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|. Experimental section

1. General information

Unless otherwise stated, all reactions were carried out using standard Schlenk
techniques or in an argon-filled glove box. All anhydrous solvents were purchased
from Aldrich and used without further purification. All 1D NMR spectroscopy
experiments were conducted with a Varian 400 and 500 MHz. NMR spectra were
processed with MestReNova. Chemical shifts are reported in ppm and referenced to
residual solvent peaks (CHCIs in CDCls: 7.26 ppm for *H, 77 ppm for *3C). Coupling
constants are reported in Hertz. GC analyses were carried out with a 7980A GC
system from Agilent Technologies, equipped with an HP-5 column and FID detector
using dodecane as internal standard. FT-IR spectra were recorded on a PerkinElmer
FT-IR spectrometer. Transmission electron microscopy (TEM) image was acquired on
a Hitachi 7600 operating at 100 kV. Elemental analyses were conducted at the
National Center for Inter-University Research Facilities of Seoul National University
(NCIRF) using a Thermo Scientific Flash 2000 elemental analyzer and a Bruker
Avance-600, respectively. All starting materials and reagents were purchased from
Acros, Aldrich, Alfa Aesar, TCI, and Strem Chemical Inc., and used without further

purification unless otherwise stated.
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2. Complementary reaction optimization data

Table S1. Base screening?
Pd(OAc), (5.0 mol%)

Base (2.5 equiv)
H PivOH (30 mol%)
+ -
©/ Br n-BuyNBr (0.80 equiv) O

1a (1.5 mL) 2a (0.20 mmol) 80°C,18h 3aa

Entry Base Yield (%)P Entry Base Yield (%)P
1 Li2CO3 N. R. 6 Cs2C0s3 61
2 Na2COs N. R. 6 K3sPOa 44
3 K2CO3 25 7 CsOPiv 21
4 Rb2CO3 72 8 CsF >Qg¢. d

? Reaction conditions: 1a (1.5 mL), 2a (0.20 mmol), Pd(OAc)z (5.0 mol%), base (2.5
equiv), PivOH (30 mol%), n-BusNBr (0.80 equiv), 80 °C, 18 h.

® Determined by gas chromatography using dodecane as an internal standard.
¢Isolated yield.

d CsOPiv (0.80 equiv) used as an additional reagent.
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Table S2. Ammonium salt screening?

o O

Pd(OAc), (5.0 mol%)
CsF (2.5 equiv)
PivOH (30 mol%)

1a (1.5 mL) 2a (0.20 mmol)

CsOPiv (0.80 equiv)
Ammonium salt (0.80 equiv)

:

3aa

80 °C, 18 h
Ammonium _ Ammonium _
Entry Yield (%)® Entry Yield (%)P
salt salt
1 NHa4Br 3 6 n-BusNOAcC 66
2 MesNOAC N. R. 7 n-BusNTFA 27
3 n-BusNCI 79 8 MesNBr N. R.
4 n-BusNBr >99¢ 9 n-HexaNBr 77
5 n-BusNI 3 10 n-OcsNBr 65

? Reaction conditions: 1a (1.5 mL), 2a (0.20 mmol), Pd(OAc)z (5.0 mol%), CsF (2.5
equiv), PivOH (30 mol%), CsOPiv (0.80 equiv), ammonium salt (0.80 equiv), 80 °C, 18

h.

® Determined by gas chromatography using dodecane as an internal standard.

¢Isolated yield.
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Table S3. Temperature screening?
Pd(OAc), (5.0 mol%)

CsF (2.5 equiv)
H PivOH (30 mol%)
+
©/ Br CsOPiv (0.80 equiv) O

n-BuyNBr (0.80 equiv)

1a (1.5 mL) 2a (020 mmol) e saa
Entry Temp (°C)  Yield (%)°
1 50 N. R.
2 60 36
3 65 68
4 70 90
5 80 >909¢

? Reaction conditions: 1a (1.5 mL), 2a (0.20 mmol), Pd(OAc)z (5.0 mol%), CsF (2.5
equiv), PivOH (30 mol%), CsOPiv (0.80 equiv), n-BusNBr (0.80 equiv), T °C, 18 h.

