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1-1. MY e xFArEOREME

7 v FIIEL < OILEOT TR O ERIEMEE DK E < JRFEEP/N S VR
T ThdH, KFERFEZ7 vRFFTEEIMRDH I LIZLY ., o FO=RckE
EEM DDA NEN L, B TFREOBIGAE— A MROLENE, RUSHEIZ K E
IR 2D, TDD, ARIEAMICT v RIFTE2EANT D L% ORFR
I E 2 SO X DT D720, EHRLORIE, FEREMEM B, Yubl/p SRR
SHFAENTWS, BUE, EIRD 30-40%, EIEHD 20-30%I2 7 v FF 13 E
FNTWRN, 7y REREOTTHHRIT, MY 7t m AF L (CFs )
DI I TWD, MU 7 A m A FRITRNVE TR FE LT, BT
DEREOHEMICKREREELZHEX L, N 7 du A FNVEOEANIZLY,
=35y 1 DRRE ML s ) B L, SRR oSGER G SN D, £
BR22AEPEME 2 R T b B 2 ECRE ST\ 5 (Figure 1-1), D729, X
DERINT B U 7oA a AFVEEZ B AT D RO DBFEIE, 2 < DRFFEE IC X
DIERZHED TN D,

Figure 1-1. Bioactive compounds containing CF3 group
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1-22. Ay 7V TR ED Y 7Fd e XA F ARG

M SIE, Cul/7 =T b a U IR T, D7 EFKR S vk & CFsSiEt &
DI aRT TV TRINI KD HFEFEEEW Y 7 vdu XA F i zE
AT D Z LI L7z (Scheme 1-1) Bl ARBFFECTIX, A0S FREEE D & BV
INRTH LN, £ D%, Buchwald b3, FHEBEMAH THRERO 7 v 271 >
TV TIEBNEITTHZ EEHMEL TS B LavL, WTRoOKISIZE
WTH, HONCDFEFBE N 1T AW 2 il 5 BN & D SRR 5~
TRTHD,

Cul (10 mol%)

' Phen (10 mol%) CF3 :

.....................................
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Scheme 1-1. Copper-catalyzed trifluoromethylation by cross-coupling reaction

1-3. FVMNVRIGIZE D C-H b 7 ua 2 F VLR
FEBCEWZ N ) I Aa AT VEZEATLFELE LT, CH fia%
C-CF3 f AT BB M 5 SUS B BARRY 22 HIETH D, ZIVETIT, Bix 72 C-
H hY 7t a 2FMERIEREE SN CE iz, ZOHTH, KR b Y 704
BAFNT DN ERBT D ONTZE < DIERZED TS, MU 7rF | A
F T DA, HRERLEXULTFRITE, BSOS EIC KV ASHICRAES
LI ENTE, BEITRMARSEMET TR 74 u XFIALEUGR LT L,
HUE P AV,

Li i, 7& FEEH, NaSO.CFs & R U 7 A AF LT VAN E L
THWD C-H R 7 A v 2 F LRI DWW THRE L7- (Scheme 1-2) Bl
ARSI R ST b & N T da 2 Z AT ¢ CEEDSHHEAE



HATAHrZ2Licky, NUTAFaRF AT IOOANELLZ L THITT S, 7]
HHZFIAT D Z & TOENEIN T CARZERLS LAY DO ) 7v4
AF IS B HEITSED 2 ENTE D,

OMe NaSO,CF3(4.0 equiv) OMe
_—_—m
MeO OMe Acetone MeO OMe
1.0 equiv
. oS - .
)]\ —_— + °CF3
SOch?, A °

.........................................................................

Scheme 1-2. Photoinduced aromatic trifluoromethylation

MacMillan SV Ky 7 Az VWb 2 & T, BHEBESIO~T 25 E
BALEMD C-H Y 7 m A FAALKIEDBHFIZAE) LTz (Scheme 1-3) 1,
ZOLUGIE, CFS0:Cl % NY Zvta XA F )T AN E LTEY, 1RAD
REICEATE, BNERPREWIETH LD,

H CF3S0,CI (1- 2 equiv) CF3
z Photocatalyst((1-2 %) z
< R N R
X KoHPO, X

MeCN
26-W light source

Scheme 1-3. Direct trifluoromethylation of aryl and heteroaryl C—H bonds
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1-4. PLEERZ2 C-H b Y 7 A4 2 F ARG
AR NLESEIRI 72 B Y 7oA a 2 F ARSI OV T ORI, SFgE=
EEDTEL OMREIZL > THRE I, ZOHFM CREMICHEE L T,
FEBACEDONERIRW 2 CH ) 7t 2F UG E LT Yu b
TREICEENLO VY DNER EDFER~T n HER LML S LT
T5HZ L TAN MIBIRPIZ C-H U 7 A m 2 F ARG & B%E L7z
(Scheme 1-4) "), AREJGTIL, AV ML kU ZvA v 2 F AALA R D3 B UL
KTHROND, LL ZORISTIE, RISENLAFEE DAV MIIZIRES D
& BT, USRIZERY D HEAEZRET 5 TRALETH Y (Flmikic

Ko TUIEFDI I BERETE RV ERARRKIREITEVE, 20720,
WERERAEIRINGY C—H RV 7V F 1 A FIALRIS DBIRE R HIRE Sh T,

Pd(OAc), (10 mol %)

