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The scope and mechanistic implications of the direct transformation of heterocyclic N-oxides to 2-tri-
fluoromethyl-, and related perfluoroalkyl- and perfluoroaryl-substituted N-heterocycles has been studied.
The reaction is effected by perfluoroalkyl- and perfluorophenyltrimethylsilane in the presence of strong
base. In situ displacement of the para-fluoro substituent in the pentafluorophenyl ring and the methoxy
group in 8-methoxyquinolines with additional nucleophiles allows for further site-selective refunctionali-
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Introduction

Aromatic compounds bearing fluorine-containing alkyl and
aryl substituents are important structural motifs of numerous
bioactive compounds' and advanced functional materials.
Due to the unique electronic properties of fluorine, introduc-
tion of fluorinated alkyl groups can significantly improve
metabolic stability, lipophilicity and binding properties of
small organic molecules. As a consequence of the central posi-
tion of N-heterocycles in medicinal and agricultural chemistry,
introduction of trifluoromethyl and related groups into the
N-heteroarene core has been successfully employed for the
development of a number of drugs and agrochemicals (Fig. 1).
Hence, regioselective trifluoromethylation reactions of
N-heterocycles have recently attracted significant attention.® In
particular, introduction of trifluoromethyl and difluoromethyl
substituents in the C2-position of pyridines, quinolines and
related six-membered nitrogenous aromatic heterocycles is a
potentially useful synthetic strategy that continues to pose a
significant methodological challenge.*

Heterocyclic N-oxides are important and readily available®
synthetic intermediates that have recently been used as sub-
strates for the regioselective transition metal-catalyzed prepa-
ration of various N-heterocycles bearing aryl-, alkyl- and
heteroatom-substituents in the C2 position.® In addition, a
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zation of the N-heterocyclic products.
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Fig. 1 Representative bioactive N-heterocycles bearing trifluoro- and
difluoromethyl groups.

number of non-catalytic transformations, such as halogena-
tions” and aminations,® have also been developed.

Trimethyl(trifluoromethyl)silane (1) and related perfluoro-
alkyl/arylsilanes are among the most cost-effective sources
of the corresponding fluorinated alkyl and aryl groups for
organic synthesis.” However their application is sometimes
hindered by the unproductive a-elimination of the fluoride
and other side processes, and a careful selection of reaction
conditions is required to achieve high yields."’

We herein report a study of the reaction of heterocyclic
N-oxides with fluorinated alkylsilanes and trimethyl(penta-
fluorophenyl)-silane that directly affords 2-trifluoromethyl-
and related substituted N-heterocycles regioselectively and in

This journal is © The Royal Society of Chemistry 2014
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good to excellent yields. A survey of the patent literature shows
that, although a reaction of 1 with two substituted quinoline
N-oxides was used to access the corresponding 2-trifluoro-
methylquinolines,’* the scope and utility of this transform-
ation were not systematically explored, and potential use of
other perfluoroalkylsilanes was not investigated, which pre-
vented its wider application in the mainstream synthetic
organic, medicinal and materials chemistry. Recently, Kuni-
nobu, Kanai and co-workers conducted an elegant study on
the reaction of 1 with heterocyclic N-oxides that is mediated by
a combination of cesium fluoride and (trifluoromethyl)-
difluoroboron as a Lewis acidic N-oxide activator.'> However,
this method is limited to trifluoromethylation, and, in
addition, the (trifluoromethyl)difluoroboron has to be gener-
ated from expensive potassium (trifluoromethyl)trifluoro-
borate. Another interesting approach to C2-trifluoromethylation
of azines was described by Makosza and co-workers."® In this
case azines were first transformed into the corresponding
N-(p-methoxybenzyl)azinium salts that were reacted with
silane 1 in the presence of potassium fluoride. Treatment of
the addition products with cerium ammonium nitrate led to
removal of the PMB group and oxidative aromatization to give
2-trifluoromethylated azines.

We also describe several unexpected concomitant dual sub-
stitution processes that can be used to increase structural
diversity of the N-heterocyclic motifs. In particular, a facile
substitution of 8-methoxy group in the quinoline core by tert-
butoxide represents an unusual example of aromatic nucleo-
philic substitution.

Results and discussion

We began our study by examining the reaction between quino-
line N-oxide (2) and silane 1 (Table 1) in the presence of
several fluoride salts and bases. While formation of product 3
(11%) was observed upon reacting 1 and 2 in the presence of

Table 1 Optimization of the reaction conditions?
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0.2 equiv. of TBAF in THF, the reaction was accompanied by
formation of quinoline in comparable amounts. The yield of 3
was improved in toluene-THF (1:1), albeit with concomitant
increase in formation of quinoline (entry 2).

No improvement was observed at elevated temperatures
(e.g. entry 3). Further increase in yields of 3 was achieved with
TASF [tris(dimethylamino)sulfonium difluorotrimethylsilicate]
and cesium fluoride as fluoride sources. Both salts also gave
higher 3/quinoline. Attempts to catalyze the reaction by tran-
sition metal salts (e.g. copper(1) triflate) or increase the electro-
philicity of the N-oxide via coordination to a Lewis acid (e.g
MgCl,) proved unsuccessful (entries 6 and 7). On the other
hand, use of potassium tert-butoxide (1.1 equiv.) led to faster
conversion, however with concomitant acceleration of the for-
mation of quinoline. Further optimization was achieved by
increasing the amount of the base and lowering the tempera-
ture to —20 °C. This way the formation of quinoline was effec-
tively minimized, and a clean conversion to product 3 took
place.

After completion of the optimization study we set out to
explore the scope of the novel trifluoromethylation method
with other heterocyclic N-oxides (Table 2).

The reaction generally exhibits a broad scope of applicable
substrates. Thus, silane 1 reacted readily with substituted qui-
noline, pyridine, phenanthridine and isoquinoline N-oxides
giving rise to the corresponding products in a highly regio-
selective fashion. In none of the cases were any other regio-
isomers observed or isolated. Halogenated substrates are
well tolerated. N-Oxides that have a labile 4-thio and 4-oxy sub-
stituents that are known to be prone to facile nucleophilic
displacement of the C4-group,'* afford the desired 2-trifluoro-
methylquinolines in good yields. In general, bi- and tricyclic
N-heterocyclic N-oxides reacted more readily and gave the pro-
ducts in higher yields, while 4-phenylpyridine N-oxide was less
reactive and afforded the trifluoromethylated product 10 in a
28% yield. The reaction is best carried out at —20 °C for all
substrates.

@ CF3SiMe; (1) ©|\/1
_——
N*/ conditions N/ CF,
1
2 O 3
Entry Base/fluoride (equiv.) Solvent T (°C) 2:3: quinoline ratio” Yield” of 3 (%)
1 TBAF (0.2) THF 23 7:1:1 11
2 TBAF (0.2) PhCH,-THF (1:1) 23 1.7:1.5:1 34
3 TBAF (0.2) PhCH,-THF (1:1) 65 10:1:1.5 8
4 TASF (1.1) PhCH,-THF (1:1) 23 2:2.5:1 44
5 CsF (1.1) PhCH,;-THF (1:1) 23 1.6:1.7:1 34
6 TASF (1.1) PhCH,-THF (1:1) 23 1.3:2.5:1 50
74 TASF (1.1) THF 23 1.5:2.1:1 44
8 KOt-Bu (1.1) THF 23 1:6.8:17.3 26
9 KOt-Bu (3) THF 23 1:3.2:5.8 32
10° KOt-Bu (3) THF -20 1:29:3.2 87

“Reaction conditions: 2 (0.35 or 1 mmol), 1 (2.5 equiv.), in the solvent (¢ = 0.7 M) under Ar for 2 h. ” Determined by 'H NMR. ° (CuOTf),-PhH

(5 mol%) was added. ? MgCl, (2 equiv.) was added. ¢ ¢ = 0.2 M.