® Determined by gas chromatography using dodecane as an internal standard.
¢Isolated yield.
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Table S4. Catalyst screening?

o O

1a (1.5 mL) 2a (0.20 mmol)

[Pd] (5.0 mol%)

CsF (2.5 equiv)
PivOH (30 mol%)

CsOPiv (0.80 equiv)
n-BuyNBr (0.80 equiv)
80 °C, 18 h

:

Entry Catalyst Yield (%)P Entry Catalyst Yield (%)P

1 PdBr2 91 8 Pd(CHsCN)2Cl2 72

2 PdCl; 95 9 Pd2(dba)s 33

3 Pd(OACc)2 >99¢ 10 Pd(acac): N. R.

4 Pd(OPiv)2 92 11 Pd/C N. R.

5 PaBre(n- 92 12 Pd(OH)./C N. R.

BuaN)2
6 Pd(PPhs)s N. R. 13 Pd/CaCOs N. R.
7 PACI2(PPhs)2 N. R.

? Reaction conditions: 1a (1.5 mL), 2a (0.20 mmol), palladium catalyst (5.0 mol%), CsF
(2.5 equiv), PivOH (30 mol%), CsOPiv (0.80 equiv), n-BusNBr (0.80 equiv), 80 °C, 18

h.

® Determined by gas chromatography using dodecane as an internal standard.
¢Isolated yield.
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3. Homo/heterogeneity studies

3.1. Procedure for hot filtration

A 10 mL Schlenk tube was charged with 3-bromotoluene (0.20 mmol), cesium fluoride
(2.5 equiv), cesium pivalate (0.80 equiv), palladium acetate (5.0 mol%), pivalic acid
(30 mol%), tetra-n-butylammonium bromide (0.80 equiv), benzene (1.5 mL), and
dodecane (0.20 mmol) as an internal standard inside an argon-filled glove box. The
reaction vessel was placed in an oil bath and heated to 80 °C. After 3 h (condition A),
a small aliquot was withdrawn and analyzed by GC, and then, the supernatant solution
was filtered through a glass frit with a filter aid such as Hyflo Super Cel (Alfa Aesar),
using a cannula,™ into a new 10 mL Schlenk tube containing cesium fluoride (2.5 equiv)
and cesium pivalate (0.80 equiv) (condition C). Benzene was added to the original
Schlenk tube and transferred, with filtration repeated for 3—4 times. The remaining
precipitate in the original Schlenk tube was charged with 3-bromotoluene (0.20 mmol),
pivalic acid (30 mol%), tetra-n-butylammonium bromide (0.80 equiv), dodecane (0.20
mmol) containing solution in benzene (1.5 mL) (condition B). Both tubes were placed
in an oil bath and stirred under 80 °C for 18 h. Then, small aliquots were withdrawn
from both tubes and analyzed by GC.

A: Pd(OAc), (5.0 mol%)

CsF (2.5 equiv)
©/ PivOH (30 mol%)
CsOPiv (0.80 equiv) O
n-BuyNBr (0.80 equiv)

1a (1.5 mL) 2a (0.20 mmol) 80°C,3h 3aa, 27%
B: New 1a, 2a (0.20 mmol)
PivOH, n-BuyNBr added |nto O
n(—\ T original tube O
Mo 80°C,18h

0 D Filtration 3aa, N. R.
Lo E— (Insoluble fraction)

%
L cocion [
U Fg >

CsF, CsOPiv Filtrate + CsF, CsOPiv

(added before filtration) 3aa, 7%
(Filtrate)

W

* 2a, Pd(OAc),, PivOH, n-BuyNBr: Soluble in 1a

Scheme S1. Hot filtration test
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Figure S1. TEM image of the insoluble fraction after 18 h.
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4. Kinetic Studies

4.1. Procedure for KIE experiments

The KIE was determined by comparing the initial reaction rates of the reactions with
benzene and benzene-ds. Both reactions were conducted using the above general
procedure with the following modifications. After adding all the reagents, 3-
bromotoluene (0.20 mmol) and dodecane (0.20 mmol) as an internal standard were
added to a 10 mL Schlenk tube, and each tube was heated to 80 °C in an oil bath. At
the required time period, each tube was immediately placed into an ice bath, and a

small aliquot was withdrawn. Each aliquot was filtered through Celite and then
analyzed by GC.

