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General Procedures
NMR spectra were obtained on a Varian vnmrs 700 (699.76 MHz for "H; 175.95 MHz for °C),
Varian vnmrs 500 (500.03 MHz for "H; 125.72 MHz for "*C; 470.56 MHz for '°F) or Varian Inova
400 (399.96 MHz for 'H; 100.71 MHz for '*C; 375.94 MHz for 'F) spectrometer. '"H NMR
chemical shifts are reported in parts per million (ppm), with the residual solvent peak used as an
internal reference. Multiplicities are reported as follows: singlet (s), doublet (d), doublet of
doublets (dd), doublet of doublets of doublets (ddd), doublet of triplets (dt), triplet (t), and

multiplet (m). IR spectra were obtained on a Perkin-Elmer Spectrum BX FT-IR spectrometer.

Materials and Methods
The substrates 8-methyl-5-nitroquinoline,’ 5-fluoro-8-methylquinoline,’ 5-bromo-8-
methylquinoline,’ 5-methoxy-8-methylquinoline,’ 5-iodo-8-methylquinoline,? 8-methylquinoline-5-
carbonitrile,” methyl 8-methylquinoline-5-carboxylate,> and 5,8-dimethylquinoline* were
prepared according to literature procedures. The substrate 8-methyl-5-phenylquinoline was
prepared by Pd-catalyzed Suzuki coupling between phenylboronic acid and 5-bromo-8-
methylquinoline.®> The substrate 7-bromo-8-methylquinoline was prepared by the reaction of 3-
bromo-2-methylaniline with glycerine.* 8-Methylquinoline was obtained from Oakwood Products
and used as received. Phl(OPiv), was prepared by the reaction of Phl(OAc), with trimethylacetic
acid according to a literature procedure.® lodosobenzene was prepared by the reaction of
Phl(OAc), with sodium hydroxide.” PhI(OTs)(OH) and CsF were obtained from Matrix Scientific.
Phl(O,CCF3),, PhI(OAc),, Mesl(OAc), were obtained from Acros, Sigma-Aldrich, and TCI
America, respectively. All other oxidants were synthesized from Phl(OAc), with the
corresponding acid.® Pd(OAc),, AgF, AgOTf, and MgSO, were obtained from Pressure
Chemical, Oakwood Products, SynQuest Labs, and Fisher Scientific, respectively. All were used
as received unless otherwise noted. Dichloromethane and other solvents were obtained from
Fisher Scientific and used as received. Flash chromatography was performed on Dynamic
Adsorbents silica gel 60A (0.032—0.063 mm particle size, 230—400 mesh) or Biotage silica gel
(0.050 mm particle size) and thin layer chromatography was performed on EMD Chemicals Inc.

plates pre-coated with silica gel 60 Fjs,.

" Evans et al. Tetrahedron 2005, 61, 9696.

2 Tochilkin, A. I. et al. Chem. Heterocycl. Compd. (Russ) 1983, 1373.

* Tochilkin, A. I. et al. Chem. Heterocycl. Compd. (Russ) 1982, 785.

* O’Murchu, C. Synthesis 1989, 11, 880.

® Leadbeater, N. E.; Griffiths, C. Tetrahedron Lett. 2000, 41 2487.

6 Stang, P. J.; Boehshar, M.; Wingert, H.; Kitamura, T. J. Am. Chem. Soc. 1988, 110, 3272.
" Blackmond, D. G.; Hodnett, N. S.; Lloyd-Jones, G. C. J. Am. Chem. Soc. 2006, 128, 7450.
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Procedures for Reactions in Table 1

10 mc_al % Pd(OAc),
Qo idesle
\N 2 equiv MgSO, \N \N
24 h, 60 °C
H (1a) °F (2a) “O,CR

Non-pre-stirred conditions (entries 1-3):
On the benchtop, PhI(O,CR), (0.38 mmol, 2.0 equiv), MgSO, (45.9 mg, 0.38 mmol, 2.0 equiv),
Pd(OAc),; (4.3 mg, 0.02 mmol, 0.10 equiv), and AgF (121 mg, 0.96 mmol, 5.0 equiv) were
weighed into a 4 mL vial. 8-Methylquinoline (27.4 mg, 0.19 mmol, 1.0 equiv) and solvent (1.9
mL) were added, and the vial was sealed with a Teflon-lined cap (with Teflon tape covering the
threads of the vial). This mixture was heated at 60 °C for 24 h. GC yields were obtained by

analysis of the crude reaction mixture using hexadecane as a standard.

Pre-stirred conditions (entries 4-8):

On the benchtop, PhlI(OPiv), (154 mg, 0.38 mmol, 2.0 equiv) and MF (0.96 mmol, 5.0 equiv)
were weighed into a 4 mL vial, and DCM (1.9 mL) was added. The vial was sealed with a
Teflon-lined cap (with Teflon tape covering the threads of the vial), and this mixture was heated
at 60 °C for 1 h. The vial was removed from the heat and allowed to cool to rt (~5 min). Then
Pd(OAc),; (4.3 mg, 0.02 mmol, 0.10 equiv), MgSO, (45.9 mg, 0.38 mmol, 2.0 equiv), and 8-
methylquinoline (27.4 mg, 0.19 mmol, 1.0 equiv) were added. The vial was sealed with a Teflon-
lined cap and heated at 60 °C for an additional 24 h. GC yields were obtained by analysis of the

crude reaction mixture using hexadecane as a standard.
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Data for Oxidant Screen

10 mol % Pd(OAc),

B Sau AgF S
N 2 equiv MgS0, N
24 h,60°C F 2a
Oxidant Yield of 1a
Phl(OPiv), 60%
PhI[O,C(p-MeOCgsH4)]2 33%
PhI[O,C(p-PhOC¢H4)]2 32%
Phl(O,CPh), 29%
PhI[O,C(p-AcOCsH4)l2 25%
Mesl(O,CPh), 25%
PhI[O,C(p-CICe¢Ha)]2 24%
PhI[O,C(p-FCsHa)l2 22%
PhI[O,C(p-PhCgHa)]2 18%
Mesl(OAc), 15%
Phi(OAc), 13%
PhI[O,C(p-CF3CsHa)]2 12%
PhI[O,C(p-NO2CsH4)l2 1%
PhI[O,C(p-CNCgsH4)l2 9%
PhI[O,C(p-BrCeHa))2 7%
Phi(OTs)(OH) 3%
Phl(O,CCF3), 2%
Phl(O,CCyF19), 2%
Phl=0O 1%
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Data for Accelerated Reaction Times
10 mol % Pd(OAc),