DG Cu(OAc), (1.0 equiv) DG O
n _TFA (100 equiv) b = ‘
S® Ogp,
CF,

DCE, 110 °C 48 h

ortho-selective

00D DD

Scheme 1-4. ortho-Selective C—H trifluoromethylation using a directing group

WHFZEE CTlX, BV DU S U VI Lewis BEAESE D Z &
T, MU g a AF AN XD RESOSDET L, (ERIIC C-H b
U7 ndua X F LRGN EITT 5 2 & &2 R L TuW% (Scheme 1-5) B,

CsF(3.0 equiv) R

MS4A N
\ + Me3SiCF3 '\ A
EtOAc LN 2

25°C1h—=60°C4h ~ N CF3

BFZCF3
©

Scheme 1-5. First example of 2-position-selective C—H trifluoromethylation
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5 (Figure 2-1), 7 BT XA MY IR DCHEREOZELE LB, ZZ4D
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Figure 2-1. Structures of cyclodextrins

v ruTxF AN ATTO XD REBI S L b O, — IV, 7
27X R MY COZEANITII L 77 A Ry 3B A E N KR TaB ks
WINLERNIREND Z ERNF B TWD (Scheme2-2)!1, D7,
LB DN < O s TE =R, A bA®micix, 72 Myt
DY A AR5 FRIFHAAER 2 EOERNZ K - TREMN R D, 7 A Moy
YruTFX AN COELIZABEISND Z & T T A Ny ORGSO —E
N7 T XA Y AT K o TRHE S, FFEDENLD I CTROLEITT 5 2
ENHITF SN D, TERDALERIAY 2 SOG & Fled 2 & | ARl M 728 £ o
AR EOR SR B B,
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guest
cyclodextrin controlled orientation

Scheme 2-2. Inclusion of quest molecule by cyclodextrin

INEISIE, B 27 BT XA RN VOFET T, 7=/ —/V &R L
EROGESED L 4 e ZBEMBMBRMICERT LI 2@ L
(Scheme2-3) Bl p-3 7 0% 2 MU UNHFEELRWERLETFTIE, 4V MEE
NIEEDHRK 1:1 THLHOIZK L, RIGRFIZ B~ 77X AN %
W95 2 & T, NTERDPULEK 92% (ST K AL MK =99:1) THLI,
DO B T AAEEBIREOBBUIX p-v 7/ a T XA NI T2 ) — L
[Z L DB EM DO - TH 5D,

OH
OH oH
COOH
—_— +
+ CC|3
COOH
cyclodextrin 0.9% 92%

Scheme 2-3. Selective synthesis of 4-hydroxybenzoic acid using cyclodextrin as an

additive

Simpson 5%, KIGRHFIZT 70T FA M) U EFMTHZ2EICKY, &
BE e BB EAA Y OO E R 22 7 v LG Z 855 L7z (Scheme 2-4) ¥,
KA, BV - BALKBHEFET T 1-A b FT-3-AF N~ B T
WEH ARSI ED L, AP AB, BLORCBBEZ 2:1:1 O THERKL
Too = Bv7BTHRANY CEBRMT S Z LT, AR A BEFERIC AR
L. AR 96 % (A:B:C = 17:1:1) TEBIPEOLNTE, ZOREITLY
WAL ENRARBIGIZ BT DALERRIEORBUCEHE TH H Z LRI,



OMe

pyr|d|ne HBr, Cl,
CH;

cyclodextrin

86% yield 5% vyield 5% vyield

Scheme 2-4. Regioselective bromination of electron-rich aromatic compounds using

cyclodextrin as an additive

Z ZTAMIE TR BRI T2 IF e L THWTEEIZE ER 50 < o0
DEOSEN L ZIREST D 2 & T, 2T E THEE S SN TEX T HFEFBILEONE
IR C-H MU 7 Fa XAFAALRERTE 5D TRV EB X T
(Scheme 2-5),

H cat. FeCl,
NaO,SCFs CFs
‘BUOOH @
—_—
AN R

cyclodextrin (CD)  regioselective

Scheme 2-5. Regioselective C—H trifluoromethylation using cyclodextrin as an

additive (This work)

2-2.  RIGHRMHDEEL

FBEMRIEE DU DO ST 2 SR ARE T D 72D Bk T % FILH
T5Z LI Ui, AHIEEH CIXABEERRZETHDH 72D, WiRE LTKE
95 Z L2 L7z, Langlois & O L7z Mt g2 IcB kgt ¢
Cu(OTf), Zfilft & L. &AM 112 NaO.SCF; & ‘BuOOH Z1Ef &7 &
A, R TG a AT LAY 2a & ONERER 22 OIREWD 56%
DEFHNETHE OGN (2a /2a’=22) (Table2-1,entry 1), RIZ, HEBEE
M1OVA XL 7 vT XA N UERET DD, V7T AR
COFEEERE L2, a- B-s BEIRy-v 70T HA MY UERIML CRIGE
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iTo72& 25 (Table2-1,entries2-4) , B~ 7 27 ¥ A ~ U VOAFE F The b i
WIERES LOZEFEIRVEN G b (BRHIR 61%, 2a /2a' = 5.1, Table 2-1,
entry 3), ZHAUDDOFERIZEY | BRIRICEW DT A XDNLE I 2 HIE 5
TEOICEETHLZ LALLM ST,

Table 2-1. Investigation of Cyclodextrins

(1) additive (1.2 equiv) CFs

MeO,C OMe H,0, 25 °C, 8 h MeO,C OMe MeO,C OMe
> +
\Q/ (2) metal salt (20 mol%) \Qi