This journal is © The Royal Society of Chemistry 2014
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Table 2 Scope of the trifluoromethylation reaction of heterocyclic
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Table 3 Reaction of perfluoroalkyl/phenylsilanes with heterocyclic

N-oxides? N-oxides®
- R, R, ~ R, Ry
f:i"‘]l\/y CFsSiMe; .f fﬁ\ rf/J CiFnSMe; Ir m
SN Tkoteu | © N SN Tkotmu 8 N
1 1
o &
N g N s/k s)<
“ =z N
N~ CF3 N~ CFs 3 N R F N R F
octs cl N CF; Cl N7 CF.
3(87%) 4 (82%) 5 (98%) A 3 . 3
14 (78%) 15 (90%)
OCH
3 N Br
N
A F
CF. CF3 P
* N CFy OCH,
6 (43%) 7 (94%) 8 (92%) £ F
16 (84%) 17 (17%)° F
O cl S
§ X N7 CF,
= 7 FF
_ - | N > CF, OCH; OCHj
Cl N CF3 N CF.
3 OCHs
18 (86%) 19 (55%) 20 (15%)°
9 (75%) 10 (28%) 11 (92%)
SJ\
m m . P
— /
cl N
12 (63%) 13 (66%) 21 (34%)° F 22 (52%)°

“Reaction conditions: heterocyclic N-oxide (0.2 or 0.5 mmol),
1 (1.5 equiv.), KOt-Bu (3 equiv.), 3 A MS, THF (¢ = 0.2 M), at —20 °C
under Ar for 50 min.

We have also studied the performance of other fluorinated
alkylsilanes in the base-mediated reaction with N-oxides
(Table 3). In general, both (pentafluoroethyl)- and (heptafluoro-
propyl)-trimethylsilane proved to be very efficient perfluoro-
alkylating reagents. The products were obtained in good to
excellent yields under the optimized conditions at —20 °C.
(Difluoromethyl)trimethylsilane, on the other hand, was less
efficient, with somewhat lower yields of the products and
higher loadings of the silane and potassium tert-butoxide. Tri-
methyl( pentafluorophenyl)-silane afforded the desired product
17 with one equivalent of potassium tert-butoxide in 17%
yield. When the previously optimized amount of the base
(3 equiv.) was used an unexpected displacement of the fluoride
in the para-position with respect to the N-heterocyclic residue
by tert-butoxide took place (Table 4). The reaction also worked
well with sodium thiophenolate and sodium ethanethiolate as
nucleophiles. This reactivity is in line with previously reported
observations of facile and regioselective nucleophilic para-sub-
stitution of the fluoride in other pentafluoroarenes.™
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“Reaction conditions: heterocyclic N-oxide (0.2-0.5 mmol), C,F,,SiMe;
(1.5 equiv.), KOtBu (3 equiv.), 3 A MS, THF (c = 0.2 M), at —20 °C
under Ar for 50 min. “1 equiv. KO#Bu was used. °CHF,SiMe;
(5 equiv.), KOt-Bu (4 equiv.), THF (¢ = 0.1 M) was used.

Another unusual substitution reaction was observed with
5,7-dichloro-8-methoxyquinoline N-oxide (27). In this case, a
facile substitution of the 8-methoxy group by the tert-butoxide
took place with concomitant perfluoroalkylation (Scheme 1).

Substitution of the 8-methoxy group in the 8-alkoxyquino-
line series has previously been achieved only at elevated temp-
eratures,'® and in the presence of a transition-metal catalyst."”

It is possible that introduction of the electron-withdrawing
2-perfluoroalkyl group in the quinoline facilitates the nucleo-
philic aromatic substitution. The reaction takes place after
installation of the perfluoroalkyl group, since no 8-methoxy
group displacement as observed when N-oxide 27 was treated
with potassium tert-butoxide in the absence of 1 under the
standard reaction conditions.

The reaction was exploited for the synthesis of new ana-
logues of antimicrobial drug chlorquinaldol (30). The tert-
butyl group removal with triflic acid afforded chlorquinaldol
derivatives 31 and 32 in 88 and 90% yields.

This journal is © The Royal Society of Chemistry 2014
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Table 4 Dual substitution reaction of heterocyclic N-oxides with (penta-
fluorophenyl)trimethylsilane and additional nucleophiles?

- Ry - Ry
< ]LA/J CoFsSiMes 8 ]LA/ F
! kbR
N Nu KOtBu e S\F F
1
L
F Nu
F
23 (86%)°
cl

N F
Pz F
N
OCH; O )<
F o

25 (83%) F

s

26 (45%)° F

“Reaction conditions: heterocyclic N-oxide (0.2 mmol), C¢FsSiMe;
(1.5 equiv.), KOt-Bu (3 equiv.), 3 A MS, THF (c = 0.1 M), at —20 °C
under Ar for 50 min. "NaSPh (6 equiv.) was added. “NaSC,H;
(6 equiv.) was added.

cl cl cl
) RSiMe; ) CF;S0:H N
< — 7
cl N KOt-Bu ¢ N7 R cl N7 R
CH0 O Ot-Bu OH
27 28, R = CF, (54%) 30, R =CHj,

29, R = C,F5 (44%) Chlorquinaldol
31, R=CF; (88%)

32, R = C,F5 (90%)

Scheme 1 Dual substitution reaction of 8-methoxyquinoline N-oxides
with perfluoroalkylsilanes.

H/D H/D
P cFisiMe, S
NS N
ZNag KOt-Bu =
H/D kulkp = 1.2 CF3
33 8

Scheme 2 Kinetic isotope effect in the trifluoromethylation reaction of
isoquinoline N-oxide.

Based on the previous studies'®'° it is plausible that tert-

butoxide activates silane 1 by forming a pentacoordinated
silicon nucleophile that subsequently binds to the oxygen
atom of the N-oxide. The rate-limiting transfer of the trifluoro-
methyl group to C2 is then followed by fast deprotonation and
elimination of the trimethylsiloxide. This rationale is sup-
ported by a relatively small kinetic isotope effect (ky/kp = 1.2)
in the reaction of isoquinoline N-oxide (33) with 1 (Scheme 2).

This journal is © The Royal Society of Chemistry 2014
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Conclusions

In conclusion, we have investigated the scope and synthetic
utility of a reaction of heterocyclic N-oxides and perfluoroalkyl-
silanes that affords 2-perfluoroalkyl/aryl-substituted nitrogen-
ous heterocycles in good to excellent yields. Potassium tert-
butoxide has been identified as the base of choice for the
nucleophilic activation of the silane. The reported transform-
ation of heterocyclic N-oxides to 2-trifluoromethyl N-hetero-
cycles and related compounds can be used to access
fluorinated heterocyclic scaffolds of practical synthetic and
medicinal value, as demonstrated by the synthesis of two new
fluorine-containing analogues of the antimicrobial drug chlor-
quinaldol. In addition, small kinetic isotope effect points
toward the addition of the trifluoromethyl anion as the rate-
determining step that is followed by fast elimination.

