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General information: "H NMR and ">C NMR spectra were recorded on a Bruker
AM300 and AM400 spectrometer. '’F NMR was recorded on a Bruker AM300
spectrometer (CFCls as outside standard and low field is positive). Purification by
reverse phase preparative HPLC was performed on a PerkinElmer 200 HPLC
equipped with a PerkinElmer Series 200 UV/VIS detector and a Kromasil 100-5-C18
(250 x 10 mm) column. Chemical shifts (8) are reported in ppm, and coupling
constants (J) are in Hertz (Hz). The following abbreviations were used to explain the
multiplicities: s = singlet, d = doublet, t = triplet, ¢ = quartet, m = multiplet, br =
broad. NMR yield was determined by '°F NMR using fluorobenzene as an internal
standard before working up the reaction.

Materials: All reagents were used as received from commercial sources, unless
specified otherwise, or prepared as described in the literature. All reagents were
weighed and handled in air, and refilled with an inert atmosphere of N, at room
temperature. DMF and DMSO were distilled under reduced pressure from CaHo.
1,4-Dioxane was distilled from sodium and benzophenone immediately before use.
tBuOH was distilled from CaH,. Compounds 2-phenylquinazolin-4-ol, 7-methyl-2-
phenylquinazolin-4-ol, 7-fluoro-2-phenylquinazolin-4-ol were prepared according to
literature.'

Screens for Pd-Catalyzed Direct Cross-Coupling of Pentafluorobenzene la with
2-Quinaxolinyl Tosylate 2a (Table S1). To a septum capped 25 mL of sealed tube
were added Pd-catalyst (3-10 mol%), ligand (6-20 mol%), additive (1.2 equiv) and
quinoxalin-2-yl-4-methylbenzenesulfonate 2a (0.3 mmol, 1.0 euqiv) under N,
followed by solvent (1.0 mL) with stirring. Pentafluorobenzene la (2.0 equiv) was
then added subsequently. The sealed tube was screw capped and heated to 60-120 °C
(oil bath). After stirring for 12 h, the reaction mixture was cooled to room temperature
and fluorobenzene (28.5 pL, 0.3 mmol) was added. The yield was determined by '°F
NMR before working up. If necessary, the reaction mixture was diluted with ethyl
acetate, washed with brine, dried over Na,SQOy, filtered and concentrated. The residue
was purified with silica gel chromatography (Petroleum ether / Ethyl ether = 50:1) to
provide pure product.
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Table S1. Screens for Pd-catalyzed direct cross-coupling of pentafluorobenzene la
with 2-quinaxolinyl tosylate 2a. ®

N
F
F cat. Pd £ \ j@
F. pZ
/[ j@ Ilgand base N
F solvent, T°C F F
F F
3a

1a

. O O e ®
P(Cy) P(BU:  .p; fede P(Cy) P(Cy)
O O O MeO OMe O N(Me), i-PrO OFP oo her
3 4
i-Pr

L Cy-John-Phos L1 John-Phos L2 X-Phos L3 S-Phos L4 Dave-Phos L5 Ru-Phos
Ent Pd (mol%) Ligand Additvie Base Solvent Temp Time Yield”
n mo olven
Y ° (mol%) (equiv) (equiv) §0) (h) (%)
CS2CO3
1 Pd(OAc),(10)  PPh5(20) see (12) toluene 120 6 NR
K5PO, .
c) 3 ioxane race
2 Pd(OAc),(10)  PPh5(20) (12) d 120 6 t
K,CO; .
c) ioxane
3 Pd(OACc),(10) L1 (20) (12) d 120 6 NR
t-BuOLi )
4 Pd(OACc),(10) L1 (20) (12) dioxane 120 6 NR
K5PO, .
5 Pd(OACc),(10) L1 (20) (12) dioxane 120 6 3)
DPPE K5PO, .
c) ioxane
6 Pd(OACc),(10) d 120 6 11
(20) (1.2)
K5PO, .
c) ioxane
7 Pd(OACc),(10) L2 (20) (12) d 120 6 10
K5PO, .
c) ioxane
8 Pd(OAc),(10) L3 (20) (12) d 120 6 62
K5PO, .
c) ioxane race
9 Pd(OACc),(10) L4 (20) (12) d 120 6 t
K5PO, .
10 Pd(OACc),(10) L5 (20) (12) dioxane 120 6 36
K5PO, .
11 Pd(OACc),(10) L6 (20) see (12) dioxane 120 6 51
K5PO, .
12 Pd(OACc),(10) L (20) (12) dioxane 120 6 51
K5PO, .
13 Pd(OACc),(10) L (20) (12) dioxane 100 8 46
K5PO, .
14 Pd(OACc),(10) L (20) see (12) dioxane 80 8 59
K5PO, .
c) ioxane race
15 Pd(OACc),(10) L (20) (12) d 60 8 t
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K;PO,

16 Pd(OAc)(10) L3 (20) 02 dioxane 80 12 36
K5PO, .
17 Pd(OAc)(10) L6 (20) 02 dioxane 80 12 NR
K5PO, )
18 Pd(OAc)(10) L (20) 02 dioxane 80 12 72
K;5POy,
19 Pd(OAc)(10) L (20) 02 DMF 80 12 18
K;5POy,
20 Pd(OAc)(10) L (20) 02 tBuOH 80 12 72
. KiPO,  DMF/
21°  Pd(OAc)(10) L (20) 80 12 33
(12)  t-BuOH
K;5POy,
22 Pd(OAc)(10) L (20) 02 DMSO 80 12 trace
K5PO, )
23 Pd(OAc)(5) L (10) 02 dioxane 80 12 10
K;5POy,
24 Pd(OAc)(5) L (10) 02 tBuOH 80 12 32
PivOH K;5POy4 .
25 Pd(OAc)(5) L (10) dioxane 80 12 39
(1.0) (2.5)
PivOH K;5POy,
26 Pd(OAc)(5)  L(10) tBuOH 80 12 65
(1.2) (1.2)
AdOH K;5POy,
27 Pd(OAc)(5) L (10) tBuOH 80 12 70
(1.2) (1.2)
PivOH K;5POy,
28 Pd(OAc)(3) L (6) tBuOH 80 12 (5D
(1.2) (1.2)
AdOH K;5POy,
29 Pd(OAc)(3) L (6) tBuOH 80 12 (60)
(1.2) (1.2)
AdOH K;5POy,
30 PA(TFAR®3) L (6) tBuOH 80 12 (68)
(1.2) (1.2)
AdOH K3PO
31 PA(TFA),(3) L (6) Y tBuOH 90 12 80(73)
(1.2) (1.2)
AdOH K;5PO;,
32 PA(TFA) (3) tBuOH 90 12 NR
(1.2) (1.2)
AdOH K,CO;
33 PA(TFA)R (3) L (6) tBuOH 90 12 18
(1.2) (1.2)
AdOH  Cs,COs
34 PA(TFAR (3) L (6) tBuOH 90 12 NR.
(1.2) (1.2)
AdOH  tBuOLi
35  PA(TFA)R (3) L (6) tBuOH 90 12 30
(1.2) (1.2)
AdOK
36 PA(TFA) (3) L (6) (12 tBuOH 90 12 50

“Recation conditions unless otherwise specified: 1a (2.0 equiv), 2a (0.3 mmol) solvent (1.0 mL). "NMR
yield determined by '"F NMR using fluorobenzene as an internal standard (isolated yield in
parentheses). “DMF/tBuOH = 4:1 (v/v).
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Considering that the phosphine-ligated arylpalladium carboxylates LPd(Ar)(OCOR)
were typically proposed to react with arenes to form biarylpalladium complexes
through a concerted metalation-deprotonation (CMD) pathway (J. Am. Chem. Soc.
2006, 128, 16496); the role of AdOH or PivOH was proposed to function as a proton
shuttle during the aryl C-H cleavage step, a reaction mechanism for the cross-coupling
of polyfluoroarenes with heteroaromatic tosylates was proposed as shown in Scheme

S1.

Scheme S1. Proposed mechanism for the cross-coupling of polyfluoroarenes with

heteroaromatic tosylates.
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Typical Procedure for the Preparation of Heteroaromatic Tosylate 2.

To a solution of quinoxalin-2(1H)-one (6.0 g, 34 mmol) in 100 mL of
dichloromethane were added TsCl (7.13 g, 37.4 mmol) and DMAP (416 mg, 3.4
mmol), followed by Et;N (7 mL, 48 mmol). The reaction mixture was stirred for 3 h
at room temperature. The reaction mixture was diluted with ethyl acetate, washed
with brine, dried over Na,;SQO, filtered and concentrated. The residue was purified
with silica gel chromatography (Petroleum ether / Ethyl ether = 6:1) to provide pure
product 2a (8.16 g, 91%),).
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N\ OTs
CLJ
Quinoxalin-2-yl 4-methylbenzenesulfonate (2a). The product (83% yield) as a white
solid was purified with silica gel chromatography (Petroleum ether / Ethyl ether =
5:1). This compound is known.” 'H NMR (300 MHz, CDCls) & 8.66 (s, 1 H),

8.13-8.09 (m, 1 H), 8.03 (d, J = 8.4 Hz, 2 H), 7.92-7.89 (m, 1 H), 7.78-7.74 (m, 2 H),
7.39 (d, J = 8.4 Hz, 2 H), 2.47 (s, 3 H).

N\ OTs

LT

6-methylquinoxalin-2-yl 4-methylbenzenesulfonate (2b). The product (99% yield)
as a white solid was purified with silica gel chromatography (Petroleum ether / Ethyl
ether = 5:1). "H NMR (300 MHz, CDCl3) & 8.61 (s, 1 H), 8.01 (d, J = 8.7 Hz, 2 H),
7.88 (s, 1 H), 7.80 (d, J=8.7 Hz, 1 H), 7.60 (d, J = 8.4 Hz, 1.5 Hz, 1 H), 7.38 (d, J =
8.1 Hz, 2 H), 2.58 (s, 3H), 2.47 (s, 3H). °C NMR (75.4 MHz, CDCl3) § 150.3, 145.8,
141.1, 140.3, 138.8, 137.8, 133.2, 133.1, 129.7, 128.9, 127.9, 127.8, 21.6, 21.5.

N.__OTs
N

PO

N
6,7-Dimethylquinoxalin-2-yl 4-methylbenzenesulfonate (2c). The product (67%
yield) as a white solid was purified with silica gel chromatography (Petroleum ether /
Ethyl ether = 10:1). 'H NMR (300 MHz, CDCl;) & 8.54 (s, 1 H), 8.00 (d, J=8.4 Hz, 2
H), 7.84 (s, 1 H), 7.65 (s, 1 H), 7.38 (d, J = 8.4 Hz, 2 H), 2.47 (s, 3H). >C NMR (100
MHz, CDCls) 6 150.5, 145.8, 141.9, 140.3, 140.1, 138.4, 137.9, 133.3, 129.7, 128.9,
128.1, 127.4,21.7, 20.2, 20.1.

N OTs
N
MeO N

6-Methoxyquinoxalin-2-yl 4-methylbenzenesulfonate (2d). The product (81% yield)
as a white solid was purified with silica gel chromatography (Petroleum ether / Ethyl
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ether = 4:1). "H NMR (300 MHz, CDCls) & 8.60 (s, 1 H), 7.98 (d, J = 8.1 Hz, 2 H),
7.78 (dd, J = 8.4 Hz, 1.2 Hz, 1 H), 7.44-7.37 (m, 4 H), 3.96 (s, 3H), 2.47 (s, 3H). °C
NMR (100 MHz, CDCl3) § 160.7, 149.5, 145.8, 142.9, 139.1, 135.4, 133.2, 129.8,
129.3, 128.9, 124.2, 106.8, 55.8, 21.7.

N OTs
N
/@i /j/
Cl N

6-Chloroquinoxalin-2-yl 4-methylbenzenesulfonate (2e). The product (92% yield)
as a white solid was purified with silica gel chromatography (Petroleum ether / Ethyl
ether = 6:1). "H NMR (300 MHz, CDCls) & 8.65 (s, 1 H), 8.11 (d, J = 2.1 Hz, 1 H),
8.02 (d, J=8.1 Hz, 2 H), 7.85 (d, J = 8.7 Hz, 1 H), 7.72 (dd, J = 9.0 Hz, 2.1 Hz, 1 H),
7.40 (d, J = 8.1 Hz, 2 H)), 2.47 (s, 3H). *C NMR (100 MHz, CDCl5) & 151.0, 146.1,
141.3, 140.1, 138.2, 135.6, 133.1, 132.1, 129.8, 129.6, 129.0, 128.1, 21.8.