NaO,SCF3 (5.0 equiv) CFs
1 OMe 'BUOOH (7.0 equiv) 2a OMe 2a' OMe
25°C,16 h
entry additive metal salt Yield / (2a/2a")

1 none none 56 (2.2)

2 a-CD none 55 (1.6)

3 B-CD none 61 (5.1)

4 v-CD none 48 (4.4)

WIZ, WL OO F—AERSR OB RFT L& 25 (Table 2-2, entries
1-7), @BEEE S Z LT, 2a DIERENENSES L, MR FeCly
ZZRWIZG AT, &b mWOIER &AL ESERE T 2a 25753 54072 (Table 2-2, entry
2), £ T, FeCl; Zfifflit & U THEBR AT LT,



Table 2-2. Investigation of Cyclodextrins and Several Transition Metal Salts

(1) additive (1.2 equiv) CFs
MeO,C OMe H,0, 25°C, 8 h MeO,C OMe MeO,C OMe
(2) metal salt (20 mol%) > ' \Qi
NaO,SCF3 (5.0 equiv) CFs
1 OMe ‘BUOOH (7.0 equiv) 2a  OMe 2a" OMe
25°C,16 h
entry additive metal salt Yield / (2a/2a’)
1 B-CD MnCl 38 (6.0)
2 B-CD FeCl3 99 (19)
3 B-CD Fe(NOs)3 91 (10)
4 B-CD CoCl 46 (4.8)
5 B-CD NiClz-6H>0 77 (4.2)
6 B-CD CuCh 92 (8.1)
7 B-CD Cu(OTH1) 93 (6.7)

2-3.  FEEE AR

Wz, FEEEARAICOWTHRFN Lz, —EBEHBROLE T, o- b LT B
VIR THRARNYUBELTND Z ENgnol, BED 1,2- BLO 14-
EHEEFEEAADDOBRE, - b LB 7T FA M VOFETT, £
ERM OBPEDBIICSESND & L bIC, RFRERATAMETKRY 71
FaAFMMEEIEREIT LT, 7=V =B LT =/ — /LFEEK 2b-2f (3 A
MR ELITE ReX U EOA L METRIGHET L, FRE DEN I T
Flo, BVALERRPET R Y 738 A FAERD DS B 47 (Table 2-3),
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Table 2-3. Substrate Scope

H (1) additive (1.2 equiv) CF,

H,0, 25°C, 8 h
r
(2) FeCl3 (20 mol%)

= NaO,SCF3 (5.0 equiv) g
'BUOOH (7.0 equiv)
25°C, 16 h
CF, CF, CF,
@iom /©/OH /©/OH
OAc Cl Br
2b 2c 2d
44% (10)° 33% (16)° 36% (17)°
33% (2.7)° 20% (0.80)° 35% (0.59)°
CF,4 CF,4
/©/0Me OH
o)
AcO
2e 2f
38% (18)° 40% (9.0)°
35% (6.0)° 24% (1.7)°

“Yield was determined by '°F NMR using 2,2,2-trifluoroethanol as an internal standard.

bWith  a-cyclodextrin.

‘With B-cyclodextrin. “With y-cyclodextrin.

cyclodextrin. /Catalyst: Cu(OTY), instead of FeCls.

1,3,5-

“Without

BRI EBEAHD C-H Y 74 a XA F b RBEC, B-E7-1%

vV a7 XA RN UGFE T CMERINICET Lz, K e sy, =4
T, T I )RR 26T 5H53,5-VA R RV OB EITL, BU

T a AF LAY 2g-21 D3 EOIER & ATEEIETH S 72 (Table 2-

4),
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Table 2-4. Substrate Scope

H (1) additive (1.2 equiv) CF3

H,0, 25 °C, 8 h
’
(2) FeCls (20 mol%)
Na0,SCF; (5.0 equiv) {

R
‘BUOOH (7.0 equiv)
25°C, 16 h
3 3
OMe OMe
95% (6 3)2f 57% (5 3)° 89% (21)c
63% (1.5)%" 15% (2.0)® 13% (3.7)®
IP ’P
r r “NH CFs
O. i O HN. i 0O 2\ i _OMe
OMe OMe OMe
7% (5 7)° 7% (5 3)° 79% (6.2)
52% (1.3)° 87% (2.5)° 64% (mix)®

“Yield was determined by '°F NMR using 2,2,2-trifluoroethanol as an internal standard.
bWith a-cyclodextrin. “With B-cyclodextrin. “With y-cyclodextrin. “Without
cyclodextrin. /Catalyst: Cu(OTY), instead of FeCls.

BE 2m-2n 1E, /a7 R RN UERMLARWE ZZE, B/ B0
NU ZFa XA F AR OIREGM G bz (Table2-5), —JF, 71
FEAN) AAFETTIE T/ b ZFa A F A4 O Fe SR T8I0 24
MUz, ZNHOFERIT, 772 M) U EEZAETHZ LIk T
2 @HTH OROSENE R RE ST Z 2R LTV D,
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Table 2-5. Substrate Scope

H (1) additive (1.2 equiv)

H,0, 25 °C, 8 h
'
(2) FeCls (20 mol%)
K NaO,SCFj (5.0 equiv) g

'BUOOH (7.0 equiv)
25°C, 16 h

CF3

OMe MeO OMe

MeO
OMe
2m 2n
63% (>30)° 92% (>30)>9
44% (3.4)° 95% (4.3)%¢

“Yield was determined by '°F NMR using 2,2,2-trifluoroethanol as an internal standard.
bWith B-cyclodextrin. Without cyclodextrin. “Catalyst: Cu(OTf), instead of FeCls.