N 2 equiv Phl( OP|v
| 5 equiv AgF
N 2 equiv MgSO,
H 15 min

OPiv

\

Temperature (°C) Yield of 1a Yield of 2a Yield of Starting Material
60 29% 8% 45%
70 32% 26% 31%
80 41% 32% 19%
90 42% 43% 6%
100 39% 45% 4%

On the benchtop, Phl(OPiv), (154 mg, 0.38 mmol, 2.0 equiv), MgSO, (45.9 mg, 0.38 mmol, 2.0
equiv), Pd(OAc),; (4.3 mg, 0.02 mmol, 0.10 equiv), and AgF (121 mg, 0.96 mmol, 5.0 equiv)
were weighed into a 4 mL vial. 8-Methylquinoline (27.4 mg, 0.19 mmol, 1.0 equiv) and DCM (1.9
mL) were added and the vial was sealed with a Teflon-lined cap (with Teflon tape covering the
threads of the vial). This mixture was heated for 15 min at the appropriate temperature and the
cooled to rt. GC yields were obtained by analysis of the crude reaction mixture using

hexadecane as a standard.
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Procedure for CsF Fluorination

10 mol % Pd(OAc),
2 equiv PhI(OPiv),

4 equiv AgOTf
= 5equiv CsF | =
g < @
N 2 equiv MgSO, N
DCM
H 24 h, 60 °C (1) g

(45%)

On the benchtop, PhI(OPiv), (154 mg, 0.38 mmol, 2.0 equiv), CsF (145 mg, 0.96 mmol, 5.0
equiv), and AgOTf (196 mg, 0.76 mmol, 4.0 equiv) were weighed into a 4 mL vial, and DCM (1.9
mL) was added. The vial was sealed with a Teflon-lined cap (with Teflon tape covering the
threads of the vial), and this mixture was heated at 60 °C for 1 h. The vial was removed from the
heat and allowed to cool to rt (~5 min). Then Pd(OAc), (4.3 mg, 0.02 mmol, 0.10 equiv), MgSQO,
(45.9 mg, 0.38 mmol, 2.0 equiv), and 8-methylquinoline (27.4 mg, 0.19 mmol, 1.0 equiv) were
added. The vial was sealed with a Teflon-lined cap and heated at 60 °C for an additional 24 h.
GC yields were obtained by analysis of the crude reaction mixture using hexadecane as a

standard.
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Mechanistic Experiments

Observation of p-MeCgH,IF by "*F NMR Spectroscopy:
On the benchtop, p-MeCgH4l(OPiv), (21.0 mg, 0.05 mmol, 1.0 equiv) and AgF (15.9 mg, 0.13
mmol, 2.5 equiv) were weighed into a 4 mL vial, and CD,ClI, (0.5 mL) was added. The vial was
sealed with a Teflon-lined cap (with Teflon tape covering the threads of the vial), and this
mixture was heated at 60 °C for 30 min. The reaction mixture was cooled to rt and was then
transferred to an NMR tube for analysis. The '°F NMR spectrum of this crude mixture is shown

on p. S30 and that for an authentic sample of p-MeCgHylF, is shown on p. S31.

Testing p-MeCgH,IF; as fluorination reagent:
p-MeCsHylF2 (49.2 mg, 0.19 mmol, 2.0 equiv, stored in glovebox, but reaction was set up on the
benchtop), MgS0O, (23.1 mg, 0.19 mmol, 2.0 equiv), and Pd(OAc), (2.2 mg, 0.01 mmol, 0.10
equiv) were weighed into a 4 mL vial. Dry DCM (0.96 mL) was added and the vial was sealed
with a Teflon-lined cap (with Teflon tape covering the threads of the vial) and removed from the
glovebox. 8-Methylquinoline (13.8 mg, 0.10 mmol, 1.0 equiv) was added through the septum
vial cap, and the mixture was heated at 60 °C for 24 h. GC yields were obtained by analysis of
the crude reaction mixture using hexadecane as a standard. Notably, nearly identical results

were obtained when this reaction was set up in the glovebox.
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NO,

L

(1 equiv) (1 equiv)

2

Rk

(1 equiv) (1 equw)

Control Experiments

10 mol % Pd(OAc),

2 equiv Phl( 0P|v
5 equiv AgF

2 equiv MgSO4
60 °C, 18 h

OPiv

recovered

4 . not detected
starting material

10 mol % Pd(OAc),

2 equiv Phl( OPlv
5 equiv AgF

2 equiv MgSO,
60 °C, 18 h

OPiv

10 mol % Pd(OAc),
2 equiv Phl( OP|v
5 equw AgF

2 equiv MgSO,
24 h, 60 °C

10 mol % Pd(OAc),
2 equiv PhI(OPiv),
5 equiv AgF

2 equiv MgSO,
24 h, 60 °C

not detected recovered
starting material
(59%) (25%)
recovered not detected
starting
material
(51%) (28%) OPiv
not detected recovered
starting
material
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Procedures/Spectral Characterization of Products in Table 2

General Procedure
On the benchtop, Phl(OPiv), (650 mg, 1.60 mmol, 2.0 equiv) and AgF (508 mg, 4.00 mmol, 5.0
equiv) were weighed into a 20 mL vial, and solvent (8.0 mL) was added. The vial was sealed
with a Teflon-lined cap (with Teflon tape covering the threads of the vial), and this mixture was
heated at 60 °C for 1 h. The vial was removed from the heat and allowed to cool to rt (~10 min).
Then Pd(OAc),; (18 mg, 0.08 mmol, 0.10 equiv), MgSO, (193 mg, 1.60 mmol, 2.0 equiv), and
substrate (0.80 mmol, 1.0 equiv) were added. The vial was sealed with a Teflon-lined cap and
heated at 60 °C for an additional 16-28 h. GC yields were obtained by analysis of the crude
reaction mixture using hexadecane as a standard. The reaction mixture was then filtered
through a plug of Celite, the plug was washed with CH,Cl, (100 mL), and the filtrate was
concentrated under vacuum. The resulting crude product was purified by chromatography on

silica gel.
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8-Methylquinoline

8-Methylquinoline was obtained from Oakwood Products and used as received.