N._ _OTs
N
Ly

F N

6-Fluoroquinoxalin-2-yl 4-methylbenzenesulfonate (2f). The product (84% yield)
as a white solid was purified with silica gel chromatography (Petroleum ether / Ethyl
ether = 6:1). '"H NMR (300 MHz, CDCl;) & 8.66 (s, 1 H), 8.02 (d, J = 8.4 Hz, 2 H),
7.92 (dd, J=9.3 Hz, 5.7 Hz, 1 H), 7.75 (dd, J = 9.0 Hz, 3.0 Hz, 1 H), 7.56 (dd, J = 8.1
Hz, 2.7 Hz, 1 H), 7.40 (d, J = 8.1 Hz, 2 H)), 2.48 (s, 3H). ’F NMR (282 MHz, CDCls)
8 -104.8 (m, 1F). >C NMR (75.4 MHz, CDCl5) & 162.4 (d, J = 252.6), 150.5, 146.0,
141.8 (d, J = 13.0), 140.0, 136.6, 133.0, 130.3 (d, J=9.9), 129.8, 128.9, 121.2 (d,J =
25.9),112.9 (d, J =22.0), 21.7.

OTs
N
N/)\Ph
2-phenylquinazolin-4-yl 4-methylbenzenesulfonate (2g). The product (82% yield)

as a white solid was purified with silica gel chromatography (Petroleum ether / Ethyl
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ether = 5:1). '"H NMR (300 MHz, CDCL3) & 8.37-8.34 (s, 2 H), 8.20 (d, J = 7.5 Hz, 1
H), 8.13 (d, J = 8.4 Hz, 2 H), 8.08 (d, J = 8.4 Hz, | H), 7.92 (t, J = 8.1 Hz, 1 H), 7.63
(t, J=7.8 Hz, 1 H), 7.52-7.47 (m, 3 H), 7.40 (d, J = 8.4 Hz, 2 H), 2.47 (s, 3H). ’C
NMR (100 MHz, CDCls) & 162.1, 159.6, 153.3, 145.8, 136.9, 134.9, 134.2, 131.0,
129.8, 129.0, 128.7, 128.5, 128.3, 127.9, 123.3, 115.0, 21.8.

OTs

SN

N/)\Ph
7-Methyl-2-phenylquinazolin-4-yl 4-methylbenzenesulfonate (2h). The product
(70% yield) as a white solid was purified with silica gel chromatography (Petroleum
ether / Ethyl ether = 10:1). '"H NMR (300 MHz, CDCl;) & 8.34-8.31 (s, 2 H), 8.12 (d,
J=8.1Hz, 2 H), 8.08 (d,J=8.4 Hz, 1 H), 7.84 (s, 1 H), 7.49-7.44 (m, 4 H), 7.39 (d, J
= 8.1 Hz, 2 H), 2.59 (s, 3 H), 2.47 (s, 3H). °C NMR (100 MHz, CDCl3) & 162.0,

159.6, 153.7, 146.1, 145.7, 137.0, 134.3, 130.9, 130.1, 129.7, 129.0, 128.6, 128.4,
127.4,122.9,112.9,22.2,21.7.

OTs
SN
N//I\Ph

7-Fluoro-2-phenylquinazolin-4-yl 4-methylbenzenesulfonate (2i). The product

F

(80% yield) as a white solid was purified with silica gel chromatography (Petroleum
ether / Ethyl ether = 10:1). "H NMR (300 MHz, CDCl3) & 8.34 (dd, J = 7.8 Hz, 1.8 Hz,
2 H), 8.22 (dd, J=9.6 Hz, 6.3 Hz, 1 H), 8.12 (d, J=8.1 Hz, 2 H), 7.68 (dd, J = 9.6 Hz,
2.1 Hz, 1 H), 2.47 (s, 3H). ""F NMR (282 MHz, CDCl5) 8 -100.7 (m, 1F). >C NMR
(100 MHz, CDCl3) 6 166.4 (d, J = 255.8), 161.9, 160.8, 155.1 (d, J = 14.1), 145.9,
136.5, 134.0, 131.3, 129.8, 129.0, 128.8, 128.5, 126.1 (d, J = 10.7), 118.2 (d, J = 25.3),
112.4 (d, J=21.0), 112.0, 21.8.
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N OTs
N
9]

Quinolin-2-yl 4-methylbenzenesulfonate (2j). The product (82% yield) as a white
solid was purified with silica gel chromatography (Petroleum ether / Ethyl ether =
10:1). This compound is known.” "H NMR (300 MHz, CDCl5) & 8.19 (d, J = 8.7 Hz, 1
H), 8.02 (d, J=8.4 Hz, 2 H), 7.86 (d, J = 8.4 Hz, 1 H), 7.80 (d, J = 8.4 Hz, 1 H), 7.69
(t, J=7.8 Hz, 1 H), 7.53 (t, J= 7.8 Hz, 1 H), 7.18 (d, J = 8.4 Hz, 2 H), 2.45 (s, 3H).

N OTs

/)

4-Methylquinolin-2-yl 4-methylbenzenesulfonate (2k). The product (83% yield) as
a white solid was purified with silica gel chromatography (Petroleum ether / Ethyl
ether = 10:1). This compound is known.* "H NMR (300 MHz, CDCl;) & 8.01 (d, J =
8.4 Hz, 2 H), 7.94 (d, J= 8.1 Hz, 1 H), 7.84 (d, J= 8.4 Hz, 1 H), 7.67 (t, J = 6.9 Hz, 1
H), 7.53 (t,J = 7.5 Hz, 1 H), 7.35 (d, J = 8.1 Hz, 2 H), 2.68 (s, 3H), 2.44 (s, 3 H).

N OTs

AN

=

CO,Et
Ethyl 2-(tosyloxy)quinoline-4-carboxylate (2I). The product (95% yield) as a white
solid was purified with silica gel chromatography (Petroleum ether / Ethyl ether =
10:1). '"H NMR (300 MHz, CDCl3) & 8.74 (d, J = 8.7 Hz, 1 H), 8.04 (d, J = 8.4 Hz, 2
H), 791 (d,J=84Hz, 1 H), 7.75 (t, J=7.2 Hz, l H), 7.71 (s, 1 H), 7.63 (t,J=7.2
Hz, 1 H), 7.38 (d, J = 8.4 Hz, 2 H), 4.50 (q, J = 7.2 Hz, 2 H), 2.46 (s, 3H), 1.47 (t,J =
7.2 Hz, 3 H). C NMR (100 MHz, CDCls) & 164.8, 154.8, 147.0, 145.5, 139.8, 133.7,
130.7, 129.6, 129.1, 128.9, 128.0, 125.6, 124.2, 116.0, 62.2, 21.7, 14.2.
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5-(Ttrifluoromethyl)pyridin-2-yl 4-methylbenzenesulfonate (2m). The product
(88% yield) as a white solid was purified with silica gel chromatography (Petroleum
ether / Ethyl ether = 15:1). This compound is known.” "H NMR (300 MHz, CDCl;) &
8.55(S,1H),8.02(d,J=84Hz 1 H),7.95(d,J=28.1Hz 2H),7.39(d,J=72Hz,
2 H), 7.24 (d, J = 8.7 Hz, 1 H), 2.49 (s, 3 H). ’F NMR (282 MHz, CDCl3) & -62.5 (s,
3F).

N OTs
N
o

OTs

Quinoline-2,4-diyl bis(4-methylbenzenesulfonate) (4). The product (92% yield) as a
white solid was purified with silica gel chromatography (Petroleum ether / Ethyl ether
= 2:1). This compound is known.’ 'H NMR (300 MHz, CDCl;) & 8.01 (d, J = 8.4 Hz,
2 H), 790 (d, J = 8.4 Hz, 1 H), 7.83 (d, J = 8.4 Hz, 3 H), 7.70 (t, J = 7.5 Hz, 1 H),
7.49 (t,J=7.5Hz, 1 H), 7.36 (t, J = 8.4 Hz, 4 H), 7.01 (s, 1 H), 2.46 (s, 3 H), 2.45 (s,
3 H).

General Procedure for Pd-Catalyzed Direct Cross-Coupling of Fluoroarenes 1
with Various Heteroaromatic Tosylates 2. To a septum capped 25 mL of sealed
tube were added Pd(TFA), (5.0 mol%), L (10 mol%), KsPO4 (1.2 equiv), AdOH (1.2
equiv) and heteroaromatic tosylate 2 (0.3 mmol, 1.0 equiv) under N,, followed by
t-BuOH (1.5 mL) with stirring. Polyfluoroarene (0.6-0.9 mmol, 2.0-3.0 equiv) was
then added subsequently. The sealed tube was screw capped and heated to 90 °C (oil
bath). After stirring for 12 h, the reaction mixture was cooled to room temperature,
and diluted with ethyl acetate, washed with brine, dried over Na,SO,, filtered and
concentrated. The residue was purified with silica gel chromatography to provide pure

product.
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2-(Perfluorophenyl)quinoxaline (3a). 3 mol% of Pd(TFA), and 6 mol% of L were
= used. The product (63 mg, 73% yield) as a white solid was

F F purified with silica gel chromatography (Petroleum ether /
@N\ F  Ethyl ether = 50:1). M.P. 138 °C; '"H NMR (300 MHz, CDCl5)
N 8 9.00 (s, 1H), 8.22-8.17 (m, 2H), 7.91-7.85 (m, 2H). °C

NMR (75.4 MHz, CDCl3) 8 145.4 (t, J = 2.3 Hz), 145.0 (dm, J = 252.4 Hz), 142.7 (m),
142.3, 141.8, 142.0 (dm, J = 257.2 Hz), 137.9 (dm, J = 254.9 Hz), 131.2, 130.9, 129.7,
129.3, 112.6 (t, J = 16.8 Hz). ’F NMR (282 MHz, CDCls) & -142.8 (dd, J = 21.7 Hz,
7.9 Hz, 2F), -151.6 (t, J = 21.7 Hz, 1F), -161.0 (m, 2F). IR (KBr): Vmax 1652, 1523,

1498, 1029 cm™. MS (EI): m/z (%) 297 (M™+H"), 296 (M"), 76 (100). Anal. Calcd. for
C14HsFsN2: N, 9.46; C, 56.77; H, 1.70; Found: N, 9.45; C, 56.91; H, 1.50.

6-Methyl-2-(perfluorophenyl)quinoxaline (3b). 3 mol% of Pd(TFA); and 6 mol% of

F L were used. The product (86 mg, 92% yield) as a white

F solid was purified with silica gel chromatography
/@[N\ F (Petroleum ether / Ethyl ether = 50:1). M.P. 122 °C; 'H
N7 " NMR (300 MHz, CDCls) 6 8.94 (s, 1H), 8.06 (d, J = 8.7 Hz,

1H), 7.95 (s, 1H), 7.69 (d, J = 8.7 Hz, 1H), 2.65 (s, 3H). °C NMR (75.4 MHz, CDCL)
8 145.3, 144.9 (dm, J = 247.4 Hz), 142.2, 141.9, 141.8 (dm, J = 256.8 Hz), 141.7,
140.8, 137.9 (dm, J = 253.3 Hz), 133.2, 129.1, 128.1, 112.8 (m), 21.9. ’F NMR (282
MHz, CDCl;) & -142.9 (dd, J = 21.7 Hz, 7.9 Hz, 2F), -152.0 (t, J = 21.7 Hz, 1F),
-161.2 (td, J = 21.7 Hz, 7.9 Hz, 2F). IR (KBr): Vimax 1552, 1521, 1499 cm™. MS (EI):
m/z (%) 311 (M™+H"), 310 (M", 100), 89. Anal. Calcd. for C;sH;FsN,: N, 7.52; C,
64.52; H, 2.44; Found: N, 7.49; C, 64.64; H, 2.48.

