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Abstract:

In this study a method for preparation of subsdiuanilides of 2-quinaldic acid in one step,
based on the direct reaction of an acid or estén wibstituted anilines using microwave
irradiation have been developed. The optimized otkthas used for the synthesis of a series
of eighteen substituted quinoline-2-carboxanilides.
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INTRODUCTION

Derivatives of quinoline and its isosters are rékaale compounds with many different kinds
of biological effects. A number of quinoline reldteompounds expressed antifungal [1-3],
antibacterial [4-6], antiviral [7-9], antineoplas{iL0-12], and other activities [13-15].

The stable and polar amide group is an importamttfanality among the organic substances
present in common natural materials like proteiMsreover, this unit is found in many
synthetic compounds as active pharmaceutical imgnésl (APIs) or prodrugs [16]. Due to its
interest in drug discovery, formation of amidesniramines and carboxylic acids and their
derivatives is one of the most described transftons. The formation of the amide bond
requires activation of a carboxylic acid functiogabup. The most common methods involve
either its activation through acyl chlorides, anfigels, active esters and other reactive
carboxylic acid derivatives, or in situ activatiby using large family of various coupling
reagents. Although both approaches usually affatisfactory results, they often need
expensive coupling reagents, or lead to the foonatf by-products requiring further
separations [17-18].

Microwave-assisted organic synthesis has been ssfttly applied in organic and medicinal
chemistry over the last decades. The use of micrewaadiation as non-conventional energy
source to simplify and improve classic organic tieas has become a very popular method,
because it often leads to higher yields, improvenversions, clean product formation and
shorter reaction times [19-25].



RESULTSAND DISCUSSION

Substituted quinoline-2-carboxanilides were infifiadynthesised from 2-quinaldic acid and
corresponding substituted anilines. The activabbrcarboxylic function was carried out by
using an excess of thionyl chloride and catalytimoant of dimethylformamide in standard
manner. When this type of activation was performsesides desired acyl chloridealso
formation of undesired chloro- compourdl where chlorine is attached in position 4 of
quinoline ring, was observed (Scheme 1).

Scheme 1. Standard synthesis of quinoline-2-carbonyl chierdtogether with 4-chloro-
quinoline-2-carbonyl chlorida.
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It is well-known that chlorination occurred on arigine ring which is similar to quinoline,
when pyridine carboxylic acid is treated with thybohloride with presence of small amount
of anhydrous dimethylformamide. Formed so calletsiieier reagent is well described and
used for formation of 4-chloropyridines as intermagek in the synthesis of multiple kinase
inhibitor — sorafenib [26]. The method for dire¢tlarination of quinoline in position 4 was
not described in the literature so far. On the oth@nd, formation of 4-chloroquinoline
derivative hampered our efforts to prepare purena@line-2-carboxanilides. When anilides
were prepared from the mixture of acyl chlorideand 3 (20-30%), there was no other
possibility to separate them, than chromatograpgltiempts to optimize reaction conditions
(temperature, ratio of reagents, reaction time,) etcview to reduce amount of undesired
intermediates failed.

Scheme 2. Optimization process of the synthesis bf(4-bromophenyl)quinoline-2-
carboxamide5¢c and N-(4-bromophenyl)naphthalene-2-carboxami@eunder microwave
irradiation.
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The other possibility for the synthesis of the dasiquinoline-2-carboxanilides is to perform
direct amidation process starting from an acidstereprecursor and substituted anilines under
microwave irradiation [25, 27]. In order to scre#ms method under microwave-assisted
conditions, we performed the reaction in a Startynicrowave reactor. The method was
tested on compounds: 2-quinaldic add and its methylestedb and phenylestefc,
2-naphthoic acidla and its ethylestetb. All those compounds reacted with 4-bromaniline as
a model amine (Scheme 2). The synthesis was cavuedt various conditions: solvent-free,
in dimethylformamide (DMF) and in chlorobenzenel Af the reactions were performed
without or with catalystsp-toluenesulfonic acid (PTSA), potassiuent-butoxide [BuOK),
Silica gel, KF/ALOs. Microwave output power of the reactor in all espeents was set to



800W. The reaction temperature was 150 °C in otdeshift the equilibrium by water
removal. The ratio of an acid derivative and amirms 1:1.5The reactions were irradiated up
to maximum 2 hours and were monitored by HPLC aislylhe results are summarized in
Table 1.