© Pd(OAc), (5.0 mol%) O
CsF (2.5 equiv)

ta (15 mL) PIVOH (30 mol%) 3aa
o T g CsOPiv (0.80 equiv) or
N 2a (0.20 mmol) n-BiJ4NBr (0:8(_) equiv)

de_:(j 80 °C, 15 min interval
= . . g X

(15 mL) KIE=k./Kp=3.90 5

Benzene vs Benzene-dg

25
% o0 | Y= 02179x - 36594
- Rz = 0.987
= 15 y = 0.0559x - 1.1156
(&)
> 2 —
-8 10 Rz = 0.9929
g 5

0

0 50 100 150 200
Time / min

Figure S2. Initial rates of the C—H arylation of benzene and benzene-ds
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4.2. Kinetic data
4.2.1. Order in [Pd]

The order in [Pd] was determined by obtaining the initial rate of the C—H arylation with

varying concentrations of Pd(OAc)2. Each reaction was conducted using the general

procedure with the following modifications. After adding all the reagents, varying

amounts of Pd(OAc)2 and dodecane (0.20 mmol) as an internal standard were added
to a 10 mL Schlenk tube, and each tube was heated to 80 °C in an oil bath. At the

required time period, each tube was immediately placed into an ice bath, and then a

small aliquot was withdrawn. Each aliquot was filtered through Celite and then

analyzed by GC.

Pd(OAc), (4.16~10.6 mM)

CsF (2.5 equiv)
©/ PivOH (30 mol%)
Br

1a (1.5 mL) 2a (0.20 mmol)

CsOPiv (0.80 equiv)
n-BuyNBr (0.80 equiv)
80 °C, 10 min interval

:

Table S5. Amounts of Pd(OAc)2 and results used to determine the order in Pd(OAc)2

Amount of Pd(OAc)2 )
Entry Rate (mM/min)
mg mmol mM
1 1.40 0.06236 4.16 0.0784
2 2.24 0.09978 6.65 0.1238
3 2.76 0.01229 8.20 0.1466
4 3.21 0.01430 9.53 0.2201
5 3.58 0.01595 10.6 0.2883
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Figure S3.

Figure S4.
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4.2.2. Order in [ArBr]
The order in [ArBr] was determined by obtaining the initial rate of the C-H arylation
with varying concentrations of 3-bromotoluene. Each reaction was conducted using
the general procedure with the following modifications. After adding all the reagents,
varying amounts of 3-bromotoluene and dodecane (0.20 mmol) as an internal
standard were added to a 10 mL Schlenk tube, and each tube was heated to 80 °C in
an oil bath. At the required time period, each tube was immediately placed into an ice
bath, and then a small aliquot was withdrawn. Each aliquot was filtered through Celite
and then analyzed by GC.
Pd(0Ac), (5.0 mol%)
CsF (2.5 equiv)
H PivOH (30 mol%) O
©/ * /© CsOPiv (0.80 equiv) B O
Br n-BuyNBr (0.80 equiv)
1a(1.5mL) 2a(100~233.3mM) gg °C. 10 min interval 3aa

Table S6. Amounts of 3-bromotoluene and results used to determine the order in 3-

bromotoluene

Amount of 3-bromotoluene
Entry Rate (mM/min)
pL mmol mM
1 18 0.15 100 0.1469
2 24 0.20 133.3 0.2279
3 30 0.25 166.7 0.2047
4 36.3 0.30 200 0.1828
5 425 0.35 233.3 0.1185
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Figure S5. Initial rates of the C—H arylation with varying concentrations of 3-
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Figure S6. Log plot of initial rates with varying 3-bromotoluene
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4.2.3. Competition Experiments

Set A: 3-bromotoluene (2a) vs. 4-bromobenzotrifluoride (2q)