6,7-Dimethyl-2-(perfluorophenyl)quinoxaline (3c). 3 mol% of Pd(TFA), and 6

F mol% of L were used. The product (79 mg, 81% yield) as a
F
white solid was purified with silica gel chromatography
N
:@: N F (Petroleum ether / Ethyl ether = 50:1). M.P. 192 °C; 'H
2 F
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NMR (400 MHz, CDCl3) & 8.79 (s, 1H), 7.83 (s, 1H), 7.82 (s, 1H), 2.46 (s, 3H), 2.45
(s, 3H). °C NMR (100 MHz, CDCl3) & 145.1 (dm, J = 250.4 Hz), 144.6, 142.0, 141.9
(dm, J = 255.1 Hz), 141.7, 141.55, 141.49, 141.0, 138.0 (dm, J =252.1 Hz), 128.7,
128.4, 113.3 (m), 20.2, 20.1. "’F NMR (376 MHz, CDCls) & -142.6 (dd, J = 20.7 Hz,
8.3 Hz, 2F), -152.5 (t, J = 20.7 Hz, 1F), -161.4 (td, J = 20.7 Hz, 8.3 Hz, 2F). IR (KBr):
Vinax 1651, 1548, 1496, 1418 cm™. MS (EI): m/z (%) 325 (M™+H"), 324 (M", 100), 309.
Anal. Calcd. for CigHoFsN>: N, 8.64; C, 59.27; H, 2.80; Found: N, 8.69; C, 59.48; H,
2.48.

6-Methoxy-2-(perfluorophenyl)quinoxaline (3d). 3 mol% of Pd(TFA), and 6 mol%

F of L were used. The product (89 mg, 91% yield) as a

- white solid was purified with silica gel chromatography

/@N\ F (Petroleum ether / Ethyl ether = 50:1). M.P. 133 °C; 'H
MeO T NMR (300 MHz, CDCl5) & 8.90 (s, 1H), 8.04 (d, J = 9.0

Hz, 1H), 7.51 (dd, J = 9.0 Hz, 2.7 Hz, 1H), 7.44 (d, J = 2.7 Hz, 1H), 4.03 (s, 3H). °C
NMR (75.4 MHz, CDCls) & 161.8, 145.4, 144.9 (dm, J = 251.5 Hz), 143.6, 141.7 (dm,
J=255.1 Hz), 139.8, 138.6, 137.9 (dm, J = 252.1 Hz), 130.6, 124.5, 112.9 (m), 106.3,
55.9. ""F NMR (282 MHz, CDCls) & -143.0 (dd, J = 21.7 Hz, 7.9 Hz, 2F), -152.2 (t, J
=21.7 Hz, 1F), -161.2 (td, J = 21.7 Hz, 7.9 Hz, 2F). IR (KBr): Vinax 1522, 1497, 1485
cm’. MS (EI): m/z (%) 327 (M™+H"), 326 (M", 100), 106. HRMS: Calculated for
C1sH7N,OFs: 326.0479; Found: 326.0480.

6-Chloro-2-(perfluorophenyl)quinoxaline (3¢). 3 mol% of Pd(TFA), and 6 mol% of

F
F F

L were used. The product (43 mg, 43% yield) as a white
\ solid was purified with silica gel chromatography

/@[ ) I P (Petroleum ether / Ethyl ether = 50:1). M.P. 130 °C; 'H
“ NMR (300 MHz, CDCl3) & 9.00 (s, 1H), 8.18 (d, J = 2.1
Hz, 1H), 8.11 (d, J = 9.0 Hz, 1H), 7.81 (dd, J = 9.0 Hz, 2.1 Hz, 1H). >C NMR (75.4
MHz, CDCls) 6 146.3 (t, J = 9.3 Hz), 144.9 (dm, J =252.4 Hz), 142.8 (m), 142.1 (dm,
J = 257.6 Hz), 142.0, 140.8, 137.9 (dm, J = 255.2 Hz), 137.2, 132.0, 130.9, 128.2,
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122.4 (m). "’F NMR (282 MHz, CDCl3) § -142.8 (dd, J = 21.7 Hz, 7.9 Hz, 2F), -151.1
(t, J=21.7 Hz, 1F), -160.8 (m, 2F). IR (KBr): Vmay 1657, 1551, 1521, 1499 cm™. MS
(ED): m/z (%) 331 (M'+H"), 330 (M", 100), 110. Anal. Calcd. for C;4H4CIFsNy: N,
8.47; C, 50.86; H, 1.22; Found: N, 8.59; C, 51.11; H, 1.07.

6-Fluoro-2-(perfluorophenyl)quinoxaline (3f). The product (72 mg, 76% yield) as a

= white solid (127 °C) was purified with silica gel

F chromatography (Petroleum ether / Ethyl ether = 50:1). 'H

/@N\ F NMR (300 MHz, CDCl3) 6 9.00 (s, 1H), 8.20 (dd, J =9.0
F N7 " Hz, 5.4 Hz, 1H), 7.83 (dd, J =9.0 Hz, 2.7 Hz, 1H), 7.66 (td,

J = 8.4 Hz, 2.7 Hz, 1H). ”C NMR (75.4 MHz, CDCl3) & 163.5 (d, J = 254.6 Hz),
146.2 (t, J = 9.3 Hz), 145.0 (dm, J = 256.3 Hz), 142.7 (d, J = 13.3 Hz), 142.04 (dm, J
=257.3 Hz), 142.03 (m), 139.6 (d, J = 1.0 Hz), 137.8 (dm, J = 254.6 Hz), 131.9 (d, J
=10.2 Hz), 121.5 (d, J = 26.2 Hz), 112.9 (d, J = 21.7 Hz), 112.4 (m). "°F NMR (282
MHz, CDCl3) 8 -105.7 (dd, J = 13.8 Hz, 7.9 Hz, 1F), -142.9 (dd, J = 21.7 Hz, 7.9 Hz,
2F), -151.3 (t, J = 21.7 Hz, 1F), -160.8 (m, 2F). IR (KBr): vma 1653, 1557, 1521,
1499 cm™. MS (ED): m/z (%) 315 (M™+H"), 314 (M"), 94 (100). Anal. Calcd. for
CisH4F¢N»: N, 8.92; C, 53.52; H, 1.28; Found: N, 8.94; C, 53.43; H, 1.15.

4-(Perfluorophenyl)-2-phenylquinazoline (3g). The product (88 mg, 78% yield) as a
white solid was purified with silica gel chromatography (Petroleum
ether / Ethyl ether = 50:1). M.P. 197 °C; 'H NMR (300 MHz,
CDCls) & 8.63-8.61(m, 2H), 8.22 (d, J = 8.4 Hz, 1H), 7.97 (t, J =
8.1 Hz, 1H), 7.67-7.53 (m, 5H). >°C NMR (100 MHz, CDCls) &

160.6, 156.9, 151.6, 144.7 (dm, J = 246.6 Hz), 142.1 (dm, J =
256.1 Hz), 137.8 (dm, J = 249.4 Hz), 137.3, 134.6, 130.9, 129.3, 128.6, 127.9, 125.2,
122.6, 112.0 (m). ’F NMR (282 MHz, CDCl5) & -139.9 (dd, J = 21.7 Hz, 7.9 Hz, 2F),
-151.8 (t, J = 21.7 Hz, 1F), -160.8 (m, 2F). IR (KBr): Vina 1565, 1521, 1499 cm™. MS
(ED): m/z (%) 373 (M™+H"), 372 (M", 100), 179. Anal. Calcd. for CyoHoFsN: N, 9.03;
C, 58.07; H, 2.27; Found: N, 9.13; C, 58.15; H, 2.19.
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7-Methyl-4-(perfluorophenyl)-2-phenylquinazoline (3h). The product (106 mg,
F 95% yield) as a white solid was purified with silica gel
chromatography (Petroleum ether / Ethyl ether = 50:1). M.P. 222
F  °C;'HNMR (300 MHz, CDCl;) & 8.62-8.59 (m, 2H), 7.99 (s, 1H),
7.54-7.52 (m, 4H), 7.43 (d, J = 8.4 Hz, 1H), 2.62 (s, 3H). °C

SN
PN
N™ "Ph NMR (100 MHz, CDCl3) § 160.7, 156.3, 151.9, 145.9, 144.7 (dm,
J =250.4 Hz), 142.1 (dm, J = 255.2 Hz), 137.9 (dm, J = 253.4 Hz), 137.5, 130.8,
130.4, 128.7, 128.3, 124.9, 121.0, 112.3 (m), 22.3. "’F NMR (282 MHz, CDCl;) &
-140.0 (dd, J = 21.7 Hz, 5.9 Hz, 2F), -152.1 (t, J = 21.7 Hz, 1F), -161.0 (td, J = 21.7
Hz, 5.9 Hz, 2F). IR (KBr): vmax 1655, 1566, 1521, 1499 cm’. MS (ED): m/z (%) 387
(M™+H"), 386 (M", 100), 193. Anal. Calcd. for C;H;;FsNy: N, 7.25; C, 65.29; H, 2.87;

Found: N, 7.33; C, 65.43; H, 2.94.

7-Fluoro-4-(perfluorophenyl)-2-phenylquinazoline (3i). The reaction run at 80 °C
for 24 h. The product (100 mg, 85% yield) as a white solid was
purified with silica gel chromatography (Petroleum ether / Ethyl
ether = 50:1). M.P. 208 °C; '"H NMR (300 MHz, CDCl;) &
8.63-8.59 (m, 2H), 7.84 (dd, J = 9.9 Hz, 2.4 Hz, 1H), 7.70-7.65

(m, 1H), 7.55-7.53 (m, 3H), 7.38 (td, J = 9.0 Hz, 2.4 Hz, 1H). °C
NMR (100 MHz, CDCl3) & 166.1 (d, J = 256.6 Hz), 161.6, 156.6, 153.5 (d, J = 14.2
Hz), 144.7 (dm, J = 251.1 Hz), 142.3 (dm, J = 251.1 Hz), 137.9 (dm, J = 255.5 Hz),
137.0, 131.3, 128.8 (d, J = 11.0 Hz), 128.0 (d, J = 10.7 Hz), 120.0, 118.7 (d, J = 25.6
Hz), 113.2 (d, J = 20.5 Hz), 111.9 (m). ’F NMR (282 MHz, CDCls) & -100.8 (dd, J =
14.1 Hz, 7.9 Hz, 1F), -139.9 (dd, J = 21.7 Hz, 7.9 Hz, 2F), -152.3 (t, J = 21.7 Hz, 1F),
-161.5 (m, 2F). IR (KBr): Vinax 1572, 1521, 1499 cm™. MS (EI): m/z (%) 391 (M™+H"),
390 (M, 100), 199. Anal. Calcd. for Co0HgFsNa: N, 7.18; C, 61.55; H, 2.07; Found: N,
7.22; C, 61.42; H, 1.95.
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2-(Perfluorophenyl)quinoline (3j). The product (80 mg, 90% yield) as a white solid
was purified with silica gel chromatography (Petroleum ether
Foy Ethyl ether = 50:1). This compound is known.® M.P. 166 °C;
F '"HNMR (300 MHz, CDCl5) & 8.32 (d, J = 8.7 Hz, 1H), 8.17
(d, J=8.4 Hz, 1H), 7.91 (d, J = 8.1 Hz, 1H), 7.81 (td, J = 6.9

Hz, 1.2 Hz, 1H), 7.65 (td, J = 8.1 Hz, 1.2 Hz, 1H), 7.55 (d, J = 8.7 Hz, 1H). ’F NMR
(282 MHz, CDCls) & -143.1 (dd, J = 21.7 Hz, 7.9 Hz, 2F), -153.7(t, J = 21.7 Hz, 1F),
-161.9 (td, J = 21.7 Hz, 7.9 Hz, 2F). Anal. Calcd. for C;sH¢FsN: N, 4.74; C, 61.03; H,
2.05; Found: N, 4.75; C, 60.94; H, 1.80.

4-Methyl-2-(perfluorophenyl)quinoline (3k). The product (72 mg, 78% yield) as a
white solid was purified with silica gel chromatography
(Petroleum ether / Ethyl ether = 50:1). M.P. 137 °C; 'H NMR
(300 MHz, CDCl3) 6 8.16 (d, J = 8.4 Hz, 1H), 8.06 (d, J =8.4
Hz, 1H), 7.78 (t, J = 7.8 Hz, 1H), 7.65 (t, J = 7.8 Hz, 1H),

7.38 (s, 1H), 2.78 (s, 3H). °C NMR (75.4 MHz, CDCl;) & 147.8, 146.7, 145.5, 144.7
(dm, J = 246.0 Hz), 141.2 (dm, J = 254.9 Hz), 137.7 (dm, J = 253.0 Hz), 130.1, 129.8,
127.5, 127.3, 123.7, 123.3, 115.8 (m), 18.7. "’F NMR (282 MHz, CDCls) & -143.0 (dd,
J=21.7 Hz, 7.9 Hz, 2F), -154.1(t, J = 21.7 Hz, 1F), -162.1 (td, J = 21.7 Hz, 7.9 Hz,
2F). IR (KBI): Vinax 1653, 1523, 1507, 1494 cm™. MS (EI): m/z (%) 310 (M™+H"), 309
(M", 100), 115.Anal. Calcd. for CsHgFsN: N, 4.53; C, 62.14; H, 2.61; Found: N, 4.65;
C, 62.34; H, 2.59.

