1F), -143.3 — -143.1 (m, 2F), -132.6 —-132.5 (m, 1F), -132.2 — -132.1 (m, 1F), -132.0 — -131.9
(m, 1F), -131.03 — -130.98 (m, 1F), -128.14 — -128.07 (m, 1F), -125.04 —-125.01 (m, 1F), -57.5 - -57.3 (m,
9F); 1B NMR (125 MHz, acetone-ds): & -3.82 (s); IR (KBr, v / cm): 1457, 1320, 1138, 971, 711; HRMS
(ESI): A target mass was not detected due to the decomposition of 8r to the corresponding quinoline.

3-Phenylpyridin-1-ium-1-yl tris(2,3,5,6-tetrafluoro-4-(trifluoromethyl)phenyl)borate (8s).
This compound was purified by washing a crude mixture with n-hexane/CHCl; (4/1)

without separation by column chromatography on silica gel; 80% yield; white solid; N
'H NMR (500 MHz, acetone-dg): § 7.52-7.56 (m, 3H), 7.66-7.67 (m, 2H), 8.10 (dd, J | ®_
=8.0,6.0 Hz, 1H), 8.76 (d, J = 8.0 Hz, 1H), 9.06 (d, J = 6.0 Hz, 1H), 9.10 (s, 1H); 3C '}‘
NMR (125 MHz, acetone-dg): 8 108.5-108.8 (m), 122.2 (q, J = 273 Hz), 127.6, 128.5, © B(CgF4-4-CF3)3
130.3, 130.6, 135.5, 140.6, 143.3, 144.6 (dm, J = 256 Hz), 145.9, 147.0, 149.1 (dm, J

= 245 Hz); *F NMR (368 MHz, acetone-ds): & -144.8 — -143.8 (m, 6F), -130.9 — -129.9 (m, 6F), -57.4 (t, J
=22.8 Hz, 9F); 1B NMR (125 MHz, acetone-ds): & -3.82 (s); IR (KBr, v/ cm™): 1457, 1321, 1144, 983, 963,
757, 711, 698; HRMS (ESI): A target mass was not detected due to the decomposition of 8s to the
corresponding pyridine.

Ph
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3-([1,1'-Biphenyl]-4-yl)pyridin-1-ium-1-yl  tris(2,3,5,6-tetrafluoro-4-(triflucromethyl)phenyl)borate
(8t).

49% yield; white solid; 'H NMR (500 MHz, acetone-ds): 6 7.41 (dd, J = 7.4, 7.4 Hz,
1H), 7.50 (dd, J = 7.4, 7.4 Hz, 2H), 7.73 (dd, J = 7.4, 7.4 Hz, 2H), 7.78 (d, J = 8.3
Hz, 2H), 7.84 (d, J = 8.3 Hz, 2H), 8.12 (dd, J = 8.6, 5.7 Hz, 1H), 8.82 (d, J = 8.6 Hz, |
®/

1H),9.08 (d, J=5.7 Hz, 1H), 9.17 (s, 1H); 3C NMR (125 MHz, acetone-ds): & 108.2-

109.0 (m), 122.2 (q, J = 274 Hz), 127.6, 127.8, 128.7, 128.9, 129.1, 129.9, 134.3,

140.2, 140.5, 143.15, 143.20, 144.6 (dm, J = 257 Hz), 145.6, 147.0, 149.2 (dm, J = @B(CGF4 4-CF3)3
242 Hz); °F NMR (368 MHz, acetone-ds): 6 -144.8 —-143.8 (m, 6F), -131.0 —-130.0

(m, 6F), -57.4 (t, J = 22.8 Hz, 9F); 1B NMR (125 MHz, acetone-de): & -3.82 (s); IR (KBr, v / cml): 1459,
1322, 1188, 1135, 979, 964, 766, 713, 694; HRMS (ESI): A target mass was not detected due to the
decomposition of 8t to the corresponding pyridine.

3-(Naphthalen-2-yl)pyridin-1-ium-1-yl tris(2,3,5,6-tetrafluoro-4-(trifluoromethyl)phenyl)borate (8u).
64% yield; white solid; *H NMR (500 MHz, acetone-ds): & 7.60-7.61 (m, 2H), 7.77 (d, J = 8.0 Hz, 1H), 7.97-
7.98 (m, 2H), 8.07 (d, J = 8.0 Hz, 1H), 8.15 (dd, J = 8.0, 4.0 Hz, 1H), 8.21 (s, 1H),

8.89 (d, J = 8.0 Hz, 1H), 9.09 (d, J = 4.0 Hz, 1H), 9.25 (s, 1H); 1*C NMR (125 MHz, O
acetone-ds): 6 108.2-109.0 (m), 120.7 (g, J = 273 Hz), 125.5, 127.6, 127.9, 128.2,

128.4, 128.5, 129.3, 130.1, 132.7, 134.2, 134.4, 140.6, 143.5, 144.6 (dm, J = 257 | 6)/

Hz), 146.2, 147.0, 149.1 (dm, J = 242 Hz); **F NMR (368 MHz, acetone-dg): § -

144.7 —-143.7(m, 6F), -130.8 — -129.8 (m, 6F), -57.4 (t, J = 22.8 Hz, 9F); !B NMR @ B (CgF4-4-CF3)3
(125 MHz, acetone-dg): & -3.82 (s); IR (KBr, v/ cm™): 1460, 1321, 1181, 1147, 982,

963, 713, 697; HRMS (ESI): A target mass was not detected due to the decomposition of 8u to the
corresponding pyridine.

[2,3'-Bipyridin]-1'-ium-1-yl tris(2,3,5,6-tetrafluoro-4-(trifluoromethyl)phenyl)borate (8v).

70% yield; white solid; *H NMR (500 MHz, acetone-dg): & 7.51 (ddd, J = 7.2, 4.6, 1.2

Hz, 1H), 7.98-7.99 (m, 1H), 8.13 (dd, J = 8.0, 5.7 Hz, 1H), 8.09 (dd, J = 8.0, 1.2 Hz,

1H), 8.72-8.73 (m, 1H), 9.12-9.14 (m, 2H), 9.59 (s, 1H); 13C NMR (125 MHz, acetone-

de): & 108.2-108.9 (m), 120.0 (q, J = 274 Hz), 122.3, 125.6, 127.6, 129.1-129.6 (m), (j/(j
138.6, 138.7, 142.3, 144.6 (dm, J = 257 Hz), 146.4, 147.9, 149.1 (dm, J = 242 Hz), | P

151.3, 151.7; 19F NMR (368 MHz, acetone-de): & -144.8 — -143.8(m, 6F), -131.0 — -

130.0 (m, 6F), -57.5 (t, J = 19.9 Hz, 9F); 1B NMR (125 MHz, acetone-de):  -3.82 (s); © B (CeF4-4-CF3)3

IR (KBr, v/ cm™): 1460, 1321, 1143, 980, 963, 746, 776, 712; HRMS (ESI): A target
mass was not detected due to the decomposition of 8v to the corresponding pyridine.

[3,3'-Bipyridin]-1'-ium-1-yl tris(2,3,5,6-tetrafluoro-4-(trifluoromethyl)phenyl)borate (8w).
70% yield; white solid; *H NMR (500 MHz, acetone-ds): § 7.53 (dd, J = 8.0, 4.9 Hz,

1H), 8.08 (ddd, J = 8.0, 1.4, 1.4 Hz, 1H), 8.16 (dd, J = 8.0, 6.0 Hz, 1H), 8.69 (dd, J =
4.9, 1.4 Hz, 1H), 8.82-8.84 (m, 2H), 9.13 (d, J = 6.0 Hz, 1H), 9.23 (s, 1H); 3C NMR
(125 MHz, acetone-de): 6 108.6-109.2 (m), 121.2 (q, J = 273 Hz), 124.8, 127.9, 129.6, |
@/

131.5, 136.1, 143.8, 148.1, 144.8 (dm, J = 257 Hz), 146.3, 147.8, 149.3 (dm, J = 245
Hz), 149.5, 151.5; *F NMR (368 MHz, acetone-de): & -144.7 — -143.7 (m, 6F), -129.9
—-130.9 (m, 6F), -57.5 (t, J = 19.9 Hz, 9F); 1B NMR (125 MHz, acetone-de): & -3.82 @ B (CeF4-4-CF3)3
(s); IR (KBr, v/ cm?): 1459, 1321, 1134, 981, 947, 766, 711; HRMS (ESI): A target
mass was not detected due to the decomposition of 8w to the corresponding pyridine.

3-(Quinolin-2-yhpyridin-1-ium-1-yl tris(2,3,5,6-tetraf|uoro-4-(trif|uoromethyl)phenyl)borate (8x).

70% yield; white solid; *H NMR (500 MHz, acetone-ds): § 7.68-7.70 (m, 1H), 7.84-
7.87 (m, 1H), 8.03-8.06 (m, 2H), 8.19-8.20 (m, 2H), 8.55 (d, J = 8.6 Hz, 1H), 9.17
(d, J =5.7 Hz, 1H), 9.29 (d, J = 8.0 Hz, 1H), 9.75 (s, 1H); *C NMR (125 MHz, |
@/

acetone-ds): 6 108.5-108.9 (m), 119.4, 122.2 (q, J = 272 Hz), 127.7, 128.7, 128.8,
128.9, 130.5, 131.5, 138.7, 139.0, 142.9, 144.6 (dm, J = 256 Hz), 147.1, 148.2,
148.8, 149.1 (dm, J = 246 Hz), 151.8; 19F NMR (368 MHz, acetone-ds): & -144.8 — @ B (CoF 4-4-CF3)3
-143.8 (m, 6F), -130.9 — -129.9 (m, 6F), -57.4 (t, J = 19.9 Hz, 9F); !B NMR (125
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MHz, acetone-ds): 6 -3.82 (s); IR (KBr, v / cm™): 1458, 1320, 1138, 980, 712, 698; HRMS (ESI): A target
mass was not detected due to the decomposition of 8x to the corresponding pyridine.

3-(1-Tosyl-1H-indol-5-yl)pyridin-1-ium-1-yl tris(2,3,5,6-tetrafluoro-4-(trifluoromethyl)phenyl)borate
(8y).

83% vyield; white solid; *H NMR (500 MHz, acetone-dg): & 2.37 (s, 3H), 6.86 (d, J Ts
= 3.4 Hz, 1H), 7.42 (d, J = 8.3 Hz, 2H), 7.61 (d, J = 8.6 Hz, 1H), 7.84 (d, J = 3.4 Hz, N
1H), 7.88 (s, 1H), 7.93 (d, J = 8.3 Hz, 2H), 8.09 (dd, J = 8.0, 4.6 Hz, 1H), 8.13 (d, J

= 8.6 Hz, 1H), 8.74 (d, J = 8.0 Hz, 1H), 9.05 (d, J = 4.6 Hz, 1H), 9.11 (s, 1H); *C N /
NMR (125 MHz, acetone-ds): 5 21.4, 108.1-108.8 (m), 110.0, 115.1, 122.1 (9, J = || ®

274 Hz), 122.1,125.0, 127.5, 127.9, 129.0, 130.9, 131.1, 132.5, 135.8, 136.0, 140.8, N/
143.5, 144.6 (dm, J = 258 Hz), 146.1, 146.7, 146.8, 149.1 (dm, J = 243 Hz); 1°F @LI%(C F,-4-CF»)
NMR (368 MHz, acetone-ds): & -144.8 — -143.8 (m, 6F), -131.0 — -130.0 (m, 6F), - 6 4 353
57.4 (t, J=19.9 Hz, 9F); !B NMR (125 MHz, acetone-dg): & -3.82 (s); IR (KBr, v/ cm™): 1460, 1322, 1143,
980, 946, 730, 707, 673; HRMS (ESI): A target mass was not detected due to the decomposition of 8y to the
corresponding pyridine.

3-Benzylpyridin-1-ium-1-yl tris(2,3,5,6-tetrafluoro-4-(trifluoromethyl)phenyl)borate (8z).

82% yield; white solid; *H NMR (500 MHz, acetone-ds): & 4.24 (s, 2H), 7.21-7.24 (m,

3H), 7.30 (dd, J =7.2, 7.2 Hz, 2H), 7.92 (dd, J = 8.0, 5.2 Hz, 1H), 8.38 (d, J = 8.0 Hz, mPh

1H), 8.74 (s, 1H), 8.89 (d, J = 5.2 Hz, 1H); 3C NMR (125 MHz, acetone-ds): & 38.5, ®_

108.3-108.7 (m), 122.1 (q, J = 273 Hz), 127.2, 127.8, 129.7, 139.4, 142.0, 144.5 (dm, 'T‘

J = 257 Hz), 145.2, 146.3, 147.7, 149.0 (dm, J = 242 Hz); *C NMR (125 MHz, O B(CgF4-4-CF3)s
CDCls): & 38.6, 108.5-108.9 (m), 120.9 (q, J = 274 Hz), 125.6, 127.7, 128.8, 129.3, 136.0, 140.7, 143.2,
144.2 144.6 (dm, J = 260 Hz), 146.5, 147.6 (dm, J = 241 Hz); °F NMR (368 MHz, acetone-ds): & -144.8 — -
143.8 (m, 6F), -131.0 — -130.0 (m, 6F), -57.4 (t, J = 19.9 Hz, 9F); !B NMR (125 MHz, acetone-de): 5 -4.12
(s); IR (KBr, v/ cm™): 1452, 1321, 1187, 1138, 979, 962, 707; HRMS (ESI): A target mass was not detected
due to the decomposition of 8z to the corresponding pyridine.