7T LA — NV COROGERE LIz & A @O EALEBRRET - U 7
VAT A F ARG EELT L7 (Table 2-6) . KEREES . 1.00g O FHHEIE 1
EB-v7mrT XA LY DOIRAEYZ NaO2SCF3, 'BuOOH, 35 L UMl & D FeCls
T25°C TS5 L, 121gD MU ZbF1 A F ALY 2a 78 91%DIL K
THROLNTE (2a/2a'=16),

Table 2-6. Gram-scale Synthesis of 2a

(1) B-cyclodextrin (1.2 equiv) CF;
MeO,C OMe H,0, 25 °C, 8 h MeO,C OMe
\Q/ (2) FeCls (20 mol%)
OMe NaO,SCF; (2, 5.0 equiv) OMe
1 'BuOOH (7.0 equiv) 2a
(1.00 g) 25°C, 16 h 91% (16)?

(1.21 g)

2-4. NMR EBRIC X 5 K ioHtE ot
OSAHR CHBFEHEREN S 7 0% 2 M NCEABESN TS 2 & 2R

T 5720, NMR EBZ1To726, IS E R CRET, BEDAO 'H NMR A
~Z7 bV (Figure 2-1 (a)) Ea-v7m7 XA MY EHEAE 12 FRREEAG LT
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L&D 'THNMR A~27 k)L (Figure 2-1 (b)) % k#Ed 5 & (Figure 2-1). o-
TIaTEXARN) UERNT S Z LIk REORFEFEERO T oy
T NIMEREH B E L2 2 EPREICBIINTE 72, — T, a-v 7 BT F AL
U2 DHDHNMR A7 KL (Figure 2-2 (a)) &, a-v 7 BT FA MYk
FE A 12 FERA LAY D '"HNMR 227 kv (Figure 2-2 (b))% Lbifse 9
HE.0-7aTXARNI OV FAREN LT, BLEORERIZL Y, KIS
RPN T EEN 787 F A M) AZUHESNTVWD Z ERALEMNE R

77,

Figure 2-1. Partial "H NMR spectrum of (a) 4-chlorophenol (0.010 mmol/mL in D,0)

and (b) 4-chlorophenol and a-cyclodextrin (0.010 mmol/mL in D,0).

(@)
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| I
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I f "
JJ \1- .”‘ 1 i
B At eteretbeb b RS
?.é ?.IE ?:4 ?:2 ?I.U B-.B - 6-.5
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Figure 2-2. Partial '"H NMR spectrum of (a) a-cyclodextrin (0.010 mmol/mL in D,0)

and (b) a-cyclodextrin and 4-chlorophenol (0.010 mmol/mL in D20).

3.2

(a)
“. ﬂ
;I Il ‘|| 'II .I"-‘ X
a-CD [ | I'ill'l (l | ||
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A |
1| Y I. | _.'
4.2 I l 4.0 l 3.8 l I 3.:6 l 3.I4
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OF} I'...!
a-CD + l I
' |,
ol [ |
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ARBFFETIE, 7T FA R UEIRMAIE LCHWD Z & C, ZhE TR
T2 S I BB ONLE RN 72 C-H Y 7 1 A F ARG O B
[CHH LTz, 7 a7 F 2 b Y UAHE R T AR OIS L ONRIRMED B
ACdE S LTz, RN U 7oA m A FIALBORIE, BRI eGP THEAT
L. 7 T LR =/ THUIE ENEBIRMEME N5 2 & 722 < BUSHHELT LT,
E NV TAFa AT OALERY &Y N vt a XA FALERDNIREY
ELTHELNAIHEETH, Y/ RrT XA NI VERNTAHZET, B/ MU T
N B RF AR OB LR LTz, 'THNMR EBROFRIZ L > T, HEE
HHEBKFTY 7T A N VOEICEESNTND Z LIRS, K
WFZE TR L7 J7iE1E. C-H #5EZEHSOGIT I8 1T 2 B3R B 7 i 5 SR il 4
BEIC % LS5,

16



S

General.

All reactions were carried out in a distilled water as a 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). 'H NMR spectra were recorded on 400 MHz
(400 MHz for *H NMR, 100 MHz for 3C NMR, 368 MHz for °F NMR) spectrometers.
ESI-MS spectra were measured on a spectrometer for HRMS. GC-MS was measured
on Shimazu (GCMS-QP2010 Ultra). Substrates of 2c, 2d, 2e, 2g, 2h, 2i, 2j, 2n, 20 were

purchased from commercial sources and used without further purification.