Ethyl 2-(perfluorophenyl)quinoline-4-carboxylate (3I). The product (100 mg, 91%
= yield) as a white solid was purified with silica gel
chromatography (Petroleum ether / Ethyl ether = 50:1). M.P.

F 99 °C; 'TH NMR (300 MHz, CDCl3) & 8.86 (d, J = 8.4 Hz, 1H),
8.22 (d, J=8.4 Hz, 1H), 8.07 (s, 1H), 7.85 (t, J = 6.9Hz, 1H),

7.75 (t, 3 = 6.9 Hz, 1H), 4.54 (q, J = 7.2 Hz, 2H), 1.49 (t, J =
7.2 Hz, 3H). °C NMR (75.4 MHz, CDCl3) & 165.5, 149.1, 146.5, 144.8 (dm, J =
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246.6 Hz), 141.4 (dm, J = 242.0 Hz), 137.8 (dm, J = 253.0 Hz), 136.1, 130.4, 130.2,
129.1, 125.0, 124.4, 123.7, 114.9 (m), 62.2, 14.2. "’F NMR (282 MHz, CDCls) &
-142.9 (dd, J = 21.7 Hz, 7.9 Hz, 2F), -152.9 (t, J = 21.7 Hz, 1F), -161.6 (td, J = 21.7
Hz, 7.9 Hz, 2F). IR (KBr): Vinax 1723, 1653 cm™. MS (EI): m/z (%) 368 (M™+H"), 367
(M+), 309 (100). Anal. Calcd. for C;gH;oFsNO,: N, 3.81; C, 58.86; H, 2.74; Found: N,
4.06; C, 58.94; H, 2.66.

2-(Perfluorophenyl)-5-(trifluoromethyl)pyridine (3m). The reaction run at 80 °C
for 36 h. The product as a colorless liquid was purified with
silica gel chromatography (Petroleum ether / Ethyl ether =

50:1). Further purification by reverse phase preparative HPLC

F (MeOH/H,O = 95:5) afforded pure product (66 mg, 70%
yield). "H NMR (300 MHz, CDCl3) § 9.05 (s, 1H), 8.11 (dd, J = 8.1 Hz, 1.8 Hz, 1H),
7.65 (d, J = 8.1 Hz, 1H). *C NMR (100 MHz, CDCls) & 150.4, 147.0 (g, J = 3.9 Hz),
144.7 (dm, J = 250.7 Hz), 144.0 (dm, J = 255.6 Hz), 137.9 (dm, J = 252.5 Hz), 134.0
(q, J =3.2 Hz), 126.7 (q, J = 33.4 Hz), 125.7, 123.1 (q, J = 271.3 Hz), 114.2 (td, J =
15.7 Hz, 3.9 Hz). "’F NMR (282 MHz, CDCl;) & -63.1 (s, 3F), -143.3 (dd, J = 21.7 Hz,
7.9 Hz, 2F), -152.4 (t, J = 21.7 Hz, 1F), -161.5 (m, 2F). IR (KBr): Vi 2908, 1484,
1404 cm'. MS (EI): m/z (%) 314 (M'+H"), 313 (M', 100), 294, 135. HRMS:
Calculated for C1,H3FgN: 313.0138; Found: 313.0141.

2-(2,3,5,6-Tetrafluorophenyl)quinoline (3n). The product (60 mg, 72% yield) as a
white solid was purified with silica gel chromatography
(Petroleum ether / Ethyl ether = 50:1). M.P. 109 °C; 'H

g NMR (300 MHz, CDCI5) 6 8.31 (d, J = 8.7 Hz, 1H), 8.19 (d,

J=8.7Hz, 1H), 7.90 (d, J = 7.8 Hz, 1H), 7.80 (t, J = 7.2 Hz,
1H), 7.64 (t, J = 7.2 Hz, 1H), 7.58 (d, J = 8.4 Hz, 1H), 7.27-7.13 (m, 1H). *C NMR
(100 MHz, CDCls) & 148.1, 147.8 (m), 146.1 (dm, J = 247.1 Hz), 144.3 (dm, J =
248.1 Hz), 136.7, 130.1, 129.6, 127.6, 127.5, 127.4, 122.6, 121.1 (t, J = 16.4 Hz),
106.1 (t, J = 22.4 Hz). "F NMR (282 MHz, CDCl3) & -138.8 (m, 2F), -143.8 (m, 2F).
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IR (KBI): Vmax 1490, 1484, 1425 cmi™. MS (EI): m/z (%) 278 (M™+H"), 277 (M, 100),
258. Anal. Calcd. for C;sH7F4sN: N, 5.05; C, 64.99; H, 2.55; Found: N, 5.07; C, 65.17;
H, 2.39.

6-Methyl-2-(2,3,5,6-tetrafluorophenyl)quinoxaline (30). The product (50 mg, 57%

= yield) as a white solid was purified with silica gel

F chromatography (Petroleum ether / Ethyl ether = 50:1). M.P.
/@:N\ F 162 °C; '"H NMR (300 MHz, CDCl;) & 8.98 (s, 1H), 8.08
N " (dd, J=8.4 Hz, 4.5 Hz, 1H), 7.96 (d, J = 4.5 Hz, 1H), 7.70

(t, J = 6.6 Hz, 1H), 7.29-7.22 (m, 1H), 2.65 (s, 3H). >C NMR (100 MHz, CDCl3) &
146.2 (dm, J = 247.9 Hz), 145.4 (t, J = 2.0 Hz), 144.5 (dm, J = 249.6 Hz), 142.5,
142.0, 141.9, 140.8, 133.1, 129.2, 128.1, 118.2 (t, J = 15.7 Hz), 107.1 (t, J = 22.4 Hz),
21.9. ’F NMR (282 MHz, CDCls) & -138.2 (m, 2F), -143.6 (m, 2F). IR (KBI): Viax
1504, 1484, 1465 cm™. MS (EI): m/z (%) 293 (M™+H"), 292 (M", 100), 89. HRMS:
Calculated for C;sHgF4N»: 292.0624; Found: 292.0632.

6-Methyl-2-(2,3,4,6-tetrafluorophenyl)quinoxaline (3p). The product (46 mg, 53%

= yield) as a white solid was purified with silica gel

F chromatography (Petroleum ether / Ethyl ether = 50:1). M.P.
/@[N\ 149 °C; 'TH NMR (300 MHz, CDCl3) & 8.94 (s, 1H), 8.06 (d,
N" i J = 8.7 Hz, 1H), 7.94 (s, 1H), 7.68 (d, J = 8.7 Hz, 1H),

7.02-6.95 (m, 1H), 2.65 (s, 3H). *C NMR (75.4 MHz, CDCl5) & 155.0 (dm, J = 253.8
Hz), 151.2 (dm, J = 250.0 Hz), 149.7 (dm, J = 251.5 Hz), 145.6, 142.6, 141.8, 141.7,
140.8, 137.6 (dm, J = 250.1 Hz), 133.0, 129.1, 128.1, 113 (m), 101.5 (ddd, J = 28.0
Hz, 21.6 Hz, 4.1 Hz), 21.9. ”F NMR (282 MHz, CDCl;) § -117.9 (t, J = 9.9 Hz, 1F),
-129.6 (td, J = 17.8 Hz, 7.9 Hz, 1F), -135.1 (dd, J = 21.7 Hz, 7.9 Hz, 1F), -164.0 (m,
1F). IR (KBr): Vimay 1517, 1484, 1453 cm™. MS (EI): m/z (%) 293 (M™+H"), 292 (M",
100), 89. HRMS: Calculated for C;sHgF4N,: 292.0624; Found: 292.0629.
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2-(2,3,5,6-Tetrafluoro-4-methoxyphenyl)quinoxaline (3q). The product (66 mg,
= 71% yield) as a white solid was purified with silica gel

F OMe chromatography (Petroleum ether / Ethyl ether = 50:1).
@[N\ F M.P. 95 °C; 'H NMR (300 MHz, CDCl3) & 9.00 (s, 1H),
N F 8.20-8.16 (m, 2H), 7.87-7.84 (m, 2H), 2.94 (s, 3H). °C

NMR (75.4 MHz, CDCls) 8 145.0 (dm, J = 249.0 Hz), 145.7 (m), 143.6 (m), 142.4,
142.3, 141.6, 141.0 (dm, J = 249.6 Hz), 130.8, 130.6, 129.6, 129.2, 125.2 (m), 110.5
(m), 62.2 (t, J = 3.9 Hz). ’F NMR (282 MHz, CDCl;) & -144.9 (dd, J = 21.7 Hz, 8.2
Hz, 2F), -157.5 (dd, J = 21.7 Hz, 9.9 Hz, 2F). IR (KBr): Vimax 1497, 1484, 1404 cm’".

MS (EI): m/z (%) 309 (M'+H"), 308 (M", 100), 76. HRMS: Calculated for
C1sHsF4N,0: 308.0573; Found: 308.0565.

2-(2,3,5,6-Tetrafluoro-4-methoxyphenyl)-5-(trifluoromethyl)pyridine  (3r). The
reaction run at 80 °C for 36 h. The product (58 mg, 60%
F yield) as a white solid was purified with silica gel

ome chromatography (Petroleum ether / Ethyl ether = 50:1).

M.P. 47 °C; 'H NMR (300 MHz, CDCl;) & 9.03 (s, 1 H),
8.08 (dd, J = 8.1 Hz, 1.8 Hz, 1H), 7.64 (d, J = 8.1 Hz, 1H), 4.16 (s, 3H). °C NMR
(75.4 MHz, CDCLy) & 151.3, 146.8 (q, J = 3.9 Hz), 144.8 (dm, J = 249.3 Hz), 141.0
(dm, J = 247.4 Hz), 134.3 (m), 133.8 (q, J = 3.3 Hz), 1262 (q, J = 33.4 Hz), 125.6,
123.2 (q, J = 2723 Hz), 112.1 (t, J = 15.8 Hz), 62.1 (1, J = 4.0 Hz). '°F NMR (282
MHz, CDCls) & -62.9 (s, 3F), -145.4 (dd, J = 21.7 Hz, 7.9 Hz, 2F), -157.8 (dd, J =
21.7 Hz, 7.9 Hz, 2F). IR (KBr): v 3012, 1652, 1472 cm™. MS (EI): m/z (%) 326
(M™+H"), 325 (M, 100), 135. HRMS: Calculated for C;3HsF;NO: 325.0338; Found:
325.0336.

2-(2,3,5,6-Tetrafluoro-4-(trifluoromethyl)phenyl)quinoxaline (3s). The product (90
mg, 87% yield) as a white solid was purified with silica gel chromatography
(Petroleum ether / Ethyl ether = 50:1). M.P. 137 °C; '"H NMR (300 MHz, CDCl;) &
9.04 (s, 1H), 8.24-8.17 (m, 2H), 7.94-7.86 (m, 2H). °C NMR (100 MHz, CDCls) &
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F 145.0 (m), 144.9 (dm, J = 252.9 Hz), 144.4 (dm, J = 260.1

cFs Hz), 142.3, 142.1, 131.6, 131.1, 129.8, 129.4, 121.2 (m),
@[N\ F 120.6 (q, J = 274.0 Hz), 110.6 (m). ’F NMR (282 MHz,
i CDCls) & -56.9 (t, J = 21.4, 3F), -139.7 (m, 2F), -141.1 (m,
2F). IR (KBr): Vinax 1660, 1499, 1343 cm™. MS (EI): m/z (%) 347 (M™+H"), 346 (M",
100), 76. Anal. Calcd. for C;sHsF7N»: N, 8.09; C, 52.04; H, 1.46; Found: N, 8.21; C,

52.36; H,1.32.

