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General Information: All of the solvents were purified by distillation prior to use.
Unless otherwise noted, the other commercial materials were used without further
purification. *H NMR, °F NMR and **C NMR spectra were recorded with Bruker
ARX400. GC-MS data were tested with ThermoFisher Tracel300-1SQ (EI). High
resolution mass spectra were measured on Bruker MicroTOF Il ESI-TOF mass
spectrometer. *H NMR spectra were recorded in CDCl; and referenced to residual
CHClsat 7.26 ppm, °F NMR were referenced to CF3CH,OH at -77.56 ppm in CDCls,
and *C NMR spectra were referenced to the central peak of CDCl; at 77.0 ppm.
Multiplicities are reported using the following abbreviations: s = singlet, d = doublet, t
= triplet, g = quartet, m = multiplet.

Some of the trifluoromethylated products were isolated. For the inseparable isomers,
the authentic samples were purchased or synthesized. The products were identified by
comparing the *°F NMR and *H NMR spectroscopic data of the products with those of
authentic samples and confirmed by GC-MS analysis.

. Attempts towards Trifluoromethylation of Pyridine with TFA under Minisci
Teaction Conditions:

General procedure for trifluoromethylation of pyridine with TFA under Minisci
reaction conditions: A 50 mL Schlenk-type tube (with a Teflon high pressure valve)
equipped with a magnetic stir bar was charged with pyridine (0.25 mmol, 20.1 uL),
AgNO3 (20 mol %, 8.5 mg), (NH4),S,0s (2.0 equiv, 114.1 mg), followed by TFA (5.0
equiv, 92.8 uL), concd H,SO,4 (20 mol %, 6.8 uL), and H,O (0.5 mL) as the solvent.
After the reaction mixture was stirred at 70 °C or 120 °C for 10 h (500 rpm), it was
allowed to cool to ambient temperature. The reaction mixture was diluted with ethyl
acetate (10 mL) and washed with saturated aqueous NaHCO3 (3 mL) and brine (3 mL,
twice). The organic phase was dried with Na,SO, and analyzed by GC-MS. No or
only a trace amount of desired product was detected for the reaction at 70°C or 120°C
repsectively.
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Scheme S1. Attempts towards Trifluoromethylation of Pyridine with TFA under
Minisci Reaction Conditions

AgNO3 (20 mol %)

TFA (5 equiv) 70°C
N No reaction
@ H,SO4 (20 mol %) | N oF
' 0 3 o
N/ (NH4)>S,0g (2.0 equiv) N/) 120 °C
0.25 mmol H20 (0.5 mL), 10 h Trace

I1. General Procedure for the Screening of Reaction Conditions:

Conditions A: A 50 mL Schlenk-type tube (with a Teflon high pressure valve and
side arm) equipped with a magnetic stir bar was charged with terephthalonitrile (0.25
mmol, 32.0 mg), Ag-catalyst, K,S,0g (2.0 equiv, 135.2 mg), base, followed by TFA,
concd H,SO,4, and MeCN as the solvent. The reaction tube closed with a tiny opening.
After the reaction mixture was stirred at 120 °C for 10 h, it was allowed to cool to
ambient temperature. The reaction mixture was diluted with ethyl acetate (10 mL) and
washed with saturated aqueous NaHCO3 (3 mL) and brine (3 mL, twice). The organic
phase was dried with Na,SQO,, filtered, and concentrated in vacuo. The yield was
determined by *F NMR and *H NMR analysis of crude product using CFsCH,OH
and CH,Br; as the internal standard respectively.

Conditions B: A 50 mL Schlenk-type tube (with a Teflon high pressure valve and
side arm) equipped with a magnetic stir bar was charged with terephthalonitrile (0.25
mmol, 32.0 mg), Ag-catalyst, K,S,0g (2.0 equiv, 135.2 mg), base, followed by TFA,
concd H,SO., and DCM as the solvent. After the reaction mixture was stirred at 120
°C for 10 h, it was allowed to cool to ambient temperature. The reaction mixture was
diluted with ethyl acetate (10 mL) and washed with saturated aqueous NaHCO3; (3
mL) and brine (3 mL, twice). The organic phase was dried with Na,SOy, filtered, and
concentrated in vacuo. The yield was determined by **F NMR and *H NMR analysis
of crude product using CF;CH,OH and CH,Br, as the internal standard respectively.

S3



Table S1.

Condition

Optimization

of C-H Trifluoromethylation

Terephthalonitrile Using TFA as the Trifluoromethylating Reagent

: j o 2 qulgzgiggséase <5 on S on

+ TFA + ==

~ HyS0,, Solvent \

NC 3.6equiv 120°C,10h 7 CF5
0.25 mmol mono- di-

1 10
entry Ag(;r-::lti\/l)ygst base (equiv) H,SO4 (eq) solvent (mL)  yield (%)?
16 Ag,CO3 (40) - - MeCN (0.4) trace
2b Ag,CO3 (40) - 0.2 MeCN (0.4) trace
3b  Ag,CO;(40) Na,CO5;(1.5) - MeCN (0.4) 17
4 Ag,CO3 (40) Na,CO3 (1.5) - MeCN (0.4) 55 (di-:17)
5 Ag,CO3 (40) Na,CO3(1.5) 0.5 MeCN (0.4) 56 (di-:8)
6 Ag,CO3 (40) Na,CO3 (1.5) - MeCN (0.9) 57 (di-:14)
7 Ag,CO; (40) Na,CO;(1.5) 0.5 MeCN (0.9) 81 (di-:21)
8b Ag,CO3 (40) Na,CO3(1.5) 0.5 MeCN (0.2) 27 (di-:5)
9®  Ag,CO;(40) Na,CO3(1.5) 0.5  MeCN (0.4) 20
10® Ag,CO;(40) Na,CO5;(1.5) 0.5 MeCN (0.9) 11
11¢  Ag,CO5 (40) Na,CO5;(1.5) 0.5 MeCN (0.9) -
129 Ag,CO; (40) Na,CO;(1.5) 0.5 MeCN (0.9) -
13 Ag,0 (40) Na,CO5(1.5) 0.5 MeCN (0.9) 10
14 AgNO; (80) Na,CO3(1.5) 0.5 MeCN (0.9) 6
15 Ag,CO5 (40) NaHCO3(3.0) 0.5 MeCN (0.9) 22
16 Ag,CO3 (40) KyCO5(1.5) 0.5 MeCN (0.9) 24
17 Ag,CO3 (40) KF (3.0) 0.5 MeCN (0.9) 5
18  Ag,CO;(40) KzPO,(1.0) 05  MeCN(0.9) 27
19 Ag,CO5 (40) Na,CO3(1.5) 0.5 H,O (0.9) -
10 Ag,CO3 (40) Na,CO3(1.5) 0.5 Acetone (0.9) -
21 Ag,CO5 (40) Na,CO3(1.5) 0.5 DMF (0.9) -
22 Ag,CO5 (40) Na,CO3(1.5) 0.5 Hexane (0.9) -
23 Ag,CO5 (40) Na,CO3(1.5) 0.5 DCM (0.9) 20
246 Ag,CO; (40) Na,CO5(1.5) 0.5 DCM (0.9) 40 (di-:5)
250 Ag,CO;5 (40) Na,CO;(1.5) 0.5 DCM (0.7) 57 (di-:6)
26>¢ Ag,CO; (40) Na,CO;(2.5) 0.2 DCM (0.7) 77 (di-:19)
27b¢ Ag,CO;5 (40) Nay,CO5;(2.5) 0.2 DCM (0.4) 25
28b¢  Ag,CO;3(20) Na,CO3(2.5) 0.2 DCM (0.7) 64 (di-:10)
29be  Ag,CO5(5) Na,CO;(2.5) 0.2 DCM (0.7) 27
30b¢ - Na,CO5 (2.5) 0.2 DCM (0.7)  trace
31 Ag,CO5 (10) Na,CO3(1.5) 0.5 MeCN (0.9) 31
32 - Na,CO53 (1.5) 0.5 MeCN (0.9) trace
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Note: @ The yields were determined by *°F NMR analysis of crude products using
CF3CH,OH as the internal standard. ® The reaction flask was well-sealed. ¢ no K,S,0s.
¢ DTBP instead of K;S,0s. © 6.1 equiv TFA.

I11. General Procedure for Silver-Catalyzed Trifluoromethylation with TFA:

Conditions A: A 50 mL Schlenk-type tube (with a Teflon high pressure valve and
side arm) equipped with a magnetic stir bar was charged with substrate (0.25 mmol),
Ag>COs3 (40 mol %, 27.6 mg), K,S,0s (2.0 equiv, 135.2 mg), Na,CO; (1.5 equiv, 39.8
mg), followed by TFA (3.6 equiv, 66.8 uL), concd H,SO, (50 mol %, 6.8 uL), and
MeCN (0.9 mL) as the solvent. The reaction tube was closed with a tiny opening.
After the reaction mixture was stirred at 120 °C for 10 h, it was allowed to cool to
ambient temperature. The reaction mixture was diluted with ethyl acetate (10 mL) and
washed with saturated aqueous NaHCO3 (3 mL) and brine (3 mL, twice). The organic
phase was dried with Na,SQ,, filtered, and concentrated in vacuo. The residue was
purified by silica gel column chromatograph (n-hexane/ethyl acetate mixtures) to give
inseparable products. The products were analyzed by *F NMR and 'H NMR
spectroscopy and GC-MS. The NMR spectroscopic data matched those obtained for
an authentic sample. The yield was determined by **F NMR and *H NMR analysis of
crude product using CF;sCH,OH and CH,Br; as the internal standard respectively. For
volatile products, the reaction mixture was analyzed by °F NMR spectroscopy and
GC-MS without workup.

Conditions B: A 50 mL Schlenk-type tube (with a Teflon high pressure valve)
equipped with a magnetic stir bar was charged with substrate (0.25 mmol), Ag,COs
(40 mol %, 27.6 mg), K;S,0s (2.0 equiv, 135.2 mg), Na,CO3 (2.5 equiv, 66.3 mg),
followed by TFA (6.1 equiv, 113.2 uL), concd H,SO4 (20 mol %, 2.7 uL), and DCM
(0.7 mL) as the solvent. After the reaction mixture was stirred at 120 °C for 10 h, it
was allowed to cool to ambient temperature. The reaction mixture was diluted with
ethyl acetate (10 mL) and washed with saturated aqueous NaHCO3 (3 mL) and brine
(3 mL, twice). The organic phase was dried with Na,SQO,, filtered, and concentrated in
vacuo. The residue was purified by silica gel column chromatograph (n-hexane/ethyl
acetate mixtures) to give inseparable products. The products were analyzed by *°F
NMR and *H NMR spectroscopy and GC-MS. The NMR spectroscopic data matched
those obtained for an authentic sample. The yield was determined by °F NMR and *H
NMR analysis of crude product using CF3sCH,OH and CH,Br, as the internal standard
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respectively. For volatile products, the reaction mixture was analyzed by **F NMR
spectroscopy and GC-MS without workup.