(1a) F

8-Methylquinoline (115 mg, 0.80 mmol, 1.0 equiv) was used as the substrate. The solvent was
dichloromethane (8.0 mL), and the reaction was heated for 16 h. GC analysis of the crude
reaction mixture showed 67% yield of 1a and 16% yield of 2a. The crude brown oil was purified
by chromatography on silica gel with a gradient of 0%-8% EtOAc in CH,Cl,. Product 1a was
obtained as a viscous yellow oil (63.0 mg, 49% isolated yield, Ry = 0.49 in 96% CH,Cl./4%
EtOAc). '"H NMR (500 MHz, CDCls): & 8.93 (dd, J = 4.2, 1.7 Hz, 1H), 8.18 (dd, J = 8.2, 1.8 Hz,
1H), 7.83-7.81 (multiple peaks, 2H), 7.58 (t, J = 7.7 Hz, 1H), 7.44 (dd, J = 8.3, 4.2 Hz, 1H), 6.15
(d, Jur = 48 Hz, 2H). *C{"H} NMR (175 MHz, CDCl5): & 150.1, 145.7 (d, Jcr = 3.3 Hz), 136.4,
134.9 (d, Joe = 16 Hz), 128.4 (d, Jcr = 2.1 Hz), 128.2, 127.6 (d, Jcr = 10 Hz), 126.5, 121.6, 82.0
(d, Jor = 165 Hz). "®F NMR (470 MHz, CDCls): 5 —219.2 (t, Jry = 48 Hz). IR (thin film, CH,Cl,):
2924, 1596, 1581, 1500, 1353 cm'. HRMS [M+H]" Calcd for CyHgNF: 161.0641; Found:
161.0638.

X

=

N

(2a) OPiv

Product 2a was also obtained from this transformation as a viscous clear oil (21.6 mg, 11%
isolated yield, R; = 0.29 in 96% CH,Cl»/4% EtOAc). '"H NMR (700 MHz, CDCl,): 5 8.94 (dd, J =
4.2, 1.7 Hz, 1H), 8.17 (dd, J = 8.3, 1.7 Hz, 1H), 7.78 (d, J = 8.1 Hz, 1H), 7.74 (d, J = 6.8 Hz,
1H), 7.54 (app. t, J = 7.7 Hz, 1H), 7.43 (dd, J = 8.3, 4.2 Hz, 1H), 5.87 (s, 2H), 1.28 (s, 9H).
BC{'H} NMR (175 MHz, CDCls): & 178.6, 149.9, 146.1, 136.4, 135.1, 128.3, 127.8, 127.6,
126.4, 121.5, 62.9, 39.2, 27.5. IR (thin film, CH,Cly): 2972, 1726, 1500, 1282, 1149 cm™'. HRMS
[M+H]" Calcd for C45H17NO,: 244.1332; Found: 244.1332.
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8-Methyl-5-nitroquinoline

8-Methyl-5-nitroquinoline (S-b) was prepared according to a literature procedure.® NMR data
matched that reported in the literature. 'H and *C NMR spectra for this substrate are provided

below.

(1b) F

8-Methyl-5-nitroquinoline (151 mg, 0.80 mmol, 1.0 equiv) was used as the substrate. The
solvent was dichloromethane (8.0 mL), and the reaction was heated for 24 h. GC analysis of the
crude reaction mixture showed 61% yield of 1b and 6% yield of 2b. The orange solid was
purified by chromatography on silica gel with a gradient of 0%-2% EtOAc in CH,Cl,. Product 1b
was obtained as a light yellow solid (67.9 mg, 41% isolated yield, R¢ = 0.55 in 99% CH,Cl/1%
EtOAc, mp = 143.9-148.6 °C). '"H NMR (500 MHz, CDCl;): 5 9.06 (dd, J = 8.8, 1.7 Hz, 1H), 8.99
(dd, J=4.2,1.7 Hz, 1H), 8.44 (d, J = 8.1 Hz, 1H), 7.93 (d, J = 8.1 Hz, 1H), 7.69 (dd, J = 8.8, 4.2
Hz, 1H), 6.22 (d, Jur = 47 Hz, 2H). *C{"H} NMR (175 MHz, CDCl5): d 150.8, 145.2, 144.8 (d, Jcr
= 3.5 Hz), 143.3 (d, Jcr = 18 Hz), 132.5, 124.8, 124.4, 123.9 (d, Jcr = 13 Hz), 120.9, 81.8 (d, Jc¢
= 170 Hz). "F NMR (376 MHz, CDCls): 5 —228.1 (t, Jry = 47 Hz). IR (thin film, CH,Cl,): 3112,
1518, 1335 cm™. HRMS [M+H]" Calcd for C1oH;N,02F: 206.0491; Found: 206.0491.

(2b) OPiv

Product 2b was also obtained from this transformation as a yellow solid (22.2 mg, 10% isolated
yield, R = 0.40 in 99% CH,Cl,/1% EtOAc, mp = 103.4-105.9 °C). "H NMR (500 MHz, CDCl;): &
9.04-9.01 (multiple peaks, 2H), 8.38 (d, J = 8.1 Hz, 1H), 7.79 (d, J = 8.1 Hz, 1H), 7.67 (dd, J =
8.7, 4.3 Hz, 1H), 5.91 (s, 2H), 1.32 (s, 9H). *C{"H} NMR (125 MHz, CDCl;): 5 178.2, 150.8,
145.6, 145.0, 143.3, 132.4, 124.6, 124.6, 124.3, 121.1, 62.8, 39.3, 27.5. IR (thin film, CH,Cl,):

8 Evans et al. Tetrahedron 2005, 61, 9696.
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2975, 1730, 1522, 1335, 1145 cm”. HRMS [M+H]" Calcd for CysH1sN2O4: 289.1183; Found:
289.1191.
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8-Methylquinoline-5-carbonitrile

8-Methylquinoline-5-carbonitrile (S-c) was prepared according to a literature procedure.® 'H
NMR (500 MHz, CDCl;): 6 9.05 (dd, J = 4.2, 1.7 Hz, 1H), 8.52 (dd, J = 8.6, 1.7 Hz, 1H), 7.88 (d,
J = 7.3 Hz, 1H), 7.63-7.60 (multiple peaks, 2H), 2.88 (s, 3H). *C{"H} NMR (125 MHz, CDCl;): 5
150.9, 146.8, 144.6, 133.8, 133.0, 129.1, 127.9, 123.2, 117.3, 108.3, 18.9. Mp = 108.5-111.3
°C. IR (thin film, CH,Cl,): 2928, 2222, 1501 cm™. HRMS [M+H]" Calcd for C;HgN,: 169.0760;
Found: 169.0761.