3-Cyanopyridin-1-ium-1-yl tris(2,3,5,6-tetrafluoro-4-(trifluoromethyl)phenyl)borate (8A).
92% yield; white solid; *H NMR (500 MHz, acetone-ds): 6 8.29 (dd, J = 8.0, 6.0 Hz, CN
1H), 8.99 (d, J = 8.0 Hz, 1H), 9.39 (d, J = 6.0 Hz, 1H), 9.65 (s, 1H); *C NMR (125 m

MHz, acetone-de): & 108.3-109.3 (m), 114.1, 114.7, 122.1 (q, J = 273 Hz), 128.4, &

144.6 (dm, J = 258 Hz), 148.6, 149.1 (dm, J = 245 Hz), 151.7, 152.0, °F NMR (368 'Tl

MHz, acetone-de): & -144.3 — -143.3 (m 6F), -130.4 —-129.4 (m, 6F), -57.1 (t,J =199 B(CeF4-4-CFa)s
Hz, 9F); !B NMR (125 MHz, acetone-ds): & -3.36 (s); IR (KBr, v / cm™): 2256, 1453, 1323, 1184, 1136,
981, 964, 946, 713, 698; HRMS (ESI): A target mass was not detected due to the decomposition of 8A to the
corresponding pyridine.

3-Nitoropyridin-1-ium-1-yl tris(2,3,5,6-tetrafluoro-4-(trifluoromethyl)phenyl)borate (8B).

42% vyield; white solid; *H NMR (400 MHz, acetone-ds): 6 8.40 (dd, J = 8.5, 5.8 Hz, NO,

1H), 9.32-9.35 (m, 1H), 9.51 (d, J = 5.8 Hz, 1H), 9.61 (s, 1H); 13C NMR (125 MHz, @
acetone-ds): 5 108.6-109.4 (m), 122.1 (q, J = 272 Hz), 128.8, 140.1, 144.3 145.7 (dm, .~

J =257 Hz), 147.5, 149.1 (dm, J = 246 Hz), 153.2; °F NMR (368 MHz, acetone-dg): |\

5 -144.5 — -143.5 (m, 6F), -130.8 — -129.8 (m, 6F), -57.5 (t, J = 22.8 Hz, 9F); 1B & B(CeF4-4-CF3)g
NMR (125 MHz, acetone-dg): & -3.21 (s); IR (KBr, v / cm): 1457, 1322, 1180, 1139, 980, 961, 712, 693;
HRMS (ESI): A target mass was not detected due to the decomposition of 8B to the corresponding pyridine.

(2)-2-Styrylpyridin-1-ium-1-yl tris(2,3,5,6-tetrafluoro-4-(trifluoromethyl)phenyl)borate (8C).
80% yield; white solid; *H NMR (500 MHz, acetone-ds): 6 6.53 (d, J = 8.0Hz,

2H), 6.85 (d, J = 12.6 Hz, 1H), 6.89 (d, J = 12.6 Hz, 1H),7.14 (dd, J =8.0,8.0 Ph X

Hz, 2H), 7.25 (dd, J = 8.0, 8.0 Hz, 1H), 7.82 (d, J = 8.0 Hz, 1H), 7.94 (dd, J = | | @

6.9, 6.9 Hz, 1H), 8.38 (dd, J = 8.0, 6.9 Hz, 1H), 9.25-9.28 (m, 1H); **C NMR N

(125 MHz, acetone-dg): & 123.9 (d, J = 2.4 Hz), 125.9, 129.2, 129.3, 130.3, O B(C4F 4-4-CF)s
131.0, 134.5, 138.9, 144.9, 150.0, 158.0; °F NMR (368 MHz, acetone-ds): & -
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146.6 —-146.3 (m, 1F), -145.7 — -145.3 (m, 1F), -145.1 — -144.6 (m, 1F), -144.3 — -144.0 (m, 1F), -143.7 — -
143.2 (m, 2F), -136.6 — -136.3 (m, 1F), -132.6 —-132.4 (m, 1F), -131.5 - -131.2 (m, 1F), -129.6 —-129.4 (m,
1F), -128.6 — -128.4 (m, 1F), -124.2 — -124.0 (m, 1F), -57.7 — -57.3 (m, 9F); !B NMR (125 MHz, acetone-
de): 6 -4.12 (s); IR (KBr, v / cm™): 3056, 1460, 1322, 1149, 980, 713; HRMS (ESI): A target mass was not
detected due to the decomposition of 8C to the corresponding pyridine.

2-(Phenylethynyl)pyridin-1-ium-1-yl tris(2,3,5,6-tetrafluoro-4-(trifluoromethyl)phenyl)borate (8D).
60% yield; white solid; *H NMR (500 MHz, acetone-ds): 6 7.22 (d, J=7.5

Hz, 2H), 7.43 (dd, J = 7.5, 7.5 Hz, 2H), 7.52 (dd, J = 7.5, 7.5 Hz, 1H), 7.99 X

(ddd, J=7.7,7.7,1.1 Hz, 1H), 8.27 (dd, J = 7.7, 1.1 Hz, 1H), 8.57 (ddd, J | @
=7.7,7.7,15 Hz, 1H), 9.19-9.22 (m, 1H); 3C NMR (125 MHz, acetone- = l}l

de): & 84.3, 105.7, 120.9, 126.1, 129.7, 131.9, 132.4, 134.2, 142.5, 144.7, Ph O B(C4F4-4-CF3)3
150.1; **F NMR (368 MHz, acetone-ds): & -146.23 — -146.17 (m, 1F), -

145.94 — -145.86 (m, 2F), -144.9 — -144.8 (m, 1F), -143.5 — -143.4 (m, 2F), -132.6 —-132.5 (m, 2F), -130.93
—-130.88 (m, 1F), -128.7 — -128.5 (m, 1F), -128.2 — -128.1 (m, 1F), -125.2 — -125.1 (m, 1F), -57.6 — -57.4
(m, 9F); B NMR (125 MHz, acetone-dg): & -3.82 (s); IR (KBr, v /cm?): 2221, 1458, 1319, 1142, 979, 945,
763, 702, 689; HRMS (ESI): A target mass was not detected due to the decomposition of 8D to the
corresponding pyridine.

2-Phenylfuro[3,2-b]pyridin-4-ium-4-yl tris(2,3,5,6-tetrafluoro-4-(trifluoromethyl)phenyl)borate (8E).
69% vyield; white solid; *H NMR (500 MHz, acetone-dg): 6 7.41 (s, 1H), 7.55-7.60 (m,

3H), 7.86 (dd, J = 8.0, 6.0 Hz, 1H), 7.90-7.92 (m, 2H), 8.70 (d, J = 8.0 Hz, 1H), 9.00- Se)

9.03 (m, 1H); 13C NMR (125 MHz, acetone-ds): 5 98.8 (d, J = 9.6 Hz), 120.7, 126.4, mPh
127.3,128.4, 130.3, 132.7, 144.3, 146.8 (d, J = 3.6 Hz), 151.2, 164.5; °F NMR (368 N

MHz, acetone-ds): 5 -146.0 — -145.9 (m, 1F), -145.6 — -145.1 (m, 1F), -144.0--143.9 O B(CF,-4-CFs)s
(m, 2F), -143.7 — -143.5 (m, 2F), -134.4 — -134.2 (m, 1F), -131.9 — -131.8 (m, 2F), -

130.51 —-130.47 (m, 1F), -129.0 —-128.5 (m, 1F), -125.9 — -125.4 (m, 1F), -57.5 — -57.4 (m, 9F); 1B NMR
(125 MHz, acetone-de): & -4.66 (s); IR (KBr, v/ cm™): 1458, 1320, 1182, 1142, 961, 768, 714; HRMS (ESI):
A target mass was not detected due to the decomposition of 8E to the corresponding heteroaromatic
compound.

1,5-Naphthyridin-1-ium-1-yl tris(2,3,5,6-tetrafluoro-4-(trifluoromethyl)phenyl)borate (8F).

49% yield; pale yellow solid; *H NMR (500 MHz, acetone-ds): 6 7.98 (dd, J =

9.2, 4.0 Hz, 1H), 8.34 (dd, J = 8.0, 5.7 Hz, 1H), 8.85 (d, J = 9.2 Hz, 1H), 9.18 N

(d, J=8.0Hz, 1H), 9.21 (d, J = 4.0 Hz, 1H), 9.74-9.77 (m, 1H); 3C NMR (125 | ®

MHz, acetone-de): & 125.7, 128.5, 130.3 (d, J = 4.8 Hz), 140.7, 145.0, 148.7, X N~

153.8, 154.3; °F NMR (368 MHz, acetone-ds): & -145.6 —-145.5 (m, 1F), -145.2 @EIB(CGF4-4-CF3)3
—-145.0 (m, 1F), -144.2 — -144.1 (m, 1F), -143.8 — -143.7 (m, 1F), -143.4 — -

143.1 (m, 2F), -133.0 — -132.8 (m, 1F), -132.3 — -132.0 (m, 2F), -130.64 — -130.60 (m, 1F), -128.2 —-128.1
(m, 1F), -125.3 — -125.0 (m, 1F), -57.7 — -57.4 (m, 9F); B NMR (125 MHz, acetone-dg): & -3.74 (s); IR
(KBr, v / cm™): 1457, 1320, 1184, 1139, 961, 941, 812, 712; HRMS (ESI): A target mass was not detected
due to the decomposition of 8F to the corresponding heteroaromatic compound.

7-Methyl-1,8-naphthyridin-1-ium-1-yl tris(2,3,5,6-tetrafluoro-4-(trifluoromethyl)phenyl)borate (8G).
16% yield; pale orange solid; 'H NMR (400 MHz, acetone-ds):  2.58 (s, 3H), _ N

7.79 (d, J = 8.1 Hz, 1H), 8.10 (dd, J = 8.1, 5.8 Hz, 1H), 8.67 (d, J = 8.1 Hz, /(jl\/j

1H), 9.22 (dd, J = 8.1, 1.8 Hz, 1H), 9.62-9.66 (m, 1H); *C NMR (125 MHz, SN ﬁ/

acetone-dg): § 24.7, 122.5, 123.8, 126.6 139.7, 148.2, 150.8, 153.8, 166.7; °F |_|3, CoFud-CF
NMR (368 MHz, acetone-dg): & -147.3 — -147.1 (m, 2F), -146.8 — -146.6 (m, ©B(CeF4-4-CFa)s
2F), -143.8 — -143.7 (m, 2F), -136.1 — -136.2 (m, 1F), -133.19 — -133.16 (m, 1F), -131.82 — -131.77 (m, 1F),
-130.63 — -130.57 (m, 1F), -129.1 — -129.0 (m, 1F), -125.62 — -125.57 (m, 1F), -57.4 — -57.2 (m, 9F); 1'B
NMR (125 MHz, acetone-de): & -4.43 (s); IR (KBr, v / cm): 1457, 1319, 1182, 1132, 973, 847, 806, 778,
714; HRMS (ESI): A target mass was not detected due to the decomposition of 8G to the corresponding
heteroaromatic compound.
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3-Phenylpyridazin-1-ium-1-yl tris(2,3,5,6-tetrafluoro-4-(trifluoromethyl)phenyl)borate (8H).

81% yield; pale orange solid; *H NMR (500 MHz, acetone-ds): & 7.58-7.63 (m,

3H), 8.05 (d, J = 8.0 Hz, 2H), 8.60 (dd, J = 8.6, 5.5 Hz, 1H), 8.96 (d, J= 8.6 Hz, """

1H), 9.84 (d, J = 5.5 Hz, 1H); *C NMR (100 MHz, acetone-ds): 6 108.1-108.7 Nl\@/

(m), 122.2 (q, J = 274 Hz), 128.3, 130.4, 132.7, 132.9, 134.1, 134.7, 144.5 (dm, N

J =257 Hz), 149.2 (dm, J = 246 Hz), 150.6, 161.5; *°F NMR (368 MHz, acetone- OB(CgF4-4-CF3)3
de): 6 -145.3 —-144.3 (m, 6F), -131.4 — -130.4 (m, 6F), -57.4 (t, J = 22.8 Hz, 9F);

1B NMR (125 MHz, acetone-ds): & -3.05 (s); IR (KBr, v / cm): 1459, 1321, 1185, 1134, 981, 948, 760,
713, 692; HRMS (ESI): A target mass was not detected due to the decomposition of 8H to the corresponding
heteroaromatic compound.