Table S2. Silver-catalyzed C-H Trifluoromethylation of Arenes using TFA as the
Trifluoromethylating Reagent

CF, CF,
N conditions A or B A N
R — " R{ + RE
7 = \/C
F
0.25 mmol mono- di- 3
2-21 2-210-p
" yield and ¢ - yield and €
entry substrates products conditions isomer ratio entry substrates products conditions jsomer ratio
CO,M
O O o e o £ |
7\ B 57% (o:m:di
2 20 12 NG ~_ /0 =21:27:9)
CN CN o NC m
2 @/ FsCy { B 382?1“1’1’2"9"2%') 13 130, 13m
-~/ ° cl Cl oN
P m CN i
3 30, 3m,3p Ab c 83% (m:p:di
CO,Et 13 FsC =44:29:10)
CO,Et F3C, 2 74% (o:m:p:di = cl
3 A B =35:11:19:9) cl m
o RS 14 14m, 14p
P m
4 40, 4m, 4p COMe FsC CO,Me
tBu FiCyy tBu 81% (isomer » /@/ X ga 44% (0:m
4 7 B? ratio 46:29:6) ~/° =26:18)
o m
p S
m
5 50, 5m, 5p 150, 15r:1:O "
I ' FsC Ve
FsCy b,c 81% (o:m:p:di CO,Me == 60% (o:m:di
5 2 \ A’ B — 5Q-9F&-
= 25:22:19:15) \ Jo = 29:25:6)
o= o 15
Cl m
6 60, 6, 6p
N F.C CN 160, 16m
0, medi
C C " 63% (o:m:di e COMe
6 \ B* =33:21:9) aCy
o CO,Me X o
= \ 53 A> (o m=
m 16 o B 24)
’ N F7C°’ ™ e oo
o (o-m-di
3 \ B 7:3A)'(o.(n.d| 170, 17m
7 42:15:16) .
-~ /0 CO,Me B 76% (o:m:di
F Fom coMe FaCy= = 35:26:15)
8 80, 8m
CN FiC CN 7 /©/ Lo d 36% (0:m
8 e s 48% (0:m |7om B =19:17)
Y, B =27:21) 180, 18m
-
Cl
c” m COo,M
9 90, 9m /©/002Me F3C§j olvie
CN 18 B 75% (di-15%)
CN F3C —
9 3 NG B 7_8%-(0.(77.d| MeO,C
\ o = 36:24:18) MeO,C
Br =
g’ m 190 |
10 100, 10m F3C. .
CN . b c 56% (o:m:di
10 CN F3C/\/ | B b 76% (0:m:di 19 ° A> = 23:27:6)
Do =40:24:12) Br A
! | m 200, 20m
1 110, 11m FiC I
CN ,:3(;\/ CN . 20 /©/ DO A 54% (di-:8)
11 ¢ Ab.© 64% (0:m.di (isomer ratio26:20)
F\C ~/0 =41:7:16) FFom
F;C m
12 120, 12m 21 210,21m

Note: ? 3.6 equiv TFA. 1.5 equiv Na,COs. °

no concd H,SO,. ¢ 0.4 mL MeCN. ¢ 5

mol % Ag,COs. ¢ The yield and isomer ratio were determined by **F NMR and 'H
NMR using CF3CH,0OH and CH,Br; as the internal standard respectively.

Condition A: Ag,CO3 (40 mol %), K,S,0g (2.0 equiv), TFA (3.6 equiv), Na,CO3 (1.5
equiv), H2S04 (0.5 equiv), MeCN (0.9 mL), 120 'C, 10 h, not well-sealed.
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Condition B: Ag,CO3 (40 mol %), K;S,0s (2.0 equiv), TFA (6.1 equiv), Na,CO3 (2.5
equiv), H,S04 (0.2 equiv), DCM (0.7 mL), 120 'C, 10 h.

IV. Preliminary Mechanistic Studies:

1. Inhibition of the trifuoromethylation reaction with TEMPO: A 50 mL
Schlenk-type tube (with a Teflon high pressure valve) equivuipped with a magnetic
stir bar was charged with benzonitrile (0.25 mmol, 25.5 uL), Ag>COs (40 mol %, 27.6
mg), K»S,0s (2.0 equiv, 135.2 mg), Na,CO3 (1.5 equiv, 39.8 mg), followed by TFA
(3.6 equiv, 66.8 uL), concd H,SO4 (20 mol %, 2.7 uL), TEMPO (1.0 equiv, 39.1 mg)
and DCM (0.7 mL) as the solvent. After the reaction mixture was stirred at 120 °C for
10, it was allowed to cool to ambient temperature. The reaction mixture was diluted
with ethyl acetate (10 mL) and washed with saturated aqueous NaHCO3 (3 mL) and
brine (3 mL, twice). The organic phase was dried with Na,SQO,, filtered, and
concentrated in vacuo. No desired product was detected by *H NMR, **F NMR and
GC-MS.

Scheme S2. Inhibition of the Trifluoromethylation Reaction with TEMPO

CN CN
TEMPO
1.0 equiv X
( _ .q ) >~ [ e,
conditions B =
0.25 mmol 0% yield

Condition B: Ag,COs3 (40 mol %), K;S,0g (2.0 equiv), TFA (6.1 equiv), Na,CO3 (2.5
equiv), H2S04 (0.2 equiv), DCM (0.7 mL), 120 'C, 10 h.

2. Kinetic isotope effect experiment: A 50 mL Schlenk-type tube (with a Teflon
high pressure valve) equipped with a magnetic stir bar was charged with benzene
(0.125 mmol, 11.14 uL) and ds-benzene (0.125 mmol, 11.07 uL), Ag,CO3 (40 mol %,
27.6 mg), K;S,0s (2.0 equiv, 135.2 mg), Na,COj3 (2.5 equiv, 66.3 mg), followed by
TFA (6.1 equiv, 113.2 uL), concd H,SO,4 (20 mol %, 2.7 uL), and DCM (0.7 mL) as
the solvent. After the reaction mixture was stirred at 120 °C for 3 h or 10 h, it was
allowed to cool to ambient temperature. The reaction mixture was diluted with CDCl;
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(3 mL) and washed with saturated aqueous NaHCO; (2 mL). The ratios of
trifluorotoluene to ds-trifluorotoluene were determined by *H NMR and °F NMR
analysis of crude products using CH2Br, and CF;CO,CHjs as the internal standard
respectively.

Scheme S3. Kinetic Isotope Effect Experiments

CF, CF,
" hgo KIE=10 " hyo hH/D
—_— —> —_— —_—
%% conditions B 2R (A
0.25 mmol FsC )
(50% D) mono- di-
time yield
3h 26% mono- + 5% di-; 50% D
10 h 52% mono- + 12% di-; 50% D

Condition B: Ag,COs3 (40 mol %), K;S,0g (2.0 equiv), TFA (6.1 equiv), Na,CO3 (2.5
equiv), H2S04 (0.2 equiv), DCM (0.7 mL), 120 'C, 10 h.

3. Reactions in the dark: A 50 mL Schlenk-type tubes wraped with aluminum foil
(with a Teflon high pressure valve) equipped with a magnetic stir bar were charged
with benzonitrile (0.25 mmol, 25.5 uL) or tert-butylbenzene (0.25 mmol, 38.5 uL),
followed by Ag,COs (40 mol %, 27.6 mg), K,S,0s (2.0 equiv, 135.2 mg), TFA (3.6
equiv, 66.8 uL), Na,CO3 (1.5 equiv, 39.8 mg), concd H,SO4 (20 mol %, 2.7 uL), and
DCM (0.7 mL) as the solvent. After the reaction mixture was stirred at 120 °C in the
dark for 10 h, it was allowed to cool to ambient temperature. The reaction mixture
was diluted with ethyl acetate (10 mL) and washed with saturated aqueous NaHCO3
(3 mL) and brine (3 mL, twice). The organic phase was dried with Na,SO, and
filtered. The reactions were analyzed by °F NMR using CFsCH,OH as the internal
standard, which showed similar results to those under visible light.

Scheme S4. Investigation of the Influence of Light Radiation on the C-H
Trifluoromethylation Reaction
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CN CN in the dark: 82% yield

— (o:m:p:di = 27:10:27:18)
\ /, Vs
/~CF under visible light: 88% yield

0.25 mmol n the dark (o:m:p:di = 28:11:29:20)
or > or
tBu  conditions B fBu in the dark: 7% yield
— (43:28:6 isomer ratio)
) vs
\ />CF, under visible light: 81% yield
0.25 mmol (46:29:6 isomer ratio)

Condition B: Ag,COj3 (40 mol %), K,S,05g (2.0 equiv), TFA (6.1 equiv), Na,CO3 (2.5
equiv), H,S04 (0.2 equiv), DCM (0.7 mL), 120 'C, 10 h.
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V. Characterization of the Authentic Samples

1. Commercially available authentic samples:

2-(Trifluoromethyl)benzonitrile (30):
CN

©/CF3

'H NMR (400 MHz, CDCls): 6 = 7.86 (d, J = 7.5 Hz, 1H), 7.81 (d, J = 7.4 Hz, 1H),
7.75 (m, 1H), 7.70 (m, 1H). °F NMR (376 MHz, CDCls): 6 = -62.38 (s, 3F).

3-(Trifluoromethyl)benzonitrile (3m):
CN

Q.

'H NMR (400 MHz, CDCls): & = 7.93 (s, 1H), 7.87 (m, 2H), 7.66 (t, J = 7.9 Hz, 1H).
YF NMR (376 MHz, CDCly): 6 = -63.61 (s, 3F).

3

4-(Trifluoromethyl)benzonitrile (3p):
CN

CF;

'H NMR (400 MHz, CDCls): 6 = 7.82 (d, J = 8.3 Hz, 2H), 7.76 (d, J = 8.4 Hz, 2H).
YFE NMR (376 MHz, CDCly): 6 = -63.93 (s, 3F).

4-Methyl-2-(trifluoromethyl)benzonitrile (70):

CN
CF3

'H NMR (400 MHz, CDCl3): & = 7.72 (d, J = 7.9 Hz, 1H), 7.60 (s, 1H), 7.48 (d, J =
7.9 Hz, 1H), 2.50 (s, 3H). **F NMR (376 MHz, CDCl,): 6 = -62.38 (s, 3F).
4-Methyl-3-(trifluoromethyl)benzonitrile (7m):
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CN

CF3

'H NMR (400 MHz, CDCls): & = 7.89 (s, 1H), 7.72 (d, J = 7.9 Hz, 1H), 7.43 (d, J =
7.9 Hz, 1H), 2.56 (d, J = 1.1 Hz, 3H). *°F NMR (376 MHz, CDCl3): & = -62.89 (s,
3F).

4-Fluoro-2-(trifluoromethyl)benzonitrile (80):

CN
CF3

F
'H NMR (400 MHz, CDCls): 5 = 7.88 (m, 1H), 7.52 (dd, J = 8.2, 2.3 Hz, 1H), 7.43
(m, 1H). **F NMR (376 MHz, CDCls): ¢ = -62.81 (s, 3F), -100.22 (s, 1F).

4-Fluoro-3-(trifluoromethyl)benzonitrile (8m):
CN

CF3
F

'H NMR (400 MHz, CDCls): & = 7.96 (dd, J = 6.4, 1.6 Hz, 1H), 7.89 (m, 1H), 7.37 (t,
J = 9.1 Hz, 1H). F NMR (376 MHz, CDCls): § = -62.40 (d, J = 12.7 Hz, 3F),
-104.30 (q, J = 12.7 Hz, 1F).