Experimental section
General methods

Tetrahydrofuran was distilled from sodium benzophenone
ketyl. Isoquinoline-N-oxide was purchased from Alfa Aesar,
4-phenylpyridine N-oxide, (pentafluorophenyl)trimethylsilane,
and (pentafluoroethyl)trimethylsilane were purchased from
TCL (Trifluoromethyl)trimethylsilane was purchased from
Matrix Scientific, and (difluoromethyl)trimethylsilane was pur-
chased from Oakwood Chemicals. All other chemicals were
used as commercially available (Sigma-Aldrich, Acros, Alfa
Aesar, Combi-Blocks, Strem). All reactions were conducted
with continuous magnetic stirring under an atmosphere of
argon in oven-dried glassware. Low-temperature experiments
were conducted using a Neslab Cryotrol CB-80 cryostat. Reac-
tions were monitored by TLC until deemed complete using
silica gel-coated glass plates (Merck Kieselgel 60 F254). Plates
were visualized under ultraviolet light (254 nm). Column
chromatography was performed using CombiFlash Rf-200 (Tele-
dyne-Isco) automated flash chromatography system with
RediSep columns. 'H, "*C and '°F NMR spectra were recorded
at 300 and 500 (*H), and 75.5, 125 MHz, and 282 MHz (*°F) on
Varian Mercury VX 300 and Agilent Inova 500 instruments in
CDCl; solutions if not otherwise specified. Chemical shifts ()
are reported in parts per million (ppm) from the residual
solvent peak and coupling constants (J) in Hz. Infrared
measurements were carried out neat on a Bruker Vector 22
FT-IR spectrometer fitted with a Specac diamond attenuated
total reflectance (ATR) module.

General procedure (GP1) for the reaction of heterocyclic
N-oxides with perfluoroalkyl- and pentafluorophenylsilanes

To a stirred solution of heterocyclic N-oxide (0.2 mmol), 3 A
molecular sieves (25 mg), and trimethyl(trifluoromethyl)silane
(45 pL, 0.3 mmol, 1.5 equiv.) in tetrahydrofuran (1 mL) at
—20 °C was added potassium tert-butoxide (66 mg, 0.6 mmol,
3 equiv.) in 1 equiv. portions every 10 min. The reaction was
allowed to stir an additional 10 min before being diluted with

Org. Biomol Chem., 2014, 12, 6190-6199 | 6193
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a saturated aqueous solution of ammonium chloride (2 mL)
and the aqueous layer extracted with dichloromethane (3 x
5 mL). The combined organic layers were dried over anhydrous
sodium sulfate, concentrated under reduced pressure, and
purified by column chromatography [hexanes-EtOAc-silica
gel] to yield the desired product.

Experimental procedures and spectroscopic data

2-(Trifluoromethyl)quinoline'® (3). According to GP1, 2
(50 mg, 0.34 mmol), 3 A molecular sieves (50 mg), and tri-
methyl(trifluoromethyl)silane (76 pL, 0.51 mmol, 1.5 equiv.) in
tetrahydrofuran (1.8 mL) at —20 °C was added potassium tert-
butoxide (116 mg, 1.03 mmol, 3 equiv.) in 3 portions over
30 min. After 10 min the reaction was worked up and the
crude product purified by column chromatography to yield 2-
(trifluoromethyl)quinoline (3) (59 mg, 87%). - 'H NMR
(500 MHz): 7.69 (1 H, td, J = 1, 7 Hz), 7.75 (1 H, d, J = 8.5 Hz),
7.84 (1 H, td, J = 1.5, 7 Hz), 7.92 (1 H, dd, J = 1.5, 8.5 Hz), 8.25
(1 H, dd,J =1, 8.5 Hz), 8.37 (1 H, d, J = 8.5 Hz) ppm. - *C
NMR (125 MHz): 116.7, 116.8, 127.7, 128.6, 130.1, 130.8, 138.1,
147.2 ppm. - '°F NMR (282 MHz): —67.4 ppm. - IR: 910, 1087,
1128, 1214, 1274, 1303, 1431, 2930, 3063 cm ™.

6-(Trifluoromethyl)phenanthridine'* (4). According to GP1,
phenanthridine N-oxide (39 mg, 0.20 mmol), 3 A molecular
sieves (25 mg), and trimethyl(trifluoromethyl)silane (40 pL,
0.22 mmol, 1.1 equiv.) at —20 °C was reacted with potassium
tert-butoxide (66 mg, 0.60 mmol, 3 equiv.) in 3 portions over
30 min. The reaction was allowed to stir an additional 10 min
before being worked up and purified by column chromato-
graphy to yield phenanthridine 4 (41 mg, 82%). - 'H NMR
(500 MHz): 7.79-7.85 (3 H, m), 7.96 (1 H, dt, J = 1.5 Hz, 8.5
Hz), 8.32 (1 H, dd, J = 1.5, 7 Hz), 8.41 (1 H, dd, J = 0.5, 8.5 Hz),
8.65 (1 H, dd, J =1, 7 Hz), 8.74 (1 H, d, J = 8.5 Hz) ppm. - °C
NMR [75 MHZ]: 120.1, 121.8, 122.1, 122.6, 125.1, 125.9, 125.9,
126.0, 128.1, 128.3, 129.2, 129.4, 131.1, 131.4, 134.0,
141.7 ppm. - °F NMR (282 MHz): —63.5 ppm. - IR: 1179,
1395, 1418, 1506, 2988, 3026 cm ™.

8-Methoxy-2-(trifluoromethyl)quinoline® (5). According to
GP1, to a stirred solution of 8-methoxyquinoline N-oxide
(35 mg, 0.20 mmol) and trimethyl(trifluoromethyl)silane
(45 pL, 0.30 mmol, 1.50 equiv.) in tetrahydrofuran (1 mL) was
added potassium tert-butoxide (66 mg, 0.60 mmol, 3 equiv.) in
3 portions over 30 min. After 10 min the reaction was worked
up and the crude product purified by column chromatography
to yield quinoline 5 (45 mg, 98%). - 'H NMR (500 MHz): 4.12
(3 H,s),7.15 (1 H, d,J = 7.5 Hz), 7.48 (1 H, d, ] = 8 Hz), 7.61
(1H,t,J=8Hz),777 (1H,d,J=8.5Hz), 834 (1 H,d,J =
8.5 Hz) ppm. - *C NMR (125 MHz): 56.4, 109.2, 118.5, 119.2,
129.1, 130.0, 137.7, 139.5, 145.8, 136.2 (d), 156.0 ppm. - '°F
NMR (282 MHz): —67.0 ppm. — IR: 1067, 1110, 1213, 1259,
1329, 1432, 1445, 1561, 2937, 3046 cm™ .