Preparation of C4-adduct (9a).

MS4A (40.0 mg) and CsF (91.1 mg, 0.600 mmol, 3.0 equiv) were flame-dried CF;
under vacuum. After cooling to room temperature, 1-quinolinium-1-yl tris(2,3,5,6-
tetrafluoro-4-(trifluoromethyl)phenyl)bor-ate (8a) (158 mg, 0.200 mmol) and 1,2- ||
dimethoxyethane (2.0 mL) were added. After the mixture was cooled to -40 °C, N
MesSiCF; (90.0 pL, 0.607 mmol, 3.1 equiv) was added and the mixture was stirred
at the same temperature for 12 h. Then, H20 and Et;O were added to the mixture,
and the organic layer was separated, washed with H,O and sat. ag. NaCl, dried over C4-adduct (9a)
MgSQs, and the solvent was removed under reduced pressure to give C4-adduct

9a as a reddish oil.

'H NMR (400 MHz, acetone-dg): & 4.19-4.23 (m, 1H), 4.31 (dd, J = 7.9, 5.2 Hz, 1H), 6.55-6.63 (m, 1H),
6.64-6.68 (m, 1H), 6.84-6.90 (m, 2H), 7.03 (d, J = 7.2 Hz, 1H); F NMR (368 MHz, acetone-ds): 5 -148.3 —
-145.3 (m, 6F), -134.3 — -126.3 (m, 6F), -76.0 (s, 3F), -57.3 — -57.0 (m, 9F); !B NMR (125 MHz, acetone-
ds): 6 -7.48 (s).

®
X @E';(CGF4-4-CF3)3

[Technical note]
It was suggested that C4-adduct 9a was converted to the corresponding iminium salt during the purification
of 9a by column chromatography on silica gel.

CF3 CF;
silica gel
B B
N N
® e | ©) |
X B(CgF 4-4-CF3)3 B(CgF4-4-CF3)3
9a

Typical Procedure for Trifluoromethylation of 6-Membered Heteroaromatic-B(CeF4-4-CF3)3
Complexes.

<Method A> MS4A (100 mg) was flame-dried under vacuum. After cooling to room temperature, 1-
guinolinium-1-yl tris(2,3,5,6-tetrafluoro-4-(trifluoromethyl)phenyl)borate (8a) (396 mg, 0.500 mmol),
TBAT (537 mg, 1.00 mmol, 2.0 equiv), and AcOEt (5.0 mL) were added. After the mixture was cooled to -
40 °C, MesSiCF; (148 uL, 1.00 mmol, 2.0 equiv) was added and the mixture was stirred at the same
temperature for 10 h. The mixture was warmed to 25 °C, PhI(O.CCF3), (430 mg, 1.00 mmol, 2.0 equiv) was
added, and the mixture was stirred at the same temperature for 14 h. Then MeOH (5.0 mL) was added to the
mixture, and the mixture was heated at 65 °C for 2 h. After cooling to room temperature, p-difluorobenzene
(50.0 pL, 0.513 mmol) was added to the reaction mixture as an internal standard. *°F NMR analysis of this
reaction mixture showed that 4-(trifluoromethyl)quinoline (11a) was formed in 89% yield. Then, an insoluble
solid in the reaction mixture was filtered off through a pad of Celite, washed with CH.ClI,, and the solvent
was removed under reduced pressure. The crude product was purified by column chromatography on silica
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gel (n-pentane/Et,0 = 3/1) to give the target product with inseparable contaminants. Further purification
using a pad of aminosilica gel (n-pentane/CHCl; = 2/1) gave 4-(trifluoromethyl) quinoline (11a, 80.6 mg,
82% yield).

<Method B> MS4A (100 mg) was flame-dried under vacuum. After cooling to room temperature, 3-
bromoquinolin-1-ium-1-yl tris(2,3,5,6-tetrafluoro-4-(trifluoromethyl)phenyl)borate (80) (434 mg, 0.500
mmol), TBAT (537 mg, 1.00 mmol, 2.0 equiv), and AcOEt (5.0 mL) were added. After the mixture was
cooled to -40 °C, MesSiCF3 (148 uL, 1.00 mmol, 2.0 equiv) was added to the mixture and stirred at the same
temperature for 11 h. The mixture was warmed to 25 °C and Phl(O2CCFs), (430 mg, 1.00 mmol, 2 equiv)
was added, and the mixture was stirred at the same temperature for 10 h. To the reaction mixture, p-
difluorobenzene (50.0 pL, 0.513 mmol) was added as an internal standard. *°F NMR analysis of this reaction
mixture showed that 3-bromo-4-(trifluoromethyl)quinoline (110) was formed in 83% vyield. Then an
insoluble solid in the reaction mixture was filtered off through a pad of Celite, washed with CH»Cl,, and then
the solvent was removed under reduced pressure. The crude product was purified by column chromatography
on silica gel (n-hexane/Et,O = 8/1) to give the target product with inseparable contaminants. Further
purification using a pad of aminosilica gel (n-hexane/CH>Cl, = 2/1) gave 3-bromo-4-(trifluoromethyl)
quinoline (110, 113 mg, 82% yield).

[Technical note]

At the final step of the trifluoromethylation sequence, MeOH was added to the reaction mixture and the
mixture was heated at 65 °C for 2 h to remove tris(2,3,5,6-tetrafluoro-4-(trifluoromethyl)phenyl)borane from
the products as described in Method A. However, this operation was not required for substrates, which have
an electron withdrawing group, such as halogen atoms, on the heteroaromatic rings as described in Method
B.

The target products were contaminated with acidic byproducts, such as PhsSiOH (from TBAT) and TFA
(from Phl(O,CCFs3).), even after column chromatography on silica gel. Therefore, a further purification using
a pad of aminosilica gel was necessary to remove the acidic contaminants from the products.

The yields of C2-trifluoromethylated regioisomers were determined by *°F NMR using p-difluorobenzene as
an internal standard if the chemical shifts of 1°F NMR spectra of the regioisomers were reported. Otherwise,
the yields of the C2-trifluoromethylated products were determined by isolation if the C2-trifluoromethylated
regioisomers were isolable.

All reactions were carried out in 0.500 mmol scale unless otherwise noted.

4-(Trifluoromethyl)quinoline (11a). 1V
Method A; °F NMR spectrum showed the formation of 11a (89%) and 11a-isomer 9 (4.6%).

11a: 82% yield; colorless oil; *H NMR (500 MHz, CDCls): § 7.64- CF3

7.67 (m, 2H), 7.77-7.81 (m, 1H), 8.12 (d, J = 8.6 Hz, 1H), 8.20 (g, J

= 8.0 Hz, 1H), 9.01 (g, J = 4.0 Hz, 1H); 13C NMR (125 MHz, CDCls): | N | X
§117.9, 122.9, 124.0 (q, J = 2.4 Hz), 125.6 (q, J = 275 Hz), 128.3, ~ P
130.2, 130.4, 134.2 (g, J = 32.0 Hz), 148.9, 149.5; 19F NMR (368 N N CFy
MHz, CDCly): & -61.8 (s, 3F). 1a T1a-isomer

3-Methyl-4-(trifluoromethyl)quinoline (11b).
Method A; °F NMR spectrum showed the formation of 11b (83%) and 11b-isomer 1® (3.3%).
11b: 78% yield; colorless oil; *H NMR (500 MHz, CDCls): § 2.69

(9, J = 4.0 Hz, 3H), 7.62-7.65 (m, 1H), 7.71-7.74 (m, 1H), 8.14 (d, CFa
J =8.6 Hz, 1H), 8.18 (d, J = 8.6 Hz, 1H), 8.81 (s, 1H); 3C NMR X X
(125 MHz, CDCls): § 18.7 (g, J = 4.4 Hz), 123.5, 124.1 (¢, J = 4.0 | _ @I
Hz), 124.9 (q, J = 278 Hz), 128.1, 129.0, 129.1 (q, J = 2.4 Hz), N N" "CF;
130.2, 131.1 (q, J = 30.3 Hz), 147.6, 154.1; 1°F NMR (368 MHz, 11b 11b-isomer
CDCl3): 5 -54.0 (s, 3F); IR (neat, v / cm™): 2985, 1508, 1389, 1321,

1295, 1268, 1220, 1122, 922, 763, 711, 638; HRMS (ESI+) (m/z): Calcd for C11HoFsN* [M+H*] 212.0682,
Found 212.0693.
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5-Methyl-4-(trifluoromethyl)quinoline (11c).

Method A; °F NMR spectrum showed the formation of 11c (57%).
59% yield; colorless solid; 'H NMR (500 MHz, CDCls): & 2.83 (s, 3H), 7.55 (d, J = 7.4 Hz, CF3
1H), 7.66-7.69 (m, 1H), 7.81 (d, J = 4.3 Hz, 1H), 8.10 (d, J = 8.6 Hz, 1H), 8.99 (d, J = 4.3

X
Hz, 1H); 3C NMR (125 MHz, CDCls): § 23.0 (g, J = 8.8 Hz), 119.6 (q, J = 7.6 Hz), 123.4, |
123.8 (q, J = 274 Hz), 129.5, 129.7, 132.6, 133.4 (q, J = 31.8 Hz), 133.7, 148.7, 150.7; °F NG
NMR (368 MHz, CDCls): § -55.7 (s, 3F); IR (KBr, v / cm): 2958, 1594, 1512, 1462, 1373, 11c

1318, 1283, 1250, 1136, 857, 773, 706; HRMS (ESI+) (m/z): Calcd for C11HeFsN* [M+H"]
212.0682, Found 212.0677.

6-Methyl-4-(trifluoromethyl)quinoline (11d).1?
Method A; 1°F NMR spectrum showed the formation of 11d (90%) and 11d-isomer ** (3.7%)).
11d: 82% yield; colorless solid; *H NMR (500 MHz, CDCls): &

2.59 (s, 3H), 7.63-7.65 (m, 2H), 7.89 (s, 1H), 8.10 (d, J = 8.6 Hz, ’

1H), 8.95 (d, J = 4.0 Hz, 1H); 13C NMR (125 MHz, CDCly): \ij m
22.1,117.9 (g, J =5.2 Hz), 122.8 (q, J = 2.4 Hz), 123.0, 123.5 (q, = P

J = 275 Hz), 130.0, 132.5, 133.5 (g, J = 31.6 Hz), 138.6, 147.6, N N™ CF
148.5; F NMR (368 MHz, CDCls): 5 -61.8 (s, 3F). 11d 11d-isomer
7-Methyl-4-(trifluoromethyl)quinoline (11¢).1?

Method A; °F NMR spectrum showed the formation of 11e (91%) and 11e-isomer © (2.6%).

11e: 84% yield; white solid; *H NMR (500 MHz, CDCls): & 2.55

(s, 3H), 7.45-7.47 (m, 1H), 7.57 (d, J = 4.6 Hz, 1H), 7.95 (s, 1H),
7.99 (dg, J= 8.6, 1.7 Hz, 1H), 8.94 (d, J = 4.6 Hz, 1H); 3C NMR
(125 MHz, CDCls): & 21.6, 117.0 (g, J = 5.2 Hz), 120.8, 123.5 m
(0, J = 2.4 Hz), 123.4 (g, J = 274 Hz), 129.3, 130.5, 133.9 (q, J

=32.0 Hz), 140.6, 149.2, 149.4; °F NMR (368 MHz, CDCly): § 11e-isomer
-61.8 (s, 3F).

Fs

3-Phenyl-4-(trifluoromethyl)quinoline (11f). 13
Method B, 11f (0.200 mmol); °F NMR spectrum showed the formation of 11f (>99%).
95% vyield; white solid; *H NMR (500 MHz, CDCls): 6 7.38 (dd, J = 7.4, 1.7 Hz, 2H),

7.46-7.50 (m, 3H), 7.70-7.73 (m, 1H), 7.80-7.83 (m, 1H), 8.24 (d, J = 8.6 Hz, 1H), 8.27 CFs

(d, J =8.6 Hz, 1H), 8.87 (s, 1H); *C NMR (125 MHz, CDCls): 6 123.2,124.8 (9, J = X h
3.6 Hz), 123.9 (q, J =278 Hz), 128.2, 128.4, 128.9, 129.8, 130.3, 130.5 (g, J = 30.0 Hz), | _
133.8 (g, J = 2.4 Hz), 137.6, 148.0, 152.8; 3C NMR (125 MHz, acetone-dg): & 123.6, N

125.3 (q, J = 3.6 Hz), 125.1 (q, J = 277 Hz), 129.0 129.1, 129.6, 129.7, 130.4 (q, J = 11f

29.6 Hz), 130.8, 131.3, 134.8 (g, J = 2.8 Hz), 138.6, 148.9, 153.6; *°F NMR (368 MHz,

CDCls): 8 -52.5 (s, 3F).

(E)-6-Styryl-4-(trifluoromethyl)quinoline (11g).

Method A; °F NMR spectrum showed the formation of 11g (81%) and 11g-isomer ' (3.2%).