4-Chloro-2-(trifluoromethyl)benzonitrile (90):

CN
CF3

Cl

'H NMR (400 MHz, CDCls): & = 7.80 (m, 2H), 7.68 (dd, J = 8.2, 1.9 Hz, 1H). *°F
NMR (376 MHz, CDCls): 6 = -62.73 (s, 3F).

4-Chloro-3-(trifluoromethyl)benzonitrile (9m):
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CN

CF3
Cl

'H NMR (400 MHz, CDCl3): & = 7.99 (d, J = 1.6 Hz, 1H), 7.78 (dd, J = 8.3, 1.7 Hz,
1H), 7.67 (d, J = 8.3 Hz, 1H). °F NMR (376 MHz, CDCls): § = -63.73 (s, 3F).

4-Bromo-2-(trifluoromethyl)benzonitrile (100):

CN
CF3

Br
'H NMR (400 MHz, CDCls): & = 7.95 (s, 1H), 7.85 (dd, J = 8.2, 1.4 Hz, 1H), 7.71 (d,
J = 8.2 Hz, 1H). *F NMR (376 MHz, CDCls): 6 = -62.61 (s, 3F).

4-Bromo-3-(trifluoromethyl)benzonitrile (10m):
CN

CF;
Br

'H NMR (400 MHz, CDCls): & = 7.96 (d, J = 1.4 Hz, 1H), 7.88 (d, J = 8.3 Hz, 1H),
7.67 (dd, J = 8.3, 1.7 Hz, 1H). '°F NMR (376 MHz, CDCls): 6 = -63.81 (s, 3F).

4-lodo-2-(trifluoromethyl)benzonitrile (110):

CN
CF3

'H NMR (400 MHz, CDCl5): & = 8.14 (s, 1H), 8.06 (d, J = 8.1 Hz, 1H), 7.54 (d, J =
8.1 Hz, 1H). **F NMR (376 MHz, CDCls): 6 = -62.56 (s, 3F).

4-1odo-3-(trifluoromethyl)benzonitrile (11m):

S12



CN

CF3
I

'H NMR (400 MHz, CDCls): & = 8.19 (d, J = 8.2 Hz, 1H), 7.90 (d, J = 1.6 Hz, 1H),
7.46 (dd, J = 8.2, 1.7 Hz, 1H). *°F NMR (376 MHz, CDCls): 6 = -64.02 (s, 3F).

2. Synthetic samples:

General Procedure for the Preparation of Ethyl Benzoates from the
Corresponding Benzonitriles:

The ethyl benzoates were synthesized following a literature procedure.! To a solution
of NaOH (1.25 mmol, 50.0 mg) in water (1.0 mL) and ethanol (0.1 mL) was added
benzonitrile (0.25 mmol). The reaction mixture was stirred at reflux for 6 h. The
mixture was cooled to room temperature and diluted with 5 mL H,O, and then washed
with DCM (5 mL X 2). The aqueous phase was acidified by 1N HCI and extracted
with 10 mL ethyl acetate. The organic layer was washed with brine and dried over
Na,SO,, filtered and concentrated in vacuum. The crude benzoic acid was added to a
solution of H,SO,4 (0.5 mL) in ethanol (2 mL), and refluxed for 10 h. The reaction
solution was diluted with 10 mL ethyl acetate and washed with H,O (5 mL), saturated
NaHCO;3 solution (3 mLX3) and brine (3 mLX1), and then dried over Na;SOy,
filtered and concentrated in vacuum. The crude product was purified by silica gel
column chromatography.

Ethyl 2-(trifluoromethyl)benzoate (40):

CO,Et
CF;

The general procedure was followed with 2-(trifluoromethyl)benzonitrile (0.25 mmol,
42.75 mg) as the substrate to give a colorless liquid (38.8 mg. Yield: 65%). *H NMR
(400 MHz, CDCl3): & = 7.77 (m, 1H), 7.73 (m, 1H), 7.59 (m, 2H), 4.39 (g, J = 7.2 Hz,
2H), 1.38 (t, J = 7.2 Hz, 3H).*°F NMR (376 MHz, CDCl5): 6 = -59.75 (s, 3F). HRMS
(ESI-TOF) m/z: calcd for CigHgF3sNaO, (M+Na)": 241.0447; found: 241.0461. The *H
NMR data matched that in literature.!!
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Ethyl 3-(trifluoromethyl)benzoate (4m):
CO,Et

CF;
The general procedure was followed with 3-(trifluoromethyl)benzonitrile (0.25 mmol,
42.75 mg) as the substrate to give a colorless liquid (41.8 mg. Yield: 70%). *H NMR
(400 MHz, CDCls): & = 8.28 (s, 1H), 8.21 (d, J = 7.8 Hz, 1H), 7.78 (d, J = 7.8 Hz, 1H),
7.55 (t, J = 7.8 Hz, 1H), 4.40 (q, J = 7.1 Hz, 2H), 1.40 (t, J = 7.1 Hz, 3H). *F NMR
(376 MHz, CDCl3): 6 =-63.29 (s, 3F). HRMS (ESI-TOF) m/z: calcd for C19HgF3NaO,
(M+Na)*: 241.0447; found: 241.0462. The *H NMR data matched that in literature.™

Ethyl 4-(trifluoromethyl)benzoate (4p):
CO,Et

CF3

The general procedure was followed with 4-(trifluoromethyl)benzonitrile (0.25 mmol,
42.75 mg) as the substrate to give a colorless liquid (34.7mg. Yield: 58%). *H NMR
(400 MHz, CDCl3): & = 8.15 (d, J = 8.1 Hz, 2H), 7.69 (d, J = 8.2 Hz, 2H), 4.40 (q, J =
7.1 Hz, 2H), 1.40 (t, J = 7.1 Hz, 3H). °F NMR (376 MHz, CDCls): 6 = -63.53 (s, 3F).
HRMS (ESI-TOF) m/z: calcd for CioHgFsNaO, (M+Na)™: 241.0447; found: 241.0421.
The *H NMR data matched that in literature.!

General Procedure for the Preparation of Methyl Benzoates from the
Corresponding Benzonitriles:

The benzoic acids were synthesized following a literature procedure.! To a solution
of NaOH (1.25 mmol, 50.0 mg) in water (1.0 mL) and ethanol (0.1 mL) was added
benzonitrile (0.25 mmol). The reaction mixture was stirred at reflux for 6 h. The
mixture was cooled to room temperature and diluted with 5 mL H,O, and then washed
with DCM (5 mL X 2). The aqueous phase was acidified by 1N HCI and extracted
with 10 mL ethyl acetate. The organic layer was washed with brine and dried over
Na,SOq, filtered and concentrated in vacuum. The crude benzoic acid was methylated
with fresh CH;N; in ether. The reaction solution was diluted with 5 mL ether and
washed with saturated NaHCO3 solution (3 mL X 3) and brine (3 mL X 1), and then
dried over Na,SO,, filtered and concentrated in vacuum. The crude product was
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purified by silica gel column chromatography.

Methyl 4-methyl-2-(trifluoromethyl)benzoate (150):

CO,Me
CF,4

The general procedure was followed with 4-methyl-2-(trifluoromethyl)benzonitrile
(0.25 mmol, 46.25 mg) as the substrate to give a colorless liquid (21.3 mg. Yield:
37%). 'H NMR (400 MHz, CDCls): § = 7.70 (d, J = 7.9 Hz, 1H), 7.54 (s, 1H), 7.39 (d,
J = 7.8 Hz, 1H), 3.91 (s, 3H), 2.44 (s, 3H).*C NMR (100 MHz, CDCls): & = 167.21,
142.02, 132.12, 130.50, 128.84 (q, J = 32.0 Hz), 128.06, 127.36 (q, J = 5.4 Hz),
123.38 (g, J = 271.6 Hz), 52.63, 21.37. *F NMR (376 MHz, CDCls): ¢ = -60.07 (s,
3F). HRMS (ESI-TOF) m/z: calcd for CigHgFsNaO, (M+Na)™: 241.0447; found:
241.0454.

Methyl 4-methyl-3-(trifluoromethyl)benzoate (15m):
COzMe

CF3

The general procedure was followed with 4-methyl-3-(trifluoromethyl)benzonitrile
(0.25 mmol, 46.25 mg) as the substrate to give a colorless liquid (47.1 mg. Yield:
82%). 'H NMR (400 MHz, CDCls): & = 8.27 (s, 1H), 8.07 (d, J = 7.9 Hz, 1H), 7.36 (d,
J = 8.0 Hz, 1H), 3.93 (s, 3H), 2.54 (d, J = 1.0 Hz, 3H). *C NMR (100 MHz, CDCls):
d = 165.95, 142.04 (m), 132.57, 131.13, 129.22 (q, J = 30.4 Hz), 128.09, 127.11 (q, J
= 5.7 Hz), 124.02 (g, J = 272.1 Hz), 52.30, 19.52 (m). **F NMR (376 MHz, CDCl5): 6
= -62.44 (s, 3F). HRMS (ESI-TOF) m/z: calcd for CioHgF3NaO, (M+Na)': 241.0447;
found: 241.0463.

Methyl 4-chloro-2-(trifluoromethyl)benzoate (160):

COzMe
CF;

Cl
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The general procedure was followed with 4-chloro-2-(trifluoromethyl)benzonitrile
(0.25 mmol, 51.4 mg) as the substrate to give a colorless solid (29.4 mg. Yield: 47%).
'H NMR (400 MHz, CDCls): § = 7.79 (d, J = 8.3 Hz, 1H), 7.75 (s, 1H), 7.60 (d, J =
8.4 Hz, 1H), 3.95 (s, 3H).**C NMR (100 MHz, CDCls): & = 166.14, 137.73, 131.94,
131.81, 130.57 (q, J = 33.1 Hz), 129.25, 127.22 (q, J = 5.7 Hz), 122.47 (q, J = 272.2
Hz), 52.94. *F NMR (376 MHz, CDCls): 6 = -60.43 (s, 3F). HRMS (ESI-TOF) m/z:
calcd for CgHgCIF3NaO, (M+Na)*: 260.9901; found: 260.9909.

Methyl 4-chloro-3-(trifluoromethyl)benzoate (16m):
CO,Me

CF3
Cl

The general procedure was followed with 4-chloro-3-(trifluoromethyl)benzonitrile
(0.25 mmol, 51.4 mg) as the substrate to give a colorless solid (53.3 mg. Yield: 85%).
'H NMR (400 MHz, CDCls): & = 8.34 (s, 1H), 8.12 (dd, J = 8.3, 1.4 Hz, 1H), 7.58 (d,
J = 8.3 Hz, 1H), 3.94 (s, 3H). *C NMR (100 MHz, CDCls): 6 = 165.01, 137.22 (m),
133.67, 131.73, 129.00, 128.77 (q, J = 31.9 Hz), 128.79 (q, J = 5.3 Hz), 122.37 (9, J =
271.7 Hz), 52.62. F NMR (376 MHz, CDCls): ¢ = -63.39 (s, 3F). HRMS (ESI-TOF)
m/z: calcd for CoHgCIFsNaO, (M+Na)*: 260.9901; found: 260.9878.