7-Chloro-4-methoxy-2-(trifluoromethyl)quinoline (6). Accord-
ing to GP1, to a stirred solution of 7-chloro-4-methoxyquino-
line N-oxide (42 mg, 0.20 mmol) and trimethyl
(trifluoromethyl)silane (45 pL, 0.30 mmol, 1.5 equiv.) in tetra-
hydrofuran (1 mL) was added potassium tert-butoxide (66 mg,
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0.60 mmol, 3 equiv.) in 3 portions over 30 min. After 10 min
the reaction was worked up and the crude product purified
by column chromatography to yield quinoline 6 (23 mg,
43%). - "H NMR (500 MHz): 4.14 (3 H, s), 7.05 (1 H, s), 7.57
(1 H, dd, J = 1, 8 Hz), 8.14-8.20 (2 H, m) ppm. - *C NMR
(125 MHz): 56.3, 96.4, 120.1, 120.2, 122.4, 123.4, 128.5, 137.1,
148.6, 150.1, 150.4, 163.9 ppm. - '°F NMR (282 MHz):
—-68.0 ppm. - IR: 1110, 1215, 1325, 1448, 2988, 2999,
3026 cm™'. - MS (ESI): 261.0 [M], HRMS: 262.0449, calcd:
262.0241 [M + H'].

5-Bromo-2-(trifluoromethyl)quinoline® (7). According to
GP1, 5-bromoquinoline N-oxide (111 mg, 0.50 mmol), 3 A
molecular sieves (100 mg), and trimethyl(trifluoromethyl)
silane (115 pL, 0.75 mmol, 1.5 equiv.) at —20 °C were reacted
with potassium tert-butoxide (56 mg, 1.50 mmol, 3 equiv.) in 3
portions over 30 min. After 10 min the reaction was worked up
and the crude product purified by column chromatography to
yield quinoline 7 (123 mg, 94%). - "H NMR (300 MHz): 7.68
(1 H,dt,J=2,8Hz),7.83 (1 H,dd,J=2,9.5Hz), 7.95 (1 H, d,
J =8 Hz), 8.20 (1 H, d,J =8 Hz), 8.75 (1 H, dd, J = 2, 9.5 Hz)
ppm. - *C NMR (125 MHz): 117.9, 120.2, 121.8, 122.4, 124.6,
130.0, 132.2, 137.9, 147.9, 148.5 (quart., J = 2.5 Hz) ppm. - '°F
NMR (282 MHz): —67.6 ppm. - IR: 1102, 1207, 1321, 1357,
1434, 1514, 2931, 2970, 3025 cm™".

1-(Trifluoromethyl)isoquinoline'” (8). According to GP1,
isoquinoline-N-oxide (207 mg, 1.42 mmol), 3 A molecular
sieves (100 mg), and trimethyl(trifluoromethyl)silane (315 pL,
2.13 mmol, 1.5 equiv.) at —20 °C were reacted with potassium
tert-butoxide (477 mg, 4.26 mmol, 3 equiv.) in 3 portions over
30 min. After 10 min the reaction worked up and the crude
product purified by column chromatography to yield isoquino-
line 8 (259 mg, 92%). - "H NMR (500 MHz): 7.71 (1 H, dt, J = 2,
8.5 Hz), 7.78 (1 H, t, ] = 8 Hz), 7.84 (1 H, d, ] = 5.5 Hz), 7.92 (1
H, d, ] =8 Hz), 8.30 (1 H, d, ] = 8.5 Hz), 8.59 (1 H, d, J = 5.5 Hz)
ppm. - *C NMR (125 MHz): 124.6 (m), 127.5, 128.8, 130.9,
137.1, 140.7, 146.3 (quart., / = 33 Hz) ppm. - "°F NMR
(282 MHZ): —63.0 ppm. - IR: 1024, 1141, 1192, 1233, 1303,
1363, 1400, 1507, 2879, 2974, 3021 cm ™.

7-Chloro-4-phenyl-2-(trifluoromethyl)quinoline'® (9). Accord-
ing to GP1, to a stirred solution of 7-chloro-4-phenylquinoline
N-oxide (51 mg, 0.20 mmol) and trimethyl(trifluoromethyl)
silane (45 pL, 0.30 mmol, 1.5 equiv.) in tetrahydrofuran (1 mL)
was added potassium tert-butoxide (66 mg, 0.60 mmol,
3 equiv.) in 3 portions over 30 min. After 10 min the reaction
was worked up and the crude product purified by column
chromatography to yield quinoline 9 (46 mg, 75%). - 'H NMR
(300 MHz): 7.24 (1 H, d, J = 4 Hz), 7.45-7.56 (5 H, m), 7.88
(1H,d,J=55Hz),855(1Hd,J=4Hz),885(1H,d,J=
1.5 Hz) ppm. - *C NMR (125 MHz): 117.2, 120.3, 122.5, 125.9,
127.3, 128.3, 128.9, 1293, 129.3, 129.4, 129.6, 136.7 (d, J =
1 Hz), 148.2, 148.7 (m), 151.1 ppm. - '°F NMR (282 MHz):
—67.7 ppm. - IR: 1099, 1167, 1266, 1384, 1448, 1502, 2878,
2938, 3041 cm ™.

4-Phenyl-2-(trifluoromethyl)pyridine™  (10). According to
GP1, 4-phenylpyridine N-oxide (35 mg, 0.20 mmol), 3 A mole-
cular sieves (25 mg), and trimethyl(trifluoromethyl)silane
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(45 pL, 0.30 mmol, 1.5 equiv.) at —20 °C were reacted with pot-
assium tert butoxide (66 mg, 0.60 mmol, 3 equiv.) in 3 portions
over 10 min. After 10 min the reaction was worked up and the
crude product purified by column chromatography to yield
pyridine 10 (12 mg, 28%). - '"H NMR (300 MHz): 7.45-7.57
(3 H, m), 7.63-7.71 (3 H, m), 7.90 (1 H, s), 8.78 (1 H, d, J =
5 Hz) ppm. - °C NMR (75 MHz): 118.1 (m), 120.6 (m), 121.7,
123.8, 126.7, 123.8, 126.7, 129.0, 129.5, 136.5, 150.1 ppm.
- "F NMR (282 MHz): —68.0 ppm. — IR: 1023, 1149, 1184,
1261, 1336, 1460, 2854, 2926, 3026 cm ™.

5-Chloro-8-methoxy-2-(trifluoromethyl)quinoline (11). Accord-
ing to GP1, to a stirred solution of 5-chloro-8-methoxyquino-
line N-oxide (42 mg, 0.20 mmol) and trimethyl
(trifluoromethyl)silane (45 pL, 0.30 mmol, 1.5 equiv.) in tetra-
hydrofuran (1 mL) was added potassium tert-butoxide (66 mg,
0.60 mmol, 3 equiv.) in 3 portions over 30 min. After 10 min
the reaction was worked up and the crude product purified by
column chromatography to yield quinoline 11 (48 mg, 92%).
- '"H NMR (500 MHz): 4.11 (3 H, s), 7.08 (1 H, dd, J = 2.5,
8.5 Hz), 7.68 (1 H, dd, J = 2, 8.5 Hz), 7.89 (1 H, dd, J = 2.5, 8.5
Hz), 8.75 (1 H, dd, J = 2, 8.5 Hz) ppm. - "*C NMR (125 MHz):
56.5, 108.8, 110.0, 118.3, 120.3, 122.5, 127.8, 128.6, 135.4,
139.7, 144.3 (d, J = 2 Hz), 155.1 ppm. - '°F NMR (282 MHz):
—67.1 ppm. - IR: 1106, 1186, 1213, 1310, 1372, 1463, 1509,
2842, 2936, 3003 cm™'. - MS (ESI): 262.0, HRMS: 262.0300,
caled: 262.0241 [M + H'].