6-Methyl-2-(2,3,5,6-tetrafluoro-4-(trifluoromethyl)phenyl)quinoxaline (3t). The

product (95 mg, 88% yield) as a white solid was purified

F
F cF, With silica gel chromatography (Petroleum ether / Ethyl
N . cther=>50:1). M.P. 98 °C; '"H NMR (300 MHz, CDCl3) &
/@ F 8.98 (s, 1H), 8.07 (d, J = 8.4 Hz, 1H), 7.96 (s, 1H), 7.71

(d, J = 8.4 Hz, 1H), 2.66 (s, 3H). °C NMR (75.4 MHz,
CDCls) & 144.9 (t, J = 2.3 Hz), 144.8 (dm, J = 253.5 Hz), 144.6 (dm, J = 264.2 Hz),
142.7, 142.1, 141.1, 140.8, 133.4, 129.3, 128.1, 121.4 (t, J =16.0 Hz), 120.6 (q, J =
274.6 Hz), 110.3 (m), 21.7. ’F NMR (282 MHz, CDCl3) & -56.8 (t, J = 21.7 Hz, 3F),
-139.8 (m, 2F), -141.3 (m, 2F). IR (KBr): Vi 1624, 1498 cm™. MS (EI): m/z (%) 361
(M™+H"), 360 (M", 100), 90. Anal. Calcd. for C;H7F;Ny: N, 7.78; C, 53.35; H, 1.96;
Found: N, 7.72; C, 53.32; H,1.86.

7-Methyl-4-(perfluoropyridin-4-yl)-2-phenylquinazoline (3u). The product (86 mg,
78% yield) as a white solid was purified with silica gel
chromatography (Petroleum ether / Ethyl ether = 50:1). M.P. 211
°C; 'H NMR (300 MHz, CDCls) & 8.62-8.59 (m, 2H), 8.03 (s,
1H), 7.56-7.45 (m, 5H), 2.64 (s, 3H). °C NMR (100 MHz,

CDCl3) & 160.7, 155.2, 151.9, 146.3, 143.7 (dm, J = 246.3 Hz), 139.5 (dm, J = 262.8
Hz), 137.2, 131.0, 130.7, 129.7 (m), 128.7, 128.6, 128.4, 124.3, 120.0, 22.3. '’F NMR
(282 MHz, CDCl;) & -89.2 (m, 2F), -141.3 (m, 2F). IR (KBI): Vinax 1566, 1521, 1499
cm’. MS (EI): miz (%) 370 (M+H"), 369 (M", 100), 219. Anal. Calcd. for
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CoHi11F4N3: N, 11.38; C, 65.04; H, 3.00; Found: N, 11.30; C, 65.07; H, 3.02.

6-Methyl-2-(perfluoropyridin-4-yl)quinoxaline (3v). The product (62 mg, 70%
E yield) as a white solid was purified with silica gel
Z>N chromatography (Petroleum ether / Ethyl ether = 50:1). M.P.
/@N\ NF 106 °C; 'H NMR (300 MHz, CDCl5) & 9.03 (s, 1H), 8.09 (d,
N7 - J=28.4 Hz, 1H), 7.97 (s, 1H), 7.73 (d, J = 8.4 Hz, 1H), 2.68

(s, 3H). >C NMR (100 MHz, CDCls) & 144.5, 143.9 (dm, J = 245.3 Hz), 143.0, 142.3,
140.7, 140.0 (dm, J = 261.8 Hz), 133.5, 129.7 (m), 129.3, 128.1, 21.9. ’F NMR (282
MHz, CDCI;) 6 -89.5 (m, 2F), -144.3 (m, 2F). IR (KBr): vmax 1645, 1497, 1471, 1406
cm™. MS (EI): m/z (%) 294 (M™+H", 100), 89. Anal. Calcd. for C14H;F4N3: N, 14.33;

C, 57.35;H, 2.41; Found: N, 14.45; C, 57.42; H, 2.31.

6-Methyl-2-(2,3,5,6-tetrafluoro-4-(4-methoxybenzyl)phenyl)quinoxaline (3w). 1.2

equiv of fluoroarene was used. The product

F
F . . .
O O (60 mg, 49% yield) as a white solid was
NS F OMe
Z F

/@[ purified with silica gel chromatography
N

100°C; "H NMR (300 MHz, CDCls) & 8.94 (s, 1H), 8.06 (d, J = 8.7 Hz, 1H), 7.95 (s,

(Petroleum ether / Ethyl ether = 50:1). M.P.

1H), 7.68 (d, J = 8.7 Hz, 1H), 7.24 (d, J = 8.7 Hz, 2H), 6.86 (d, J = 8.7 Hz, 2H), 4.09
(s, 2H), 3.79 (s, 3H), 2.64 (s, 3H). °C NMR (75.4 MHz, CDCl;) & 158.5, 145.6, 145.0
(dm, J = 245.1 Hz), 144.4 (dm, J = 239.3 Hz), 141.8 (m), 140.9, 133.1, 129.5, 129.4,
129.2, 128.1, 121.6 (t, J = 18.4 Hz), 115.4 (m), 114.1, 55.2, 28.0, 21.9. "’F NMR (282
MHz, CDCl;) & -143.5 (dd, J = 21.7 Hz, 113.8 Hz, 2F), -144.3 (dd, J =21.7 Hz, 11.8
Hz, 2F). IR (KBr): Vinay 1612, 1514 cm™. MS (EI): m/z (%) 413 (M™+H"), 412 (M",
100), 206. HRMS: Calculated for Co3H 6F4N>O: 412.1199; Found: 412.1201.
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(E)-Tert-butyl 3-(2,3,5,6-tetrafluoro-4-(6-methylquinoxalin-2-yl)phenyl)acrylate

F (3x). 1.2 equiv of fluoroarene was used. The

F X CO-Bu product (100 mg, 80% yield) as a white solid
/@[N\ F was purified with silica gel chromatography
N7 F (Petroleum ether / Ethyl ether = 50:1). M.P. 153

°C; 'H NMR (300 MHz, CDCls) & 8.99 (s, 1H), 8.07 (d, J = 8.7 Hz, 1H), 7.95 (s, 1H),
7.69 (d, J=16.5 Hz, 1H), 7.68 (s, 1H), 6.81 (d, J = 16.5 Hz, 1H), 2.65 (s, 3H), 1.57 (s,
9H). C NMR (75.4 MHz, CDCl3) & 165.2, 145.5 (dm, J = 255.3 Hz), 145.3 (m),
144.6 (dm, J = 256.3 Hz), 142.2, 141.9, 140.8, 133.2, 129.3, 129.2, 129.1, 127.6,
117.8 (t, J = 16.0 Hz), 115.6 (t, J = 13.5 Hz), 81.5, 28.0, 21.9. "’"F NMR (282 MHz,
CDCl3) & -140.0 (dd, J = 21.7 Hz, 13.8 Hz, 2F), -143.9 (dd, J = 21.7 Hz, 13.8 Hz, 2F).
IR (KBr): Vimax 1716, 1636 cm™. MS (EI): m/z (%) 419 (M™+H"), 418 (M"), 362 (100).
Anal. Calcd. for C,H 13F4N>O5: N, 6.70; C, 63.16; H, 4.34; Found: N, 6.66; C, 63.27;
H, 4.48.

6-Methyl-2-(2,4,6-trifluorophenyl)quinoxaline (3y). 10 mol% of Pd(TFA), and 20

F F mol% of L were used. The product (22 mg, 27% yield) as a
/@:N\ white solid was purified with silica gel chromatography
NG F (Petroleum ether / Ethyl ether = 50:1). M.P. 151 °C; 'H

NMR (300 MHz, CDCl3) & 8.93 (s, 1H), 8.06 (d, J = 8.7 Hz, 1H), 7.93 (s, 1H), 7.66 (d,
J=8.1 Hz, 1H), 6.87 (t, J = 8.1 Hz, 1H), 2.63 (s, 3H). °C NMR (100 MHz, CDCl3) &
163.2 (dt, J = 251.0 Hz, 15.2 Hz), 161.2 (ddd, J = 251.7 Hz, 14.8 Hz, 9.3 Hz), 146.0,
143.6, 141.6, 141.3, 140.8, 132.8, 129.1, 128.0, 112.1 (m), 101.0 (m), 21.8. "’F NMR
(282 MHz, CDCls) & -105.2 (m, 1F), -111.2 (t, J = 7.9 Hz, 2F). IR (KBr): Vinax 3047,
1643, 1599 cm™. MS (EI): m/z (%) 275 (M™+H"), 274 (M, 100), 89. Anal. Calcd. for
CisHoF5N»: N, 10.21; C, 65.69; H, 3.31; Found: N, 10.17; C, 65.71; H, 3.35.

S22



2-(2,3,5,6-Tetrafluorophenyl)quinolin-4-yl-4-methylbenzenesulfonate  (5). The

product (74 mg, 55% vyield) as a white solid was purified with silica gel

chromatography (Petroleum ether / Ethyl ether = 50:1). M.P. 138 °C; "H NMR (300

F MHz, CDCls) & 8.15 (d, J = 8.7 Hz, 1H), 8.00 (d, J = 8.7 Hz,

O 1H), 7.85 (d, J = 8.4 Hz, 2H), 7.79 (t, J = 8.4 Hz, 1H), 7.60 (t,

O ™S 7 3= 84 Hz, 1H), 747 (s, 1H), 7.33 (& ) = 8.4 Hz, 2H),

O/TS 7.23-7.15 (m, 1H), 2.43 (m, 3H). >C NMR (75.4 MHz,

CDCls) o 153.3, 149.7, 148.2 (m), 146.3, 146.1 (dm, J =

248.7 Hz), 144.2 (dm, J = 250.4 Hz), 131.6, 131.0, 130.0, 129.5, 128.4, 128.1, 121.5,

121.4,120.2 (t, J = 16.1 Hz), 106.6 (t, J = 22.7 Hz), 21.6. '’F NMR (282 MHz, CDCl;)

§ -138.5 (m, 2F), -143.6 (m, 2F). IR (KBr): Vmax 1613, 1595, 1497 cm™. MS (EI): m/z

(%) 448 (M™+H"), 447 (M"), 91 (100). Anal. Calcd. for C»,H3F4NO;S: N, 3.13; C,
59.06; H, 2.93; Found: N, 3.34; C, 59.24; H, 2.85.

4-Phenyl-2-(2,3,5,6-tetrafluorophenyl)quinoline (6). To a septum capped 100 mL of
sealed tube were added Pd(OAc), (13.8 mg, 0.06 mmol), X
Phos (60 mg, 0.12 mmol), K5PO4 (764 mg, 3.6 mmol),

2-(2,3,5,6-Tetrafluorophenyl)quinolin-4-yl-4-methyl-
benzenesulfonate 5 (552 mg, 1.2 mmol) and PhB(OH), (294

mg, 2.4 mmol) under N,, followed by THF (6 mL) with
stirring. The sealed tube was screw capped and heated to 80 °C (oil bath). After
stirring for 6 h, the reaction mixture was cooled to room temperature, and diluted with
ethyl acetate, washed with brine, dried over Na,SOy, filtered and concentrated. The
product (347 mg, 82% yield) as a white solid was purified with silica gel
chromatography (Petroleum ether / Ethyl ether = 50:1). M.P. 152 °C; "H NMR (300
MHz, CDCl;) 6 8.25 (d, J = 8.7 Hz, 1H), 8.01 (d, J = 8.7 Hz, 1H), 7.83-7.78 (m, 1H),
7.62-7.53 (m, 7H), 7.21-7.15 (m, 1H). °C NMR (75.4 MHz, CDCl3) & 149.4, 148.6,
147.5 (m), 146.1 (dm, J = 248.7 Hz), 144.4 (dm, J = 249.4 Hz), 137.3, 130.1, 130.0,
129.5, 128.7, 128.6, 127.6, 126.0, 125.8, 122.9, 121.1(t, J = 16.3 Hz), 106.2 (t, J =
22.5 Hz). "F NMR (282 MHz, CDCls) & -138.5 (m, 2F), -143.6 (m, 2F). IR (KBr):
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Vinax 1610, 1574, 1495 cm™. MS (EI): m/z (%) 354 (M™+H"), 353 (M, 100), 352, 176.
Anal. Calcd. for Co1H 1 F4sN: N, 3.96; C, 71.39; H, 3.14; Found: N, 3.93; C, 71.33; H,
3.09.