Methyl 4-bromo-2-(trifluoromethyl)benzoate (170):

COzMe
CF;

Br
The general procedure was followed with 4-bromo-2-(trifluoromethyl)benzonitrile
(0.25 mmol, 62.5 mg) as the substrate to give a colorless solid (40.6 mg. Yield: 55%).
'H NMR (400 MHz, CDCls): 8 = 7.89 (d, J = 1.5 Hz, 1H), 7.75 (dd, J = 8.3, 1.7 Hz,
1H), 7.68 (d, J = 8.3 Hz, 1H), 3.93 (s, 3H). *°F NMR (376 MHz, CDCls): § = -60.35
(s, 3F). HRMS (ESI-TOF) m/z: caled for CoH,BrFs0, (M+H)": 282.9576; found:
282.9532.

Methyl 4-bromo-3-(trifluoromethyl)benzoate (17m):
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CO,Me

CF;
Br

The general procedure was followed with 4-bromo-3-(trifluoromethyl)benzonitrile
(0.25 mmol, 62.5 mg) as the substrate to give a colorless solid (64.2 mg. Yield: 87%).
'H NMR (400 MHz, CDCls): 8 = 8.33 (d, J = 1.7 Hz, 1H), 8.02 (dd, J = 8.3, 1.9 Hz,
1H), 7.79 (d, J = 8.3 Hz, 1H), 3.94 (s, 3H). *C NMR (100 MHz, CDCls): ¢ = 165.17,
135.31, 133.59, 130.62 (q, J = 31.8 Hz), 129.56, 128.90 (q, J = 5.5 Hz), 125.43 (m),
122.48 (g, J = 271.9 Hz), 52.67. F NMR (376 MHz, CDCls): 6 = -63.36 (s, 3F).
HRMS (ESI-TOF) m/z: calcd for CgHgBrFsNaO, (M+Na)™: 304.9395; found:
304.9358.

Methyl 4-iodo-2-(trifluoromethyl)benzoate (180):

COzMe
CF;

The general procedure was followed with 4-iodo-2-(trifluoromethyl)benzonitrile (0.25
mmol, 82.5 mg) as the substrate to give a colorless solid (30.1 mg. Yield: 32%). *H
NMR (400 MHz, CDCls): 6 = 8.07 (s, 1H), 7.95 (d, J = 8.0 Hz, 1H), 7.50 (d, J = 8.1
Hz, 1H), 3.92 (s, 3H). *C NMR (100 MHz, CDCls): J = 166.48, 140.90, 135.73 (q, J
= 5.6 Hz), 131.65, 131.14, 130.34, 130.20 (q, J = 32.8 Hz), 130.13, 122.14 (q, J =
272.5 Hz), 52.96. *°F NMR (376 MHz, CDCls): ¢ = -60.32 (s, 3F). HRMS (ESI-TOF)
m/z: calcd for CoHglF3sNaO, (M+Na)*: 352.9257; found: 352.9276.

Methyl 4-iodo-3-(trifluoromethyl)benzoate (18m):
CO,Me

CF3
I

The general procedure was followed with 4-iodo-3-(trifluoromethyl)benzonitrile (0.25
mmol, 82.5 mg) as the substrate to give a colorless solid (71.3 mg. Yield: 76%). ‘H
NMR (400 MHz, CDCl3): 6 =8.25 (d, J = 1.8 Hz, 1H), 8.11 (d, J = 8.2 Hz, 1H), 7.80
(dd, J = 8.2, 1.7 Hz, 1H), 3.93 (s, 3H). *C NMR (100 MHz, CDCls): § = 165.36,
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142.49, 134.11 (q, J = 31.4 Hz), 133.24, 130.24, 129.02, 128.38 (q, J = 5.6 Hz),
122.38 (q, J = 272.4 Hz), 52.62. F NMR (376 MHz, CDCls): § = -63.46 (s, 3F).
HRMS (ESI-TOF) m/z: calcd for CgHglFsNaO, (M+Na)*: 352.9257; found: 352.9274.

V1. Characterization of the Products

2-(Trifluoromethyl)terephthalonitrile (10):

CN
CF3

CN
The product was isolated by preparative HPLC as a colorless solid. *H NMR (400
MHz, CDCls): & = 8.09 (s, 1H), 8.01 (s, 2H). *C NMR (100 MHz, CDCls): 6 =
135.66, 135.46, 134.18 (g, J = 33.8 Hz), 130.16 (q, J = 4.7 Hz), 121.25 (q, J = 272.9
Hz), 117.20, 115.74, 114.29, 113.76. *F NMR (376 MHz, CDCls): 6 = -62.83 (s, 3F).
HRMS (ESI-TOF) m/z: calcd for CoH3FoN; (M-F)*: 177.0259; found: 177.0259.

Trifluorotoluene (20):
CF;

The *F NMR spectroscopic data of the crude product showed a single peak of -63.14
ppm in CDCl; (lit. s, -63.3 ppm in CDCl5).”"! The identity of the product was
confirmed by GC-MS.

2-(Trifluoromethyl)benzonitrile (30):
CN

©/CF3

The product was isolated by silica gel preparative TLC as a colorless liquid. 'H NMR
(400 MHz, CDCls): & = 7.86 (d, J = 7.4 Hz, 1H), 7.81 (d, J = 7.6 Hz, 1H), 7.75 (t, J =
7.5 Hz, 1H), 7.70 (t, J = 7.4 Hz, 1H). °F NMR (376 MHz, CDCl,): 6 = -62.61 (s, 3F).
The NMR spectroscopic data matched that of the authentic samples.
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2-(Trifluoromethyl)benzonitrile (30), 3-(trifluoromethyl)benzonitrile (3m) and
4-(trifluoromethyl)benzonitrile (3p):

CN
CN CN
©/CF3 t
CF,

CF3
The yield and the isomer ratio were determined by °F NMR using CFsCH,OH as the
internal standard by comparing **F NMR with those of authentic samples. The isomer
ratio was o:m:p = 28:11:29. °F NMR (376 MHz, CDCls): 6 = -62.38 (o-isomer),
-63.53 (m-isomer), -63.91 (p-isomer). The *F NMR spectroscopic data matched that
of the authentic samples and the identity of the products was confirmed by GC-MS.

Ethyl 2-(trifluoromethyl)benzoate (40), ethyl 3-(trifluoromethyl)benzoate (4m)
and ethyl 4-(trifluoromethyl)benzoate (4p):

CO,Et
CO,Et CO,Et

CF3

s Cr,

The yield and the isomer ratio were determined by °F NMR using CFsCH,OH as the
internal standard by comparing **F NMR with those of authentic samples. The isomer
ratio was o:m:p = 35:11:19. °F NMR (376 MHz, CDCls): 6 = -59.72 (o-isomer),
-63.23 (m-isomer), -63.51 (p-isomer). The **F NMR spectroscopic data matched that
of the authentic samples synthesized above and the identity of the products was
confirmed by GC-MS.

1-(tert-Butyl)-2-(trifluoromethyl)benzene (50),
1-(tert-butyl)-3-(trifluoromethyl)benzene (5m) and
1-(tert-butyl)-4-(trifluoromethyl)benzene (5p):

tBu
tBu tBu
©/CF3 t
CF4

CF;

The yield and the isomer ratio were determined by °F NMR using CFsCH,OH as the
internal standard. The isomer ratio was 46:29:6. *°F NMR (376 MHz, CDCls): ¢ =
-53.18 (s, 3F), -62.75 (s, 3F), -62.87 (s, 3F). The identity of the products was
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confirmed by GC-MS.

1-lodo-2-(trifluoromethyl)benzene (60), 1-iodo-3-(trifluoromethyl)benzene (6m)
and 1-iodo-4-(trifluoromethyl)benzene (6p):

| ' |

Sarne

CFs  CR,
The yield and the isomer ratio were determined by °F NMR using CFsCH,OH as the
internal standard by comparing *°F NMR with the reported ones. The isomer ratio was
o:m:p = 25:22:19. **F NMR (376 MHz, CDCls): 6 = -63.13 (o-isomer, lit. -62.7 ppm
in CDCls)™!, -63.33 (m-isomer, lit. -62.9 ppm in CDCl3)!!, -63.41 (p-isomer, lit. -63.0
ppm in CDCI3)M. The identity of the products was confirmed by GC-MS.

4-Methyl-2-(trifluoromethyl)benzonitrile (70):

CN
CF;

The product was isolated by silica gel preparative TLC as a colorless liquid. *H NMR
(400 MHz, CDCl3): 6 =7.73 (d, J =7.9 Hz, 1H), 7.60 (s, 1H), 7.48 (d, J = 7.9 Hz, 1H),
2.50 (s, 3H). **C NMR (100 MHz, CDCls): 6 = 144.27, 134.62, 132.71, 127.44 (q, J =
4.5 Hz), 122.44 (q, J = 272.0 Hz), 115.68, 107.18, 21.79. F NMR (376 MHz,
CDCl3): 6 = -62.34 (s, 3F). HRMS (ESI-TOF) m/z: calcd for CgHgFsNaN, (M+Na)™:
208.0345; found: 208.0349. The NMR spectroscopic data matched that of the
authentic sample.

4-Methyl-3-(trifluoromethyl)benzonitrile (7m):
CN

CF3

The product was isolated by silica gel preparative TLC as a colorless solid. *H NMR
(400 MHz, CDCls): 6 = 7.90 (s, 1H), 7.72 (d, J = 7.9 Hz, 1H), 7.43 (d, J = 7.9 Hz, 1H),
2.57 (s, 3H). F NMR (376 MHz, CDCls): 6 = -62.88 (s, 3F). The identity of the
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product was confirmed by GC-MS. The NMR spectroscopic data matched that of the
authentic sample.

4-Fluoro-2-(trifluoromethyl)benzonitrile (8o) and
4-fluoro-3-(trifluoromethyl)benzonitrile (8m):

CN CN
CF;

7" Q.

F F
The yield and the isomer ratio were determined by *F NMR using CFsCH,OH as the
internal standard by comparing *F NMR with those of authentic samples. The isomer
ratio was o:m = 42:15. 4-Fluoro-2-(trifluoromethyl)benzonitrile (80): *H NMR
(400 MHz, CDCls): § = 7.89 (m, 1H), 7.52 (dd, J = 8.2, 2.4 Hz, 1H), 7.40 (m, 1H). *°F
NMR (376 MHz, CDCl3): ¢ = -6279 (s, 3F), -100.23 (s, 1F).
4-Fluoro-3-(trifluoromethyl)benzonitrile (8m): *H NMR (400 MHz, CDCl3): & =
7.95 (d, J = 7.4 Hz, 1H), 7.89 (m, 1H), 7.37 (m, 1H). **F NMR (376 MHz, CDCl): 6
=-62.40 (d, J = 12.4 Hz, 3F), -104.27 (q, J = 12.5 Hz, 1F). The NMR spectroscopic

data matched that of the authentic samples and the identity of the products was
confirmed by GC-MS.