7-Chloro-4-(isopropylthio)-2-(trifluoromethyl)quinoline (12).
According to GP1, to a stirred solution of 7-chloro-4-(isopro-
pylthio)quinoline N-oxide (51 mg, 0.20 mmol) and trimethyl
(trifluoromethyl)silane (45 pL, 0.30 mmol, 1.5 equiv.) in tetra-
hydrofuran (1 mL) was added potassium tert-butoxide (66 mg,
0.6 mmol, 3 equiv.) in 3 portions over 30 min. After 10 min the
reaction was worked up and the crude product purified by
column chromatography to yield quinoline 12 (61 mg, 63%).
- 'H NMR (500 MHz): 1.52 (6 H, d, J = 7 Hz), 3.79 (1 H, sept., ] =
7 Hz), 7.51 (1 H, s), 7.60 (1 H, dd, J = 2, 9 Hz), 8.14 (1 H, d, ] =
9 Hz), 8.18 (1 H, d, J = 2 Hz) ppm. - ">C NMR (125 MHz): 22.6,
36.1, 112.4, 120.3, 122.4, 125.0, 125.7, 129.0, 129.5, 137.0,
147.0, 138.0 (d), 150.8 ppm. - '°F NMR (282 MHz): —67.9 ppm.
- IR: 1027, 1105, 1197, 1238, 1340, 1560, 2956, 3010,
3345 cm™'. - MS (ESI): 305.8, HRMS: 306.2045, calcd: 306.0326
M +H.

4-(tert-Butylthio)-7-chloro-2-(trifluoromethyl)quinoline (13).
According to GP1, to a stirred solution of 4-(tert-butylthio)-7-
chloroquinoline N-oxide (64 mg, 0.20 mmol) and trimethyl(tri-
fluoromethyl)silane (45 pL, 0.30 mmol, 1.5 equiv.) in tetra-
hydrofuran (1 mL) was added potassium tert-butoxide (66 mg,
0.60 mmol, 3 equiv.) in 3 portions over 30 min. After 10 min
the reaction was worked up and the crude product purified by
column chromatography to yield quinoline 13 (42 mg, 66%).
- 'H NMR (500 MHz): 1.70 (9 H, s), 7.64 (1 H, dd, J = 2, 9 Hz),
7.91 (1 H, s), 8.23 (1 H, dd, J = 2 Hz), 8.56 (1 H, d, J = 9 Hz)
ppm. - *C NMR (75 MHz): 31.3, 49.5, 119.4, 123.2, 127.6,
129.3, 129.8, 129.9, 137.1, 146.4, 147.7 (m) ppm. - IR: 1144,
1213, 1345, 2899, 2987, 3033 cm™'. - MS (ESI): 319.8, HRMS:
319.3671, calcd: 320.0482 [M + H'].
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7-Chloro-4-(isopropylthio)-2-( perfluoropropyl)quinoline (14).
According to GP1, to a stirred solution of 7-chloro-4-(isopro-
pylthio)quinoline N-oxide (51 mg, 0.20 mmol), 3 A molecular
sieves (50 mg), and trimethyl(heptafluoropropyl)silane (61 pL,
0.30 mmol, 1.5 equiv.) in tetrahydrofuran (1 mL) was added
potassium tert-butoxide (67 mg, 0.60 mmol, 3 equiv.) in 3 por-
tions over 30 min at —20 °C. After 10 min the reaction was
worked up and the crude product purified by column chrom-
atography to yield quinoline 14 (63 mg, 78%). - 'H NMR
(500 MHz): 7.49 (1 H, s), 7.61 (1 H, dd, J = 2, 9 Hz), 8.14 (1 H,
d,J =9 Hz), 8.20 (1 H, d,J = 2 Hz) ppm. - *C NMR (125 MHz):
22.4, 36.1, 113.9, 125.0, 125.6, 128.3, 129.2, 129.7, 137.0, 147.1,
147.5, 150.4 ppm. - F NMR (282 MHz): —80.1, —114.9,
—126.1 ppm. - IR: 1076, 1153, 1231, 1304, 1371, 1431, 1567,
2928, 2970, 3035 cm™ .

4-(tert-Butylthio)-7-chloro-2-( perfluoropropyl)quinoline (15).
According to GP1, to a solution of 4-(tert-butylthio)-7-chloro-
quinoline N-oxide (54 mg, 0.20 mmol), 3 A molecular sieves
(50 mg), and trimethyl(heptafluoropropyl)silane (61 pL,
0.30 mmol, 1.5 equiv.) in tetrahydrofuran (1 mL) was added
potassium tert-butoxide (67 mg, 0.60 mmol, 3 equiv.) in 3 por-
tions over 30 min at —20 °C. After 10 min the reaction was
worked up and the crude product purified by column chrom-
atography to yield quinoline 15 (75 mg, 90%). - 'H NMR
(500 MHz): 1.42 (9 H, s), 7.65 (1 H, dd, J = 2, 9 Hz), 7.91 (1 H,
s), 8.26 (1 H, d, J = 2 Hz), 8.58 (1 H, d, J = 9 Hz) ppm. - *C
NMR (125 MHz): 31.3, 49.5, 109.2 (m), 112.6 (m), 116.0 (m),
119.7 (m), 124.8, 127.6, 128.3, 129.5, 129.8, 129.9, 137.1, 146.0,
147.4 (m), 147.9 ppm. - '°F NMR (282 MHz): —80.1, —114.9,
—-126.2 ppm. - IR: 1063, 1122, 1191, 1231, 1305, 1408, 1558,
2901, 2970, 3060 cm™'. - MS (ESI): 457.9, HRMS: 457.9973,
caled: 457.9977 [M + K'].

5-Bromo-2-( perfluoroethyl)quinoline  (16). According to
GP1, to a stirred solution of 5-bromoquinoline N-oxide (45 mg,
0.20 mmol), 3 A molecular sieves (50 mg), and trimethyl( penta-
fluoroethyl)silane (53 pL, 0.30 mmol, 1.5 equiv.) in tetra-
hydrofuran (1 mL) was added potassium tert-butoxide (67 mg,
0.60 mmol, 3 equiv.) in 3 portions over 30 min at —20 °C. After
10 min the reaction was worked up and the crude product puri-
fied by column chromatography to yield quinoline 16 (54 mg,
84%). - "H NMR (500 MHz): 7.69 (1 H, t, ] = 7.5 Hz), 7.86 (1 H,
d,J=8.5Hz),7.97 (1 H,d,J=7.5 Hz), 8.23 (1 H, d, ] = 8.5 Hz),
8.76 (1 H, d, J = 8.5 Hz) ppm. - °C NMR (125 MHz): 111.2 (d),
113.2 (d), 117.8 (t), 119.0, 120.1 (t), 121.8, 128.2, 130.2, 130.9,
132.3, 137.6, 148.0, 148.3 (t) ppm. - '’F NMR (282 MHz):
-80.7, —114.8 ppm. - IR: 1069, 1122, 1199, 1254, 1319, 1417,
2956, 3006, 3042 cm~'. - MS (ESI): 326.0, HRMS: 325.9560,
caled: 325.9598 [M + H'].