The reaction was conducted by modifying the general procedure. Inside an argon-
filled glove box, a 10 mL Schlenk tube was charged with cesium fluoride (2.5 equiv),
cesium pivalate (0.80 equiv), palladium acetate (5.0 mol%), pivalic acid (0.30 equiv),
n-tetrabutylammonium bromide (0.80 equiv), followed by benzene (1.5 mL), 2a (0.20
mmol, 1.0 equiv), and 2q (0.20 mmol, 1.0 equiv). The Schlenk tube was sealed and
heated to 80 °C for 6 h. Upon completion of the reaction, the mixture was cooled to
room temperature. It was analyzed by GC using dodecane as an internal standard.
Set B: 3-bromotoluene (2a) vs. 4-bromoanisole (2g)

The reaction was conducted according to the above procedure using 2a (0.20 mmol,
1.0 equiv) and 2g (0.20 mmol, 1.0 equiv) as competing substrates. Fluorobenzene

(2.5 mL) was used instead of benzene.

CF;
©/ /@ /©/C 3 Standard cond O O O O
+

3aa (N.R.) 3aq (3%)

o T o

3ca (77%) 3cg (67%)

Y

\

Scheme S2. Competition Experiments
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5. Gram-scale reaction

General procedure for arylation reaction with ammonium salt

A Schlenk tube (500 mL) was charged with 3-bromotoluene (10 mmol), cesium fluoride
(2.5 equiv), cesium pivalate (0.80 equiv), palladium acetate (5.0 mol%), pivalic acid
(30 mol%), tetra-n-butylammonium bromide (0.80 equiv), and benzene (75 mL) in an
argon-filled glove box. The reaction vessel was placed in an oil bath and heated to
80 °C. After 18 h, the reaction was cooled to room temperature, and the crude reaction
mixture was concentrated using a rotary evaporator. The residue was purified by
column chromatography to afford the desired product.

Pd(OAc), (5.0 mol%)

CsF (2.5 equiv)
H PivOH (30 mol%)
+ -
©/ Br CsOPiv (0.80 equiv) O
n-BuyNBr (0.80 equiv)
80 °C, 18 h

1a (75 mL) 2a (1.7 g, 10 mmol) 3aa, 82% (1.4 g)

Scheme S3. Gram-scale reaction of direct C—H arylation

S15



6. Synthesis of compounds used in homo/heterogeneity studies

el

Resin-ArBr (4)

The synthesis was conducted by modifying a procedure used for an analogous
complex.t? A 50 mL Schlenk tube was charged with Wang resin (1.75 g, 2.0 mmol), 4-
bromobenzoic acid (1.21 g, 3.0 equiv), N, N*-diisopropylcarbodiimide (0.93 mL, 3.0
equiv), and 4-dimethylaminopyridine (122.2 mg, 0.50 equiv) in CH2Cl2 (20 mL). The
reaction was conducted under room temperature for 18 h. After the reaction, the crude
mixture was filtered and washed by CHsOH, THF, and CH2Cl2. The resulting pale
yellow solid was dried under vacuum (1.90 g, 90%). The purity of the complex was
confirmed by elemental analysis. Anal. Found. for 4 (based on Wang resin): C, 80.70;
H, 6.43; O, 4.91.
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Figure S7. IR spectrum of 4

/©/\SH
/@/\O
Resin

Resin-SH (5)
Synthesis was conducted by modifying a procedure used for an analogous complex.!