4-Chloro-2-(trifluoromethyl)benzonitrile (90) and
4-chloro-3-(trifluoromethyl)benzonitrile (9m):

CN CN
CF;

salel

Cl Cl
The yield and the isomer ratio were determined by °F NMR using CFsCH,OH as the
internal standard by comparing *F NMR with those of authentic samples. The isomer
ratio was o:m = 27:21. 4-Chloro-2-(trifluoromethyl)benzonitrile (90): *H NMR
(400 MHz, CDCl3): 6 = 7.79 (m, 2H), 7.67 (m, 1H). *F NMR (376 MHz, CDCls): 6 =
-62.70 (s, 3F). 4-Chloro-3-(trifluoromethyl)benzonitrile (9m): *H NMR (400 MHz,
CDClg): 8 = 7.99 (s, 1H), 7.79 (m, 1H), 7.67 (m, 1H). *F NMR (376 MHz, CDCly): 6

= -63.77 (s, 3F). The NMR spectroscopic data matched that of the authentic samples
and the identity of the products was confirmed by GC-MS.
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4-Bromo-2-(trifluoromethyl)benzonitrile (100) and
4-bromo-3-(trifluoromethyl)benzonitrile (10m):

CN CN
CF3

"

Br Br
The yield and the isomer ratio were determined by °F NMR using CFsCH,OH as the
internal standard by comparing **F NMR with those of authentic samples. The isomer
ratio was o:m = 36:24. 4-Bromo-2-(trifluoromethyl)benzonitrile (100): *H NMR
(400 MHz, CDCl3): 6 =7.95 (s, 1H), 7.85 (d, J = 8.3 Hz, 1H), 7.71 (d, J = 8.2 Hz, 1H).
B NMR (376 MHz, CDCly): 6 = -6259 (s,  3F).
4-Bromo-3-(trifluoromethyl)benzonitrile (10m): *H NMR (400 MHz, CDCls): & =
7.96 (s, 1H), 7.88 (d, J = 8.3 Hz, 1H), 7.68 (d, J = 8.3 Hz, 1H). **F NMR (376 MHz,
CDCl3): 0 =-63.80 (s, 3F). The NMR spectroscopic data matched that of the authentic
samples and the identity of the products was confirmed by GC-MS.

4-lodo-2-(trifluoromethyl)benzonitrile (110) and
4-iodo-3-(trifluoromethyl)benzonitrile (11m):

CN CN
CF;

salel

| |
The yield and the isomer ratio were determined by °F NMR using CFsCH,OH as the
internal standard by comparing **F NMR with those of authentic samples. The isomer
ratio was o:m = 40:24. 4-lodo-2-(trifluoromethyl)benzonitrile (110): *H NMR (400
MHz, CDCls): § = 8.14 (s, 1H), 8.06 (d, J = 7.9 Hz, 1H), 7.54 (d, J = 8.1 Hz, 1H). °F
NMR (376 MHz, CDCls): 0 = -62.57 (s, 3F). 4-lodo-3-(trifluoromethyl)benzonitrile
(11m): *H NMR (400 MHz, CDCls): & = 8.20 (d, J = 8.2 Hz, 1H), 7.90 (s, 1H), 7.46
(d, J = 8.1 Hz, 1H). F NMR (376 MHz, CDCls): 6 = -64.04 (s, 3F). The NMR

spectroscopic data matched that of the authentic samples and the identity of the
products was confirmed by GC-MS.

2,4-Bis(trifluoromethyl)benzonitrile (120) and
3,4-bis(trifluoromethyl)benzonitrile (12m):
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CN CN
CFs
CF;
CF, CFs

The yield was determined by °F NMR using CFsCH,OH as the internal standard. The
isomer ratio was o:m = 41:7. 2,4-Bis(trifluoromethyl)benzonitrile (120): *H NMR
(400 MHz, CDCl3): 6 = 8.06 (s, 1H), 8.03 (m, 1H), 7.98 (d, J = 8.2 Hz, 1H). °F NMR
(376 MHz, CDCl): o = -6237 (s, 3F), -63.75 (s, 3F).
3,4-Bis(trifluoromethyl)benzonitrile (12m): *H NMR (400 MHz, CDCls): & = 8.15
(s, 1H), 8.02 (m, 2H). *F NMR (376 MHz, CDCls): § = -59.98 (m, 3F), -60.10 (m,
3F). The identity of products was further confirmed by GC-MS.

Methyl 4-cyano-2-(trifluoromethyl)benzoate (130):

CO,Me
CF,

CN
The product was isolated by preparative HPLC as a colorless solid. *H NMR (400
MHz, CDCls): & = 8.03 (s, 1H), 7.91 (m, 2H), 3.97 (s, 3H). *C NMR (100 MHz,
CDCls): & = 165.55, 135.25, 134.97, 131.05, 130.41 (g, J = 5.4 Hz), 130.14 (q, J =
33.7 Hz), 122.14 (q, J = 272.4 Hz), 116.55, 115.48, 53.37. °F NMR (376 MHz,
CDCls): 6 = -60.65 (s, 3F). HRMS (ESI-TOF) m/z: calcd for CigHsF2NO, (M-F)™:
210.0361; found: 210.0381.

Methyl 4-cyano-3-(trifluoromethyl)benzoate (13m):
CO,Me

CF3
CN

The product was isolated by preparative HPLC as a colorless solid. *H NMR (400
MHz, CDCl3): & = 8.45 (s, 1H), 8.34 (d, J = 8.0 Hz, 1H), 7.95 (d, J = 8.0 Hz, 1H),
4.00 (s, 3H). **C NMR (100 MHz, CDCls): § = 164.16, 135.00, 134.32, 133.33(q, J =
33.2 Hz), 132.97, 127.66 (q, J = 4.7 Hz), 121.95 (q, J = 272.5 Hz), 114.68, 113.90,
53.15. *F NMR (376 MHz, CDCls): 6 = -62.44 (s, 3F). HRMS (ESI-TOF) m/z: calcd
for C1oHsF2NO, (M-F)*: 210.0361; found: 210.0361.
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2,6-Dichloro-3-(trifluoromethyl)benzonitrile (14m):
CN

Cl@ia
CF4

The product was isolated by preparative HPLC as a colorless solid. *H NMR (400
MHz, CDCls): & = 7.85 (d, J = 8.6 Hz, 1H), 7.58 (d, J = 8.5 Hz, 1H). *C NMR (100
MHz, CDCls): 6 = 142.17, 137.32, 131.40, 128.27, 121.72 (J = 272.4 Hz), 117.41,
112.32. %F NMR (376 MHz, CDCls): 6 = -63.37 (s, 3F). HRMS (ESI-TOF) m/z: calcd
for CgH,CIoF;N (M-F)*: 219.9527; found: 219.9512.

2,6-Dichloro-3-(trifluoromethyl)benzonitrile (14m) and
2,6-dichloro-4-(trifluoromethyl)benzonitrile (14p):

CN CN

Cl\C[Cl cl cl
CF,

CF3
The yield was determined by *°F NMR using CFsCH,OH as the internal standard. The
isomer ratio was m:p = 44:29. 2,6-Dichloro-4-(trifluoromethyl)benzonitrile (14p):
'H NMR (400 MHz, CDCls): & = 7.70 (s, 2H). **F NMR (376 MHz, CDCls): 6 =
-64.07 (s, 3F). The identity of products was further confirmed by GC-MS.

Methyl 4-methyl-2-(trifluoromethyl)benzoate (150):

CO,Me
CF,

The product was isolated by silica gel preparative TLC as a colorless solid. *H NMR
(400 MHz, CDCl3): 6 =7.72 (d, J = 7.8 Hz, 1H), 7.55 (s, 1H), 7.40 (d, J = 7.8 Hz, 1H),
3.92 (s, 3H), 2.45 (s, 3H). **C NMR (100 MHz, CDCls): & = 167.21, 142.02, 132.12,
130.51, 128.86 (q, J = 32.0 Hz), 128.09, 127.37 (g, J = 5.4 Hz), 123.38 (q, J = 271.7
Hz), 52.65, 21.40. *F NMR (376 MHz, CDCls): ¢ = -60.06 (s, 3F). HRMS (ESI-TOF)
m/z: calcd for CigHgFsNaO, (M+Na)™: 241.0447; found: 241.0443. The NMR
spectroscopic data matched that of the authentic sample synthesized above.

Methyl 4-methyl-2-(trifluoromethyl)benzoate (150) and methyl

S24



4-methyl-3-(trifluoromethyl)benzoate (15m):

COzMe COzMe

CF3
CF3

The yield and the isomer ratio were determined by *F NMR using CFsCH,OH as the
internal standard by comparing *F NMR with those of authentic samples. The isomer
ratio was o:m = 26:18. Methyl 4-methyl-3-(trifluoromethyl)benzoate (15m): ‘H
NMR (400 MHz, CDCls): & = 8.28 (s, 1H), 8.08 (d, J = 7.9 Hz, 1H), 7.36 (d, J = 8.0
Hz, 1H), 3.93 (s, 3H), 2.54 (d, J = 1.0 Hz, 3H). *F NMR (376 MHz, CDCls): 6 =
-62.40 (s, 3F). The NMR spectroscopic data matched that of the authentic samples
synthesized above, and the products were further confirmed by GC-MS.

Methyl 4-chloro-2-(trifluoromethyl)benzoate (160) and methyl
4-chloro-3-(trifluoromethyl)benzoate (16m):
COzMe COzMe

CF3
CF3
Cl Cl

The yield and the isomer ratio were determined by °F NMR using CFsCH,OH as the
internal standard by comparing *F NMR with those of authentic samples. The isomer
ratio was o:m = 29:25. Methyl 4-chloro-2-(trifluoromethyl)benzoate (160): ‘H
NMR (400 MHz, CDCls): § = 7.77 (d, J = 8.3 Hz, 1H), 7.73 (d, J = 1.9 Hz, 1H), 7.59
(m, 1H), 3.93 (s, 3H). °F NMR (376 MHz, CDCls): 6 = -60.42 (s, 3F). Methyl
4-chloro-3-(trifluoromethyl)benzoate (16m): *H NMR (400 MHz, CDCls): & = 8.35
(d, J = 1.8 Hz, 1H), 8.13 (dd, J = 8.3, 1.8 Hz, 1H), 7.58 (m, 1H), 3.95 (s, 3H). °F
NMR (376 MHz, CDCls): ¢ = -63.32 (s, 3F). The NMR spectroscopic data matched
that of the authentic samples synthesized above, and the products were further
confirmed by GC-MS.

Methyl 4-bromo-2-(trifluoromethyl)benzoate (170) and methyl
4-bromo-3-(trifluoromethyl)benzoate (17m):

$25



COzMe COzMe

CF;
CF,
Br Br

The yield and the isomer ratio were determined by °F NMR using CFsCH,OH as the
internal standard by comparing *°F NMR with those of authentic samples. The isomer
ratio was o:m = 29:24. Methyl 4-bromo-2-(trifluoromethyl)benzoate (170): H
NMR (400 MHz, CDCls): § = 7.89 (s, 1H), 7.76 (d, J = 8.1 Hz, 1H), 7.69 (d, J = 8.0
Hz, 1H), 3.93 (s, 3H). °F NMR (376 MHz, CDCls): § = -60.36 (s, 3F). Methyl
4-bromo-3-(trifluoromethyl)benzoate (17m): *H NMR (400 MHz, CDCls): & = 8.35
(s, 1H), 8.04 (d, J = 8.3 Hz, 1H), 7.81 (d, J = 8.3 Hz, 1H), 3.95 (s, 3H). *°F NMR (376
MHz, CDCl3): ¢ = -63.33 (s, 3F). The NMR spectroscopic data matched that of the
authentic samples synthesized above, and the products were further confirmed by
GC-MS.