69% yield; pale yellow solid; *H NMR (500

MHz, CDCls): 8 7.28-7.32 (m, 3H), 7.40 (dd, J

=7.2,7.2Hz,2H),7.58 (d, J=7.2 Hz, 2H), 7.66 V\dj \/\@j\

(d, J = 4.3 Hz, 1H), 8.05-8.07 (m, 2H), 8.18 (d,

J =9.2 Hz, 1H), 8.95 (d, J = 4.3 Hz, 1H); 3C

NMR (125 MHz, CDCls): & 118.3 (q, J = 5.2 11g-isomer

Hz), 122.1, 123.38, 123.44 (q, J = 275 Hz), 126.8, 127.5, 127.7, 128.3,

128.8, 130.6, 131.5, 133.8 (q, J = 32.0 Hz), 136.6, 137.3, 148.7, 149.0; *°F NMR (368 MHz, CDCls): 5 -61.7
(s, 3F); IR (KBr, v / cm): 2926, 1615, 1506, 1361, 1291, 1154, 1121, 846, 741, 689, 651; HRMS (ESI+)
(m/z): Calcd for CigH13FsN* [M+H*] 300.0995, Found 300.0990.
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3-(Phenylethynyl)-4-(trifluoromethyl)quinoline (11h).
Method B; 1°F NMR spectrum showed the formation of 11h (69%).

63% yield; white solid; 'H NMR (500 MHz, CDCls): & 7.39-7.41 (m, 3H), 7.62 CFs P
(dd, J = 6.6, 3.2 Hz, 2H), 7.67-7.70 (m, 1H), 7.76-7.80 (m, 1H), 8.17 (d, J = 9.2 N7

Hz, 1H), 8.20 (d, J = 8.6 Hz, 1H), 9.07 (s, 1H): 13C NMR (125 MHz, CDCl): 5 |

84.7,98.6 (q, J = 2.4 Hz), 115.5 (g, J = 3.2 Hz), 122.2, 123.0, 123.6 (q, J = 278 N

Hz), 124.4 (g, J = 3.6 Hz), 128.5, 128.8, 129.4, 130.25, 130.31, 131.9, 133.4 (q, J 11h

= 30.0 Hz), 147.2, 153.3; 1%F NMR (368 MHz, CDCls): § -56.0 (s, 3F); IR (KB,
v [ cml): 3077, 2213, 1489, 1334, 1267, 1153, 1112, 762, 687, 674; HRMS (ESI+) (m/z): Calcd for
CigH11FsN* [M+H*] 298.0838, Found 298.0849.

Methyl 4-(trifluoromethyl)quinoline-6-carboxylate (11i).

Method B; °F NMR spectrum showed the formation of 11i (79%) and 11i-isomer ** (4.1%).
11i: 71% yield; white solid; *H NMR (500 MHz,

CDCla): & 4.02 (s, 3H), 7.77 (d, J = 4.3 Hz, 1H), Fs

8.27 (d, J = 8.9 Hz, 1H), 8.41 (d, J = 8.9 Hz, 1H), MeOOC MeOOC
8.88 (s, 1H), 9.13 (d, J = 4.3 Hz, 1H); 3C NMR
(125 MHz, CDCls): § 52.7, 118.7 (g, J = 5.2 Hz),

122.1, 123.0 (g, J = 274 Hz), 126.8, 129.7, 129.8,
130.7, 135.5 (q, J = 32.0 Hz), 150.5, 151.6, 166.1;
19F NMR (368 MHz, CDCl3): § -61.4 (s, 3F); IR (KBr, v / cmrl): 2965, 1717, 1298, 1170, 877, 762, 651;
HRMS (ESI+) (m/z): Calcd for C1oHaFsNNaO,* [M+Na*] 278.0399, Found 278.0392.

11i-isomer

Morpholino(4-(trifluoromethyl)quinolin-6-yl)methanone (11j).
Method B, 8j (0.200 mmol); **F NMR spectrum showed the formation of 11j (98%).

93% vyield; white solid; *H NMR (500 MHz, CDCls): & 3.54-3.72 (brm, 8H), o CFs
7.73 (d, J = 4.3 Hz, 1H), 7.83 (dd, J = 8.6, 1.7 Hz,), 8.14 (t, J = 1.7 Hz, 1H),

8.25(d, J=8.6 Hz, 1H), 9.07 (d, J = 4.3 Hz, 1H); 13C NMR (125 MHz, CDCls): ﬁN X
8 42.6 (br), 48.2 (br), 66.7 (2C), 118.7 (q, J = 5.2 Hz), 122.3,122.95 (9, J = 2.4 OJ | —
Hz), 123.08 (g, J = 275 Hz), 128.8, 131.1, 134.5 (g, J = 32.4 Hz), 135.0, 148.9, ) N
150.8, 169.0; °F NMR (368 MHz, CDCls): 6 -61.6 (s, 3F); IR (KBr, v /cm): 1j

2956, 1632, 1472, 1428, 1292, 1113, 1028, 878, 647; HRMS (ESI+) (m/z): Calcd for CisHisFsN2NaO2*
[M+Na*] 333.0821, Found 333.0833.

4-(4-(Trifluoromethyl)quinolin-6-yl)morpholine (11Kk).

Method A, 2.5 mL of AcOEt for 0.500 mmol of 8k; 1°F NMR spectrum showed the formation of 11k (64%).
59% yield; orange solid; *H NMR (500 MHz, CDCls): & 3.29-3.31 (m, 4H), 3.86-

3.88 (m, 4H), 7.22 (s, 1H), 7.49-7.51 (m, 1H), 7.55 (d, J = 4.6 Hz, 1H), 8.03 (d, J 0/\

=9.6 Hz, 1H), 8.74 (d, J = 4.6 Hz, 1H); 1*C NMR (125 MHz, CDCls): & 48.6, 66.6, N

104.4,118.2 (q, J = 5.2 Hz), 122.0, 123.7 (9, J = 274 Hz), 124.3,131.0, 131.9 (q, J | ~
= 31.2 Hz), 144.6, 146.1. 150.1; °F NMR (368 MHz, CDCls): § -62.7 (s, 3F); IR —
(KBr, v / cm): 2965, 1619, 1512, 1360, 1253, 1227, 1104, 954, 872, 835, 810,
653; HRMS (ESI+) (m/z): Calcd for Ci4sH14FsN,O* [M+H*] 283.1053, Found
283.1062.

6-Methoxy-4-(trifluoromethyl)quinoline (111).

Method A; °F NMR spectrum showed the formation of 111 (75%) and 11l-isomer ) (1.4%).
111: 67% yield; white solid; 'H NMR (500 MHz, CDCls):

§3.96 (s, 3H), 7.34 (s, 1H), 7.44-7.46 (m, 1H), 7.64 (d, J

= 4.6 Hz, 1H), 8.09 (d, J = 9.2 Hz, 1H), 8.86 (d, J = 4.6
Hz, 1H); 3C NMR (125 MHz, CDCly): § 55.6, 101.8, \©\/j\
118.2 (0, J =5.2 Hz), 123.1, 123.6 (q, J = 274 Hz), 124.3,

131.8, 132.7 (q, J = 31.6 Hz), 145.2, 146.8. 158.9; *°F
NMR (368 MHz, CDCls): & -62.6 (s, 3F); IR (KBr, v /

11l-isomer
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cml): 2939, 1624, 1505, 1361, 1300, 1238, 1118, 1030, 869, 840, 714, 652; HRMS (ESI+) (m/z): Calcd for
CuHsFsNO* [M+H*] 228.0631, Found 228.0631.

3-Phenoxy-4-(trifluoromethyl)quinoline (11m).
Method A; °F NMR spectrum showed the formation of 11m (76%) and 11m-isomer (11%).

11m: 70% vyield; colorless oil; 'H NMR (400 MHz, CDCls): 6 CF,4

6.98-7.01 (m, 2H), 7.14-7.18 (m, 1H), 7.35-7.40 (m, 2H), 7.67- oPh OPh
7.77 (m, 2H), 8.17 (dd, J = 8.3, 1.1 Hz, 1H), 8.23-8.26 (m, 1H), N ©\/\I
8.70 (s, 1H); 13C NMR (100 MHz, CDCly): 5 117.6, 122.3 (q, J = ~ ~

30.7 Hz), 123.5 (q, = 277 Hz), 123.87, 123.91, 124.1 (q, J = 4.1 N N CFs
Hz), 128.7, 128.9, 130.1, 130.4, 145.3, 146.4, 146.8, 157.2; 19F 11m 1im-isomer

NMR (368 MHz, CDCls): § -55.2 (s, 3F); IR (neat, v / cm): 3068, 1588, 1490, 1422, 1331, 1297, 1232,
1126, 1017, 955, 762, 689; HRMS (ESI+) (m/z): Calcd for C16H1:FsNO* [M+H*] 290.0787, Found 290.0780.
11m-isomer: 6.8% yield; colorless solid; *H NMR (400 MHz, CDCls): 6 7.15 (d, J = 8.6 Hz, 2H), 7.25-7.28
(m, 1H), 7.45 (dd, J = 7.7, 7.7 Hz, 2H), 7.59-7.61 (m, 2H), 7.68-7.70 (m, 2H), 8.20 (d, J = 8.6 Hz, 1H); *C
NMR (125 MHz, CDCls): 6 120.0, 121.2 (q, J = 276 Hz), 122.4, 125.0, 126.7, 128.9, 129.1, 130.02, 130.04,
130.3, 140.5 (q, J = 34.0 Hz), 142.6, 149.4, 155.6; °F NMR (368 MHz, CDCls): § -66.7 (s, 3F); IR (KBr, v
/ cm1): 3059, 1589, 1488, 1435, 1353, 1316, 1220, 1196, 1141, 1127, 1044, 921, 851, 776, 755, 708, 690;
HRMS (ESI+) (m/z): Calcd for C16H10FsNaO* [M+Na*] 312.0607, Found 312.0616.

4-(4-(Trifluoromethyl)quinolin-3-yl)morpholine (11n).
Method A, 2.5 mL of AcOEt for 0.500 mmol of 8n; 1°F NMR spectrum showed the formation of 11n (53%).
50% yield; light yellow solid; *H NMR (500 MHz, CDCls): § 3.23 (t, J = 4.5 Hz,

4H), 3.88 (t, J = 4.5 Hz, 4H), 7.59 (ddd, J = 7.6, 7.6, 1.3 Hz, 1H), 7.64 (dd, J = 7.6, CF3 ﬁo
7.6 Hz, 1H), 8.08-8.10 (m, 2H), 8.90 (s, 1H); 13C NMR (125 MHz, CDCls): & 53.3, NJ
67.0, 122.7 (q, J = 28.8 Hz), 124.2 (g, J = 277 Hz), 124.3 (q, J = 4.0 Hz), 124.7, ©\)j/

127.9, 128.2, 130.0, 143.2, 145.1, 146.1; F NMR (368 MHz, CDCls): & -54.8 (s, NG

3F); IR (KBr, v/ cm?): 2955, 2868, 1580, 1368, 1285, 1229, 1143, 1119, 1096, 961,

875, 773, 643; HRMS (ESI+) (m/z): Calcd for Ci4H14F3N20* [M+H*] 283.1039,
Found 283.1046.

11n

6-Fluoro-4-(trifluoromethyl)quinoline (110).1?
Method B; *°F NMR spectrum showed the formation of 110 (88%) and 11o-isomer ") (4.4%).

110: 81% yield; white solid; *H NMR (500 MHz, CDCly): & CF4

7.59 (ddd, J=13.2,8.0, 2.3 Hz, 1H), 7.71 (d, J = 4.6 Hz, 1H), F F

7.75 (dm, J = 9.7 Hz, 1H), 8.21 (dd, J = 9.2, 5.2 Hz, 1H), 8.99 | = | =

(d, J = 4.6 Hz, 1H); 3C NMR (125 MHz, CDCls): § 108.1 (dq, Z p
J=252,2.4Hz), 118.6 (g, J = 5.2 Hz), 120.7 (d, J = 25.2 Hz), N N™ "CFq
123.8(d, J=10.8 Hz), 123.2 (q, J= 275 Hz ), 133.0 (d, J = 8.4 110 11o-isomer

Hz), 133.9 (qd, J = 31.2, 6.0 Hz), 146.1, 148.8 (d, J = 2.4 Hz), 161.3 (d, J = 252 Hz); 1°F NMR (368 MHz,
CDCls): §-109.2 (s, 1F), -62.5 (s, 3F).

6-Chloro-4-(trifluoromethyl)quinoline (11p).