A 50 mL Schlenk tube was charged with brominated Wang resin (625.0 mg, 0.50
S16



mmol), and thiourea (380.6 mg, 10 equiv) in 1,4-dioxane/ethanol (5.0 mL/5.0 mL), and

stirred under reflux for 27 h. Piperidine (0.49 mL, 10 equiv) was added and further

stirring was done for 5 h. After the reaction, the crude mixture was diluted by adding

H20 and filtered, washed by H20, acetone, and CH3OH. The resulting yellow solid was

dried under vacuum (610.8 mg, >99%). The purity of the complex was confirmed by

elemental analysis. Anal. Found. for 5 (based on Wang brominated resin): C, 84.79;

H, 7.49; O, 1.59; N, 2.08; S, 2.41.
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Figure S8. IR spectrum of 5

Dibenzo[a,e]cyclooctatetraene (7)

The compound was synthesized by 3 steps referring to the literature.®!
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7. Characterization of products

3-methylbiphenyl (3aa)

Colorless oil. The compound was identified by spectral comparison with literature
data.bl

"H NMR (400 MHz, CDCI3) 6 7.60 (d, J = 7.6 Hz, 2H), 7.46 — 7.40 (m, 4H), 7.34 (t, J =
7.4 Hz, 2H), 7.18 (d, J = 7.4 Hz, 1H), 2.43 (s, 3H).

4-methylbiphenyl (3ab)

White solid. The compound was identified by spectral comparison with literature data.!®
"H NMR (499 MHz, CDCIl3) 8 7.50 (d, J = 7.6 Hz, 2H), 7.41 (d, J = 7.5 Hz, 2H), 7.38 —
7.32 (m, 2H), 7.27 = 7.22 (m, 1H), 7.19 = 7.14 (m, 2H), 2.31 (s, 3H).

2-methylbiphenyl (3ac)

Colorless oil. The compound was identified by spectral comparison with literature
data.l”]

"H NMR (499 MHz, CDCI3) 8 7.43 — 7.39 (m, 2H), 7.35 - 7.32 (m, 3H), 7.28 — 7.27 (m,
2H), 7.25 -7.23 (m, 2H), 2.28 (s, 3H).

Et

4-ethylbiphenyl (3ad)
White solid. The compound was identified by spectral comparison with literature data.®!
'H NMR (400 MHz, CDCl3) 8 7.62 (d, J = 8.1 Hz, 2H), 7.56 (d, J = 7.9 Hz, 2H), 7.46 (t,

J=7.6Hz, 2H), 7.35 (t, J = 7.4 Hz, 1H), 7.31 (d, J = 7.9 Hz, 2H), 2.73 (q, J = 7.6 Hz,
S18



2H), 1.31 (t, J = 7.6 Hz, 3H).

%

4-tert-butylbiphenyl (3ae)

Colorless oil. The compound was identified by spectral comparison with literature
data.l®!

"H NMR (400 MHz, CDCl3) 5 7.62 — 7.52 (m, 4H), 7.49 — 7.40 (m, 4H), 7.36 — 7.31 (m,
1H), 1.37 (s, 9H).

%

4-isopropylbiphenyl (3af)

Colorless oil. The compound was identified by spectral comparison with literature
data.[1]

"H NMR (400 MHz, CDCl3) 8 7.57 (d, J = 5.8 Hz, 2H), 7.52 (d, J = 4.8 Hz, 2H), 7.45 —
7.38 (m, 2H), 7.35 - 7.27 (m, 3H), 3.01 — 2.89 (m, 1H), 1.30 — 1.27 (m, 6H).

OMe

%

4-methoxybiphenyl (3ag)

White solid. The compound was identified by spectral comparison with literature data.!!
"H NMR (499 MHz, CDCl3) 5 7.58 — 7.52 (m, 4H), 7.42 (t, J=7.7 Hz, 2H), 7.31 (t, J =
7.4 Hz, 1H), 6.99 (d, J = 8.7 Hz, 2H), 3.86 (s, 3H).

3-methoxybiphenyl (3ah)
White solid. The compound was identified by spectral comparison with literature data.
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"H NMR (400 MHz, CDClz) & 7.61 — 7.58 (m, 2H), 7.44 (t, J = 7.5 Hz, 2H), 7.39 - 7.33
(m, 2H), 7.21 - 7.17 (m, 1H), 7.14 - 7.12 (m, 1H), 6.90 (dd, J= 7.8, 2.1 Hz, 1H), 3.87
(s, 3H).