Methyl 4-iodo-3-(trifluoromethyl)benzoate (18m):
CO,Me

CF3
I

The product was isolated by preparative HPLC as a colorless solid. *H NMR (400
MHz, CDCls): 6 = 8.28 (s, 1H), 8.13 (d, J = 8.2 Hz, 1H), 7.82 (d, J = 8.2 Hz, 1H),
3.95 (s, 3H). *C NMR (100 MHz, CDCls): & = 165.39, 142.53, 133.26, 130.30,
128.45, 97.21, 52.63. F NMR (376 MHz, CDCls): 6 = -63.44 (s, 3F). HRMS
(ESI-TOF) m/z: calcd for CgHglF3NaO, (M+Na)*: 352.9257; found: 352.9254. The
NMR spectroscopic data matched that of the authentic samples synthesized above.

Methyl 4-iodo-2-(trifluoromethyl)benzoate (180) and methyl
4-iodo-3-(trifluoromethyl)benzoate (18m):
COzMe COzMe

CF3
CF3
I I

The yield and the isomer ratio were determined by *F NMR using CFsCH,OH as the
internal standard by comparing **F NMR with those of authentic samples. The isomer
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ratio was 0:m = 35:26. Methyl 4-iodo-2-(trifluoromethyl)benzoate (180): *H NMR
(400 MHz, CDCls3): 6 =8.08 (s, 1H), 7.96 (d, J = 8.1 Hz, 1H), 7.51 (d, J = 8.1 Hz, 1H),
3.93 (s, 3H). F NMR (376 MHz, CDCls): 6 = -60.31 (s, 3F). The NMR
spectroscopic data matched that of the authentic samples synthesized above, and the
products were further confirmed by GC-MS.

Dimethyl 2-(trifluoromethyl)terephthalate (190):

CO,Me
CF,

CO,Me
The product was isolated by preparative HPLC as a colorless solid. *H NMR (400
MHz, CDCls): & = 8.39 (s, 1H), 8.25 (d, J = 8.0 Hz, 1H), 7.82 (d, J = 8.0 Hz, 1H),
3.96 (s, 3H), 3.95 (s, 3H). °C NMR (100 MHz, CDCls): 6 = 166.47, 164.88, 134.80,
132.70, 132.61, 130.27, 129.06 (g, J = 32.9 Hz), 127.82 (q, J = 5.3 Hz), 122.83 (q, J =
272.0 Hz), 52.99, 52.66. >F NMR (376 MHz, CDCls): 6 = -60.31 (s, 3F). HRMS
(ESI-TOF) m/z: calcd for C1;HgF3NaO, (M+Na)': 285.0345; found: 285.0351.

4-Bromo-1-iodo-2-(trifluoromethyl)benzene (200) and
4-bromo-1-iodo-3-(trifluoromethyl)benzene (20m):

| |
CF,
CF,
Br Br

The yield and the isomer ratio were determined by °F NMR using CFsCH,OH as the
internal standard by comparing *°F NMR with the reported ones. The isomer ratio was
o:m = 23:27. 4-Bromo-1-iodo-2-(trifluoromethyl)benzene (200): ‘H NMR (400
MHz, CDCl3): 6 =7.87 (d, J =8.4 Hz, 1H), 7.77 (d, J = 1.9 Hz, 1H), 7.33 (dd, J = 8.3,
1.9 Hz, 1H). The *H NMR data matched that in literature®. F NMR (376 MHz,
CDCls): 6 = -63.68 (s, 3F). 4-Bromo-1-iodo-3-(trifluoromethyl)benzene (20m): *H
NMR (400 MHz, CDCls): § = 7.98 (s, 1H), 7.70 (d, J = 8.4 Hz, 1H), 7.42 (d, J = 8.4
Hz, 1H). *F NMR (376 MHz, CDCls): 6 = -63.45 (s, 3F). The identity of products
was further confirmed by GC-MS.

4-Fluoro-1-iodo-2-(trifluoromethyl)benzene (210) and

527



4-fluoro-1-iodo-3-(trifluoromethyl)benzene (21m):

| |
CF4
CFy
F F

The yield was determined by °F NMR using CFsCH,OH as the internal standard. The
isomer ratio was 0:m = 26:20. *°F NMR: m-isomer: -63.83 (s), -112.45 (s); o-isomer:
-62.12 (d, J = 12.4 Hz, 3F), -115.96 (q, J = 12.6 Hz, F). The identity of products was
further confirmed by GC-MS.

Reference:

MLju, C.-Y.;* Wang, X.; Furuyama, T.; Yasuike, S.; Muranaka, A.; Morokuma, K.;*
Uchiyama, M.* Chem. Eur. J. 2010, 16, 1780.

[2'popov, I.; Lindeman, S.; Daugulis, O.* J. Am. Chem. Soc. 2011, 133, 9286.

BIR. Shang, Y. Fu,* J.-B. Li, S.-L. Zhang, Q.-X. Guo, L. Liu,* J. Am. Chem. Soc.,
2009, 131, 5738.

“IYe, Y.-D.; Lee, S. H.; Sanford, M. S.;* Org. Lett., 2011, 13, 5464.
B Hattori, Y.; Yamamoto, H.; Ando, H.; Kondoh, H.; Asano, T.; Kirihata, M.;
Yamaguchia, Y.; Wakamiyaa, T.* Bioorgan. Med. Chem. 2007, 15, 2198.
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VII. Spectra

Spectra of authentic samples:
2-(Trifluoromethyl)benzonitrile:
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3-(Trifluoromethyl)benzonitrile:
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4-(Trifluoromethyl)benzonitrile:
'HNMR
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4-Methyl-2-(trifluoromethyl)benzonitrile:

'HNMR
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4-Methyl-3-(trifluoromethyl)benzonitrile:
'HNMR
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4-Fluoro-2-(trifluoromethyl)benzonitrile:
'HNMR
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4-Fluoro-3-(trifluoromethyl)benzonitrile
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4-Chloro-2-(trifluoromethyl)benzonitrile:
'HNMR
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4-Chloro-3-(trifluoromethyl)benzonitrile:
'HNMR
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4-Bromo-2-(trifluoromethyl)benzonitrile:
'HNMR
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4-Bromo-3-(trifluoromethyl)benzonitrile:
'HNMR
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4-lodo-2-(trifluoromethyl)benzonitrile:
'HNMR

TNW 0 ®O -
~SS Wwuy © CN
0 0 NN~ -
SV CF,
|
|
I
_J J\‘ L
ST 3
So o
- - =]
0.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.
£1 (ppm)
19
FNMR
©
© CN
8
‘- CFs
-15 20 -25 -30 -35 -40 -45 =50 =55 -60 65 =70 =75 -80 -85 -90 -95 -100 -105 ~-110 ~-115 ~-120 ~-125 ~-130 ~-135
£1 (ppm)

5S40



4-lodo-3-(trifluoromethyl)benzonitrile:
'HNMR
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Ethyl 2-(trifluoromethyl)benzoate:
'HNMR
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Ethyl 3-(trifluoromethyl)benzoate:

'HNMR
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Ethyl 4-(trifluoromethyl)benzoate:
'HNMR
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Methyl 4-methyl-2-(trifluoromethyl)benzoate

'HNMR
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BC NMR
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Methyl 4-chloro-2-(trifluoromethyl)benzoate:
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¥F NMR

g CO,Me
o
i CFy
Cl
&
<
@
‘O *‘5 *‘10 *‘15 *‘20 *‘25 *‘30 *‘35 *‘/10 *‘45 *‘50 *‘55 *‘60 *‘65 *‘(70 )*‘75 -80 -8 -90 -95 -100 -105 -110 -115 -120 -125 *1‘30 *1‘35 *1‘
f1 (ppm,
Methyl 4-chloro-3-(trifluoromethyl)benzoate:
1
H NMR
3e0cc 859 3 CO,Me
o MM~ ©
S
CF4
Cl
I
‘\ | M
| 1 L .
Lr g &
S 9o S S
- = - ™
‘JO 9“3 9.0 8.5 8.0 7.5 7.0 6.5 6.0 ,‘, 5‘.0 1‘.5 4‘.0 3‘) 1‘0 2‘.5 Z‘O 1‘5 I‘.(J O"y
£1 (ppm)

S49



BC NMR
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Methyl 4-bromo-2-(trifluoromethyl)benzoate:
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Methyl 4-bromo-3-(trifluoromethyl)benzoate
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¥F NMR
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13 C NMR
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Methyl 4-iodo-3-(trifluoromethyl)benzoate
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¥F NMR
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BC NMR
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Compound 20:
“F NMR
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Compound 30
'H NMR
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Compound 3o0-p:
F NMR
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Compound 40-p:
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Compound 50-p:
F NMR
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Compound 60-p:
F NMR
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Compound 70
'H NMR
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¥F NMR
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¥F NMR

CN

88'¢9- —

CF3

-95 -100 -105 -110 -115 -120 -125 -130 -135 -1«

-90

-70
f1 (ppm)

—65

-60

-25 30

-20

Compound 8o-m

'H NMR

CN
CF3

CN

CN

CI
w_‘.hg
9z'/
Ge' LA
1€/
8"/ 1
6€°L 4
o' LA
Ly
2 LA
ev'L AW
152
= y
egLIf
vS'L ;w
192
89/ 1
69/ 1
022
1921
88°/ |
68°L
06°L 1
v6°2
96° 1

)
=

8.1

L0
v'e
v’
12°0
Wv_‘.o
Ve
0L

2.0

6.0

9.0

1 (ppm)

S66



¥F NMR
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Compound 90-m:
'H NMR
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9.0 89 88 87 86 85 84 83 82 81 80 7.9 7.8 7.7 7. 7.4 7.3 7.2 7.1 7.0 6.9 6.8 6.7 6.6 6.5 6.4 6.3 6.2 6.1 6.

¥F NMR

CN CN
CF3

_~-62.26
~--63.33

CF3
Cl Cl

3.90-
3.00”

T T T T T T T T T T T T T T T T T T T T T T T T T T T
-5 10 -15 -20 -25 -30 -35 -40 -45 -50 -55 60 -65 70 ~-75 80 -85 -90 -95 -100 -105 -110 -115 -120 -125 -130 -135
£1 (ppm)
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GC-MS

F:\DATA\..\4-CI-PhCN-3 1/11/2014 6:58:12 PM

RT: 0.00 - 25.11
11.48

H
5
i

©
S

@
S

~
S

@
3

IS
S

w
S

3 5.34

2.20 3.10 r
10 419 4.69 |5.66 6.32 7.59 8.00
SN | ,

N
S

9.33 947 113L[] 1213 13.03 1406 14.50

NL:

1.38E7

TIC MS
4-CI-PhCN-
3

16.17 17.58 18.52 19.66 20.32 20.79 21,84 23.27 24.10

=
)

@
S
RN CRTE STTR ATRTA RN AURTA CRTU STETA CRTA ST

=)

I o o L o e LA o LA B B o o
10 12 13 14 15 16 17 18 19 20 21 22 23 24

25

Time (min)

I-PhCN-3 #2788 RT: 11.48 AV: 1 NL: 1.14E6
0,0} + c El Full ms [40.00-400.00]

1007

a4
—Q

170.06

90

80

70

60 100.03

50 155.01

40

30 186.04

120.06

20 150.03| 157.04
101.04 [ |i71.08 |188.03

10 125.05

205.01

207.00

204.03
[T o | R A =
an

+ rdpet gy
160 180 200

L L., w“m\!‘ ‘
100 120

40

60 80

Compound 100-m:
'H NMR

_-7.96
~7.95
,7.89
787
~-7.86
\7.84

208.09
N 22218
S N

220
mz

249.33 265.10 281.87 294.02 310.42
A e e S A B e e i

335.19 349.58 363.88 377.43 395.28
T L e e B e e e
260 280 300

360 380

T
240 320

340 400

CN

,1.72
_~7.70
~7.69
N7.67
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¥F NMR