Preparation of heteroarene Substrate

iPre_.0

HoN OMe O Triethylamine (1.1 equiv) "N OMe
+ U >
cI” iy
DCM, 0°C, 2 h

OMe 1.1 equiv OMe
85%

In a 100 mL two-neck round-bottom flask, a solution of 3,5-dimethoxyaniline (766
mg, 5.0 mmol, 1.0 equiv) in dichloromethane (50 mL) was added isobutyryl chloride
(586 mg, 0.58 mL, 5.50 mmol, 1.1 equiv), abd then TEA (0.77 mL, 557.0 mg, 5.5 mmol,
1.1 equiv) was added dropwise under 0 °C for 5 min. The mixture was stirred at 25 °C
for 2 h, and the reaction mixture was extracted with ethyl acetate (2x30 mL) and the
organic layer was dried over NaSO4. After filtration, the solvent was removed in vacuo
and the residue was purified by column chromatography on silica gel to give 2m (85 %
yield, 949 mg). Substrates of 2b, 2f, 2k, 2i was synthesized by the similar method and

prepared according to reported literatures.
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General Procedure of C—H Trifluoromethylation

1) cyclodextrin (1.2 equiv) CFs
@ H,0, 25 °C, 8 h @
r
2) FeCl3 (20 mol%)
R NaO,SCF; (2, 5.0 equiv) R
‘BUOOH (7.0 equiv)
25°C, 16 h

In a 20 mL vial, a substrate (0.1 mmol, 1.0 equiv) was added to a mixture of
cyclodextrin (0.12 mmol, 1.2 equiv) in water (10 mL). After the mixture was stirred at
25 °C for 8 h, sodium trifluoomethanesulfonate (86.0mg, 0.500 mmol, 5.0 equiv), FeCls
(3.2 mg, 0.02 mmol, 20 mol%) was added. tert-Butyl hydroperoxide (63.1 mg, 0.7
mmol, 7.0 equiv) was added dropwise in 30 min, and the mixture was stirred at 25 °C
for 16 h. The reaction mixture was extracted with ethyl acetate (2x20 mL) and the
organic layer was dried over Na;SO4. After filtration, the solvent was removed in vacuo
and the residue was purified by column chromatography on silica gel to give

trifluoromethylated product 3.

Note: Distilled water was bubbled with N> gas for 15 min. Acetonitrile was degassed
by freeze-pump-thaw in a sealed Schlenk or heavy wall sealed tube using liquid No.
When the solvent was completely freezed, the flask was opened to the vacuum and
pumped for 1.0 min with the flask still immersed in liquid N». The flask was then closed
and warmed until the solvent was completely melted. This process was repeated three

times.

18



'"H NMR Experiments

OH OH
o-CD (1.1 equiv)
r
D,0,25°C, 8h

+ a-CD
Cl Cl
In a 20 mL vial, 4-chlorohenol (12.8 mg, 0.1 mmol, 1.0 equiv) was added to a mixture
of a-cyclodextrin (116.6 mg, 0.12 mmol, 1.2 equiv) in deuterium oxide (10 mL). After

the mixture was stirred at 25 °C for 8 h. 'H NMR spectrum was measured using 1.0 mL

of the mixture. 'H NMR spectra of 4-chlorophenol and a-cyclodextrin were also measured.

Gram-scale synthesis of 3a

(1) B-cyclodextrin (1.2 equiv) CF3
MeO,C OMe H,0, 25 °C, 8 h MeO,C OMe
o
(2) FeCl5 (20 mol%)
OMe NaO,SCF; (2, 5.0 equiv) OMe
1 ‘BUOOH (7.0 equiv) 2a
(1.00 g) 25°C, 16 h 91% (16)

(1.21 g)

Ina 500 mL two-necked flask, a substrate (5.0 mol, 1.0 equiv) was added to a mixture
of cyclodextrin (6.0 mmol, 1.2 equiv) in water (400 mL). After the mixture was stirred
at 25 °C for 8 h, sodium trifluoomethanesulfonate (4.3 g, 25.0 mmol, 5.0 equiv), FeCl;
(160.0 mg, 1.0 mmol, 20 mol%) was added. tert-Butyl hydroperoxide (3.1 g, 35.0 mol,
7.0 equiv) was added dropwise in 30 min, and the mixture was stirred at 25 °C for 16
h. The reaction mixture was extracted with ethyl acetate (3x200 mL) and the organic
layer was dried over Na>SQOj4. After filtration, the solvent was removed in vacuo and the
residue was purified by column chromatography on silica gel to give

trifluoromethylated product 2a (91 % yield (2a/2a’=16: 1)).
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Methyl 3,5-dimethoxy-2-(trifluoromethyl)benzoate (2a). Ve0,C CFs orte
91% yield ("’F NMR: 99% yield (3a/3a’ = 19)); white solid; R;=

0.4 (hexane/ethyl acetate = 8:1); 'H NMR (400 MHz, CDCl3): § OMe

6.57 (d, J= 2.1 Hz, 1H), 6.50 (d, J = 2.1 Hz, 1H), 3.89 (s, 3H), 3.88 (s, 3H), 3.84 (s,
3H); '3C NMR (100 MHz, CDCI3): § 168.76 (), 162.92 (s), 159.51 (q, J = 1.5 Hz),
135.22 (q, J = 2.9 Hz), 123.33 (q, J = 271.2 Hz), 108.58 (q, J = 31.4 Hz), 103.76 (s),
100.80 (), 56.30 (s), 55.71 (s), 52.96 (s): *F NMR (368 MHz, CDCls): -57.3; HRMS

(EST") Calcd for C11H 11 F304 ([M+H]") 265.0681, Found 265.0685.

Methyl 3,5-dimethoxy-4-(trifluoromethyl)benzoate (2a"). MeO,C OMe
6% yield; white solid; Ry = 0.5 (hexane/ethyl acetate = 8:1); 'H CF,
NMR (400 MHz, CDCls): § 7.27 (s, 2H), 3.95 (s, 3H), 3.92 (s, OMe

6H); ®F NMR (368 MHz, CDCls): -55.6; HRMS (ESI") Calcd for CiiH;iFsOq
(IM+H]") 265.0679, Found 265.0683.