ZJ

6-phenyl-2,3-dihydrobenzo[b][1,4]dioxine (3ai)

White solid. The compound was identified by spectral comparison with literature
data.[']

"H NMR (499 MHz, CDCl3) 8 7.55 - 7.52 (m, 2H), 7.41 (t, J= 7.7 Hz, 2H), 7.30 (t, J =
6.9 Hz, 1H), 7.12 (d, J = 2.1 Hz, 1H), 7.09 (dd, J = 8.3, 2.2 Hz, 1H), 6.93 (d, J = 8.3
Hz, 1H), 4.30 (s, 4H).

New

3,4-dimethoxybiphenyl (3aj)

White solid. The compound was identified by spectral comparison with literature
data.l'?

"H NMR (499 MHz, CDCl3) 8 7.57 (d, J = 7.3 Hz, 2H), 7.43 (t, J = 7.7 Hz, 2H), 7.33 {(t,
J=7.3Hz 1H), 7.16 (dd, J = 8.2, 1.9 Hz, 1H), 7.12 (d, J = 1.8 Hz, 1H), 6.96 (d, J =
8.3 Hz, 1H), 3.96 (s, 3H), 3.93 (s, 3H).

2,6-dimethylbiphenyl (3ak)

Colorless oil. The compound was identified by spectral comparison with literature
data.l'¥l '"H NMR (499 MHz, CDCl3) 6 7.43 (t, J = 7.5 Hz, 2H), 7.34 (t, J = 7.4 Hz, 1H),
7.18 = 7.11 (m, 5H), 2.04 (s, 6H).
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(]
C
3,5-dimethylbiphenyl (3al)
Colorless oil. The compound was identified by spectral comparison with literature
data.l'4l
"H NMR (400 MHz, CDCIl3) 8 7.58 (d, J = 8.2 Hz, 2H), 7.43 (t, J = 7.5 Hz, 2H), 7.33 (t,
J=7.3Hz, 1H), 7.22 (s, 2H), 7.01 (s, 1H), 2.39 (s, 6H).

80

1-phenylnaphthalene (3am)

Colorless oil. The compound was identified by spectral comparison with literature
data.l!

"H NMR (400 MHz, CDClz) & 7.91 (d, J = 8.3 Hz, 2H), 7.87 (d, J = 8.2 Hz, 1H), 7.54
(d, J=8.0Hz, 1H), 7.49 (t, J = 5.9 Hz, 5H), 7.44 (d, J = 1.3 Hz, 3H).

OOO

2-phenylnaphthalene (3an)

White solid. The compound was identified by spectral comparison with literature data.!®!
"H NMR (499 MHz, CDCIz) & 8.06 (s, 1H), 7.95 — 7.86 (m, 3H), 7.79 — 7.72 (m, 3H),
7.54 —7.49 (m, 4H), 7.41 — 7.38 (m, 1H).

CF;

&

3,5-bis(trifluoromethyl)-biphenyl (3ao)

Colorless oil. The compound was identified by spectral comparison with literature

data.b!

"H NMR (400 MHz, CDCI3) & 8.02 (s, 2H), 7.86 (s, 1H), 7.62 (d, J = 7.1 Hz, 2H), 7.53
S21



—7.44 (m, 3H).

F

3-fluorobiphenyl (3ap)

Colorless oil. The compound was identified by spectral comparison with literature
data.l'®

"H NMR (499 MHz, CDCIz) 6 7.55 — 7.48 (m, 2H), 7.38 (t, J = 7.6 Hz, 2H), 7.34 — 7.29
(m, 3H), 7.22 (d, J = 10.2, 1.5 Hz, 1H), 7.00 — 6.94 (m, 1H).

PdBra(n-BuaN)2

Red solid.

"H NMR (400 MHz, CDCI3) 8 3.53 — 3.43 (m, 8H), 1.82 - 1.71 (m, 8H), 1.60 — 1.48 (m,
8H), 1.03 (t, J=7.3 Hz, 12H); 3C NMR (400 MHz, CDCl3) 5 59.43, 24.54, 20.04, 14.01.
The purity of the complex was confirmed by elemental analysis. Anal. Calcd. for
Cs2H72BraN2Pd: C, 42.19; H, 7.97; Br, 35.08; N, 3.08; Found: C, 42.15; H, 8.08; N,
3.09.