_~-62.59
~--63.80

CN CN

CF4

CF4
Br

0 -5 -10 -15 -20 -25 -30 -35 -40 -45 50 55 -70 -75 -80 -8 -90 -95 ~-100 -105 -110 -115 -120 -125 -130 -135
1 (ppm)
Compound 110-m:
1
H NMR
N2I58 8 BB3Y CN CN
© 00 0 O © ~ D L N~
NE/2 e I N I CF,
CF4
%
o
9.3 9.1 8.9 8.7 8.5 8.3 8.1 7.9 7.7 7.5 3 7.1 6.9 6.7 6.5 6.3 6.1
f1 (ppm)
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¥F NMR

_-62.57
~-64.04

—-77.56

CN

CF3

CN

CF4

GC-MS

F\DATA\..\4-IPhCN-1-36

RT: 2.99-7.00

1005

RT'326  RT:339

50
Time (min)

-35  —40 -80 -8 90 -95 -100 -105 -110 -115 -120 -125 -130 -135 -1
5/27/2014 4:17:03 PM
RT:5.07 L
AA: 123187928 14268
TIc Ms
cr
41PhCN-L-
36
RT:503
AA. 55212810
An 127476
RT:4.04 RT:442  RT:457 RT:4.70 RT:5.22 RT:551 RT:5.80 RT 604 RT:616  RT:6.40 RT:6.66 RT:6.90
AA AA: 27 A A AA AA. 274 AA: 31909 _AA- 93892 AA. 951 AA: 2024 AA

41PhCN-1-36 #890 RT:5.03 AV:1 NL: 1.35E7
T: 0.0} +c EI Full ms[40.00-500.00]

10006

93,02

|101.06

120,06 143.03

15003

L ‘h)sz 05

17004

171,06
[izzos

20082 20800 22793 24689 27018 27791

296.94

2979 3481 33097 35482 378.86 38870 40545

42920 448,

44 46458

49077

100

T
120 140 160

T
180

T T T T T
200 220 240 260 280
miz

T T T
300 320 340 360 380 400

T
420

T
440

T
460

T
480

41PhCN-1-36 #901 RT: 5.07 AV: 1 NL: 3.40E7
T: (0.0} +c EI Full ms[40.00-500.00]

10005

o301 || 10208

12005
12690
13200

14302 15004
‘ [pos
L i

17002

sisss a0

200.93 208.13 227.91 268.90

206.95

7.9

9
[ 312,03 33127

35480 368.81
T

387.47 40312
T

42182
T

445.10

466.95 480.12 495.13

100

i T T
120 140

T
260

T T T T
220 240 280
miz
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Compound 120-m

'HNMR

CN

CN

£5'9

CN

88'gq-
L%
98'g

=)
<
a

8.25 8.20 8.15 8.10 8.05

SLL
1Ll
082
8L
162~
66'LF
208
v0'8
90°8
]

8.00 7.95 7.90 7.85 7.80 7.75 7.70

£1 (ppm)

Al

T
5.0
£1 (ppm)

CN
CF4

CN
CF3

3

CN
QL

SL'€9-
89'€9-
€29
1°09-
0L'09-
80'09-
L0°09-
1009~
866G~
§96'69-

GL'€Q-
89’

/

1€29-

10°09-
866G~
§6'6G-

¥

g

—63.5

T
—60. 5

T
-59.5

'8
L0
rA4

Jsg'g
vao
09

=95 -100 -105 -110 -115 =120 -125 -130 -135 -1

=90

75 80

-70
£1 (ppm)

25 30

=20
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GC-MS

F\DATA\..\4-CF3-PhCN-1 3/19/2014 9:58:21 PM
RT:0.00- 1586
Tise .
A 159270277 Torer
1009 TIC MS
s
50 e
Fron
503 RT:5.82
404 38
203 AA: 23298520 RT:791  RT:870 RT:951 RT:1056 RT:1099  RT:1227  RT:1286 RT:1420  RT:1520
AN 990677 A 540393 AR 3534 an A 1675162 A 1701 AN L469667pn- 247500
1 Z 3 B s i 7 Y 3 0 1 2 5 14 5
Time (min)
4CFaPRCNL #9066 RT: 478 AV: 1 NL: 9.3956
T: {0,0} + ¢ El Full ms [40.00-400.00]
17002
1007
00
60
60.02 soge 20898
0] 7500 18901
100.05 139.04
209 so0s 15002
93.02 171.04
T o T R i 26075 28097 20323 30596 52593 3384 35373 36420 38787 39345
T } ) | i iy T } { r T T T T ; T |
a o a0 100 120 140 160 130 200 220 240 200 250 a0 az0 340 30 380 00
iz
4CFaPRCN #1071 RT: 514 AV: 1 N 113E7
T: {0,0} +c El Full ms [40.00-400.00]
12103
1004
17103
00
60
7505 15200
4]
7 10208 17002
G P TR o 12502 h
10| sos ‘\‘ s20s| ‘ 1103 |12 15104 | 15308 10116 20704 20003 23905 25007 26726 28100 20311 30702 32228 34173 35068 376,63 386.22 30342
f | y T T T T T r T T T T ; )
4 Py s 100 120 10 160 200 220 210 20 250 %0 320 3i0 a0 a0 00
miz
4CFIPRCN #1435 RT 638 AV: 1 NLi 190EG
T: {0.0} + ¢ EI Full ms[40.00-400.00]
1004
00
60 17004
a0z 69,06
40 75.04
E 10006 23900
207 | 5004 767 7605 9299 |loge 12005 13906 15003 wros 05
JE R e g = 17 ! 2100|2003 20439 zs101 30127 31277 3748 34192 35432 36315 ITISE 39505
; ; ) | i r } ; v | e | ? + ]
a s s 150 130 100 200 230 240 200 280 300 %0 340 350 380 00
miz
DN = D © ~
caon | @ CN
©NNN ~ %]
I
e 0o o
-« «
T T T T T T T T T T T T T T T T T T T T
0.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
1 (ppm)
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BC NMR

CFa

CN
COzMQ

1€°€G —

89'9L \

00°LL -
J

e LL

8¥'GlLL
Gs9lL
S0'8LL
T e
€2'921 mmnw_._\\
$9'6zZL 4L SO'8LE~
16’621
Leoel
€e0eL | 82'0CL —
6€°0€L
vy oct

6v'0cl Jr 05€2) — -—
S9'0€L
so'Lel
16'7EL e — -
in|um
STSELT Coog)
6€°0€) -
vy oel S —
6y 08
g5'go)L — SO'LEL
L6'VEL
SO I
szael /.

120 118 116

122

134 132 130 128 126 124
£1 (ppm)

136

20

30

40

50

60

70

80

90

100

110

120

130

140

150

160

170

(ppm)

f1

¥FE NMR

CN

9G'L)-—

CF4

CO,Me

G9'09-

125 -130 -135

120

70 75 80
£1 (ppm)

65

60

45 50

40

S74



Compound 13m

'HNMR

CF3

CN

00y —

9C'L—

VAN
96'L7
S0
srg”

COy,Me

A

=€0'¢

=0l

=0’}
00"}

0.5

1.0

2.0

3.0

3.5

4.5

5.5

6.0

6.5

7.5

9.0

1 (ppm)

1B3C NMR

u
(&) @
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=z o
O O
GlL'es—
899/
00°LL =
ze 1l
06kt ; .
89¥LL 06°ELL ~ -— =
65°02) 89vllL— T . =
ezl / 2
65,21 / " _]
£9'/21 E 2 _
89'/21 3 - B
1672€L N ~ S ]
el 6502} — . ]
0s°€el f g —
cevel Leegh — -— e
oosel BX
< b
65°L2) -
£9'/21 W I %
89'/21
3 2
9L'voL — 162EL 8 —]
l1eel V —_
osech w T3 =
zevel O —
oosel/ i 8

10

20

90 80 70 60 50
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100

160 5 140 130 120
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¥F NMR

3 8 CN
8 N
| | CFa
CO,;Me
)
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
0 -5 -10 -15 -20 -25 -30 -35 -40 -45 -50 -55 60 -65 -70 -75 -80 -85 90 -95 -100 -105 -110 -115 -120 -125 -130 -135 -L.
f1 (ppm)
1
H NMR
S35B15] CN
MNNNNNS
N Cl Cl
CFs
I
I
|
|
A M
g &
- -
; T T T T T T T T T T T T T T T T T T T
L0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
£1 (ppm)
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BC NMR

CN
Cl

Cl

89'9L
ooNNW
ceLL

zeTLL /
R4
om.oﬁw
80'€ZL

1792 —
ov'LEL —
e el

t.miﬂ

CF4

ceCLL —

W/
980zZ) —
80621\

lg'8¢l —

ov'LelL —

e LEL —

Lievl —

125 120 115 110
f1 (ppm)

130

140

10

20

30

40

50

60

70

80

90

100

110

120

130

140

150

160

170

(ppm)

f1

¥FE NMR

CN
Cl
CF5

Cl

9G'L)-— —

LE'€9-— —]

105 -110 -115 -120 -125 -130

100

60 65 70 80 85 90
£1 (ppm)

55

35 40

30

15 20

10
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Compound 14m-p

F NMR

Cl

CN
CF3

60'v9- — -—62'(

Cl
CF,
6.8

£1 (ppm)

€9'€9-— -—=400

€V'e€9- AV

63.0

9G°LL-— -

6079~
€9'€9-
€V'€9-

6065~
G0'6G- = E|
0065~

96'8G-
69'/G-
G9'.G-
19°2G-
9G'/G-

—190

20
100
100
0
200
00

-100 -105 -110 -115 -120 -125 -130 -135

-85 90 -95

-80

-35 -40 45

-30

£1 (ppm)

Compound 150

CO,Me

144

26'€

9C'L
6€°L
L.
SS'.L
0L'L
cLL

CF3

A

A

7

=o€

=60
=860
=00'L

5.0
£1 (ppm)

5

4.
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§9'CS —

89'9L
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ceLL

coeel
v.vel
6c'Lch
ve'lLel
ov'Lch
av'lch
60'821 L
0L'8ch
co'6cl
_\m.om_‘\
cLeel
coevl —

Le L9l —

BC NMR

cocel —

vLvel —

mNKN_‘
vel2l V
ov'Lel
Sv'/cl
60'8¢Cl
0,821 *
c0'6Cl

1G0€L —

cleel —

123 122
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132 131 130 129 128 127 126
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1 (ppm)
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60

80
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110
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¥FE NMR

CF3
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Compound 15m

'HNMR

CF4
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T
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=829
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4.5
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66'19-—
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T
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T
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GC-MS

F:\DATA\..\4-Me-PhCO2Me-2

RT: 8.00 - 16.00

3/20/2014 4:45:57 PM

T 11.89
MA: 420937614

R
MA: 131664628
N

1

i1

\
.
|

1094 1134 1147 1176 1227 12.40 1261 1287 1323 1345 1361  13.93 1408 1425 1445 1479 1500 1531 1547
T T T T T T

L
1.04E8
TIC MS

aMe-
PhCO2Me-
2

80 85 9.0

95 100

824 555 867 882 899 927 9.38 9.52 980 990 1002 1036 1058
T T T T

T
105

i T T T
110 115 120 125 130 135 140 145 150 155

‘Time (min)