2-Methoxy-3-(trifluoromethyl)phenyl acetate (2b). CFs

40% yield ("F NMR: 44% yield (3¢/others = 10)); white solid; Ry = 0.4 @OMG
(hexane/ethyl acetate = 5:1); 'TH NMR (400 MHz, CDCls): § 7.46-7.49 (m, OAc
1H), 7.30 (d, J = 8.6 Hz, 1H), 6.94-6.98 (m, 1H), 3.88 (s, 3H), 2.32 (s, 3H); 3*C NMR
(100 MHz, CDCI3): § 168.58 (s), 152.37 (q, J = 270.0 Hz), 139.51 (s), 126.89 (s),
124.31 (q, J = 3.8 Hz), 122.77 (s), 120.33 (q, J = 3.6 Hz), 112.00 (s), 56.04 (s), 20.53
(s); °F NMR (368 MHz, CDCls): -61.5; HRMS (ESI") Calcd for C1oHoF303 ([M+H]")

235.0604, Found 235.0608.

4-Chloro-2-(trifluoromethyl)phenol (2c). CF3
25% vyield (3e/1e = 0.43, °F NMR: 33% yield (3e/others = 16)); white on
solid; Ry = 0.4 (hexane/ethyl acetate = 5:1); 'H NMR (400 MHz, cl

CDCls): § 7.48 (d, J = 2.3 Hz, 1H), 7.33-7.36 (m, 1H), 6.89-6.94 (m, 1H); '3C NMR
(100 MHz, CDCI3): 6 152.18 (s), 135.78 (q, J = 172.3 Hz), 132.42 (s), 125.62 (s),

117.17 (5), 115.55 (s), 111.28 (s); °F NMR (368 MHz, CDCls): -62.5;
20



4-Bromo-2-(trifluoromethyl)phenol (2d). CF4
19% vield (3e/1e = 2.0, '%F NMR: 36% yield (3f/others = 17)); white /@/OH
solid; Ry = 0.3 (hexane/ethyl acetate = 5:1); '"H NMR (400 MHz, Br

CDCly): § 7.62 (d, J = 2.4 Hz, 1H), 7.49 (dd, J= 7.5, 2.4 Hz, 1H), 6.84 (d, J = 7.5 Hz,
1H), 4.63 (s, 1H); '>C NMR (100 MHz, CDCI3): & 154.61 (s), 136.29 (q, J = 1.0 Hz),
132.45 (s), 129.59 (q, J = 4.9 Hz), 119.55 (s), 117.16 (s), 112.65 (q, J = 37.6 Hz); *F
NMR (368 MHz, CDCls): -62.9;

4-Methoxy-3-(trifluoromethyl)phenyl acetate (2e). CF,
21% yield (‘°F NMR: 38% yield (3h/others = 18)); white solid; Ry= /©/0Me
0.6 (hexane/ethyl acetate = 10:1); '"H NMR (400 MHz, CDCl3): § AcO

7.30 (d, J= 2.8 Hz, 1H), 7.23 (dd, J = 7.6, 2.8 Hz, 1H), 6.99 (d, J= 7.6 Hz, 1H), 3.89
(s, 3H), 2.29 (s, 3H); '3C NMR (100 MHz, CDCI3): § 169.55 (s), 143.16 (s), 126.15 (q,
J=1.1Hz), 121.93 (q, J = 69.8 Hz), 120.65 (q, J = 5.4 Hz), 119.33 (q, J = 31.5 Hz),
115.35 (q, J = 120.8 Hz), 112.69 (s), 56.28 (s), 20.92 (s); **F NMR (368 MHz, CDCl3):

-62.7; HRMS (ESI") Caled for C1oHoF303 ([M+H]") 235.0604, Found 235.0607.

1-(4-Hydroxy-3-(trifluoromethyl)phenyl)ethan-1-one (2f). CFs

30% yield ('’F NMR: 40% yield (3g/others = 9.0)); white solid; Ry = OH

0.3 (hexane/ethyl acetate = 5:1); 'H NMR (400 MHz, CDCl3): § 8.19 °

(d, J=2.1 Hz, 1H), 8.14 (dd, J= 7.6, 2.1 Hz, 1H), 7.06 (d, J = 7.6 Hz, 1H), 2.58 (s,
3H); 1*C NMR (100 MHz, CDCI3): § 195.71 (s), 161.02 (s), 133.94 (s), 129.42 (s),
127.93 (q, J = 5.2 Hz), 122.77 (s), 123.08 (q, J = 271.3 Hz), 118.75 (q, J = 31.4 Hz),
111.57 (s), 26.31 (s); “F NMR (368 MHz, CDCls): -62.7; HRMS (ESI") Calcd for

CoH7F302 ((M+H]") 205.0512, Found 205.0514.
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CF3

3,5-Dibromo-2-(trifluoromethyl)aniline (29g). 5 \H
r 2

62% yield (\°F NMR: 95% yield (3i/others = 6.3)); white solid; Ry=

0.5 (hexane/ethyl acetate = 2:1); '"H NMR (400 MHz, CDCl;): § 7.18- Br

7.19 (d, J= 1.8 Hz, 1H), 6.80-6.81 (d, J = 1.8 Hz, 1H), 4.48 (s, 2H), 2.58 (s, 3H); °C
NMR (100 MHz, CDCI3): & 147.41 (s), 126.67 (s), 126.13 (q, J=30.1 Hz), 123.25 (s),
122.31(q,J=2.1Hz), 119.52 (s), 111.33 (q, J=29.4 Hz); **F NMR (368 MHz, CDCl3):
-54.4,