CN

(1c) F

8-Methylquinoline-5-carbonitrile (135 mg, 0.80 mmol, 1.0 equiv) was used as the substrate. The
solvent was dichloromethane (8.0 mL), and the reaction was heated for 16 h. GC analysis of the
crude reaction mixture showed 67% vyield of 1¢ and 12% vyield of 2¢. The crude mixture was
purified by chromatography on silica gel with a gradient of 0%-4% EtOAc in CH,Cl,. Product 1c
was obtained as a tan solid (105 mg, 70% isolated yield, Ry = 0.61 in 98% CH.Cl,/2% EtOAc,
mp = 149.8-151.0 °C). "H NMR (700 MHz, CDCl):  9.01 (dd, J = 4, 1.5 Hz, 1H), 8.57 (dd, J =
8.4, 1.5 Hz, 1H), 8.03 (d, J = 7.4 Hz, 1H), 7.90 (d, J = 7.4 Hz, 1H), 7.66 (dd, J = 8.4, 4 Hz, 1H),
6.21 (d, Jur = 47 Hz, 2H). *C{"H} NMR (100 MHz, CDCls): 3 151.3, 144.3 (d, Jor = 4.0 Hz),
141.7 (d, Joe = 18 Hz), 133.8, 133.1, 127.5, 125.1 (d, Jcr = 12 Hz), 123.7, 116.8, 110.1, 81.5 (d,
Jor = 169 Hz). F NMR (376 MHz, CDCls): & —227.5 (m, Jry = 47 Hz). IR (thin film, CH,Cl,):
2227, 1500, 1440, 1353 cm™. HRMS [M+H]* Calcd for C11H;N,F: 186.0593; Found: 186.0592.

CN

X

=

N

(2¢) OPiv

Product 2c was also obtained from this transformation as a white solid (19.5 mg, 9% isolated
yield, R = 0.41 in 98% CH,Cl,/2% EtOAc, mp = 94.4-97.9 °C). '"H NMR (700 MHz, CDCl3): &
9.04 (m, 1H), 8.54 (dd, J = 8.4, 1.5 Hz, 1H), 7.98 (d, J = 7.5 Hz, 1H), 7.76 (dd, J = 7.5, 0.7 Hz,

? Tochilkin, A. I. et al. Chem. Heterocycl. Compd. (Russ) 1983, 1373.
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1H), 7.64 (dd, J = 8.4, 4.2 Hz, 1H), 5.89 (s, 2H), 1.31 (s, 9H). *C{'H} NMR (175 MHz, CDCl,): 5
178.3, 151.3, 145.2, 141.8, 133.7, 133.0, 127.7, 125.8, 123.6, 116.9, 109.8, 62.4, 39.2, 27.5. IR
(thin film, CH,Cl,): 2975, 2227, 1731, 1501, 1158 cm™. HRMS [M+H]* Calcd for CisH1sN,0»:
269.1285; Found: 269.1280.
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Methyl 8-methylquinoline-5-carboxylate

Methyl 8-methylquinoline-5-carboxylate (S-d) was prepared according to a literature
procedure.’ "H NMR (500 MHz, CDCl5): 5 9.38 (dd, J = 8.8, 1.7 Hz, 1H), 8.97 (dd, J = 4.2, 1.7
Hz, 1H), 8.20 (d, J = 7.6 Hz, 1H), 7.59 (d, J = 7.6 Hz, 1H), 7.52 (dd, J = 8.8, 4.2 Hz, 1H), 3.99
(s, 3H), 2.87 (s, 3H). *C{"H} NMR (125 MHz, CDCls): 5 167.3, 149.5, 147.4, 143.8, 134.8,
131.0, 128.5, 127.2, 124.9, 122.5, 52.4, 19.2. Mp = 55.4-57.8 °C. IR (thin film, CH,Cl,): 2955,
1712, 1505 cm™. HRMS [M+H]" Calcd for C1;H1{NO,: 202.0863; Found: 202.0865.

(1d) F

Methyl 8-methylquinoline-5-carboxylate (161 mg, 0.80 mmol, 1.0 equiv) was used as the
substrate. The solvent was dichloromethane (8.0 mL), and the reaction was heated for 24 h. GC
analysis of the crude reaction mixture showed 59% yield of 1d and 10% yield of 2d. The crude
mixture was purified by chromatography on silica gel with a gradient of 1%-8% EtOAc in CH,Cl..
Product 1d was obtained as an off-white solid (104 mg, 59% isolated yield, R¢ = 0.52 in 96%
CH.Cl,/4% EtOAc, mp = 94.0-94.8 °C). 'H NMR (500 MHz, CDCl;): 5 9.38 (dd, J = 8.8, 1.5 Hz,
1H), 8.92 (dd, J = 4.2, 1.5 Hz, 1H), 8.33 (d, J = 7.6 Hz, 1H), 7.86 (d, J = 7.6 Hz, 1H), 7.55 (dd, J
= 8.8, 4.2 Hz, 1H), 6.20 (d, Jur = 47 Hz, 2H), 4.01 (s, 3H). *C{"H} NMR (175 MHz, CDCl,): &
167.5, 149.9, 145.1 (d, Jcr = 3.3 Hz), 140.9 (d, Jcr = 18 Hz), 134.8, 130.9, 126.8, 126.5 (d, Jcr =
1.4 Hz), 124.6 (d, Jor = 12 Hz), 122.9, 81.5 (d, Jcr = 167 Hz), 52.6. "°F NMR (376 MHz, CDCl5):
5 —226.3 (t, Jry = 47 Hz). IR (thin film, CH,Cl,): 2955, 1714, 1506 cm™. HRMS [M+H]" Calcd for
C12H10NO,F: 220.0768; Found: 220.0772.