8-Methoxy-2-( perfluorophenyl)quinoline (17). According to
GP1, to a stirred solution of 8-methoxyquinoline N-oxide
(35 mg, 0.20 mmol), 3 A molecular sieves (50 mg), and tri-
methyl( pentafluorophenyl)silane (57 pL, 0.30 mmol,
1.5 equiv.) in tetrahydrofuran (1 mL) was added potassium
tert-butoxide (23 mg, 0.20 mmol, 1 equiv.) in 3 portions over
30 min at —20 °C. After 10 min the reaction was worked up
and the crude product purified by column chromatography to
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yield quinoline 17 (11 mg, 17%). - "H NMR (500 MHz): 4.10
(3 H,s), 7.13 (1 H, dd, J = 1, 8 Hz), 7.43-7.57 (3 H, m), 8.27
(1 H, d, J = 8.5 Hz) ppm. - *C NMR (125 MHz): 56.3, 108.6,
119.3, 123.3, 124.9, 127.4, 128.0, 128.4, 128.7, 135.7, 136.8,
140.3, 145.7, 155.6 ppm. - °F NMR (282): —161.2 (m), —153.0
(t), —140.1 (m) ppm. - IR: 1110, 1176, 1213, 1315, 1380, 1446,
1505, 2842, 2937, 3046 cm™'. - MS (ESD): 325.9, HRMS:
326.0649, calcd: 326.0599 [M + H'].

8-Methoxy-2-( perfluoroethyl)quinoline (18). According to
GP1, to a stirred solution of 8-methoxyquinoline N-oxide
(35 mg, 0.20 mmol), 3 A molecular sieves (50 mg), and tri-
methyl( pentafluoroethyl)silane (53 pL, 0.30 mmol, 1.5 equiv.)
in tetrahydrofuran (1 mL) was added potassium tert-butoxide
(67 mg, 0.60 mmol, 3 equiv.) in 3 portions over 30 min at
—20 °C. After 10 min the reaction was worked up and the
crude product was purified by column chromatography to
yield quinoline 18 (49 mg, 86%). - "H NMR (500 MHz): 4.10
(3 H,s),7.15 (1 H, d, J = 8 Hz), 7.46 (1 H, d, J = 8.5 Hz), 7.61
(1H,t,J=8Hz),777 (1 H,d,J=85Hz),832(1HdJ=
8.5 Hz) ppm. - *C NMR (125 MHz): 56.4, 109.2, 111.2 (d),
113.5 (d), 117.9 (t), 118.5, 119.2, 120.18 (t), 128.3, 129.1, 130.0,
137.7, 139.5, 146.0 (t), 156.0 ppm. - 'F NMR (282 MHz):
-116.5 (t), —82.8 (quart.) ppm. - IR: 1213, 1314, 1445, 2899,
2985, 3025 cm™'. — MS (ESI): 277.9, HRMS: 278.054, calcd:
278.0599 [M + H'].

1-(Perfluoroethyl)isoquinoline®® (19). According to GP1, to a
stirred solution of isoquinoline-N-oxide (30 mg, 0.20 mmol),
3 A molecular sieves (50 mg), and trimethyl(pentafluoroethyl)
silane (53 pL, 0.30 mmol, 1.5 equiv.) in tetrahydrofuran (1 mL)
was added potassium tert-butoxide (67 mg, 0.60 mmol,
3 equiv.) in 3 portions over 30 min at —20 °C. After 10 min the
reaction was worked up and the crude product purified by
column chromatography to yield isoquinoline 19 (27 mg,
55%). - "H NMR (500 MHz): 7.73 (1 H, dt, J = 1, 6.5 Hz), 7.79
(1H,dt,J=1,6.5 Hz), 7.87 (1 H, d,J = 5.5 Hz), 7.96 (1 H, d, J =
8 Hz), 8.40 (1 H, d, J = 8.5 Hz), 8.63 (1 H, d, ] = 5.5 Hz) ppm.
- C NMR (125 MHz): 111.5 (d), 113.5 (d), 115.5 (m), 118.1
(t), 120.4 (t), 124.4, 124.8, 125.9, 127.7, 128.8, 130.7, 137.2,
140.8, 146.3 (m) ppm. - 'F NMR (282 MHz): —81.2,
—107.7 ppm. - IR: 1071, 1122, 1174, 1260, 1319, 1474, 2920,
2963, 3028 cm ™.

2-(Difluoromethyl)-8-methoxyquinoline (20). According to
GP1, to a stirred solution of 7-chloro-4-(isopropylthio)quino-
line N-oxide (53 mg, 0.30 mmol), 3 A molecular sieves (50 mg),
and trimethyl(difluoromethyl)silane (150 pL, 0.45 mmol,
5 equiv.) in tetrahydrofuran (3 mL) was added potassium tert-
butoxide (135 mg, 0.90 mmol, 4 equiv.) in 3 portions over
30 min at —20 °C. After 30 min the reaction was worked up
and the crude product purified by column chromatography to
yield quinoline 20 (51 mg, 81%). - "H NMR (500 MHz): 3.89 (3
H, s), 4.77 (1 H, br s), 5.43 (1 H, dd, J = 2.5, 10 Hz), 5.69-5.95
(1 H, m), 6.63-6.76 (4 H, m) ppm. - *C NMR (125 MHz): 55.6,
110, 111.2, 111.8, 111.9, 113.8, 113.9, 115.9, 117.5, 117.7,
119.9, 130.4, 131.9, 145.1 ppm. - '°F NMR (282 MHz): —132.8
(d) ppm. - IR: 1110, 1213, 1345, 1415, 1556, 2898, 3026 cm .
- MS (ESI): 210.0, HRMS: 210.0721, calcd: 210.0725 [M + H+].
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7-Chloro-2-(difluoromethyl)-4-(isopropylthio)quinoline (21).
According to GP1, to a stirred solution of 7-chloro-4-(isopro-
pylthio)quinoline N-oxide (76 mg, 0.30 mmol), 3 A molecular
sieves (50 mg), and trimethyl(difluoromethyl)silane (150 pL,
1.50 mmol, 5 equiv.) in tetrahydrofuran (3 mL) was added
potassium tert-butoxide (134 mg, 1.20 mmol, 4 equiv.) in 3
portions over 30 min at —20 °C. After 30 min the reaction was
worked up and the crude product purified by column chrom-
atography to yield quinoline 21 (30 mg, 34%). - 'H NMR
(500 MHz): 1.36 (6 H, d, J = 6.5 Hz), 3.31 (1 H, sept., J =
6.5 Hz), 4.37 (1 H, br s), 5.45 (1 H, d, J = 2 Hz), 5.83 (1 H, m),
6.60 (1 H, d, =2 Hz), 6.71 (1 H, dd, J = 2, 8 Hz), 7.43 (1 H, d,
J =8 Hz) ppm. - C NMR (125 MHz): 22.6, 36.4, 110.8, 111.6,
113.1, 113.6, 115.6, 116.7, 118.9, 126.9, 136.0, 137.5,
141.8 ppm. - '°F NMR (282 MHz): —132.2 (dd) ppm. - IR:
1093, 1263, 1368, 1414, 2905, 2964, 3013 cm™'. - MS (ESI):
287.0, HRMS: 287.0167, calcd: 287.0347 [M + H+].