Method B; °F NMR spectrum showed the formation of 11p (84%) and 11p-isomer ) (1.2%).
11p: 82% yield; white solid; *H NMR (400 MHz, CDCls): &

7.71(d, J = 4.5 Hz, 1H), 7.75 (dd, J = 9.0, 2.2 Hz, 1H), 8.09-

CF3
8.10 (m, 1H), 8.14 (d, J = 9.0 Hz, 1H), 9.02 (d, J =45 Hz, ClI SN Cl AN
1H); C NMR (125 MHz, CDCls): 6 118.7 (g, J = 5.2 Hz), | | _
123.1 (g, J = 2.4 Hz), 123.1 (g, J = 276 Hz), 123.5, 131.3, N/ N~ "CF;
1p

131.9, 133.5 (q, J = 32.8 Hz), 134.6, 147.3, 149.7; **F NMR
(368 MHz, CDCls): 6 -62.0 (s, 3F); IR (KBr, v / cm): 2922,
1499, 1452, 1355, 1321, 1289, 1228, 1165, 986, 860, 825, 739, 680, 649; HRMS (ESI+) (m/z): Calcd for
C10HsCIF3N* [M+H*] 232.0135, Found 232.0140.

11p-isomer
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3-Bromo-4-(trifluoromethyl)quinoline (11q).
Method B; 1°F NMR spectrum showed the formation of 11q (83%) and 11q-isomer 18 (<1%).

11q: 82% yield; white solid; *H NMR (500 MHz, CDCls): 6 7.66-

7.70 (m, 1H), 7.79-7.82 (m, 1H), 8.15 (d, J = 8.6 Hz, 1H), 8.21 (d, CF3

J = 8.6 Hz, 1H), 9.06 (s, 1H); 3C NMR (125 MHz, CDCl3): & - Br - Br
115.6 (q, J = 2.8 Hz), 123.1 (q, J = 278 Hz), 124.2 (q, J = 4.8 Hz), » m
125.1, 129.0, 130.2, 130.5, 132.3 (q, J = 30.8 Hz), 147.3, 153.8; N N" CF,

2925, 1503, 1386, 1285, 1246, 1219, 1134, 992, 916, 857, 765,
656; HRMS (ESI+) (m/z): Calcd for C1HsCIFsN* [M+H-] 275.9630, Found 275.9633.

6-1odo-4-(trifluoromethyl)quinoline (11r).
Method B; *°F NMR spectrum showed the formation of 11r (86%).

78% yield; white solid; *H NMR (400 MHz, CDCls): 6 7.68 (d, J = 4.5 Hz, 1H), 7.91 (d, CFs
J =85 Hz, 1H), 8.05 (dd, J = 8.5, 1.6 Hz, 1H), 8.48-8.49 (m, 1H), 9.02 (d, J = 45 Hz, ! AN
1H); ¥C NMR (125 MHz, CDCls):  94.9, 118.5 (g, J = 5.2 Hz), 123.0 (q, J = 275 Hz), | _
124.3,131.8,132.8 (g, J = 2.4 Hz), 133.1 (q, J = 31.8 Hz), 139.2, 147.8, 150.0; °F NMR N
(368 MHz, CDCls): & -61.7 (s, 3F); IR (KBr, v / cm): 3083, 1595, 1492, 1442, 1352, 1r

1317, 1286, 1266, 1170, 1127, 863, 821, 647; HRMS (ESI+) (m/z): Calcd for C1oHeF3IN*
[M+H*] 323.9492, Found 323.9496.

3-Phenyl-4-(trifluoromethyl)pyridine (11s) and 5-Phenyl-2-(trifluoromethyl)pyridine (11s-isomer).
Method A; °F NMR spectrum showed the formation of 11s (61%) and 11s-isomer (17%).
11s: 55% vyield; colorless oil; *H NMR (500 MHz, CDCls): & 7.34-7.35 CFs

(m, 2H), 7.45-7.46 (m, 3H), 7.62 (d, J = 5.2 Hz, 1H), 8.67 (s, 1H), 8.78 ~Ph
(d, J=5.2 Hz, 1H): °C NMR (125 MHz, CDCl3): $ 119.4 (q, J= 4.8 Hz), X" |

122.8 (q, J = 275 Hz), 128.2, 128.5, 129.1, 135.5 (q, J = 2.4 Hz), 135.7, | _ F.C” N7
136.0 (g, J = 31.2 Hz), 149.3, 152.6; 1°F NMR (368 MHz, CDCly): 5 - N

59.7 (s, 3F): IR (neat, v / cmrl): 3033, 1401, 1322, 1304, 1257, 1180,  11s 11s-isomer

1138, 1066, 840, 760, 701, 661, HRMS (ESI+) (m/z): Calcd for

Ci2HoFsN* [M+H*] 224.0682, Found 224.0673.

11s-isomer: 16% yield; white solid; 'H NMR (500 MHz, CDCls): & 7.46-7.54 (m, 3H), 7.61 (dd, J=8.3,1.4
Hz, 2H), 7.76 (d, J = 8.0 Hz, 1H), 8.04 (d, J = 8.0, 1.7 Hz, 1H), 8.95 (d, J = 1.7 Hz, 1H); 3C NMR (125
MHz, CDCls): 6 120.4 (q, J = 2.8 Hz), 122.8 (q, J = 275 Hz), 127.3, 129.0, 129.3, 135.5, 136.4, 139.5, 146.8
(9, J = 34.8 Hz), 148.5; *F NMR (368 MHz, CDCls): 5 -68.0 (s, 3F).

3-([1,1'-Biphenyl]-4-yl)-4-(trifluoromethyl)pyridine (11¢) and 5-([1,1'-Biphenyl]-4-yl)-2-
(trifluoromethyl)pyridine (11t-isomer).

Method A, The reaction was carried out at 0 °C instead of -40 °C.; 1°F NMR spectrum showed the formation
of 11t (52%) and 11t-isomer (14%).

11t: 48% yield; white solid; *H NMR (500 MHz, CDCls): & Ph Ph
7.39(dd,J=7.7,7.7Hz, 1H), 7.43 (d, J = 8.0 Hz, 2H), 7.48 CF3

(dd, J=7.7, 7.7 Hz, 2H), 7.64-7.70 (m, 5H), 8.72 (s, 1H),

AN
8.80 (d, J = 5.2 Hz, 1H); *C NMR (125 MHz, CDCly): 5 | | S
119.5 (q, J = 4.8 Hz), 122.9 (q, J = 275 Hz), 126.9, 127.1, % F.o” N
127.7, 128.9, 129.6, 134.6, 135.2, 135.8 (q, J = 31.6 Hz), 11t 3 11t-isomer

140.3, 141.3, 149.3, 152.6; 1°F NMR (368 MHz, CDCls): &

-59.5 (s, 3F); IR (KBr, v/ cm™): 3033, 1481, 1397, 1323, 1255, 1161, 1134, 1065, 835, 767, 730, 696, 661,
614; HRMS (ESI+) (m/z): Calcd for C1gH13FsN* [M+H*] 300.0995, Found 300.1003.

11t-isomer: 13% yield; white solid; *H NMR (500 MHz, CDCls): § 7.41 (dd, J = 7.4, 7.4 Hz, 1H), 7.49 (dd,
J=7.4,74Hz, 2H),7.65(d,J=7.4,7.4Hz, 2H), 7.70 (d, J = 8.3 Hz, 2H), 7.76 (d, J = 8.3 Hz, 2H), 7.78 (d,
J=8.3Hz, 1H), 8.09 (d, J = 8.3, 2.0 Hz, 1H), 9.00 (d, J = 2.0 Hz, 1H); 13C NMR (125 MHz, CDCls): § 120.5
(9, J = 2.8 Hz), 121.7 (q, J = 274 Hz), 127.1, 127.7, 127.8, 128.0, 128.9, 135.1, 135.3, 139.0, 140.0, 141.9,
146.8 (q, J = 34.8 Hz), 148.3; 1°F NMR (368 MHz, CDCls): & -68.0 (s, 3F); IR (KB, v / cml): 3037, 1375,
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1348, 1246, 1183, 1135, 1095, 1024, 1002, 867, 840, 778, 761, 725, 687, 629; HRMS (ESI+) (m/z): Calcd
for C1gH13FsN* [M+H*] 300.0995, Found 300.1002.

3-(Naphthalen-2-yl)-4-(trifluoromethyl)pyridine (11u) and 5-(Naphthalen-2-yl)-2-
(trifluoromethyl)pyridine (11u-isomer).

Method A; °F NMR spectrum showed the formation of 11u (52%) and 11u-isomer (15%).

11u: 51% vyield; white solid; 'H NMR (500 MHz,

CDCls): 8 7.47 (d, J = 8.6 Hz, 1H), 7.54-7.57 (m, 2H), CF3

7.66 (d, J = 5.2 Hz, 1H), 7.83 (s, 1H), 7.90-7.92 (m,

3H), 8.76 (s, 1H), 8.82 (d, J = 5.2 Hz, 1H); “CNMR || N N

(125 MHz, CDCls): 6 119.5 (9, J=4.8 Hz), 122.9(q, J N/ F.C7 N7

=275 Hz), 126.68, 126.73, 126.8, 127.7, 127.8, 128.2, 11u 3 11u-isomer
128.5, 132.8, 132.9, 133.1, 135.5, 136.0 (q, J = 32.0

Hz), 149.4, 152.8; *F NMR (368 MHz, CDCls): & -59.5 (s, 3F); IR (KBr, v/ cm): 3052, 1401, 1318, 1303,
1186, 1153, 1066, 848, 826, 754, 660, 614; HRMS (ESI+) (m/z): Calcd for C1sH11FsN* [M+H*] 274.0838,
Found 274.0840.

11u-isomer: 15% yield; white solid; *H NMR (500 MHz, CDCls): 6 7.56-7.59 (m, 2H), 7.71 (dd, J = 8.6,
1.7 Hz, 1H), 7.80 (d, J = 8.0 Hz, 1H), 7.91-7.94 (m, 2H), 7.99 (d, J = 8.6 Hz, 1H), 8.07 (d, J = 1.7 Hz, 1H),
8.16 (dd, J = 8.6, 2.0 Hz, 1H), 9.07 (d, J = 1.7 Hz, 1H); 3C NMR (125 MHz, CDCls): § 120.5 (g, J = 2.8
Hz), 121.7 (g, J =274 Hz), 124.7, 126.8, 126.9, 127.0, 127.8, 128.3 129.3, 133.2, 133.4, 133.6, 135.7, 139.4,
146.8 (q, J = 34.8 Hz), 148.7; °F NMR (368 MHz, CDCls): & -67.9 (s, 3F); IR (KBr, v / cm): 3046, 1339,
1249, 1135, 855, 826, 746, 713, 637; HRMS (ESI+) (m/z): Calcd for Ci6HioFsNNa* [M+Na*] 296.0658,
Found 296.0659.

4'-(Trifluoromethyl)-2,3'-bipyridine (11v) and 6'-(Trifluoromethyl)-2,3'-bipyridine (11v-isomer)
Method A; °F NMR spectrum showed the formation of 11v (72%) and 11v-isomer (16%).

11v: 73% yield; yellow oil; *H NMR (500 MHz, CDCls): 6 8.83 %

(d, J=5.2 Hz, 1H), 8.81 (s, 1H), 8.72 (dd, J = 4.6, 1.1 Hz, 1H) CF; ¢~ |
7.80 (ddd, J = 7.4, 7.4, 1.1 Hz, 1H), 7.63 (d, J = 5.2 Hz, 1H), N | XN
7.46 (d, =7.4 Hz, 1H), 7.36 (dd, J= 7.4, 46 Hz, IH); “CNMR NN -

(125 MHz, CDCls): 8 119.6 (g, J = 4.8 Hz), 122.7 (g, J = 275 N" FsC~ N

Hz), 123.2,124.2 (J =2.4 Hz), 134.0 (q, J = 2.4 Hz), 135.7 (q, J 11v 11v-isomer

= 32.4 Hz), 136.4, 149.6, 150.2, 152.3, 154.4; °F NMR (368

MHz, CDCls): 6 -59.6 (s, 3F); IR (neat, v / cm): 3055, 1591, 1468, 1402, 1308, 1267, 1182, 1138, 1067,
841, 793, 750, 660, 614; HRMS (ESI+) (m/z): Calcd for C11HgFsNo* [M+H*] 225.0634, Found 225.0635.
11v-isomer: 18% vyield; white solid; *H NMR (500 MHz, CDCls): & 7.37 (ddd, J = 7.5, 5.3, 1.2 Hz, 1H),
7.78-7.81 (m, 2H), 7.85 (ddd, J = 7.5, 7.5, 1.4 Hz, 1H), 8.50 (dd, J = 8.0, 1.7 Hz, 1H), 8.75 (dd, J = 5.3, 1.4
Hz, 1H), 9.28 (d, J = 1.7 Hz, 1H); 3C NMR (125 MHz, CDCls):  120.4 (q, J = 5.4 Hz), 121.1, 121.6 (9, J
= 274 Hz), 123.7, 135.7, 137.3, 137.4, 148.0 (g, J = 34.8 Hz), 148.3, 150.2, 153.1; °F NMR (368 MHz,
CDCls): 6 -68.1 (s, 3F); IR (KBr, v/ cmt): 3055, 1591, 1470, 1339, 1126, 1016, 857, 791, 763, 741; HRMS
(ESI+) (m/z): Calcd for C11HgF3N2* [M+H*] 225.0634, Found 225.0645, Calcd for C11H7FsN2Na* [M+Na*]
247.0454, Found 247.0450.