(2d) OPiv

Product 2d was also obtained from this reaction as an off-white solid (25.4 mg, 11% isolated
yield, R = 0.27 in 96% CH,Cl,/4% EtOAc, mp = 78.8-84.3 °C). '"H NMR (700 MHz, CDCl3): &

" Tochilkin, A. I. et al. Chem. Heterocycl. Compd. (Russ) 1982, 785.
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9.36 (dd, J = 8.7, 1.7 Hz, 1H), 8.95 (dd, J = 4.0, 1.7 Hz, 1H), 8.29 (d, J = 7.7 Hz, 1H), 7.73 (dd, J
=7.7,0.9 Hz, 1H), 7.54 (dd, J = 8.7, 4.0 Hz, 1H), 5.90 (s, 2H), 4.01 (s, 3H), 1.31 (s, 9H). *C{'H}
NMR (175 MHz, CDCls): & 178.4, 167.1, 149.9, 145.9, 141.0, 134.7, 130.7, 127.0, 126.3, 125.3,

122.8, 63.0, 52.5, 39.2, 27.6. IR (thin film, CH,Cl,): 2973, 1717, 1504, 1159 cm™”. HRMS [M+H]*
Calcd for C17H19NO4: 302.1387; Found: 302.1397.
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5-Fluoro-8-methylquinoline

5-Fluoro-8-methylquinoline (S-e) was prepared according to a literature procedure.”’ NMR data
matched that reported in the literature. 'H and *C NMR spectra for this substrate are provided

below.

(1e) F

5-Fluoro-8-methylquinoline (129 mg, 0.80 mmol, 1.0 equiv) was used as the substrate. The
solvent was dichloromethane (8.0 mL), and the reaction was heated for 16 h. GC analysis of the
crude reaction mixture showed 44% vyield of 1e and 25% vyield of 2e. The crude mixture was
purified by chromatography on silica gel with a gradient of 1%-8% EtOAc in CH,Cl,. Product 1e
was obtained as a tan solid (43.3 mg, 30% isolated yield, R; = 0.49 in 96% CH,Cl,/4% EtOAc,
mp = 52.9-57.0 °C). "H NMR (700 MHz, CDCl5): 5 9.00 (m, 1H), 8.47 (d, J = 8.5 Hz, 1H), 7.78 (t,
J =6.9 Hz, 1H), 7.53 (dd, J = 8.5, 4.2 Hz, 1H), 7.27 (m, 1H), 6.08 (d, Jur = 48 Hz, 2H). *C{'H}
NMR (175 MHz, CDCl;): & 158.2 (dd, Jcr = 256, 2.6 Hz), 151.0, 146.3 (t, Jor = 3.4 Hz), 130.9
(dd, Jce = 17, 4.4 Hz), 129.7 (d, Jcr = 4.8 Hz), 128.0 (t, Jor = 9.6 Hz), 121.7 (d, Jcr = 2.6 Hz),
119.1 (d, Jor = 16 Hz), 120.0 (d, Jor = 20 Hz), 81.5 (d, Jor = 165 Hz). "F NMR (376 MHz,
CDCls): 8 —121.9, —216.0 (t, Jru = 48 Hz). IR (thin film, CH,Cl,): 2917, 1597 cm™. HRMS [M+H]"
Calcd for C1gH7NF>: 180.0619; Found: 180.0616.

(2e) OPiv

Product 2e was also obtained from this reaction as a clear oil (50.5 mg, 24% isolated yield, R; =
0.27 in 96% CH,Cl2/4% EtOAc). 'H NMR (500 MHz, CDCls): 5 8.97 (dd, J = 4.2, 2 Hz, 1H), 8.43
(dd, J = 8.4, 2 Hz, 1H), 7.68 (m, 1H), 7.49 (dd, J = 8.4, 4.2 Hz, 1H), 7.21 (m, 1H), 5.78 (s, 2H),
1.25 (s, 9H). *C{"H} NMR (175 MHz, CDCl5): 5 178.6, 157.7 (d, Jcr = 255 Hz), 150.7, 146.7 (d,
Jer = 3.3 Hz), 131.1 (d, Jcr = 4.8 Hz), 129.6 (d, Jcr = 4.8 Hz), 127.8 (d, Jcr = 8.8 Hz), 121.5 (d,

"' Evans et al. Tetrahedron 2005, 61, 9696.
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Jer = 2.8 Hz), 119.1 (d, Jcr = 16 Hz), 109.8 (d, Jor = 20 Hz), 62.5, 39.2, 27.5. IR (thin film,
CH,Cly): 2974, 1728, 1156 cm”. HRMS [M+H]" Calcd for CsH1sNO,F: 262.1238; Found:
262.1237.
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5-Bromo-8-methylquinoline

5-Bromo-8-methylquinoline (S-f) was prepared according to a literature procedure.’> NMR data
matched that reported in the literature. 'H and *C NMR spectra for this substrate are provided

below.

Br

X

=

N

(11) F

5-Bromo-8-methylquinoline (178 mg, 0.80 mmol, 1.0 equiv) was used as the substrate. The
solvent was dichloromethane (8.0 mL), and the reaction was heated for 16 h. GC analysis of the
crude reaction mixture showed 53% yield of 1f and 19% yield of 2f. The crude mixture was
purified by chromatography on silica gel with a gradient of 0%-4% EtOAc in CH,Cl,. Product 1f
was obtained as a white solid (83.8 mg, 44% isolated yield, R; = 0.65 in 98% CH.Cl,/2% EtOAc,
mp = 67.7-69.0 °C). "H NMR (700 MHz, CDCl5): & 8.93 (dd, J = 4.2, 1.6 Hz, 1H), 8.57 (dd, J =
8.6, 1.6 Hz, 1H), 7.87 (d, J = 7.7 Hz, 1H), 7.69 (d, J = 7.7 Hz, 1H), 7.55 (dd, J = 8.6, 4.2 Hz,
1H), 6.10 (d, Jur = 47 Hz, 2H). *C{"H} NMR (175 MHz, CDCls): 5 150.5, 146.0, 136.1, 135.1 (d,
Jor = 17 Hz), 130.3, 127.6 (d, Jor = 11 Hz), 127.5, 122.7, 122.2, 81.7 (d, Jcr = 167 Hz). °F NMR
(376 MHz, CDCls): & —221.4 (t, Jsy = 47 Hz). IR (thin film, CH,Cl,): 1569, 1496, 1350 cm™.
HRMS [M]" Calcd for C1oH;NFBr: 238.9746; Found: 238.9754.