4-(tert-Butylthio)-7-chloro-2-(difluoromethyl)quinoline  (22).
According to GP1, to a stirred solution of 4-(tert-butylthio)-7-
chloroquinoline N-oxide (80 mg, 0.3 mmol), 3 A molecular
sieves (50 mg), and trimethyl(difluoromethyl)silane (150 pL,
1.50 mmol, 5 equiv.) in tetrahydrofuran (3 mL) was added pot-
assium tert-butoxide (134 mg, 1.20 mmol, 4 equiv.) in 3 por-
tions over 30 min at —20 °C. After 30 min the reaction was
worked up and the crude product purified by column chrom-
atography to yield quinoline 22 (47 mg, 52%). - 'H NMR
(500 MHz): 1.35 (9 H, s), 4.34 (1 H, br s), 5.72-5.97 (2 H, m),
6.58 (1 H,d,J=2Hz),6.72 (1 H,dd, =2, 8.5 Hz), 7.70 (1 H, d,
J =8 Hz) ppm. - **C NMR (75 MHz): 31.3, 112.9, 113.4, 116.7,
118.6, 119.9, 122.2, 129.2, 131.0, 135.9, 141.8 ppm. - *°F NMR
(282 MHz): —132.1 (d) ppm. - IR: 1093, 1213, 1368, 1475, 2995,
3025 cm™'. - MS (ESI): 302.1, HRMS: 302.0599, calcd: 302.0576
[M+H"].

8-Methoxy-2-(2,3,5,6-tetrafluoro-4-( phenylthio)phenyl)-quino-
line (23). According to GP1, to a stirred solution of 8-methoxy-
quinoline N-oxide (35 mg, 0.20 mmol), 3 A molecular sieves
(50 mg), sodium thiophenolate (158 mg, 1.20 mmol, 6 equiv.),
and trimethyl( pentafluorophenyl)silane (57 pL, 0.30 mmol,
1.5 equiv.) in tetrahydrofuran (2 mL) was added potassium
tert-butoxide (67 mg, 0.60 mmol, 3 equiv.) in 3 portions over
30 min at —20 °C. After 10 min the reaction was worked up
and the crude product purified by column chromatography to
yield quinoline 23 (72 mg, 86%). - "H NMR (500 MHz): 4.10
(3 H,s), 7.14 (1 H, d,J = 7.5 Hz), 7.31-7.37 (5 H, m), 7.42 (1 H,
d,J=7.5 Hz), 7.45 (1 H, d, J = 8 Hz), 7.55-7.61 (1 H, m), 8.28
(1 H, d, J = 8.5 Hz) ppm. - >C NMR (125 MHz): 56.3, 108.3
(m), 119.4, 123.3, 124.7, 127.2, 127.5, 127.8, 129.2, 129.4,
129.6, 130.4, 135.7, 135.7, 139.9, 146.3, 155.6 (m) ppm. — °F
NMR (282 MHz): —133.0 (dd), —142.3 (dd) ppm. - IR: 1111,
1260, 1323, 1379, 1479, 1561, 2874, 2942, 3024 cm™'. - MS
(ESI): 415.8, HRMS: 416.0784, calcd: 416.0727 [M + H'].

2-(4-(tert-Butoxy)-2,3,5,6-tetrafluorophenyl)-8-methoxy-quinoline
(24). According to GP1, to a stirred solution of 8-methoxy-
quinoline N-oxide (35 mg, 0.20 mmol), 3 A molecular sieves
(50 mg), and trimethyl(pentafluorophenyl)silane (57 pL,
0.3 mmol, 1.50 equiv.) in tetrahydrofuran (2 mL) was added
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potassium tert-butoxide (67 mg, 0.60 mmol, 3 equiv.) in 3 por-
tions over 30 min at —20 °C. After 10 min the reaction was
worked up and the crude product purified by column chrom-
atography to yield quinoline 24 (63 mg, 83%). - 'H NMR
(500 MHz): 1.46 (9 H, s), 4.08 (3 H, s), 7.11 (1H, d, J = 7.5 Hz),
7.45 (1 H, d, J = 8.5 Hz), 7.54 (1 H, t, J = 7.5 Hz), 7.58 (1 H, d,
J=7.5Hz),8.25 (1 H, d,] = 8.5 Hz) ppm. - "*C NMR (125 MHz):
56.3, 108.6, 119.4, 123.4, 128.0, 128.3, 128.7, 136.8, 140.3,
145.7, 155.6 ppm. - '°F NMR (282 MHz): —140.1 (m), —161.3
(m) ppm. - IR: 1110, 1211, 1345, 1445, 2899, 3026 cm™". - MS
(ESD): 401.9 [M + Na*], HRMS: 380.0725, calcd: 380.1268
M +H.
2-(4-(tert-Butoxy)-2,3,5,6-tetrafluorophenyl)-5-chloro-8-methoxy-
quinoline (25). According to GP1, to a stirred solution of
5-chloro-8-methoxyquinoline N-oxide (42 mg, 0.20 mmol), 3 A
molecular sieves (50 mg), and trimethyl(pentafluorophenyl)
silane (57 pL, 0.30 mmol, 1.5 equiv.) in tetrahydrofuran (2 mL)
was added potassium tert-butoxide (67 mg, 0.60 mmol,
3 equiv.) in 3 portions over 30 min at —20 °C. After 10 min the
reaction was worked up and the crude product purified by
column chromatography to yield quinoline 25 (69 mg, 83%).
- "H NMR (300 MHz): 1.45 (9 H, s), 4.08 (3 H, s), 7.03 (1 H, d, J =
9.5 Hz), 7.61 (1 H, d, J = 9.5 Hz), 7.71 (1 H, dt, J = 1.5, 9.5 Hz),
8.66 (1 H, d, J = 9.5 Hz) ppm. - >’C NMR (125 MHz): ppm.
- "F NMR (282 MHz): —140.5 (m), —151.5 (m) ppm. - IR: 1092,
1104, 1159, 1246, 1310, 1372, 1423, 1488, 2963, 2995,
3042 cm™'. - MS (ESI): 414.1, HRMS: 414.0907, calcd: 414.0878
M +H].
5-Bromo-2-(4-(ethylthio)-2,3,5,6-tetrafluorophenyl)quinoline
(26). According to GP1, to a stirred solution of 5-bromoquino-
line N-oxide (45 mg, 0.20 mmol), 3 A molecular sieves (50 mg),
sodium ethanethiolate (101 mg, 1.20 mmol, 6 equiv.), and tri-
methyl(difluoromethyl)silane (60 pL, 0.3 mmol, 1.50 equiv.) in
tetrahydrofuran (2 mL) was added potassium tert-butoxide
(90 mg, 0.8 mmol, 4 equiv.) in 3 portions over 30 min at
—20 °C. After 10 min the reaction was worked up and the
crude product purified by column chromatography to yield
quinoline 26 (37 mg, 45%). - "H NMR (300 MHz): 1.33 (3 H, t,
J = 4.5 Hz), 3.05 (1 H, quart., J = 4.5 Hz), 7.61-7.71 (2 H, m),
7.91 (1 H, dd, J = 1, 8.5 Hz), 8.15 (1 H, dd, J = 1, 9.5 Hz), 8.68
(1 H, d, J = 9.5 Hz) ppm. - *C NMR (75 MHz): 15.1, 28.9,
121.9, 123.9, 127.0 (d), 129.7, 130.5, 131.4, 138.2 (d), 148.8 (m)
ppm. - "F NMR (282 MHz): —133.7 (dd), —143.2 (dd) ppm.
- IR: 1110, 1213, 1333, 1415, 1554, 2989, 3014 cm ™. — MS (ESI):
416.0, HRMS: 415.9701, caled: 415.9726 [M + H'].
5,7-Dichloro-8-methoxyquinoline 1-oxide (27). To a stirred
solution of 5,7-dichloro-8-methoxyquinoline (500 mg,
2.19 mmol) in dichloromethane (5 mL) was added meta-
chloroperoxybenzoic acid (980 mg, 2.85 mmol, 1.3 equiv., 50%
solution in H,0) at 0 °C. After 12 h the reaction was diluted
with a saturated aqueous solution of sodium thiosulfate-
sodium carbonate (30 mL, 1:1), and the aqueous layer
extracted with dichloromethane (4 x 10 mL). The combined
organic layers were dried over anhydrous sodium sulfate, con-
centrated under reduced pressure, and purified by column
chromatography to yield N-oxide 27 (341 mg, 64%). - m.p.:

This journal is © The Royal Society of Chemistry 2014

View Article Online

Paper

138-140 °C. - '"H NMR (500 MHz): 4.09 (3 H, s), 7.32-7.36 (1 H,
m), 7.75 (1 H, s), 8.02 (1 H, d, J = 8.5 Hz), 8.48 (1 H, d, J =
8.5 Hz) ppm. - >C NMR (125 MHz): 63.1, 121.5, 122.1, 127.3,
129.8, 130.0, 130.1, 138.9, 139.1, 148.4 ppm. — IR: 1098, 1225,
1392, 1558, 2880, 2938, 3012 cm™*. - MS (ESI): 244.0, HRMS:
243.9987, caled: 243.9927 [M + H'].

8-(tert-Butoxy)-5,7-dichloro-2-(trifluoromethyl)quinoline (28).
According to GP1, to a stirred solution of 27 (49 mg,
0.20 mmol), 3 A molecular sieves (50 mg), and trimethyl(tri-
fluoromethyl)silane (45 pL, 0.30 mmol, 1.5 equiv.) in tetra-
hydrofuran (1 mL) at —20 °C was added potassium tert-
butoxide (66 mg, 0.60 mmol, 3 equiv.) in 3 portions over
30 min. After 3 h the reaction was worked up and the crude
product purified by column chromatography to yield quinoline
28 (37 mg, 54%). - "H NMR (500 MHz): 1.57 (9 H, s), 7.80 (1 H,
s), 7.82 (1 H, d,J = 8.5 Hz), 8.70 (1 H, d, J = 8.5 Hz) ppm. - °C
NMR (125 MHz): 29.7, 86.3, 102.5, 117.5, 122.5, 126.7, 130.1,
130.7, 135.7, 145.0, 148.2 (d, J = 2 Hz), 150.1 ppm. - '°’F NMR
(282 MHz): —67.4 ppm. — IR: 1102, 1189, 1262, 1339, 1443,
2953, 2988, 3028 cm~'. - MS (ESI): 376.0, HRMS: 375.9874,
caled: 375.9880 [M + K'].

8-(tert-Butoxy)-5,7-dichloro-2-( perfluoroethyl)quinoline (29).
According to GP1, to a stirred solution of 27 (49 mg,
0.20 mmol), 3 A molecular sieves (50 mg), and trimethyl-
(pentafluoroethyl)silane (53 pL, 0.30 mmol, 1.5 equiv.) in tetra-
hydrofuran (1 mL) was added potassium tert-butoxide (67 mg,
0.6 mmol, 3 equiv.) in 3 portions over 30 min at —20 °C. After
3 h the reaction was worked up and the crude product was puri-
fied by column chromatography to yield quinoline 29 (34 mg,
44%). - "H NMR (500 MHz): 1.57 (9 H, s), 7.80 (1 H, s), 7.82
(1 H, d,J = 8.5 Hz), 8.70 (1 H, d, J = 8.5 Hz) ppm. - *C NMR
(125 MHz): 29.6, 86.4, 110.0, 111.3 (m), 113.7, 125.5, 126.6,
130.2, 130.8, 135.5, 145.3, 147.9, 150.1 ppm. - '°F NMR
(282 MHz): —82.9, —116.9 ppm. - IR: 1011, 1158, 1262, 1300,
1393, 1440, 1585, 2934, 2980, 3035 cm™'. - MS (ESI): 388.0,
HRMS: 388.0566, calcd: 388.0289 [M + H'].

5,7-Dichloro-2-(trifluoromethyl)quinolin-8-ol (31). To a solu-
tion of 28 (12 mg, 0.04 mmol) in dichloromethane (4 mL) at
23 °C was added trifluoromethanesulfonic acid (36 mg,
0.24 mmol, 6 equiv.). After 12 h the reaction was diluted with a
saturated aqueous solution of sodium bicarbonate (10 mL)
and the aqueous layer extracted with dichloromethane (3 x
10 mL). The combined organic layers were dried over anhy-
drous sodium sulfate and concentrated under reduced
pressure to yield chlorquinaldol analogue 31 (10 mg, 88%).
- 'H NMR (500 MHz): 7.76 (1 H, s), 7.92 (1 H, d, ] = 9 Hz), 8.74
(1 H, d, J = 9 Hz) ppm. - *C NMR (125 MHz): 104.5, 110.0,
117.2, 118.3, 121.0, 125.9, 130.6, 136.2, 137.6, 148.0 (m) ppm.
- 'F NMR (282 MHz): —67.4 ppm. - IR: 908, 1104, 1187, 1316,
1351, 1465, 2991, 3031, 3359 cm™*. - MS (ESI): 282.0, HRMS:
281.9666, calcd: 281.9695 [M + H'].

5,7-Dichloro-2-( perfluoroethyl)quinolin-8-ol (32). To a solu-
tion of 29 (15 mg, 0.04 mmol) in dichloromethane (4 mL) at
23 °C was added trifluoromethanesulfonic acid (36 mg,
0.24 mmol, 6 equiv.). After 12 h the reaction was diluted with a
saturated aqueous solution of sodium bicarbonate (10 mL)

Org. Biomol. Chem., 2014, 12, 6190-6199 | 6197


http://dx.doi.org/10.1039/c4ob01088d

Published on 26 June 2014. Downloaded by Nipissing University on 14/10/2014 05:42:17.

Paper

and the aqueous layer extracted with dichloromethane (3 x
10 mL). The combined organic layers were dried over anhy-
drous sodium sulfate and concentrated under reduced
pressure to yield chlorquinaldol analogue 32 (12 mg, 90%).
- 'H NMR (500 MHz): 7.76 (1 H, s), 7.92 (1 H, d, ] = 9 Hz), 8.74
(1 H,d,J =9 Hz) ppm. - >C NMR (125 MHz): 104.5, 109.89,
117.2, 118.4, 121.0, 125.8, 130.6, 136.1, 137.5, 147.8 (m) ppm.
- F NMR (282 MHz): —82.7, —116.6 ppm. — IR: 960, 1121,
1163, 1331, 1460, 2925, 2963, 3033, 3442 cm™'. - MS (ESI):
331.9, HRMS: 331.9659, calcd: 331.9663 [M + H'].
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