4-(Trifluoromethyl)-3,3'-bipyridine (11w) and 6-(Trifluoromethyl)-3,3'-bipyridine (11w-isomer). 19
Method A; F NMR spectrum showed the formation of 11w (58%) and 11w-isomer (9.6%).
11w: 50% vyield; pale yellow oil; *H NMR (500 MHz, CDCls): &

7.40 (d,J=7.4Hz, 1H), 7.66 (d, J=5.2Hz, 1H), 7.60 (dd, I =74,  CF3 ) 7
4.6 Hz, 1H), 8.60 (s, 1H), 8.66 (s, 1H), 8.70-8.71 (m, 1H), 8.85 (d, SN NN
J =52 Hz, 1H); C NMR (125 MHz, CDCs): 8 1196 (g, J=4.8 || N |

Hz), 122.6 (g, J = 275 Hz), 123.0, 1316, 131.7, 136.3 (¢, J = 31.8 | # F.o” N

Hz), 136.5, 149.4, 149.9, 150.3, 152.3; F NMR (368 MHz, 3 _
CDCls): 8-59.6 (s, 3F); IR (neat, v/ cm™): 3033, 1401, 1322, 1305, Tw Hw-isomer

1269, 1182, 1152, 1138, 1067, 842, 716, 660, 615; HRMS (ESI+) (m/z): Calcd for CiHgFsN2* [M+H*]
225.0634, Found 225.0645.
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11w-isomer: 10% yield; white solid; *H NMR (500 MHz, CDCls): & 7.47 (dd, J = 8.0 4.6 Hz, 1H), 7.81 (d,
J =8.0 Hz, 1H), 7.92 (ddd, J = 8.0, 2.3, 1.7 Hz, 1H), 8.07 (dd, J = 8.0, 1.7 Hz, 1H), 8.72 (dd, J = 4.6, 1.7 Hz,
1H), 8.88 (d, J = 2.3 Hz, 1H), 8.95 (d, J = 1.7 Hz, 1H); 3C NMR (125 MHz, CDCls): § 120.7 (g, J = 2.4 Hz),
121.5 (g, J = 274 Hz), 124.0, 132.1, 134.6, 135.7, 136.4, 147.7 (q, J = 35.2 Hz), 148.3, 148.4, 150.2; 1°F
NMR (368 MHz, CDCls): & -68.1 (s, 3F).

2-(4-(Trifluoromethyl)pyridin-3-yl)quinoline (11x) and 2-(6-(Trifluoromethyl)pyridin-3-yl)quinoline
(11x-isomer).

Method A; °F NMR spectrum showed the formation of 11x (57%) and 11x-isomer (21%).

11x: 55% vyield; white solid; *H NMR (500 MHz,

CDCly): 5 7.55 (d, J=8.6 Hz, 1H), 7.57-7.61 (m, 1H),  CFs [~ | = |
7.66 (d, J=5.2Hz, 1H), 7.74-7.78 (m, 1H), 7.87 (d. I N N

= 8.0 Hz, 1H), 8.15 (d, J = 8.0 Hz, 1H), 825 (d, J = || |

8.6 Hz, 1H), 8.86 (d, J = 5.2 Hz, 1H), 8.93 (s, 1H); BC % FsC” N7

NMR (125 MHz, CDCls): § 119.7 (q, J = 4.4 H2), 11x 11x-isomer

121.7, 122.8 (q, J = 276 Hz), 127.2, 127.3, 127.6,

129.7, 130.2, 134.3, 135.9 (g, J = 32.4 Hz), 136.5, 147.8, 150.3, 152.4, 154.5; *°F NMR (368 MHz, CDCls):
8 -59.5 (s, 3F); IR (KBr, v / cm™): 3060, 1599, 1557, 1505, 1408, 1310, 1165, 1129, 1065, 829, 753, 661,
612; HRMS (ESI+) (m/z): Calcd for CigH11FsN* [M+H*] 275.0791, Found 275.0796.

11x-isomer: 22% yield; white solid; *H NMR (500 MHz, CDCls): 6 7.58-7.60 (m, 1H), 7.77-7.78 (m, 1H),
7.82 (d, J=8.0 Hz, 1H), 7.86 (d, J = 8.0 Hz, 1H), 7.89 (d, J = 8.0 Hz, 1H), 8.18 (d, J = 8.6 Hz, 1H), 8.29 (d,
J = 8.0 Hz, 1H), 8.68 (dd, J = 8.0, 1.7 Hz, 1H), 9.44 (d, J = 1.7 Hz, 1H); 3C NMR (125 MHz, CDCls): §
11.3,120.4 (q, J = 2.4 Hz), 121.6 (q, J = 274 Hz), 127.3, 127.55, 127.57, 129.8, 130.3, 136.2, 137.5, 137.6,
147.9 (g, J = 34.8 Hz), 148.3, 148.8, 152.9; 1°F NMR (368 MHz, CDCls): § -68.1 (s, 3F); IR (KBr, v /cm):
3058, 1596, 1507, 1433, 1341, 1129, 1087, 1020, 832, 755, 712, 621; HRMS (ESI+) (m/z): Calcd for
Ci6H1oFsNNa* [M+Na+] 297.0610, Found 297.0607.

1-Tosyl-5-(4-(trifluoromethyl)pyridin-3-yl)-1H-indole (11y) and 1-Tosyl-5-(6-
(trifluoromethyl)pyridin-3-yl)-1H-indole (11y-isomer)

Method A; °F NMR spectrum showed the formation of 11y (63%) and 11y-isomer (12%).
11y: 59% vyield; pale yellow solid; *H NMR (500

Ts
MHz, CDCls): § 2.34 (s, 3H), 6.68 (d, J = 3.4 Hz, 1H), I N
7.25(d, J=8.0 Hz, 2H), 7.28 (d, J = 8.9 Hz, 1H), 750  ¢Fs ) p
(s, 1H), 7.61 (d, J = 5.2 Hz, 1H), 7.64 (d, J = 3.4 Hz, X X
1H), 7.82 (d, J =8.0 Hz, 2H), 8.06 (d, J = 8.9 Hz, 1H), || | P
8.64 (s, 1H), 8.77 (d, J = 5.2 Hz, 1H); 3C NMR (100 N7 FsC~ N
MHz, CDCls): & 21.5, 108.8, 113.0, 119.4, 122.1, 11y 11y-isomer

122.8 (q, J = 275 Hz), 125.7, 126.8, 127.2, 130.0,

130.4, 130.7, 134.5, 135.1, 135.5, 135.9 (q, J = 31.6 Hz), 145.2, 149.1, 152.8; *F NMR (368 MHz, CDCls):
8-59.5 (s, 3F); IR (KBr, v/ cm™): 3114, 1457, 1374, 1320, 1132, 1065, 814, 729, 679, 657; HRMS (ESI+)
(m/z): Calcd for C1H15FsN2NaO,S* [M+Na*] 439.0699, Found 439.0707.

11y-isomer: 12% yield; white solid; *H NMR (500 MHz, CDCls): & 2.35 (s, 3H), 6.74 (d, J = 3.4 Hz, 1H),
7.26 (d, J=8.3 Hz, 2H), 7.53 (dd, J= 8.6, 1.7 Hz, 1H), 7.65 (d, J = 3.4 Hz, 1H), 7.74 (d, J =8.0 Hz, 1H), 7.75
(d, J=1.7 Hz, 1H), 7.80 (d, J = 8.3 Hz, 2H) , 8.03 (dd, J = 8.0, 2.3 Hz, 1H), 8.12 (d, J = 8.6 Hz, 1H), 8.93
(d, J=2.3 Hz, 1H); 13C NMR (125 MHz, CDCls): § 21.6, 109.0, 114.3, 120.35, 120.42 (q, J = 2.8 Hz), 121.7
(9, J =274 Hz), 123.9, 126.8, 127.6, 130.0, 131.5, 131.7, 135.0, 135.1, 135.6, 139.6, 145.3, 146.5 (g, J =
34.8 Hz), 148.6; **F NMR (368 MHz, CDCls): 5 -68.0 (s, 3F); IR (KBr, v / cm): 2925, 1595, 1458, 1374,
1340, 1133, 1090, 814, 735, 681, 661; HRMS (ESI+) (m/z): Calcd for C21H15F3N2NaO,S* [M+Na*] 439.0699,
Found 439.0700.

3-Benzyl-4-(trifluoromethyl)pyridine (11z) and 5-Benzyl-2-(trifluoromethyl)pyridine (11z-isomer).

Method A, The reaction mixture was heated in MeOH for 4 h.; 1°F NMR spectrum showed the formation of
11z (53%) and 11z-isomer (8.3%).
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11z: 60% yield; colorless oil; *H NMR (500 MHz,

CDCl3): §4.11 (s, 2H), 7.06 (d, J=7.2 Hz, 2H), 7.16 (dd, ~ CF3 A
J=7.2,72Hz, 1H), 7.23 (dd, J = 7.2, 72 Hz, 2H), 7.44 A -

(d, J=5.2 Hz, 1H), 8.45 (5, 1H), 8.55 (d, J = 5.2 Hz, 1H); || F.¢~ N

13C NMR (125 MHz, CDCls): 6 35.4, 119.3 (q, J =48 N7

Hz), 123.2 (g, J = 274 Hz), 126.7, 128.7, 128.8, 133.4, 11z 11z-isomer

136.1 (g, J = 32.0 Hz), 138.3, 148.3, 153.4; F NMR

(368 MHz, CDCls): 6 -62.2 (s, 3F); IR (neat, v / cm™): 2924, 1315, 1152, 741, 699; HRMS (ESI+) (m/z):
Calcd for C13H11FsN* [M+H*] 238.0838, Found 238.0831.

11z-isomer: 7.7% yield; colorless oil; *H NMR (400 MHz, CDCls): & 4.06 (s, 2H), 7.18 (d, J = 7.4 Hz, 2H),
7.26 (dd, J=7.4,7.4Hz, 1H), 7.33 (dd, J= 7.4, 7.4 Hz, 2H), 7.59 (d, J = 8.1 Hz, 1H), 7.63 (dd, J = 8.1, 1.3
Hz, 1H), 8.62 (d, J = 1.3 Hz, 1H); 2*C NMR (125 MHz, CDCls): & 38.8, 120.3 (q, J = 2.8 Hz), 121.6 (q, J =
274 Hz), 126.9, 128.86, 128.90, 137.4, 138.6, 139.9, 146.2 (g, J = 34.8 Hz), 150.3; °F NMR (368 MHz,
CDCls): 5 -68.0 (s, 3F); IR (neat, v / cm™): 2926, 1337, 1182, 1133, 1086, 737, 700; HRMS (ESI+) (m/z):
Calcd for C13H10FsNNa* [M+Na*] 260.0658, Found 260.0665.

4-(Trifluoromethyl)nicotinonitrile (11A) and 6-(Trifluoromethyl)nicotinonitrile (11A-isomer).®)
Method B; *°F NMR spectrum showed the formation of 11A (53%) and 11A-isomer (24%).
11A: 45% vyield; colorless oil; *H NMR (500 MHz, CDClg): 6 7.72 (d, J

=5.2 Hz, 1H), 9.03 (d, J = 5.2 Hz, 1H), 9.09 (s, 1H); 13C NMR (125 MHz, CF, CN
CDCl3): 8 106.5 (g, J = 2.4 Hz), 113.3,120.0 (q, J = 4.0 Hz), 121.1 (J = X ON |
275 Hz), 140.1 (q, J = 34.8 Hz), 154.0, 154.5; F NMR (368 MHz, | _ F.C~ N7
3
CDCls): § -64.3 (s, 3F). N
11A-isomer: 18% yield; white solid; *H NMR (500 MHz, CDCls): § 7.85 1A 11A-isomer

(d, J = 8.0 Hz, 1H), 8.20 (dd, J = 8.0, 1.1 Hz, 1H), 9.01 (dd, J = 8.0, 1.1
Hz, 1H); 13C NMR (125 MHz, CDCl3): § 112.9, 115.2, 120.5 (g, J = 275 Hz), 120.6 (g, J = 2.8 Hz), 141.1,
151.1, 152.5; 9F NMR (368 MHz, CDCls): & -68.9 (s, 3F).