Br
A

| ~

N

@) OPiv

Product 2f was also obtained from this reaction as an off-white solid (33.4 mg, 13% isolated
yield, R = 0.53 in 98% CH,Cl,/2% EtOAc, mp = 65.0-67.4 °C). '"H NMR (500 MHz, CDCl3): &
8.94 (dd, J=4.2, 1.7 Hz, 1H), 8.55 (dd, J = 8.6, 1.7 Hz, 1H), 7.82 (d, J = 7.8 Hz, 1H), 7.59 (d, J
= 7.8 Hz, 1H), 7.54 (dd, J = 8.6, 4.2 Hz, 1H), 5.80 (s, 2H), 1.27 (s, 9H). "*C{'"H} NMR (175 MHz,
CDCl3): 6 178.5, 150.5, 146.7, 135.8, 135.3, 130.2, 127.9, 127.6, 122.6, 121.7, 62.6, 39.2, 27.5.

12 Evans et al. Tetrahedron 2005, 61, 9696.
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IR (thin film, CH,CIl,): 2973, 1729, 1156 cm’. HRMS [M+H]" Calcd for Cy5H1sNO,Br: 322.0437;
Found: 322.0432.

S20



7-Bromo-8-methylquinoline

7-Bromo-8-methylquinoline (S-g) was prepared according to the following procedure. 3-Bromo-
2-methylaniline (6.3 g, 33.9 mmol, 1.0 equiv) and Nal (66.0 mg, 0.441 mmol, 0.013 equiv) were
dissolved in H,SO4 (8.7 mL) and water (2.2 mL) in a round-bottomed flask. The reaction was
heated to 145 °C, and glycerol (3.7 g) was added via addition funnel over 1.5 h. The reaction
stirred for 2 h. Once cooled, the crude mixture was extracted twice with toluene. The organic
phase was washed with water and brine and dried (MgSQ,). The filtrate was concentrated under
vacuum, and the residue was purified by chromatography on silica gel eluting with
hexane/EtOAc (1:1). The product was obtained as a beige solid (5.3 g, 71% yield, Ry = 0.53, mp
= 50.9-52.5 °C). "H NMR (500 MHz, CDCls): 5 8.94 (dd, J = 4.2, 1.7 Hz, 1H), 8.11 (dd, J = 8, 2
Hz, 1H), 7.69 (d, J = 8.8 Hz, 1H), 7.53 (d, J = 8.8 Hz, 1H), 7.42 (dd, J = 8, 4 Hz, 1H), 2.93 (s,
3H). *C{"H} NMR (125 MHz, CDCls):  150.1, 147.8, 137.3, 136.6, 131.0, 127.4, 126.6, 126.1,
121.2, 17.8. IR (thin film, CH,Cl,): 2918, 1604, 1490 cm™. HRMS [M+H]* Calcd for C1oHgNBr:
221.9913; Found: 221.9914.

X

e

N Br

(19) F

7-Bromo-8-methylquinoline (178 mg, 0.80 mmol, 1.0 equiv) was used as the substrate. The
solvent was dichloromethane (8.0 mL), and the reaction was heated for 16 h. GC analysis of the
crude reaction mixture showed 49% yield of 1g and 26% vyield of 2g. The crude mixture was
purified by chromatography on silica gel with a gradient of 0%-4% EtOAc in CH,Cl,. Product 1g
was obtained as a white solid (80.7 mg, 42% isolated yield, R; = 0.48 in 98% CH.Cl,/2% EtOAc,
mp = 90.3-94.5 °C). "H NMR (500 MHz, CDCl5): 5 9.01 (dd, J = 4, 2 Hz, 1H), 8.16 (dd, J = 8.3, 2
Hz, 1H), 7.78-7.73 (multiple peaks, 2H), 7.48 (dd, J = 8.3, 4 Hz, 1H), 6.30 (d, Jur = 47 Hz, 2H).
BC{"H} NMR (175 MHz, CDCl3):  151.5, 147.8 (d, Jor = 1.4 Hz), 136.4, 133.3 (d, Jcr = 14 Hz),
131.3 (d, Jor = 3.3 Hz), 130.7 (d, Jcr = 4.8 Hz), 128.4 (d, Jcr = 6.2 Hz), 127.5 (d, Jcr = 1.9 Hz),
121.9, 79.5 (d, Jor = 163 Hz). "°F NMR (470 MHz, CDCl5): & —209.8 (t, Jry = 47 Hz). IR (thin
film, CH,Cl,): 2985, 1570, 1488 cm™. HRMS [M+H]" Calcd for CyoH;NFBr: 239.9819; Found:
239.9821.
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~

N Br

(29) OPiv

Product 2g was also obtained from this reaction as a light brown solid (68.2 mg, 26% isolated
yield, R; = 0.19 in 98% CH,Cl,/2% EtOAc, mp = 92.3-102.5 °C). '"H NMR (700 MHz, CDCl;): &
8.96 (dd, J =4.1, 1.7 Hz, 1H), 8.14 (dd, J = 8.2, 1.7 Hz, 1H), 7.74 (d, J = 8.9 Hz, 1H), 7.69 (d, J
= 8.9 Hz, 1H), 7.45 (dd, J = 8.2, 4.1 Hz, 1H), 5.94 (s, 2H), 1.19 (s, 9H). "*C{'"H} NMR (175 MHz,
CDCl3): 6 178.6, 151.0, 147.8, 136.3, 134.2, 131.2, 129.7, 127.8, 127.4, 121.7, 61.7, 39.2, 27.5.
IR (thin film, CH,Cl,): 2971, 1723, 1152 cm™. HRMS [M+H]" Calcd for C15HgNO,Br: 322.0437;
Found: 322.0442.
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5-lodo-8-methylquinoline

5-lodo-8-methylquinoline (S-h) was prepared according to a literature procedure.” '"H NMR
(500 MHz, CDCls3): 6 8.90 (dd, J = 4.2, 1.7 Hz, 1H), 8.37 (dd, J = 8.6, 1.7 Hz, 1H), 8.00 (d, J =
7.6 Hz, 1H), 7.47 (dd, J = 8.6, 4.2 Hz, 1H), 7.30 (m, 1H), 2.78 (s, 3H). *C{"H} NMR (125 MHz,
CDCl3): 6 150.1, 148.1, 140.8, 138.7, 137.6, 130.9, 130.1, 122.7, 95.6, 18.3. Mp = 52.1-55.0 °C.
IR (thin film, CH,Cl,): 2919, 1560, 1491 cm”. HRMS [M+H]" Calcd for CqoHgNI: 269.9774;
Found: 269.9778.