(E)-Diethyl 2,3,5,6-tetrafluoro-4-(4-phenylquinolin-2-yl)styrylphosphonate (7).
c o To a septum capped 25 mL of sealed tube were
I
X P(OEt), added Pd(OAc), (6.7 mg, 0.03 mmol), Ag,COs
(158 mg, 0.9 mmol), and

4-phenyl-2-(2,3,5,6-tetrafluorophenyl)quinoline 6

(109 mg, 0.3 mmol), followed by DMF (1.5 mL),
PivOH (92 mg, 0.9 mmol) and diethyl vinylphosphonate (148 mg, 0.9 mmol) with
stirring. The sealed tube was screw capped and heated to 120 °C (oil bath). After
stirring for 16 h, the reaction mixture was cooled to room temperature and diluted
with ethyl acetate, washed with 1 N HCI, saturated NaHCO3, and brine, dried over
Na,SO,, filtered and concentrated. The residue was purified with silica gel
chromatography to provide pure product 7. The product (118 mg, 76% yield) as a
white solid was purified with silica gel chromatography (Petroleum ether / Ethyl ether
=2:1). M.P. 93 °C; 'H NMR (300 MHz, CDCl;s) & 8.28 (d, J = 8.1 Hz, 1H), 8.01 (d, J
=9.0 Hz, 1H), 7.82 (td, J = 6.9 Hz, 1.2 Hz, 1H), 7.64-7.50 (m, 8H), 6.77 (t, J = 17.7
Hz, 1H), 4.21 (q, J = 7.5 Hz, 2H), 4.18 (q, J = 7.5 Hz, 2H), 1.40 (t, J = 7.5 Hz, 6H).
C NMR (75.4 MHz, CDCls) & 149.4, 148.6, 146.8 (m), 145.3 (dm, J = 254.1 Hz),
144.5 (dm, J = 150.3 Hz), 137.2, 132.6 (m), 130.0, 129.4, 128.7, 128.6, 127.7, 126.0,
125.7, 124.7 (dt, J = 187.0 Hz, 8.4 Hz), 122.7, 121.1 (t, J = 16.7 Hz), 114.7 (m), 62.2,
62.1,16.3, 16.2. "’F NMR (282 MHz, CDCl3) 6 -141.6 (dd, J = 21.7 Hz, 14.1 Hz, 2F),
-143.5 (m, 2F). *'P NMR (121 MHz, CDCl3) & 17.4 (s). IR (KBr): vimax 2982, 1623,
1590, 1425 cm™. MS (EI): m/z (%) 516 (M™+H"), 515 (M"), 376 (100). Anal. Calcd.
for Co7H20F4NOsP: N, 2.72; C, 62.92; H, 4.30; Found: N, 2.54; C, 62.88; H, 4.38.
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2-(perfluorophenyl)quinolin-4-yl 4-methylbenzenesulfonate (8). To a septum

F capped 100 mL of sealed tube were added Pd(OAc), (67 mg,
0.3 mmol), L (210 mg, 0.6 mmol), KsPO4 (1.52 g, 7.2
mmol), AdOH (1.3 g, 7.2 mmol) and quinoline-2,4-diyl-

bis(4-methylbenzenesulfonate) 4 (2.9 g, 6.0 mmol) under Ny,

OTs

followed by t-BuOH (30 mL) with stirring.
Pentafluorobenzene (1.34 mL, 12 mmol) was then added subsequently. The sealed
tube was screw capped and heated to 90 °C (oil bath). After stirring for 6 h, the
reaction mixture was cooled to room temperature, and diluted with ethyl acetate,
washed with brine, dried over Na,SOy, filtered and concentrated. The product (1.73 g,
62% yield) as a white solid was purified with silica gel chromatography (Petroleum
ether / Ethyl ether = 60:1). M.P. 162 °C; 'H NMR (300 MHz, CDCl;) & 8.16 (d, J =
8.4 Hz, 1H), 7.99 (d, J = 8.4 Hz, 1H), 7.85 (d, J = 8.4 Hz, 2H), 7.80 (t, J = 7.2 Hz,
1H), 7.61 (t, J = 7.2 Hz, 1H), 7.45 (s, 1H), 7.34 (d, J = 8.4 Hz, 2H), 2.44 (s, 3H). °C
NMR (75.4 MHz, CDCls) & 153.5, 149.8, 147.3, 146.4, 144.7 (dm, J = 247.2 Hz),
141.6 (dm, J = 256.2 Hz), 137.8 (dm, J = 254.0 Hz), 131.7, 131.1, 130.1, 129.5, 128.4,
128.3, 121.6, 121.5, 114.9 (m), 113.9, 21.7. "’F NMR (282 MHz, CDCls) & -138.9 (dd,
J =219 Hz, 5.9 Hz, 2F), -148.8 (t, J = 19.7 Hz, 1F), -157.7 (m, 2F). IR (KBr): vimax
1621, 1557, 1524 cm™. MS (EI): m/z (%) 466 (M'+H"), 465 (M"), 91 (100). Anal.
Calcd. for CoH,FsNOsS: N, 3.01; C, 56.78; H, 2.60; Found: N, 2.83; C, 56.72; H,
2.66.

2-(perfluorophenyl)-4-phenylquinoline (9). To a septum capped 25 mL of sealed
tube were added Pd(OAc), (6.7 mg, 0.03 mmol), X Phos 30 mg, 0.06 mmol), KsPO4
(382 mg, 1.8 mmol), 2-(perfluorophenyl)quinolin-4-yl
4-methylbenzenesulfonate 8 (288 mg, 0.6 mmol) and
PhB(OH); (147 mg, 1.2 mmol) under N, followed by THF

F (3 mL) with stirring. The sealed tube was screw capped and

heated to 80 °C (oil bath). After stirring for 6 h, the reaction
mixture was cooled to room temperature, and diluted with ethyl acetate, washed with
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brine, dried over NaySOy, filtered and concentrated. The product (190 mg, 85% yield)
as a white solid was purified with silica gel chromatography (Petroleum ether / Ethyl
ether = 50:1). M.P. 113 °C; '"H NMR (300 MHz, CDCls) & 8.24 (d, J = 8.4 Hz, 1H),
8.00 (d, J = 8.4 Hz, 1H), 7.81 (t, J = 6.9 Hz, 1H), 7.60 (t, J = 6.9 Hz, 1H), 7.55-7.49
(m, 6H). >C NMR (100 MHz, CDCl;) & 149.6, 148.7, 146.6, 144.8 (dm, J = 249.1
Hz), 141.4 (dm, J = 253.8 Hz), 137.8 (dm, J = 251.6 Hz), 137.3, 130.1, 130.0, 129.5,
128.7, 128.6, 127.7, 126.1, 125.8, 122.9, 115.7 (t, J = 16.8 Hz). '°’F NMR (282 MHz,
CDCls) 6 -142.9 (dd, J =21.7 Hz, 7.9 Hz, 2F), -153.8 (t, J = 21.7 Hz, 1F), -162.0 (td,
J=21.7 Hz, 7.9 Hz, 2F). IR (KBr): Vinax 1551, 1524, 1457 cm™ . MS (EI): m/z (%) 372
(M™+H"), 371 (M, 100), 176. Anal. Calcd. for C;H;oFsN: N, 3.77; C, 67.93; H, 2.71;
Found: N, 3.64; C, 68.20; H, 2.81.
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Quinoxalin-2-yl 4-methylbenzenesulfonate (2a).
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2-phenylquinazolin-4-yl 4-methylbenzenesulfonate (2g).
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7-Methyl-2-phenylquinazolin-4-yl 4-methylbenzenesulfonate (2h).
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EX: s2pul [pw. 58 us [PD 10 sec [Ma g s 00 [ Nuts - FSL-22-45H_16Mar2011
53 8 23839855 8 OO~ D oo
DN @ +— ROWOM @ Igqug NN
— g 0 OWO oo~ o o G ] o I
Onm 1 TITONNN N = [ T o
el ol i - L o o -
ST T == 1 L N Fao
Fas0
300
250
I
=200
150
I I
“ 100
1
]
]
& i 50
r T T T v T T T T T T T T T T T T T T T T T T T T 1
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 &0 50 10 ) 20 10 0 -10
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7-Fluoro-2-phenylquinazolin-4-yl 4-methylbenzenesulfonate (2i).

Chemical Formula: CH PN ;048
Exact Mass: 394.0787

= =
5 8
& B
Chemical Formula: € 5qH gFN,048
Exact Mass: 394.0787
§.05
1.94 115
fof, A
i J*I
I il |
VUL U — e J'
; ; . T . : ; ; ; ; ; T . T : . ; ; " T
8 & 4 2 0 PPM
A USER. - DATE: Mar 16 2011
F1: 300.055 [F2. 75.456 [SW1. 4803 [ [OFL 17007 [ [PTS1d 0587 . 16384
EX: s2pul [pw. 58 us [PD 10 sec [Ma g s 00 [ Nuts - FSL-22-46H_16Mar2011
&
g
OTs
=N
F N/)\Ph

T T T T T T T T T

70 -80 90 -100 110 120 PPM
h USER: - DATE: Mar 16 2011
F1-282 308 [F2: 300054 [SW1: 64935 [OF1- -23008 2 [PTS1a- 10449 32768 |

EX: s2pul PW:62 us [PD:15 sec [Na- 16 [LB:00 [ Nuts - FSL-22-46F_16Mar2011
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Ngmm ~© ~ I~ © «— O T o~ 240
NONN ©F ¥ ONDE o 0o © oo © a0
K-~ —O® MmMOoOYo © bmo TS 2
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COOO® VID ¥ OANNN o e ™~ I~ i
TTwT Tw o wewe - TET NN b
-~ —= [ = ~ |
300
280

F180

160

T T
210 200 190 180

Quinolin-2-yl 4-methylbenzenesulfonate (2j).

N._OTs
.
c

Chemical Formula: CgH,,NO55
Exact Mass: 299.0616

i !

EVAWAULAWAWIYI! - N AN | J
: ; : T . ; ; ; . : : T . . : . : : . T
8 & 4 2 0 PPM
blank line USER: -- DATE: Dec 23 2010
F1: 300.055 [F2. 75.456 [SW1. 4803 [ [OF1. 1800.5 [ [PTSId. 0587 . 16384 |
EX: s2pul [pw. 58 us [PD 10 sec [Ma g s 00 [ Nuts - FSL-21-27H_23Dec2010
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4-Methylquinolin-2-yl 4-methylbenzenesulfonate (2k).

TN T T E TSSO WD v o= =
883588353 R30858888 REBhIH 8
R G N o B
J |
/
\\ \f
1
N\ OTs
ey
Chemical Formula: C,;H,NO,S
Exact Mass: 212.0773
17705-5 AL fo7 qoo
5
.|D1 GDT 0.87
. L‘U\, Al N
: : ; ; : : : . — . : . . .
& 2 0 PPM
fif USER. - DATE: Jun 232011
F1: 300.055 [F2. 75.456 [SW1. 4803 [ [OFL. 18158 [ [PTSId 0587 . 16384 |
EX: s2pul [pw. 58 us [PD 10 sec [Ma g s 00 [ Nuts - FSL-21-62H_23Jum2011
o T T TN TN T ET T o TEET -
EAN SEHEREITREEEEERY B5%% g 2838 8
@ ® 00 00 P~ = P P P P P P P P P P T T o~ — o
J
\ \ ///J’ J BN L\ A\ eJ .“
= : AN \
r [
COLEt
S
g
N OTs
Chemical Formula: C;gH ;NO5S
Exact Mass: 371.0827
67 1 ggq [}25 15 06
g86 i =
0.877
P ‘J JI J\) - A [ | U B
T T T T . T T . : . . T T
8 3 4 2 0 PPM
blank line USER: -- DATE: Mar 20 2011
F1: 300055 [F2: 75456 [sW1- 4803 [OF1- 18017 I [PTS1a- 9587 16384 |
EX: s2pul [Pw:58 us [PD:10 sec [Na-g [LB:00 [ Nuts - FSL-20-61H_20Mar2011
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1 | 1 s
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e — gy
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£ (poa)
L]
FEE
858
coo
N
=
N OTs
s
[
Chemical Formuia: CaH; gFsNO3S
Exact Mass: 317.0333
/l‘lr\_—-—‘i’\ MHWL ‘l" A JI
[
f— {
T T T T T T T T T T L T T T T
8 5 4 2 0 PPM
id USER: -- DATE: Jun 23 2011
F1-300055 [F2: 75456 [sW1- 4803 I [OF1- 18228 I [PTS1a- 9587 16384 |
EX: s2pul [Pw:58 us [PD:10 sec [Na-g [LB:00 [ Nuts - FSL-22-49H_23Jun2011
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62515

N__OTs
1y
F o7~

Chemical Formula: C3HpFaNO,S
ExactMass: 317.0333

RN
T T T T T T T . T T T T T
-85 -60 -65 70 PPM
19F OBSERVESTANDARD PARAMETERS USER: - DATE: Jun 24 2011
F1:282270 [F2: 300028 [SW1: 00020 [OF1- 373416 [PTS1a- 64000 _ 65536 |
EX: s2pul PW-50 us [PD:30 sec [Na-g [LB:00 [ Nuts - FSL-20-40F

Quinoline-2,4-diyl bis(4-methylbenzenesulfonate) (4).