3-Nitro-4-(trifluoromethyl)pyridine (11B) and 5-Nitro-2-(trifluoromethyl)pyridine (11B-isomer).2%
Method B; 1°F NMR spectrum showed the formation of 11B (50%) and 11B-isomer (20%).
11B: 42% vyield; colorless oil; *H NMR (500 MHz, CDCls): 8 7.76 (d, J

= 4.9 Hz, 1H), 9.04 (d, J = 4.9 Hz, 1H), 9.21 (5, 1H): ®C NMR (125  J' 2 N0,
MHz, CDCls): 8 121.1 (q, J = 4.8 Hz), 120.7 (q, J = 275 Hz), 1314 (q, X NO2 |

3= 36.0 Hz), 143.0 (br), 146.2, 154.4; °F NMR (368 MHz, CDCl): 5- | FiC” N

62.1 (s, 3F); IR (neat, v / cmd): 3114, 1547, 1560, 1316, 1286, 1197, N

1160, 1070, 856, 656: HRMS (ESI+) (m/z): Calcd for CeHaFsN2Oz* 1B 11B-Isomer

[M+H*] 193.0219, Found 193.0217.

11B-isomer: 19% yield; pale yellow solid; *H NMR (500 MHz, CDCls): 6 7.94 (d, J = 8.6 Hz, 1H), 8.70 (dd,
J=8.6, 2.3 Hz, 1H), 9.54 (d, J = 2.3 Hz, 1H); *C NMR (125 MHz, CDCls): § 120.5 (q, J = 275 Hz), 121.2
(9,J=2.4Hz),132.9, 145.4 (2C), 152.7 (g, J = 36.0 Hz); °F NMR (368 MHz, CDCls): & -68.4 (s, 3F).

(2)-2-Styryl-4-(trifluoromethyl)pyridine (11C)

Method A, 8C (0.200 mmol); °F NMR spectrum showed the formation of 11C (37%).
36% yield; colorless oil; *H NMR (500 MHz, CDCls): 6 6.72 (d, J = 12.3 Hz, 1H), 6.96
(d,J=12.3 Hz, 1H), 7.25-7.28 (m, 6H), 7.33 (s, 1H), 8.74 (d, J = 5.2 Hz, 1H); **C NMR
(125 MHz, CDCls): & 117.1 (q, J = 3.6 Hz), 119.6 (9, J = 4.0 Hz), 1226 (0, J =273 Xy Ph
Hz), 128.2, 128.5, 128.7, 129.2, 135.2, 135.9, 137.9 (g, J = 34.0 Hz), 150.4, 157.6; 1°F | P
NMR (368 MHz, CDCl): & -65.5 (s, 3F); IR (neat, v / cmy): 3024, 1567, 1494, 1419, N

1392, 1330, 1171, 1138, 1087, 845, 761, 695, 666; HRMS (ESI+) (m/z): Calcd for
CiH11FsN* [M+H*] 250.0838, Found 250.0831.
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2-(Phenylethynyl)-4-(trifluoromethyl)pyridine (11D).

Method A; °F NMR spectrum showed the formation of 11D (63%).

64% yield; pale yellow oil; *H NMR (500 MHz, CDCls): & 7.38-7.42 (m, 3H), 7.45 (d,
J=4.9Hz, 1H), 7.62 (dd, J = 7.2, 2.0 Hz, 2H), 7.74 (s, 1H), 8.80 (d, J = 4.9 Hz, 1H); XX

13C NMR (125 MHz, CDCls): § 87.5, 91.1, 118.1 (q, J = 3.6 Hz), 121.5, 122.5 (q, J = »
3.6 Hz),122.7 (q, =272 Hz), 128.5,129.5,132.2,138.7 (q, = 34.4 Hz), 144.7,151.0; N "Xy
19F NMR (368 MHz, CDCls): & -65.3 (s, 3F); IR (neat, v / cm™): 3069, 2926, 2219, 44 Ph

1566, 1491, 1469, 1405, 1337, 1173, 1136, 1084, 892, 840, 756, 689, 669; HRMS
(ESI+) (m/z): Calcd for C14HgFsN* [M+H*] 248.0682, Found 248.0681.

2-Phenyl-7-(trifluoromethyl)furo[3,2-b]pyridine (11E).
Method A, 8E (0.200 mmol); *°F NMR spectrum showed the formation of 11E (81%) and 11E-isomer (<1%).
72% yield; light yellow solid; *H NMR (500 MHz, CDCls):

§7.28 (s, 1H), 7.37 (d, J = 4.9 Hz, 1H), 7.43-7.51 (m, 3H), CFs

7.92-7.93 (m, 2H), 8.64 (d, J = 4.9 Hz, 1H): *C NMR (125 O\ O

MHz, CDCl): 1021, 1143 (9, J =36 H2), 120.7 (g, 3= P || ] Ph—~ ]

36.0 Hz), 122.1 (q, J = 274 Hz), 125.6, 128.8, 129.0, 130.2, N N” > CF,
1427, 146.2, 151.1, 161.3; F NMR (368 MHz, CDCl3): § 11E 11E-isomer

-62.4 (s, 3F); IR (KBr, v / cml): 3105, 1577, 1495, 1450,
1393, 1332, 1178, 1147, 1119, 1014, 902, 849, 929, 759, 685; HRMS (ESI+) (m/z): Calcd for C1sHeFsNO*
[M+H*] 264.0631, Found 264.0631.

4-(Trifluoromethyl)-1,5-naphthyridine (11F).

Method B, 8F (0.200 mmol); **F NMR spectrum showed the formation of 11F (53%).
59% yield; white solid; *H NMR (500 MHz, CDCls): 5 7.79 (dd, J = 8.6, 4.0 Hz, 1H), 7.96  CF,

(d, J = 4.6 Hz, 1H), 8.54 (dd, J = 8.6, 1.7 Hz, 1H), 9.14 (d, J = 4.6 Hz, 1H), 9.16 (d, J = 4.0, N
1.7 Hz, 1H); 3C NMR (125 MHz, CDCl3): & 121.3 (q, J = 5.2 Hz), 122.7 (q, J = 276 Hz), [~ | N
125.5,135.9 (q, J=31.6 Hz), 137.3, 139.3, 144.2, 150.4, 152.3; 1°F NMR (368 MHz, CDCl3): X =
8-62.0 (s, 3F); IR (KBr, v/ cm): 3048, 1505, 1483, 1324, 1278, 1261, 1161, 987, 871, 800,
636, 622; HRMS (ESI+) (m/z): Calcd for CoHsF3N2Na* [M+Na*] 221.0297, Found 221.0289.

2-Methyl-5-(trifluoromethyl)-1,8-naphthyridine (11G).

Method A, 8G (0.200 mmol), The reaction mixture was heated in MeOH for 10 h.; *F NMR spectrum
showed the formation of 11G (83%).

76% yield; brown solid; *H NMR (500 MHz, CDCls): & 2.82 (s, 3H), 7.49 (d, J = 8.6 Hz, CF,

1H), 7.70 (d, J = 4.6 Hz, 1H), 8.35 (dq, J = 8.6, 1.7 Hz, 1H), 9.17 (d, J = 4.6 Hz, 1H); 13C

NMR (125 MHz, CDCls): 8 25.5, 116.0, 118.0, 122.8 (g, J = 276 Hz), 124.4, 133.2, 135.3 = | A

(9, J =32.0 Hz), 152.6, 156.0, 164.1; *°F NMR (368 MHz, CDCls): 5 -61.2 (s, 3F); 2924, X
1514, 1556, 1306, 1138, 971, 832, 741, 645; HRMS (ESI+) (m/z): Calcd for C1oH7FsN2Na*
[M+Na*] 235.0454, Found 235.0446. 11D

3-Phenyl-4-(trifluoromethyl)pyridazine (11H) and 3-Phenyl-6-(trifluoromethyl)pyridazine. (11H-
isomer)

Method A; °F NMR spectrum showed the formation of 11H (48%) and 11H-isomer (15%).
11H: 47% vyield; pale yellow solid; *H NMR (500 MHz, CDCls): & 7.48- CF,

7.54 (m, 3H), 7.57 (dd, J = 7.4, 2.3 Hz, 2H), 7.79 (d, J = 5.2 Hz, 1H), 9.42 Ph AN Ph
(d, J=5.2 Hz, 1H); C NMR (125 MHz, CDCls): § 122.3 (g, J = 275 Hz), | N | _N
123.2 (g, J = 4.8 Hz), 127.8 (J = 33.6 Hz), 128.2, 129.0, 129.7, 135.5, _N FsC N~
150.1, 158.8; °F NMR (368 MHz, CDCls): & -60.3 (s, 3F); IR (KBr, v / N .

11H 11H-isomer

cm): 3087, 1551, 1431, 1355, 1306, 1139, 1054, 861, 764, 700; HRMS

(ESI+) (m/z): Calcd for C11H7FsN2Na* [M+Na*] 247.0454, Found 247.0446.
11H-isomer: 15% yield; white solid; *H NMR (400 MHz, CDCls): 6 7.55-7.57 (m, 3H), 7.87 (d, J = 8.5 Hz,
1H), 8.04 (d, J = 8.5 Hz, 1H), 8.14-8.15 (m, 2H); 3C NMR (125 MHz, CDCls): 8 121.5 (q, J = 274 Hz),
124.2 (q, J = 2.2 Hz), 124.4, 127.5, 129.3, 131.1, 134.9, 150.1 (q, J = 35.1 Hz), 161.3; **F NMR (368 MHz,
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CDCls): 8 -67.2 (s, 3F); IR (KBr, v / cmt): 3060, 2925, 1584, 1456, 1362, 1139, 1087, 872, 800, 753, 692;
HRMS (ESI+) (m/z): Calcd for C11H7FsN2Na* [M+Na*] 247.0454, Found 247.0455.

Perfluoroalkylation and perfluoroarylation.

4-(Perfluoroethyl)quinoline (12).19
Method B; *°F NMR spectrum showed the formation of 12 (97%) and 12-isomer 29 (4%).
12: 90% yield; colorless oil; *H NMR (500 MHz, CDCls): & 7.66-

7.70 (m, 2H), 7.80-7.84 (m, 1H), 8.20 (d, J = 9.2 Hz, 1H), 8.24 CaoFs N

(d, J = 8.6 Hz, 1H), 9.06 (d, J = 4.6 Hz, 1H); 13C NMR (125 N -y

MHz, CDCl3): & 114.1 (tq, J = 257, 39.6 Hz), 119.1 (qt, J = 250, » N~ CyFs
38.4 Hz), 120.5 (t, J = 8.4 Hz), 123.9, 124.5, 128.3, 130.1, 130.7, N

133.0 (t, J = 22.8 Hz), 149.1, 149.2; 1F NMR (368 MHz, 12 12-isomer

CDCls): § -110.9 — -111.0 (m, 2F), -83.6 — -83.5 (m, 3F).

4-(Perfluoropropyl)quinoline (13). 1
Method B; *°F NMR spectrum showed the formation of 13 (86%) and 13-isomer?? (3%).
13 89% yield; pale yellow oil; *H NMR (500 MHz, CDCls): & 7.67-

n
7.69 (m, 2H), 7.81-7.83 (m, 1H), 8.19 (dd, J = 8.6, 1.7 Hz, 1H), 8.24 Caf7 X
(d, J = 8.6 Hz, 1H), 9.07 (d, J = 4.0 Hz, 1H); 13C NMR (125 MHz, X »
CDCls): 5 109.02 (tsext, J = 265, 38.0 Hz), 116.1 (it, J = 257, 33.2 - N~ "CsF;
Hz), 117.9 (qt, J = 288, 34.0 Hz), 120.8 (t, J = 9.0 Hz), 124.1, 124.1- N
124.6 (m), 128.3, 130.0, 130.6, 133.1 (t, J = 22.8 Hz), 149.1, 149.2; 13 13-isomer

19F NMR (368 MHz, CDCls): & -125.1 (s, 2F), -108.0 (t, J = 11.4
Hz, 2F), -80.2 (t, J = 11.4 Hz, 3F).