1-Bromo-3,5-dimethoxy-2-(trifluoromethyl)benzene (2h). oF,

63% yield (°F NMR: 95% yield (3k/3k’ = 5.3)); white solid; Ry;=0.2 Br OMe
(hexane/ethyl acetate = 3:1); 'H NMR (400 MHz, CDCls): § 6.80 (d,

J=22Hz, 1H), 6.46 (d, J = 2.2 Hz, 1H), 3.85 (s, 3H), 3.83 (s, 3H); OMe
13C NMR (100 MHz, CDCI3): § 162.33 (s), 160.60 (s), 129.85 (q,J=210.6 Hz), 124.38
(q, J = 58.1 Hz), 121.92 (q, J = 4.7 Hz), 111.74 (s), 99.05 (5), 56.42 (8), 55.69 (s); “°F
NMR (368 MHz, CDCls): -54.5; HRMS (ESI*) Calcd for CoHgBrF:0, ([M+H]")

284.9738, Found 284.9741.

5-Bromo-1,3-dimethoxy-2-(trifluoromethyl)benzene (2h’).

9% yield; white solid; Ry= 0.2 (hexane/ethyl acetate = 3:1); 'H NMR Br\(;[OMe
(400 MHz, CDCls): 8 6.67 (s, 2H), 3.77 (s, 6H); 1*C NMR (100 MHz, N CFs
CDCI3): 6 161.20 (s), 129.14 (q, J = 65.3 Hz), 122.92 (s), 109.16 (q,

J=124.0 Hz), 99.77 (s), 55.51 (s); °*F NMR (368 MHz, CDCls): -55.1; HRMS (ESI")

Calcd for CoHgBrF;0, ([M+H]") 284.9735, Found 284.9739.

Cyclohexyl 3,5-dimethoxy-2-(trifluoromethyl)benzoate (2i). CF3
CyO,C OMe
85% yield (*'F NMR: 89% yield (31/31' = 21)); white solid; Ry =

0.4 (hexane/ethyl acetate = 10:1); '"H NMR (400 MHz, CDCls): & OMe
6.55 (d, J=2.3 Hz, 1H), 6.49 (d, J = 2.3 Hz, 1H), 4.95-5.02 (m,
1H), 3.88 (s, 3H), 3.85 (s, 3H), 1.95-1.98 (m, 2H), 1.73-1.78 (m, 2H), 1.39-1.59 (m,

6H); 13C NMR (100 MHz, CDCI3): § 167.82 (s), 162.91 (s), 159.50 (q, J = 1.8 Hz),
22



150.72 (q, J = 62.8 Hz), 136.20 (q, J = 3.2 Hz), 123.86 (q, J = 191.2 Hz), 103.89 (s),
100.49 (s), 74.87 (s), 56.30 (s), 55.70 (s), 31.26 (s), 25.27 (s), 23.69 (s); °F NMR (368
MHz, CDCls): -56.5; HRMS (ESI*) Caled for CisH1oF304 ((M+H]") 333.1313, Found
333.1316.

Cyclohexyl 3,5-dimethoxy-4-(trifluoromethyl)benzoate (2i’). CyOzC\QiOMe

4% vyield; white solid; Ry= 0.5 (hexane/ethyl acetate = 10:1); 'H CFs

NMR (400 MHz, CDCL3): § 7.25 (d, J= 2.4 Hz, 1H), 7.19 (d, J = OMe

2.4 Hz, 1H), 4.97-5.05 (m, 1H), 3.92 (s, 2H), 3.83 (s, 4H), 1.89-1.98 (m, 2H), 1.74-1.83
(m, 2H), 1.53-1.62 (m, 6H); '*C NMR (100 MHz, CDCI3): 5 166.27 (q, J = 110.5 Hz),
160.56 (s), 132.93 (s), 107.18 (s), 105.41 (q, J = 39.5 Hz), 73.26 (s), 56.51 (s), 55.55
(), 31.56 (s), 25.44 (s), 23.63 (s); °F NMR (368 MHz, CDCls): -55.6; HRMS (ESI")

Caled for C16H10F304 ([M+H]") 333.1315, Found 333.1318.

3,5-Dimethoxy-2-(trifluoromethyl)phenyl isobutyrate (2j). ’PrYO
55% yield ("’F NMR: 87% yield (3n/3n’ = 5.7)); white solid; Ry= O OMe
0.4 (hexane/ethyl acetate = 10:1); '"H NMR (400 MHz, CDCl3): &

6.40 (d,J=2.4 Hz, 1H), 6.16 (d,J=2.4 Hz, 1H), 3.86 (s, 3H), 3.81 OMe

(s, 3H), 2.80 (sep, J = 7.0 Hz, 1H), 1.31 (d, J = 7.0 Hz, 6H); >*C NMR (100 MHz,
CDCI3): § 175.06 (s), 163.00 (s), 159.89 (q, J= 1.4 Hz), 150.69 (q, J= 1.8 Hz), 129.86
(q, J =207.2 Hz), 123.32 (q, J = 271.2 Hz), 100.72 (s), 97.35 (s), 56.32 (s), 55.62 (s),
34.09 (s), 18.62 (s); °F NMR (368 MHz, CDCls): -55.9; HRMS (ESI*) Calcd for

C13HisF304 ((M+H]") 293.1004, Found 293.1006.