The yields and selectivities of arene substrate scopes were determined by GC using

dodecane as an internal standard.

CN

| =

Mixture of 4'-methyl-[1,1'-biphenyl]-2-carbonitrile, 4'-methyl-[1,1'-biphenyl]-3-
carbonitrile, 4'-methyl-[1,1'-biphenyl]-4-carbonitrile (3bb)

Dodecane: RT=7.26 (min)

4'-methyl-[1,1'-biphenyl]-2-carbonitrile: RT=11.41 (min)
4'-methyl-[1,1'-biphenyl]-3-carbonitrile: RT=11.77 (min)
4'-methyl-[1,1'-biphenyl]-4-carbonitrile: RT=11.90 (min)
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FID3 B, Back Signal (FSB-5-8D D)
o
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7.2652 59 154.3 00202 | 85229 | O
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T1.771 408 21 0025 | 11324
4 [ 11900 179 85 0.0289 555

Mixture of 2-fluoro-3'-methyl-1,1'-biphenyl, 3-fluoro-3'-methyl-1,1'-biphenyl, 4'-
fluoro-3-methyl-1,1'-biphenyl (3ca)

Dodecane: RT=7.26 (min)

2-fluoro-3'-methyl-1,1'-biphenyl: RT= 9.52 (min)

3-fluoro-3'-methyl-1,1'-biphenyl: RT=9.60 (min)

4-fluoro-3'-methyl-1,1'-biphenyl: RT= 9.63 (min)

[ FID3 B, Back Signal (F\SB-4-45A.0)

A
250
200-
150
o
100 3
@
i j\
T T ’
825 85 55 min
[T i o]
] Time Area Height Width _ Area% Symmetry
[ ] 7z 5.2 2759 | 00202 | 48787 | 1108
| 2| 8518 | 2573 | 238 | 00167 | 39454 | 1077 |
[ 3] s9em3 | 85.6 [ 7.7 | omar [ 11759 | oeer |

NO,

Z
Mixture of 4'-methyl-2-nitro-1,1'-biphenyl, 4'-methyl-3-nitro-1,1'-biphenyl, 4-
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methyl-4'-nitro-1,1'-biphenyl (3db)
Dodecane: RT=7.26 (min)
4'-methyl-2-nitro-1,1'-biphenyl: RT=11.67 (min)
4'-methyl-3-nitro-1,1'-biphenyl: RT=12.45 (min)
4'-methyl-4-nitro-1,1'-biphenyl: RT=12.62 (min)

[ FID2 B, Back Signal (F-\SB-5-8B.0)

o
N
]

F—m«a
;pmsza

[T
[ Time Area Height Width __Area% Symmetry
1 7261 1258 %5 0.0z 50467 | 0.952
2 [ e a0 87 0017 | 1e0e7 | oqme
3 | 12448 571 * 00237 | 22310 | 058
4 12623 263 142 00272 10566 0.472
OCF;

Mixture of 3'-methyl-2-(trifluoromethoxy)-1,1'-biphenyl,
(trifluoromethoxy)-1,1'-biphenyl,  3-methyl-4'-(trifluoromethoxy)-1,1'-biphenyl

(3ea)

Dodecane: RT=7.26 (min)
3'-methyl-2-(trifluoromethoxy)-1,1'-biphenyl: 8.95 (min)
3'-methyl-3-(trifluoromethoxy)-1,1'-biphenyl: 9.56 (min)
3'-methyl-4-(trifluoromethoxy)-1,1'-biphenyl: 9.70 (min)

3-methyl-3'-

[ FID3 B, Back Signal (FASB-5-75G.0)

%
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@
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e
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&
@
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5
2
@
U
95 m

4]
% Time A Height Width  Area% Spmmetry
1 7.281 1005 728 002i7 | Se2el | 09
2| s847 157 1.3 0.0202 8622 | 0767
3| asr 551 S 007 | 30303 | 04%5
4 | 9697 107 4 [ 5854 | 0.9
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[ll. NMR spectra
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