4-(Difluoromethyl)quinoline (14).
MS4A (100 mg) and CsF (228 mg, 1.50 mmol, 3.0 equiv) were

flame-dried under vacuum. After cooling to room temperature, CHF; N
1-quinolinium-1-yl tris(2,3,5,6-tetrafluoro-4- X _
(trifluoromethyl)phenyl)borate (8a) (396 mg, 0.500 mmol), and | N™ "CHF,
DMF (5.0 mL) were added. After the mixture was cooled to N/

0 °C, MesSiCF2H (205 uL, 1.50 mmol, 3.0 equiv) was added and 14 14-isomer

the mixture was stirred at 25 °C for 5 h. Then, the solvent was

removed under reduced pressure. After the crude mixture was dissolved in AcCOEt (5.0 mL), PhI(O2CCFs)
(645 mg, 1.50 mmol, 3.0 equiv) was added, and the mixture was stirred at 25 °C for 3 h. Then, MeOH (5.0
mL) was added to the mixture, and the mixture was heated at 65 °C for 2 h. After cooling to room temperature,
an insoluble solid in the reaction mixture was filtered off through a pad of Celite, washed with CH,Cl,, and
the solvent was removed under reduced pressure. The crude mixture was dissolved in CDCls, and p-
difluorobenzene (50.0 uL, 0.513 mmol) was added as an internal standard. °F NMR analysis of the crude
mixture showed the formation of 14 (59%) and 14-isomer 2% (4.6%). To the crude mixture, H,O and Et,O-
hexane (1/1) were added and the mixture was extracted with Et,O-hexane (1/1). Then, the organic layer was
washed with sat. NaHCOs ag. and sat. NaCl aqg., dried over K,COs, and the solvent was removed under
reduced pressure. The crude product was purified by column chromatography on silica gel (n-hexane/CHCl,
= 2/3, CH,ClI; then AcOEt/ CHCl, = 1/20) to give 4-(difluoromethyl) quinoline (14, 49.8 mg, 56% yield).
14: 56% yield; pale yellow solid; *H NMR (400 MHz, CDCls): § 7.16 (t, J = 54.5 Hz, 1H), 7.59 (d, J = 4.3
Hz, 1H), 7.64-7.68 (m, 1H), 7.77-7.82 (m, 1H), 8.06 (dd, J = 8.5, 1.3 Hz, 1H), 8.20 (d, J = 8.5 Hz, 1H), 9.02
(d, J=4.3 Hz, 1H); 3C NMR (100 MHz, CDCls): § 113.3 (t, J = 240 Hz), 117.9 (t, J = 7.5 Hz), 123.3, 124.1
(t, J = 3.3 Hz), 127.8, 129.9, 130.4, 137.8 (t, J = 22.1 Hz), 148.6, 150.0; *°F NMR (368 MHz, CDCls): & -
115.4 (d, J = 56.9 Hz, 2F); IR (KBr, v/ cm™): 2981, 1515, 1466, 1360, 1246, 1172, 1117, 1075, 1022, 852,
797,777, 752, 665, 625; HRMS (ESI+) (m/z): Calcd for C1oHgFN* [M+H*] 180.0619, Found 180.0613.
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4-(Perfluorophenyl)quinoline (15).
Method A; °F NMR spectrum showed the formation of 15 (72%).

74% yield; pale yellow solid; *H NMR (500 MHz, CDCls): 6 7.38 (d, J = 4.3 Hz, 1H), 7.52 CeFs
(dd, J = 8.3, 1.4 Hz, 1H), 7.57-7.60 (m, 1H), 7.78-7.82 (m, 1H), 8.23 (d, J = 8.0 Hz, 1H),

9.04 (d, J = 4.3 Hz, 1H); 3C NMR (125 MHz, CDCls): § 111.8 (td, J = 19.2, 3.6 Hz), X
123.2, 124.4, 126.2, 127.7, 130.0, 130.2, 132.9, 137.8 (dm, J = 254 Hz), 141.5 (dm, J = | _
256 Hz), 144.1 (dm, J = 250 Hz), 148.5, 149.7; °F NMR (368 MHz, CDCl3): § -161.0 — - N
160.9 (m, 2F), -152.7 — -152.6 (m, 1F), -139.3 —-139.2 (m, 2F); IR (KBr, v / cm1): 3043, 15

1525, 1492, 1113, 986, 769, 752, 639; HRMS (ESI+) (m/z): Calcd for CisH7FsN* [M+H"]
296.0493, Found 296.0482.

Applicatiom to bioactive compound (Abiraterone acetate)

Abiraterone acetate—tris(2,3,5,6-tetrafluoro-4-(trifluoromethyl)phenyl)borane complex (17).
45% vyield (17 was purified by column chlomatography on silica gel
without washing the slurry); pale yellow solid; *H NMR (500 MHz,
acetone-ds): 6 1.01 (s, 3H), 1.09 (s, 3H), 1.09-2.17 (m. 14H), 1.97 (s,

3H), 2.30-2.34 (m, 3H), 4.48-4.54 (m, 1H), 5.41 (d, J = 4.6 Hz, 1H), 6.38

(dd, J=2.9, 1.7 Hz, 1H), 7.96 (dd, J = 8.0, 6.3 Hz, 1H), 8.53 (d, J =8.0

Hz, 1H), 8.70 (s, 1H), 8.91 (d, J = 6.3 Hz, 1H); *C NMR (125 MHz,
acetone-de): 8 16.5, 19.5, 21.2, 21.3, 28.4, 31.0, 32.0, 32.6, 35.5, 37.5,
37.7,38.9.48.1,51.0,58.1, 74.1, 108.4-108.8 (m), 122.1 (q, J = 274 Hz),
122.7,127.4, 129.0-129.9 (m), 135.3, 136.5, 141.1, 142.4, 144.3, 144.6

(dm, J =258 Hz), 146.5, 149.0 (dm, J = 245 Hz), 149.1, 170.3; °F NMR

(368 MHz, acetone-dg): & -144.0 — -144.05 (m, 6F), -130.1 —-130.0 (m, AcO
6F), -57.4 (t, J=19.9 Hz , 9F); !B NMR (125 MHz, acetone-ds): 6 -3.97 (s); IR (KBr, v/cm): 2957, 1733,
1460, 1321, 1144, 980, 961, 943, 712, 695; HRMS (ESI): A target mass was not detected due to the
decomposition of 17 to the corresponding abiraterone acetate.

(4-CF3CgF4)3 B\@
N

(3S,95,10R,13S,145)-10,13-dimethyl-17-(4-(trifluoromethyl)pyridin-3-yl)-
2,3,4,7,8,9,10,11,12,13,14,15-dodecahydro-1H-cyclopenta[a]phenanthren-3-yl  acetate (18) and
(3S,9S,10R,13S,14S)-10,13-dimethyl-17-(6-(trifluoromethyl) pyridin-3-yl)-
2,3,4,7,8,9,10,11,12,13,14,15-dodecahydro-1H-cyclopenta[a]phenanthren-3-yl acetate (18-isomer)
Method A; °F NMR spectrum showed the formation of 18 (42%) and 18-isomer (8.0%).

18: 39% vyield; pale yellow solid; 'H NMR (500 MHz, CDCls): &
1.01-2.11 (m, 14H), 1.03 (s, 3H), 1.04 (s, 3H), 2.00 (s, 3H), 2.27-
2.33 (m. 3H) , 4.55-4.62 (m, 1H), 5.39 (d, J = 5.2 Hz, 1H), 5.79 (s,
1H), 7.51 (d, J = 5.2 Hz, 1H), 8.59 (s, 1H), 8.62 (d, J = 5.2 Hz, 1H);
13C NMR (125 MHz, CDCls): 6 16.9, 19.1, 20.6, 21.3, 27.6, 30.6,
31.4, 32.4, 34.3, 36.7, 36.8, 38.0, 49.5, 50.1, 56.8, 73.7, 119.7 (q, J
= 4.8 Hz), 122.2,122.8 (q, J = 275 Hz), 131.6, 132.9 (q, J = 2.4 Hz),
136.3 (g, J = 30.8 Hz), 139.9, 147.7, 148.4, 151.1, 170.4; 1°F NMR
(368 MHz, CDCls): & -58.9 (s, 3F); IR (KBr, v / cm™): 2934, 1732,
1318, 1251, 1133, 1033, 838, 733, 657; HRMS (ESI+) (m/z): Calcd
for Co7H32FsNNaO2* [M+Nat] 482.2277, Found 482.2295.
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18-isomer: 5.0% yield; white solid; *H NMR (500 MHz, CDCls): &
1.02-2.10 (m, 14H), 1.06 (s, 3H), 1.08 (s, 3H), 2.04 (s, 3H), 2.28-2.36
(m. 3H), 4.58-4.65 (m, 1H), 5.42 (d, J =5.2 Hz, 1H), 6.126-6.132 (m,
1H), 7.60 (d, J = 8.0 Hz, 1H), 7.80 (d, J = 8.0 Hz, 1H), 8.72 (s, 1H);
13C NMR (125 MHz, CDCls): § 16.6, 19.2, 20.8, 21.4, 27.7, 30.3,
31.4,32.0, 35.1, 36.8, 36.9, 38.1, 47.4,50.1, 57.4, 73.8,119.9 (q, I =
2.4 Hz), 121.7 (g, J = 274 Hz), 122.2, 131.8, 134.5, 135.8, 140.0,
146.0 (q, J = 34.8 Hz), 148.0, 150.6, 170.5; °F NMR (368 MHz,
CDCls): & -68.1 (s, 3F); IR (KBr, v / cmt): 2940, 1735, 1340, 1244,
1132, 1087, 1030, 840, 737; HRMS (ESI+) (m/z): Calcd for
Co7H32FsNNaO2* [M+Na+] 482.2277, Found 482.2291. 18-isomer

Gram scale synthesis of 4-(trifluoromethyl)-6-iodoquinoline (11r).

To a 100 mL round bottom flask, MS4A (1.00 g, 200 mg/mmol) was added and flame-dried under vacuum.
After cooling to room temperature, 6-iodoquinoline-tris(2,3,5,6-tetrafluoro-4-
(trifluoromethyl)phenyl)borane complex (8r) (4.59 g, 5.00 mmol), TBAT (5.37 g, 10.0 mmol, 2.0 equiv),
and AcOEt (50 mL) were added. After the mixture was cooled to -40 °C, MesSiCFs (1.48 mL, 10.0 mmol,
2.0 equiv) was added to the mixture and the mixture was stirred at the same temperature for 10 h. Then the
mixture was warmed to 25 °C, Phl(O.CCF3)2 (4.30 g, 10.0 mmol, 2.0 equiv) was added, and the mixture was
stirred at the same temperature for 10 h. To the reaction mixture, p-difluorobenzene (100 uL, 1.03 mmol)
was added as an internal standard. °F NMR spectrum of the reaction mixture showed that 4-
(trifluoromethyl)-6-iodoquinoline (11r) was formed in 87% yield. Then sat. ag. NaHCO3 (50 mL) was added
to the mixture, and an insoluble solid in the reaction mixture was filtered off through a pad of Celite, washed
with Et,0 — n-hexane (1:1, 50 mL). Then the organic layer was separated, washed with sat. ag. NaCl, dried
over MgSQOs, and the solvent was removed under reduced pressure. The crude product was purified by
column chromatography on silica gel (n-hexane/Et,0 = 8/1) to give 4-(trifluoromethyl)-6-iodoquinoline with
an inseparable byproduct (PhsSiOH derived from TBAT). Further purification using a pad of aminosilica gel
(n-hexane/CH.CI; = 3/1) gave 4-(trifluoromethyl)-6-iodoquinoline (11r, 1.31 g, 81% vyield).

Synthesis of 4-(trifluoromethyl)-6-iodoquinoline (11r) by sequential operation without isolation of the
intermediates.

To a mixture of 4-trifluoromethyl-2,3,5,6-tetrafluorobromobenzene (1.40 mL, 9.30 mmol, 3.1 equiv) in Et,O
(15 mL) was added n-BulLi in hexane (1.6 M, 5.80 mL, 9.30 mmol, 3.1 equiv) at -78 °C, and the mixture was
stirred at the same temperature for 1 h. After addition of 1.0 mol/L BCl3 in CH,Cl (3.0 mL, 3.00 mmol, 1.0
equiv) to the mixture at -78 °C, the mixture was warmed to 25 °C slowly. Then, 6-iodoquinoline (918 mg,
3.60 mmol, 1.2 equiv) was added to the reaction mixture and the mixture was stirred at 25 °C for 10 h. After
addition of H2O (30 mL) and Et,O (30 mL) to the mixture, the mixture was extracted. The organic layer was
washed with sat.NaCl (30 mL), dried over MgSQOa4, and the solvent was removed under reduced pressure to
give a crude containing 6-iodoquinoline-tris(2,3,5,6-tetrafluoro-4-(trifluoromethyl)phenyl)borane complex
(8r).

MS4A (600 mg, 200 mg/mmol) was flame-dried under vacuum. After cooling to room temperature, the
obtained 8r, TBAT (3.22 g, 6.00 mmol), and AcOEt (30 mL) were added. After the mixture was cooled to -
40 °C, MesSiCFs (889 ulL, 6.00 mmol) was added to the mixture and stirred at the same temperature for 10
h. Then the mixture was warmed to 25 °C, Phl(O2CCF3). (2.68 g, 6.00 mmol) was added, and the mixture
was stirred for 10 h at the same temperature. To the reaction mixture, p-difluorobenzene (100 uL, 1.025
mmol) was added as an internal standard. °F NMR analysis of this reaction mixture showed that 4-
(trifluoromethyl)-6-iodoquinoline (11r) was formed in 68% yield. Then H,O (15 mL) was added to the
mixture, an insoluble solid in the reaction mixture was filtered off through a pad of Celite and washed with
Et,O (10 mL). Then the organic layer was separated, washed with sat. aq. NaHCO3 (20 mL) and sat. aq. NaCl
(15 mL), dried over MgSO., and the solvent was removed under reduced pressure. The crude product was
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purified by column chromatography on silica gel (n-hexane/Et,O = 8/1) to give 4-(trifluoromethyl)-6-
iodoquinoline with inseparable byproduct (PhsSiOH derived from TBAT). Further purification using a pad
of aminosilica gel (n-hexane/CH2Cl, = 2/1) gave 4-(trifluoromethyl)-6-iodoquinoline (11r, 609 mg, 63%

yield).
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