3,5-Dimethoxy-4-(trifluoromethyl)phenyl isobutyrate (2j"). Pra_.0

12% yield; white solid; Ry = 0.5 (hexane/ethyl acetate = 10:1); 'H O OMe

NMR (400 MHz, CDCl3): 6 6.24 (d, J = 2.3 Hz, 2H), 3.77 (s, 6H), CFs
OMe

2.74-2.77 (m, 1H), 1.32 (s, 3H), 1.29 (s, 3H); '3C NMR (100 MHz,
CDCI3): & 175.40 (s), 161.07 (s), 152.41 (s), 129.84 (q, J = 207.4 Hz), 109.80 (s),

100.08 (s), 98.15 (s), 55.45 (s), 34.15 (s), 18.89 (5); *F NMR (368 MHz, CDCls): -54.9;
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HRMS (ESI") Caled for C13H5F304 ((M+H]") 293.1002, Found 293.1005.

N-(3,5-Dimethoxy-2-(trifluoromethyl)phenyl)isobutyramide (2k).

54% yield (*’F NMR: 87% yield (30/others = 5.3)); white solid; Ry iPrYO CF,
= 0.3 (hexane/ethyl acetate = 3:1); '"H NMR (400 MHz, CDCl3): §  HN OMe
6.88 (s, 1H), 6.51 (s, 1H), 3.93 (s, 6H), 2.55 (sep, J = 7.0 Hz, 1H),

1.23 (d, J = 7.0 Hz, 6H); >*C NMR (100 MHz, CDCI3): § 175.38 one

(s), 162.96 (s), 159.73 (q, J = 1.5 Hz), 138.19 (q, J = 1.4 Hz), 125.02 (q, /= 271.9 Hz),
100.34 (s), 96.24 (s), 95.77 (s), 56.15 (s), 55.50 (s), 37.13 (s), 19.27 (s); °F NMR (368
MHz, CDCl3): -52.9; HRMS (ESI") Calcd for C13Hi6F3NOs ([M+H]") 292.1169, Found

292.1171.

N-(tert-Butyl)-3,5-dimethoxy-2-(trifluoromethyl)benzamide (21).
51% yield (\°F NMR: 79% yield (3p/others = 6.2)); white solid; Ry IBU‘NH cF,
= 0.2 (hexane/ethyl acetate = 3:1); 'H NMR (400 MHz, CDCl;): § OMe
6.45 (d, J = 2.2 Hz, 1H), 6.24 (d, J = 2.2 Hz, 1H), 3.86 (s, 3H),

3.85 (s, 3H), 1.43 (s, 9H); '*C NMR (100 MHz, CDCI3): § 167.53 OMe
(s), 162.98 (s), 159.51 (q, J = 1.7 Hz), 125.05 (g, J = 8.1 Hz), 121.33 (q, J = 93.4 Hz),
107.34 (q, J = 41.3 Hz), 103.94 (s), 99.92 (s), 56.26 (s), 55.70 (s), 52.14 (s), 28.49 (s);
1sF NMR (368 MHz, CDCls): -55.8; HRMS (ESI") Caled for C14HsF3NO3 ([M+H]")

306.1321, Found 306.1324.

1,4-Dimethoxy-2-(trifluoromethyl)benzene (2m). CFs

40% yield (*"F NMR: 63% yield (3s/others = >30)); colourless oil; /@/OMG
R/=0.5 (hexane/ethyl acetate = 10:1); 'H NMR (400 MHz, CDCl3): MeO

8 7.11 (d, J= 3.1 Hz, 1H), 7.02 (dd, J = 3.0 Hz, J= 5.5 Hz, 1H), 6.94 (d, J = 9.0 Hz,
1H), 3.86 (s, 3H), 3.79 (s, 3H); *C NMR (100 MHz, CDCI3): § 152.89 (s), 151.49 (s),
123.38 (q, J=271.1 Hz), 118.06 (q, J = 1.1 Hz), 114.60 (s), 113.52 (s), 112.75 (q, J =
5.4 Hz), 56.54 (s), 55.87 (s); *F NMR (368 MHz, CDCls): -62.3; HRMS (ESI*) Calcd

for CoHoF30: ([M+H]") 207.0628, Found 207.0633.
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1,3,5-Trimethoxy-2-(trifluoromethyl)benzene (2n).

0/ 19 . 090/ o _ R 1 DL CF3
81% yield (""F NMR: 92% yield (3t/others = >30)); white solid; Ry MeO OMe
= 0.3 (hexane/ethyl acetate = 5:1); 'H NMR (400 MHz, CDCls): §
6.12 (s, 2H), 3.84 (s, 6H), 3.83 (s, 3H); *C NMR (100 MHz, OMe

CDCI3): 6 163.94 (s), 160.81 (q, J = 1.4 Hz), 124.82 (q, J = 271.8 Hz), 100.60 (q, J =
29.9 Hz), 91.55 (s), 56.65 (s), 55.81 (s); *F NMR (368 MHz, CDCl3): -54.0; HRMS
(EST") Calcd for CoHoF30, ([M+H]") : 237.0738, Found 237.0739.
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