(1h) F

5-lodo-8-methylquinoline (215 mg, 0.80 mmol, 1.0 equiv) was used as the substrate. The
solvent was dichloromethane (8.0 mL), and the reaction was heated for 24 h. GC analysis of the
crude reaction mixture showed 67% yield of 1h and 16% vyield of 2h. The crude mixture was
purified by chromatography on silica gel with a gradient of 1%-8% EtOAc in CH,Cl,. Product 1h
was obtained as a light brown solid (125.5 mg, 55% isolated yield, R¢ = 0.58 in 96% CH.Cl./4%
EtOAc, mp = 78.5-82.7 °C). 'H NMR (700 MHz, CDCls): 5 8.88 (m, 1H), 8.40 (d, J = 8.6 Hz, 1H),
8.16 (d, J = 7.6 Hz, 1H), 7.55 (d, J = 7.6 Hz, 1H), 7.52 (dd, J = 8, 4.0 Hz, 1H), 6.10 (d, Jur = 48
Hz, 2H). C{'"H} NMR (175 MHz, CDCls): & 150.6 (d, Jcr = 21 Hz), 145.8, 140.6 (d, Jcr = 22 Hz),
137.6 (d, Jcr = 22 Hz), 136.2 (d, Jor = 19 Hz), 129.9, 128.1 (d, Jcr = 11 Hz), 123.1 (d, Jcr = 22
Hz), 98.6, 81.7 (d, "Jcr = 166 Hz). "°F NMR (376 MHz, CDCls): 5 —222.1 (t, Jry = 48 Hz). IR (thin
film, CH,Cly): 1564, 1494, 1344 cm™. HRMS [M+H]" Calcd for CoH;NFI: 286.9607; Found:
286.9608.

(2h) OPiv

Product 2h was also obtained from this reaction as a light yellow solid (44.3 mg, 15% isolated
yield, R; = 0.38 in 96% CH,Cl,/4% EtOAc, mp = 78.5-82.7 °C). '"H NMR (700 MHz, CDCl3): &

" Tochilkin, A. I. et al. Chem. Heterocycl. Compd. (Russ) 1983, 1373.
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8.89 (dd, J = 4.1, 1.4 Hz, 1H), 8.39 (dd, J = 8.5, 1.4 Hz, 1H), 8.12 (d, J = 7.7 Hz, 1H), 7.51 (dd, J
= 8.5, 4.1 Hz, 1H), 7.45 (dd, J = 7.7, 0.8 Hz, 1H), 5.81 (s, 2H), 1.27 (s, 9H). *C{'"H} NMR (125
MHz, CDCl,): & 178.5, 150.6, 146.5, 140.6, 137.6, 136.4, 130.1, 128.6, 123.1, 98.1, 62.6, 39.2,
27.5. IR (thin film, CH,Cl): 2972, 1729, 1156 cm™. HRMS [M+H]* Calcd for CisH:sNOl:
370.0298; Found: 370.0300.
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8-Methyl-5-phenylquinoline

8-Methyl-5-phenylquinoline (S-i) was prepared according to the following procedure. 5-Bromo-8-
methylquinoline (1.00 g, 4.50 mmol, 1.0 equiv), phenylboronic acid (603 mg, 4.95 mmol, 1.1
equiv), Pdy(dba); (206 mg, 0.225 mmol, 0.05 equiv), and KsPO4 (1.91 g, 9.01 mmol, 2.0 equiv)
were added to an oven-dried Schlenk flask equipped with a stirbar. Dioxane (20 mL) and
P(OMe); (55.8 mg, 0.450 mmol, 0.1 equiv) were added in a glovebox. The reaction was heated
to 95 °C for 24 h. The reaction mixture was cooled to rt, diluted with diethyl ether, and filtered
through celite. The filtrate was concentrated under vacuum and the residue was purified by
chromatography on silica gel eluting with DCM/EtOAc (98:2). The product was obtained as a
white solid (0.56 g, 57% vyield, Ry = 0.39, mp = 56.6-58.4 °C). 'H NMR (500 MHz, CDCls): &
8.97 (dd, J = 4.2, 1.7 Hz, 1H), 8.24 (dd, J = 8.6, 1.7 Hz, 1H), 7.62 (dd, J = 7, 1 Hz, 1H), 7.51-
7.48 (multiple peaks, 2H), 7.46-7.40 (multiple peaks, 4H), 7.36 (dd, J = 8.6, 4 Hz, 1H), 2.87 (s,
3H). *C{"H} NMR (125 MHz, CDCls): d 149.2, 147.6, 139.8, 138.7, 136.7, 134.8, 130.3, 129.3,
128.6, 127.6, 127.1, 126.8, 121.0, 18.6. IR (thin film, CH,Cl,): 2920, 1592, 1504 cm'. HRMS
[M+H]" Calcd for C46H13N: 220.1121; Found: 220.1126.

Ph

8-Methyl-5-phenylquinoline (175 mg, 0.80 mmol, 1.0 equiv) was used as the substrate. The
solvent was fluorobenzene (8.0 mL), and the reaction was heated for 28 h. GC analysis of the
crude reaction mixture showed 43% vyield of 1i and 35% yield of 2i. The crude mixture was
purified by chromatography on silica gel with a gradient of 0%-4% EtOAc in CH,Cl,. Product 1i
was obtained as an off-white solid (74.6 mg, 39% isolated yield, R; = 0.45 in 98% CH.Cl./2%
EtOAc, mp = 63.5-67.0 °C). "H NMR (700 MHz, CDCls): 5 8.94 (dd, J = 4.1, 1.5 Hz, 1H), 8.26
(dd, J = 8.6, 1.5 Hz, 1H), 7.88 (d, J = 7.2 Hz, 1H), 7.55 (d, J = 7.2 Hz, 1H), 7.52 (m, 2H), 7.48-
7.45 (multiple peaks, 3H), 7.39 (dd, J = 8.5, 4.1 Hz, 1H), 6.20 (d, Jur = 48 Hz, 2H). *C{"H} NMR
(125 MHz, CDCl3): 6 149.8, 145.8 (d, Jcr = 2.9 Hz), 141.1 (d, Jce = 2.9 Hz), 139.3, 134.9, 134.2
(d, Joe = 16 Hz), 130.2, 128.7, 128.0, 127.1 (d, Jcr = 3.8 Hz), 127.1, 126.7, 121.5, 82.1 (d, Jcr =
166 Hz). F NMR (376 MHz, CDCl3): & —219.1 (t, Jru = 48 Hz). IR (thin film, CH,Cl,): 3029,
1584, 1504, 1352 cm™. HRMS [M+H]"* Calcd for C1sH1.NF: 238.1027; Found: 238.1033.