4Me-PhCO2Me-2 #3200 RT: 11.88 AV: 1 NL: 3.09E7
T 0,0} + ¢ E1 Full ms[50.00-400.00]

91.05

65.04

89.04
10
e 7705 757 10508
T T

119.05

12010
12108
T

15006

149.06 | 15109 162,04 176,82
T T

19093 207.01 22491 23801 24913 26493 28099 29317 30938 32530 34268 354.96 360.38
T T T T T T T f

37968 39123
T

50 80 100

T
120 140

160

T
180 200 220 240 260 280 300 320 340 360

miz

380

4Me-PhCO2Me-2 #3252 RT: 12.06 AV: 1 NL: 4.85E6
T: 0.0} +c E1 Full ms[50.00-400.00]

63.03 8307 59,06
69.08 7503 | | 99.04

6205
o105
Il I

100.07

119.04

12007

Al
‘

150.04

158.02 | 160.07

187.02

21803
18805 104 0,

weor|[ ] 21908 23095 248099 26507 28104 29323
T T T v T

31025 32253 328,04 34311 35508 369.30 377.09 38875 399.19
ey T T

\ i
ol il L, ‘
B3 o 100

Compound 160-

Il i
|
120 1i0

m:

LIl
T
160

t 7
180 200 220 240 260 280 300 320 340 360
miz

380

T T
6.0 5.5

T
5.0
£1 (ppm)
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¥F NMR

AN -~ OWN ©
< © = Mo [t}
i ] N CO;?MB CO;_;MB
CLOeeeQ &~
I

[
t

T T T T T f T T
60.0 61.0 62.0 63.0 64.0
f1 (ppm)

T T T T T T T T T T T T T T T
5 -70 -75 -80 -8 -90 -95 -100 -105 -110 -115 -120 -125 -130 -135

-10 -15 20 -30 35 40 45 60
f1 (ppm)
F:A\DATA\..\CF3 of p-nitro 7/4/2014 10:46:10 PM
RT: 2.03-18.01
RT:3.50 L
100+ 177e7
3 TIc s
F225

RT: 1156
1226 RTI1252

Sk Sl RT:040  RT:1028  gr:i136
FE
7 i i i

P
7 8 o 10 11 12 13 14 15 16 17 18

Time (min)
F2125 #2812 RT: 1156 AV: 1 NL: 121E6
T 0,0} + ¢ E1 Full ms [40.00-600.00]
100 20701
80
60
179.02
40 209.02
] 7508 iosgs 14405 18100 238.02
4803 6901 94.09 160,08 24003
Lo ! A A . 185.02 26740 29317 30508 33866 35407 374.94 38840 41877 42917 444.60 47608 49102 51913 539.37 55855 58232 59638
Y f T T T } ¥ { T T T T T T T T T T T T T T T T T ]
4 6 80 100 120 140 160 180 240 260 280 300 320 340 360 38 400 420 430 460 480 SO0 520 540 560 80 600
miz
F2125 #3017 RT:12.26 AV: 1 NL: 1106
T2 (0,0} + ¢ E1 Full ms 40.00-600.00]
130,01
1007
80
60} 11101
7508
403
170,00
20 5004 11290
104.05 1204
| 135,13 iZ 206.90 23750 26630 2807129322 32272 34394 35504 38579 41500 43084 44653 458.11 48277 496.07 52350 536.08 s6752 59273
T T t T T T T T T T T T T T T T T T T T T T T T |
4 100 120 140 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 600
miz
F2125 #3093 RT: 1252 AV: 1 NL: B.33E5
T: (0,0} + ¢ EI Full ms[40.00-600.00]
100 207.02
80
17901
60
404 209.00
75,08 144.02 P 238.03
20 125 180.99
4403 6905 94,07 11100 237.01| 24002
1 14501 17006 |[ 2028 0L 240
) [ T N | 98 || i 280,64 203.25 323,62 33971 35633 37197 40512 42196 45866 479.16 49149 51245 532.46 549.90 56388 58345
¥ t ‘ T f f } T Y | T T T T T T T T T T T T T T T T T ]
4 6 80 100 120 140 160 180 200 220 240 260 280 ~ 300 320 340 30 380 400 420 440 460 480 500 520 540 560 580 600
miz
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Compound 170:
'H NMR

DN~ O® © [50)
QNNN© N C”.
NNNNN ~ ©
~=N I
CO;Me
CF,
[ N O®
@ NN N
~ NNONN
I I I
Br
- WJ\ - “ A
< ] @
T T S —3 O T
8.00 7.95 7.90 7.85 7.80 7.75 7.70 7.65 7.60
1 (ppm)
! |
|
JY
& &b s
R <
A=k=] [}
T T T T T T T T T T T T
9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0
£1 (ppm)
19
FNMR
3 8
8 ,'; CO,Me
" CFs
Br
|
T T T T T T T T T T T T T T T T T T T T T T T T T T T T
-5 -10 -15 -20 -25 -30 -35 -40 -45 -50 -55 60 -65 ~-70 -75 -80 -85 -90 -95 -100 -105 -110 -115 -120 -125 -130 -135 -1
£1 (ppm)

S83



Compound 17m

'HNMR

16°€~

CO,Me

CF3

Br

S6'€

9z L—
151

652\
08'L

Nw.N/
68'L~
1627
€08/
50'8

Ge'g—

co,Me

1 (ppm)

L0
0°€

€50
Ol
~go
1501

H00'L

£1 (ppm)

CO;Me

€e'€9-—

CF4

Br

1

5 —

=100 -105 -110 -115 =120 -125 -130 -13:
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=90

-45 -50 55 60 65 70 -75 80
£1 (ppm)

~40
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Compound 180-m

'HNMR

06'€
Nm.mV

06'€— -

3.88 3.86 3.84

3.98 3.96 3.94 3.92 3.90

4.00

(ppm)

f1

6’

0S5’
4=
clLL
vLL
8.°L
182
€8°L~

16'L
08
[4%°]
vi'8
128

0S5~
e L

2L
YL~
8L L~
V8L
egs/

S6'L~
16'L

£0'8~
'8~
'8

12’8 —

f1 ippm)

L'C
181
6'C

T
5.0
£1 (ppm)
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CF,
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-00°¢
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GC-MS

F:\DATA\..\4--PhCO2Me- 3/23/2014 4:41:08 PM
RT: 11.95 -24.02
N
MA: 77446205 aper
1005 TIC MS
P
e RT: 1 PhoozMez-
3
o] MA: 43498701 MA: 48864147
40
20 1235 1269 1296 1353 1368 1411 1480 1500 1546 1587 1645 1696 || 17.16 1723 1810 1858 1899 19.22 1955  19.99 2031 2052 2117 2164 2181 2222 22,63 22.90 2312 2358 2383
0=y T T T T T T T T T T T T T T
120 125 130 135 140 145 150 155 160 165 170 175 185 190 195 200 205 210 215 220 225 230 235 240
Time (min)
44PhCO2Me2:3 #4431 RT: 17.07 AV: 1 SB: 126 16.41-16.83 NL: 188ES
T: {0,0} + ¢ El Full ms [40.00-600.00]
100- 1a4.01
03 75.08
60] 7408
% | 125.02
0003 208.87
0] 17202
2001
209 5000 69.05 | 9302 |98.99 12692 || 4 0y 27090
o1l ‘ i dbezee ], el I, JPT210 20703 23996 25199 27089 |200.01 33095 37117 38475 40596 433,14 450.05 465.20 50080 52373 539.60 56519 584.80
Ly Y plihpart 1 T T T T T 7 k T T T T T T T T T T T T T T
4 6 B0 100 120 140 160 180 200 220 280 260 280 30 320 340 30 30 400 420 440 460 480 S0 520 540 S0 580 600
44PhCO2Me-2-3 #4662 RT: 17.85 AV: 1 SB: 76 18.2618.52 NL: 3576
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Compound 190
'H NMR
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Compound 210-m:
“F NMR

oom
=X © © N ©
- © 0 awo
o™ ~ = -
©® ~ AN
1o
|
| | ook
eNooNo < e
oocoocoo o ocoo
T T T T T T T T T T
-10 -15 -20 25 -30 -35 40 45 50 -60 65 -70 -75 -80 -85 90 -95 ~-100 -105 -110 -115 -120 -125 -130 -135
£1 (ppm)
F\DATAL\..\CF3 of p-nitroti 6/23/2014 4:43:46 PM
RT: 2.00-6.00
RT:2.36 ?:56
100 AA: 59645368
RT:35 IS F-2005
El RT:372
803 AN 49356816 aa; 42731540
60
E RT:3.44
RT2.21 A 94333
AA: 118780 RT:331 |
RT:260 RT.281 RT:299 A: 9972826 | RT:405 RT:424  RT 443 RT:459 RI4.86 RT:5.10 RT:5.45 RT:572 RT:5.88
1, AA 8256 AA: 652461 Ao \ AL zsaeg A 334524 AA 6975 AA B7810 AA 2301145 pp: 111082 AN 86941 AA: 74017 AA: 221986
T i = T T T T T T T T T
20 22 24 25 28 30 32 34 36 38 40 42 a4 46 a8 50 52 54 56 58 60
Time (min)
F2005 #384 RT: 3.30 AV: 1 SB 14 3.183.22 NL: LSOES
T: {0.0} +c EI Full ms [40.00-400.00]
1007 35791
a0
18102
60|
403
23100
209 143.01 16201 338.89
69.01 93.01
75,00 11201 21199 358,99
s604 6201 | || go0s T 12089 144.06 \‘95303 | 28205 10323 |, 2300223200 24537 261.43 270.04 288.91 307.92 326,98 335.94 |339.97 i 379.37 38674
T i r T T i i S T T T 7 T f t 1
4 0 80 100 120 120 160 180 200 220 240 260 280 300 320 380 360 380 400
miz
F2095 #505 RT: 371 AV: 1 NL: B5BES
T: {00} + ¢ E1 Full ms[40.00-400.00]
28001
1007
16302
a0
60
403
11302 14301
20 9404
6303 75.02 14.05 164,05
o2 [T 9202)| = 11205 12690 13670 ||, ™ 17593 19395 20000 22093 239.90 248.49 270.01 32339 33535 34639 357.95 37564 390.97
T i ; t T t i f i f 1 1 T t 1
4 0 0 100 120 120 160 180 200 220 240 260 320 380 360 380 400
miz
F2005 #523 RT: 378 AV: 1 NL: 6.79E6
T: 0.0} + ¢ E1 Full ms [40.00-400.00]
28092
1007 162,99
80
60
403
11302 14301
BE 50.04 o402 144.03 164.05 270.93 290.96
i I R 18995 1503 19389 20011 22193 23904 25321 0 26037 |22 31005 52038 32604 3394 35821 37264 38523 395.02
r T T T T T T T T P T T T 7 ]
4 100 120 10 160 180 200 220 240 260 280 300 320 380 360 380 400
miz

S91



NMR Spectra for Preliminary Mechanistic Studies:

1. Kinetic Isotope Effect experiments with benzene and dg-benzene:
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time =10 h:
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