OTs

L.
0Ts

Chemical Formula: CosH 1gNOgS2
Exact Mass: 469.0854

2053

1.765

0.002
-0.00

P TR Fas
A" A3 80
11113
__._‘ \,,Mu L ) 'w‘ |\,I_AJI " n N ‘-‘_..QL_‘%A«_,—J-
; ; T T . : ; ; : : : T . . : : : : . .
8 & 4 2 0 PPM
blank line USER: -- DATE: Mar 20 2011
F1: 300.055 [F2. 75.456 [SW1. 4803 [OF1. 1800.8 [ [PTS1d 0587 . 16384
EX: s2pul [pw. 58 us [PD 10 sec [Ma g s 00 [ Nuts - FSL-22-57H_20Mar2011
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2-(Perfluorophenyl)quinoxaline (3a)

= =
3 8
S 2
.
Fe /,,J\I.F
)
Ny ’J%/ ~g
CCy Y
Chemical Formula: €, HeF e,
ExactMass: 206.0372
6 (229
00
| | ' \ |
Y | N L_;‘ LN — VN . I
; : : T ; ; ; . . . : . : : . T
8 & 4 2 0 PPM
blank line USER: -- DATE: Dec 15 2010
F1: 300.055 [F2. 75.456 [SW1. 4803 [ [OF1. 18102 [ [PTSId. 0587 . 16384 |
EX: s2pul [pw. 58 us [PD 10 sec [Ma g s 00 [ Nuts - FSL-20-46H_15Dec2010
TooT T T T ETEE DY
TEeg 223 JZZCEnEs
IS-EE 283 22553888
Seieo e g e e
IEES 225 gEEgese?
\/ \ /
I3
F\T,L F
]
= Nk\ = ~F
CryY
Chemical Formula: G,
ExactMass: 206.0:
03 0 04
| Jiit J \
T T T : T : T T T , T T : . . T .
140 -145 150 155 -160 PPM
blank line USER: -- DATE: Dec 15 2010
F1:282 308 [F2: 300054 [SW1: 64935 I [OF1- -23008 2 I [PTS1a- 10449 32768 |
EX: s2pul [Pw:62 us [PD:15 sec [Na- 16 [LB:00 [ Nuts - FSL-20-46F_15Dec2010
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IIIFIIIIIIIDCLOR02 000y mEeR S [2E703
e (25T NS L
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| L
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180000
80000
170000
60000
150000
Il [
, 10000
130000
1 L
20000
] 10000
il !
VWY . e L0
+-10000
r r T T . T T T T T r ; r T T T T !
200 190 180 170 180 150 140 180 120 110 100 90 50 70 80 50 10 30 20 10 0 -10
1 (ppm)
= =
3 3
o ~
.
F. F
= F
N
Chemical Formul
Exact Mass
18
1.04
01 s 100
) J
ll )
L I . _ K
T T . T . . . T . . T T . T T T
6 4 2 D PPM
blank line USER: -- DATE: Dec 23 2010
F1:300.055 [F2: 75 456 [SW1- 4803 I [oF1- 18064 I [PTS1d:-0587 16384
EX: s2pul [Pw 58 us [PD: 10 sec N8 [iB:00 [ Nuts - FSL-20-98H_23Dec2010
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5ST 191
LEC 191~
g8l 18k
[PSE 19 ——

GO 19L~—
LL0 L8k~

BL6 TP
68 Tl

L+g Nif\l
18 27k

”%

g8

F

LT

i
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-

PPM

-160

-155

-150

-145

-140

USER: -- DATE: Dee 23 2010

32768 |

[PTS1d 10440

B

[oE1- 223008

[Na- 16

=+|
]
<
=
=
|
i
o

282308

blank line

[iB:00

[pD-1

Fi1:

20-98F_23Dec2010

Nuts - FST-

sec

5

EX: s2pul

90000
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990824+
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sezeel—
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6,7-Dimethyl-2-(perfluorophenyl)quinoxaline (3c)

= el =
5 2% ¥ g
© 28 2 8
= e e A
c
F F
N
& F
PO
N
Chemical Formula: C  HgF N,
Exact Mass: 324 0686
(6.86
w0 15
It h Il
— B N S— S — — S | I —
T T T T . . T . . . T . T . T T T
8 [ 4 2 D PPM
blank line USER: -- DATE: Feb 17 2011
F1:400.031 [F2: 100 507 [SW1 6410 I [oF1- 23877 I [PTS1d: 17040 32768
EX: s2pul [Pw 44 us [PD: 10 sec N8 [iB:00 [ Nuts - FSL-21-54H
o <o TTTTT e
FEE ey 589985
aa N i
IS 84 PEEEEE
(1) ( (]
\"/ \ \ |/
.
F. F
N
B F
PO
N
Chemical Formula: € gHF N,
Exact Mass: 324 0688
09 00 Lm
A J\ 1
: , T : , T , , T T , , , T T T . . T . :
-140 145 -150 -1585 -160 -165PPM
Std Fluorine USER: -- DATE: Feb 17 2011
F1:376358 [F2: 100 507 [swi- 83333 I [OF1- 451684 I [PTS14: 166667  262144]
EX: s2pul [Pw 61 us [PD: 10 sec N8 [iB:00 [ Nuts - FSL-21-54F
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P e oa T e - O000000 000 oo ] Moo NN I
gt STFTOOOTOOO NNAN — M0 O ocoo
A i = N ags 8300
e B ~— -
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13500
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| l
4300
4000
+-3500
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, 2000
11500
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Il 1
L ) . ! ] Lo
500
: : T T r T T T r T r T r T T T T T
200 19 186 170 160 150 140 130 120 110 100 90 80 70 60 50 50 20 10 o -1
£1 (ppm)
= TOETD 7
2 852233 g g
® RN < s
L)
/
.
Fe. F
= F
MeO N
Chemical Formula: CsH7F5Nz0
ExactMass: 328 0470
&l
101
Yo7 o i
! J oz
JL, s __“J_I,,, Ju .
T T . T T . . T . . . T T T T T
8 6 4 2 D PPM
blank line USER: -- DATE: Dec 21 2010
F1:300.055 [F2: 75 456 [SW1- 4803 I [oF1- 1807 6 [PTS1d:-0587 16384
EX: s2pul [Pw 58 us [PD: 10 sec N8 [iB:00 [ Nuts - FSL-20-96H_21Dec2010
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~142 98I
143.017)

F. F

N
LT
Meo v F

Chemical Formula: G ;sH,FsN,0
ExactMass: 328.047

~152.169
52 .24
—1562.317|

161.301
161.329

R~ 161.252

200

05 0 s
J, nd
T T T . : T , T , , , T . . T T T . T
-140 145 -150 -155 -160 PPM
blank line USER: -- DATE: Dec 21 2010
F1: 282308 [F2: 300054 I [oF1- 23008 2 I [PTS1d: 10440 32768 [
EX: s2pul [PD: 15 sec [Na- 16 [iB:00 [ Nuts - FSL-20-96F_21Dec2010
< owm W % n o 3500
@ @OaT @ W o = © ©
— Swwy o o O M o9 e P
w0 < MO 23 o~ — (=] MO 0 w
— —_ - e e - - M~~~ ] N
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+1500
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r i T T T T T T T T ; r T T T : !
190 180 170 160 150 140 180 120 110 100 90 80 70 80 50 0 30 20 10 o -10
1 (ppn)
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6-Chloro-2-(perfluorophenyl)quinoxaline (3e)

<
3
2
P
E
F. F
josns
cl v
Chemical Formula: CyqHCIFsNy
Exact Mass: 3299983
0
fo0 %
I 'Agg;ﬁ,._zw J L,,_;J\ — A —
T T . T T . . T . . . T . T T . T T T
8 6 4 2 D PPM
blank line USER: -- DATE: Dec 29 2010
F1:300.055 [F2: 75 456 [SW1- 4803 I [oF1- 18082 I [PTS1d:-0587 16384
EX: s2pul [Pw 58 us [PD: 10 sec N8 [iB:00 Nuts - FSL-20-97H_20Dec2010
o= F = o
a5 a0 2
g 88% g
S g a
B E55 g8
F
F F
cl v F
Chemical Formula: C, H CIFs N,
ExactMass: 329.9883
o7 00 06
| R S— L_mu ol
: T : T : : T T T : . T , , . . T .
-145 150 -158 -160 PPM
blank line USER: -- DATE: Dec 29 2010
F1: 282308 [F2: 300054 [SW1- 64035 I [oF1- 23008 2 [PTS1d: 10440 32768 [
EX: s2pul [Pw 62 us [PD: 15 sec [Na- 16 [iB:00 [ Nuts - FSL-20-97F_20Dec2010
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il !
| 40000
| 30000
|I [
20000
10000
I A l [
t-o
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r i T T T T T T T T ; r ; T T T : !
200 180 18 170 180 150 140 180 120 110 100 90 80 70 80 50 0 30 20 10 o -10
£1 (ppm)
T N Y UNOTEOEEOOOOE
% NoorgRroBoA23R 3
g NE2C-IPRRB88838 2
P N s
L N
'
. .
Chemieal Formula: CygHaFgHz
ExactMass: 314.027¢
Ol
09
04 o7
| \
SRR RS | W RV B | S R U SR
T T . T T . . T . . . T . . T T . T T T
8 6 4 2 D PPM
blank line USER: -- DATE: Dec 29 2010
F1:300.055 [F2: 75 456 I [oF1- 1807 6 I [PTS1d:-0587 16384
EX: s2pul [PD: 10 sec N8 [iB:00 Nuts - FSL-21-03H_20Dec2010
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Chemical Formula: C N
ExactMass: 314.0270
o0 or 00 05
L 1L
— — T — — — T
100 -110 -120 -130 -140 -150 -160 PPN
blank line USER: -- DATE: Dec 29 2010
F1: 282308 [F2: 300054 I [oF1- 23008 2 I [PTS1d: 10440 32768 [
EX: s2pul [PD: 15 sec [Na- 16 [iB:00 [ Nuts - FSL-21-03F_20Dec2010
- ODTMOON O WO —mo I
w0~ DONNOD O DO O N oo o
— M~ —MOOTO ® DM O~ —oo0 FLEF03
w0 = CONDDY — —— daia T =3O
w0 St OROO O NN — — — M~ O +
R b b NN
Il = ] ~N o~ Sy Ligos
F1E+05
F1EH05
90000
80000
f-70000
+60000
30000
40000
130000
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f-10000
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1 |3
i |
L
+-10000
T T T T T T T T T T T T T T \_
200 180 18 170 180 150 140 180 120 110 100 90 80 70 80 0 30 10 o -10
£1 (ppu
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4-(Perfluorophenyl)-2-phenylquinazoline (3g)

92
a1
9 {100
l‘ |I J I ‘ |
| LV S R W A |
T T . T T . . T . . . T . . T T T T
8 6 4 2
blank line USER: -- DATE: Jan
F1:300.055 [F2: 75 456 [SW1- 4803 I [oF1- 18002 [PTS1d:-0587 16384 |
EX: s2pul [Pw 58 us [PD: 10 sec N8 [iB:00 Nuts - FSL-10-02H_22Jan2011
ST =% T
s pup-:] o G &
e Cec g aa
BHEE B&GE B gg
\\ )
Chemical Formula:- C
ExactMass: 372
To7 Joo 04
) l \ ,.J .
T T T : : T : T T , : : . : : , : T T T : T T : T T
140 -145 -150 155 -160 PPM
blank line USER: -- DATE: Dec 29 2010
F1: 282308 [F2: 300054 [SW1- 64035 I [oF1- 23008 2 I [PTS1d: 10440 32768 [
EX: s2pul [Pw 62 us [PD: 15 sec [Na- 16 [iB:00 Nuts - FSL-19-92F_20Dec2010
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Q= o OWLNI T O ¢
AW O DO OOD T o <~ O w L
mea 0 MoOuXo G- oo M= 8
oW - OSBOYO SO oo N oo < 115000
28w IO Nod oo iR < ’
P NS e - I
14000
+13000
, |
+12000
11000
10000
+9000
8000
7000
6000
3000
+4000
3000
+2000
: | | . 1000
T L,
1000
T T T T T T T T T T T T T T T T T \7
200 190 180 170 160 150 140 130 120 110 100 20 80 70 &0 0 10 30 20 10 0 -10
£1 (ppm)
T E @ ET =T o
TE88% g oncyod g 2
5288 & 24538 o g
A NN ~ E
L [/ /
(4
Chemisal Formula: G o H  Fehls
Exact Mass: 288 084 2
87
00
Fos 10 Jgm
n J”J | |
Y | U W |1 — AN S S
T T . T T . . T . . . T . . T T . T T T
8 3 4 2 0 PPM
X-a USER: -- DATE: Apr 112011
F1:300.055 [F2: 75 456 [SW1- 4803 I [oF1- 17004 I [PTS1d:-0587 16384 |
EX: s2pul [Pw 58 us [PD: 10 sec [Na-32 [iB:00 [ Nuts - FSL-22-50H_11Apr2011
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TS 140.03:

Ph
Chemical Formula: C5qHy F Ny
Exact Mass: 285.0842

i ‘ Il

T T T T T T T T T
-140 -145 -150 -155 -160 PPM

X-a USER: - DATE: Apr 8 2011

F1: 282308 [F2: 300054 I [oF1- 23008 2 I [PTS1d: 10440 32768 [
EX: s2pul [PD: 15 sec [Na 3> [iB:00 [ Nuts - FSL-22-50F_08Apr2011

—160.710
—156.318
—151.890
~146.039
136.436
_~130.827
112.464
112.281
112.246
112.097
(77.326
77.214

_~139.084
—124.884

—120.954
\ 77.008
L76.690

22.261
-0.019

f
Y
£

T T T T T T T 1
200 190 180 170 180 150 140 150 120 110 100 920 80 70 80 20 10 30 20 10 0 -10
£1 (ppm)
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7-Fluoro-4-(perfluorophenyl)-2-phenylquinazoline (3i)

@ —
g 2
g g
® E
s
B
X
Ny
AL A
Chemical Formula &Ny
Evact Mass: 320
F13
0.98
00 7 Aos
D T
“\ n M ‘ N | ‘
J— JUVVU S A Y | N
T . T T . . T . . . T . T T . T T T
8 3 4 2 0 PPM
X-a USER: -- DATE: Apr 82011
F1:300.055 [F2: 75 456 [SW1- 4803 I [oF1- 17004 I [PTS1d:-0587 16384
EX: s2pul [Pw 58 us [PD: 10 sec [Na- 16 [iB:00 [ Nuts - FSL-22-56H_08Apr2011
5 o oW TN
32 389 Ban FERERS
88 RN 2aG RR3858
oc sos e Secsoa
838 828 Z85 BTEETE
\f L]
\ \/ \
.
e dr
By
Cr
FONFE T
Chemical Formula: €, H F N,
Exact Mass: 390.0582
00 11 (o]:] pa7
I N L )
-—— 77— ——— T —
-100 110 120 -130 -140 150 180 PPM
Std Fluorine USER: -- DATE: Mar 31 2011
F1:376345 [F2: 100 507 [sw1- 102308 I [OF1- 58342 5 [PTS14: 102308 062144 ]
EX: s2pul [Pw 61 us [PD30 <ec N8 [iB:00 [ Nuts - FSL-20-56F
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~167.359
2 164.793

—161.561

153.543
“153.401

Y

143.589
L143.425
~-141.029

33885
I~128.695

178877
118,615
113.265

111.897
77.316
77.202
76.998
76.680

i
\L
/

{
\

-0.020

200 190

T
180

170

T
150

T
120

T T
100 920
£1 (ppm)

T
110 80

2-(Perfluorophenyl)quinoline (3j)

(00

R 0 L | |

Ul

Chemical Foermula: CzHzFsN
ExactMass: 2850420

-0.001

S | S—

blank line

T
8

T
2 0 PPM

USER: -- DATE: Jan 7 2011

F1:300.055

[F2: 75 456

[SW1- 4803

[ [OF1- 18008

[PTS1d:-0587 16384 |

EX: s2pul

[Pw 58 us

[PD: 10 sec NA- g

[iB:00

Nuts - FSL-21-48H _07Jan2011
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Chemical Formula: CsHaFsh
Exact Mass: 285 0420

] T
] QA @
EFFw g} ~
oo oo M -
LR B 6 15 o

115 |-00 12
/ J J A
" T T T : . . : : T T : T : : : : T . . . T T
140 145 -150 -155 -160 PPM
blank line USER: --DATE: Jan 72011
F1: 282308 [F2: 300054 [SW1- 64035 I [oF1- 23008 2 I [PTS1d: 10440 32768 [
EX: s2pul [PD: 15 sec [Na- 16 [iB:00 [ Nuts - FSL-21-48F_07Jan?011

4-Methyl-2-(perfluorophenyl)quinoline (3k)

2 2
2 2
& E
1
Fo A F
N I\_ ,LF
[’ITJ I
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Ethyl 2-(perfluorophenyl)quinoline-4-carboxylate (3I)

= T T
2 %3 3
5 53¢ 2
® i s
\ [
\ \ [
\ |
\ I‘ul‘l
Chemical Farmula: CygH 1gFsNO 2
ExactMass 367 0832
a3
. oo 089 00
ge0 S A
09 101
M . ‘L L 7J L : J
T T . T . . T . . . T . . T . T T T
8 6 4 2 D PPM
blank line USER: -- DATE: Apr 13 2011
F1:300.055 [F2: 75 456 I [OF1- 18032 [PTS1d:-0587 16384 |
EX: s2pul [PD: 10 sec [Na-g [iB:00 [ Nuts - FSL-22-62H_13Apr2011
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2-(2,3,5,6-Tetrafluorophenyl)quinoline (3n)
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6-Methyl-2-(2,3,5,6-tetrafluorophenyl)quinoxaline (30)
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6-Methyl-2-(2,3,4,6-tetrafluorophenyl)quinoxaline (3p)
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EX: s2pul [Pw 62 us [PD: 15 sec [Na- 16 [iB:00 [ Nuts - FSL-21-19F_20Dec2010
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EX: s2pul [Pw 58 us [PD: 10 sec N8 [iB:00 [ Nuts - FSL-21-16H_23Dec2010
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2-(2,3,5,6-Tetrafluoro-4-methoxyphenyl)-5-(trifluoromethyl)pyridine (3r)
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EX: s2pul [Pw 62 us [PD: 15 sec [Na 3> [iB:00 [ Nuts - FSL-20-83F_10Apr2011
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STANDARD 1H OBSERVE blank line USER: -- DATE- Jan 92011
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EX: s2pul [Pw 42 us [PD: 10 sec [Na- 16 [iB:00 [ Nuts - FSL-20-14H-300
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6-Methyl-2-(2,3,5,6-tetrafluoro-4-(trifluoromethyl)phenyl)quinoxaline (3t)
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blank line USER: --DATE: Jan 5 2011
F1:300.055 [F2: 75 456 [SW1- 4803 I [oF1- 18000 I [PTS1d:-0587 16384 |
EX: s2pul [Pw 58 us [PD: 10 sec N8 [iB:00 [ Nuts - FSL-21-34H_05Jan2011
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F1: 282308 [F2: 300054 [SW1- 64035 I [oF1- 23008 2 I [PTS1d: 10440 32768 [
EX: s2pul [Pw 62 us [PD: 15 sec [Na- 16 [iB:00 [ Nuts - FSL-21-34F_05Jan2011
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EX: s2pul [Pw 58 us [PD: 10 sec N8 [iB:00 Nuts - FSL-22-82H 13Apr2011
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Chemical Formula: CagHyqF N3
Exact Mass: 369.0838
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blank line USER: -- DATE: Apr 13 2011
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EX: s2pul [PD: 15 sec [Na 3> [iB:00 [ Nuts - FSL-20-87F_13Apr2011
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6-Methyl-2-(perfluoropyridin-4-yl)quinoxaline (3v)
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blank line USER: --DATE: Jan 72011
F1:300.055 [F2: 75 456 [oF1- 18084 [PTS1d:-0587 16384 |
EX: s2pul [PD: 10 sec [Na-g [iB:00 [ Nuts - FSL-21-20H_07Jan2011
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EX: s2pul [Pw 62 us [PD: 15 sec [Na- 16 [iB:00 [ Nuts - FSL-21-20F_07Jan2?011
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(E)-Tert-butyl 3-(2,3,5,6-tetrafluoro-4-(6-methylquinoxalin-2-yl)phenyl)acrylate
(3%)
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Chemical Formula: CypH 15F N;Oy
Exact Mass: 415.1304
43
102 204 15
90 i Too
095
“ | |IJ\ “ | i\
o 0 U L W e B | i
T T . T T . . T . . . T . . T T . T T T
8 6 4 2 D PPM
blank line USER: --DATE: Jan 5 2011
F1:300.055 [F2: 75 456 [SW1- 4803 I [oF1- 18108 I [PTS1d:-0587 16384 |
EX: s2pul [Pw 58 us [PD: 10 sec N8 [iB:00 [ Nuts - FSL-21-43H_05Jan2011
o T
ER PR
8858 8285
2zo0 con®
e a3 TEIE
W v r/
F
F. % -COt-Bu
N\ F
-~ : :N/ F
Chemical Formula: C,,H . F,N, 0,
Exact Mass: 418.1304
701 00
‘ { ‘I ”
I N fol
-—-— 77— T T
37 -138 -139 -140 141 142 -143 144 145 146 PPM
blank line USER: --DATE: Jan 5 2011
F1: 282308 [F2: 300054 [SW1- 64035 I [oF1- 23008 2 I [PTS1d: 10440 32768 [
EX: s2pul [Pw 62 us [PD: 15 sec [Na- 16 [iB:00 [ Nuts - FSL-21-43F_05Jan?011

S75



~t OO — O O W N MO
e AmRReeR 8 528085 U8R Ly L3g+05
w CWENND I = NN GWW ¥ T oW o @
[t=] e s s T S B e — 0o [==] -
— TLELNSS T T LIRS T oY N oo
N Syt ] = I L3E+05
28405
t2E+05
+2E+05
| |
F2ZEH05
28405
F1E+05
F1E+05
L1E+05
80000
| l
I
! 60000
i
1 I
40000
[ I
20000
20000
r i T T T T T T T T ; r ; T T T : !
200 180 18 170 180 150 140 180 120 110 100 90 80 70 80 50 0 30 20 10 o -10
£1 (ppm)
6-Methyl-2-(2,4,6-trifluorophenyl)quinoxaline (3y)
o T 5
2 283 2
b4 ©©o ~
F. F
M
ooy
Chemical Fermula: ©gHaFaly
Exact Mass: 274.0718
112 110 - f.62
g FE S
00 fm 03
|‘ ‘. “ M | ‘ ‘\
I T Y S ~ A S J__
T T . T T . . T . . . T . . T T . T T T
8 6 4 2 D PPM
blank line USER: -- DATE: Mar 25 2011
F1:300.055 [F2: 75 456 [SW1- 4803 I [oF1- 18040 [PTS1d:-0587 16384 |
EX: s2pul [Pw 58 us [PD: 10 sec N8 [iB:00 [ Nuts - FSL-21-52H_25Mar2011

S76




LA Y e

A e
.mm::\

922 S04~
161501~
BoLs0l———
L¥LSOL

ELES0L \l

%

oFaN2
718

Chemical Formula: C jzH

Exact Mass: 274

PPM

-114

-12

-110

-108

-108

-104

102

011

252

USER: -- DATE: Mar

32768 |

[PTS1d 10440

B

[oE1- 223008

[Na- 16

=+|
]
<
=
=
|
i
o

blank line
282308

Fi1:

[iB:00

[pD-1

2F_25Mar2011

21-5

Nuts - FST.-

sec

5

EX: s2pul

1800
+1700

8¥8’lz—

€499
066 th
80€°LLY

SEL001
£28°001
686700 1+
8€0° 101
262 EL
9EL T —

E20°8Z4,
£50'6ZL—
08L2EL
108 0%k
LEE L¥L /.
66 L¥L4r
£95° el
£66'GrLS
#6965 14
1847661
€865
SE6'BSL
£9.'1914
¥L6'L9L
890201
01z'zok
#0291
65¢291
2sy'Z9L
0L2#91
vzy'pal

1600

1200

riioe

~1o00

800

300
200
r1c0

o100

=-200

80

100 920
1 (ppm!

110

120

190 180 17 180 150 140

200

S77



2-(2,3,5,6-Tetrafluorophenyl)quinolin-4-yl-4-methylbenzenesulfonate (5)
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(E)-Diethyl 2,3,5,6-tetrafluoro-4-(4-phenylquinolin-2-yl)styrylphosphonate (7)
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2-(perfluorophenyl)quinolin-4-yl 4-methylbenzenesulfonate (8)
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