S25



Ph

X

=

N
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Product 2i was also obtained from this reaction as a light yellow oil (91.0 mg, 36% isolated yield,
Rf = 0.21 in 98% CH,Cly/2% EtOAc). '"H NMR (700 MHz, CDCls): & 8.94 (dd, J = 4.1, 1.7 Hz,
1H), 8.24 (dd, J =8.5, 1.7 Hz, 1H), 7.77 (d, J = 7.3 Hz, 1H), 7.51-7.50 (multiple peaks, 3H), 7.47-
7.45 (multiple peaks, 3H), 7.38 (dd, J = 8.5, 4.1 Hz, 1H), 5.91 (s, 2H), 1.30 (s, 9H). *C{"H} NMR
(125 MHz, CDClz): & 178.6, 149.6, 146.2, 140.4, 139.5, 134.8, 134.4, 130.2, 128.7, 127.9,
127.1, 1271, 126.7, 121.4, 63.0, 39.2, 27.6. IR (thin film, CH,CI,): 3060, 2972, 1726, 1504,
1480, 1280 cm™. HRMS [M+H]" Calcd for C»1H2:NO2: 320.1645; Found: 320.1652.
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5,8-Dimethylquinoline

5,8-Dimethylquinoline (S-j) was prepared according to a literature procedure.™ 'H NMR (500
MHz, CDCls): 6 8.96 (dd, J = 4.2, 1.7 Hz, 1H), 8.31 (dd, J = 8.6, 1.7 Hz, 1H), 7.46-7.41 (multiple
peaks, 2H), 7.27 (m, 1H), 2.79 (s, 3H), 2.65 (s, 3H). *C{"H} NMR (125 MHz, CDCls): 5 148.9,
147.7, 135.1, 132.9, 132.5, 129.5, 127.8, 126.9, 120.6, 18.7, 18.4. IR (thin film, CH,Cl,): 2921,
1600, 1501 cm™. HRMS [M+H]" Calcd for C41H¢sN: 158.0964; Found: 158.0964.

u) F

5,8-Dimethylquinoline (126 mg, 0.80 mmol, 1.0 equiv) was used as the substrate. The solvent
was fluorobenzene (8.0 mL), and the reaction was heated for 16 h. GC analysis of the crude
reaction mixture showed 41% yield of 1j and 40% vyield of 2j. The crude mixture was purified by
chromatography on silica gel with a gradient of 1%-8% EtOAc in CH,Cl,. Product 1j was
obtained as a viscous yellow oil (54.1 mg, 39% isolated yield, Ry = 0.44 in 96% CH,Cl./4%
EtOAc). '"H NMR (700 MHz, CDCls): 5 8.94 (m, 1H), 8.34 (dd, J = 8.5, 1.5 Hz, 1H), 7.70 (d, J =
7.2 Hz, 1H), 7.46 (dd, J = 8.5, 4.1 Hz, 1H), 7.40 (d, J = 7.2 Hz, 1H), 6.10 (d, Jue = 48 Hz, 2H),
2.69 (s, 3H). *C{'"H} NMR (125 MHz, CDCls): 5 149.5, 145.8, 135.5 (d, Jor = 2.4 Hz), 133.0,
132.7 (d, Jer = 16.3 Hz), 127.9 (d, Jor = 9.6 Hz), 127.6, 126.9, 121.1, 82.1 (d, "Jor = 165 Hz),
18.9. "F NMR (376 MHz, CDCl3): 8 —216.6 (t, Jry = 48 Hz). IR (thin film, CH,Cl,): 2951, 1599,
1504, 1352 cm™. HRMS [M+H]" Calcd for C41H{oNF: 175.0797; Found: 175.0794.

(2i) OPiv

Product 2j was also obtained from this reaction as a viscous yellow oil (77.9 mg, 38% isolated
yield, Ry = 0.19 in 96% CH,Cl»/4% EtOAc). '"H NMR (400 MHz, CDCl5): & 8.95 (dd, J = 4.1, 1.5
Hz, 1H), 8.35 (dd, J = 8.5, 1.5 Hz, 1H), 7.63 (d, J = 7.2 Hz, 1H), 7.47 (dd, J = 8.5, 4.1 Hz, 1H),

' O’Murchu, C. Synthesis 1989, 11, 880.
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7.38 (d, J = 7.2 Hz, 1H), 5.83 (s, 2H), 2.69 (s, 3H), 1.26 (s, 9H). *C{"H} NMR (175 MHz,
acetone-dg): 6 179.0, 151.0, 147.8, 136.4, 134.6, 134.3, 129.0, 128.8, 128.2, 122.7, 64.0, 40.2,
28.3, 19.3. IR (thin film, CH,Cl,): 2972, 1726, 1480, 1282, 1159 cm™. HRMS [M+H]" Calcd for
C16H1oNOs: 257.1416; Found: 257.1415.
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5-Methoxy-8-methylquinoline

5-Methoxy-8-methylquinoline (S-k) was prepared according to a literature procedure.” NMR

data matched that reported in the literature.

On the benchtop, Phl(OPiv), (154 mg, 0.38 mmol, 2.0 equiv) and AgF (121 mg, 0.96 mmol, 5.0
equiv) were weighed into a 4 mL vial, and DCM (1.9 mL) was added. The vial was sealed with a
Teflon-lined cap (with Teflon tape covering the threads of the vial), and this mixture was heated
at 60 °C for 1 h. The vial was removed from the heat and allowed to cool to rt (~5 min). Then
Pd(OAc),; (4.3 mg, 0.02 mmol, 0.10 equiv), MgSO, (45.9 mg, 0.38 mmol, 2.0 equiv), and 5-
methoxy-8-methylquinoline (33.1 mg, 0.19 mmol, 1.0 equiv) were added. The vial was sealed
with a Teflon-lined cap and heated at 60 °C for an additional 24 h. GC analysis of the crude
reaction mixture showed <1% vyield of 1k and ~55% yield of 2k, using hexadecane as a

standard.

1S Evans et al. Tetrahedron 2005, 61, 9696.
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