Already from the first tests was evident, that theect amidation of 2-quinaldic acith is
hampered by formation of decarboxylated produairra@line 7. It was determined, that when
the reaction was carried out in DMF and catalysébee with PTSA or'BuOK only
decarboxylated product was produced. On the other hand, in case of nalamé-2-
carboxylic acidda there were no traces of decarboxylated pro8udiserved.

Table 1. Reaction of 4-bromoaniline with 2-quinaldic anghthalene-2-carboxylic acids and
their derivatives under microwave irradiation.

Conversion after 0.5 Conversion after 1 h| Conversion after 2 h
Comp.| Solvent| Catalyst | Amide5c | Product7 | Amide5c | Product7 | Amide5c | Product?
or6 or8 or6 or8 or6 or8
la - - 57% 37% a 2 -2 K
da - - - - - - 9% -
1b - - 6% - 21% - 51% -
4b - - - - - - - -
la DMF - - - - - - -
da DMF - - - - - - -
1b DMF - - - - - - -
4b DMF - - - - - - -
la PhCI - - - - - - -
4a PhCI - - - - - 7% -
1b PhCI - - - - - - -
4b PhCI - - - - - - -
la - PTSA 53% 46% 55% 44% 33% 67%
4a - PTSA 20% - 46% - 1008 2
1b - PTSA 35% - a 2 2 2
4b - PTSA - - - - - -
la DMF PTSA ¢ 100% ¢ 100% ¢ 100%
1b DMF PTSA - - - - ¢ -
4b DMF PTSA - - - - - -
la PhCl PTSA 19% 24% 28% 25% 32% 30%
4a PhCl PTSA - - - - - -
1b PhCl PTSA 20% - 25% - 34% -
4b PhCl PTSA - - - - - -
la - 'BUOK 59% 41% 61% 39% 62% 38%
da - 'BUOK 11% - 20% - 44% -
1b - 'BUOK 26% 74% 43% 5696 2 2
4b - 'BUOK - - - - - -
la DMF 'BUOK - 100% - 100% - 100%
da DMF 'BUOK - - - - - -
1b DMF 'BUOK e - £ - < -
4b DMF 'BUOK - - - - - -
la PhCl | 'BuOK 13% 27% 30% 34% 35% 41%
da PhCl | 'BuOK - - - - - -
1b PhCl | 'BuOK 17% - 18% - 16% -
4b PhCl | 'BuOK - - - - - -
la - Silica gel 63% 37% 17% 83% 53% 47%
4a - Silica gel - - 22% - 100% -
1b - Silica gel 11% - 30% - 19% 19%
4b - Silica gel - - - - - -

@ decomposition® partial decompositiorf,traces of product, many impurities® not performed



Table 1. Reaction of 4-bromoaniline with 2-quinaldic and higalene-2-carboxylic acids and
their derivatives under microwave irradiation (cpnt

Conversion after 0.5 Conversion after 1 h| Conversion after 2 h
Comp.| Solvent| Catalyst | Amide5c | Product7 | Amide5c | Product7 | Amide5c | Product?

or6 or8 or6 or8 or6 or8
la DMF | Silica gel £ - - - - -
4da DMF | Silica gel - - - - - -
1b DMF | Silica gel - - - - < -
4b DMF | Silica gel - - - - - -
la PhCI | Silica gel B 26% 9% 23% 68% 8%
4a PhCI | Silica gel - - - - - -
1b PhCI | Silica gel - - 6% - 9% -
4b PhCI | Silica gel - - - - - -
la - KF/AI,O3 - - - - 90% 8%
4da - KF/AI,O3 - - - - £ -
1b - KF/AI,O4 10% - 18% - 35% -
4b - KF/AI,O4 - - - - - -
la DMF | KF/AI,O3 - 73% - 89% - 98%
4a DMF | KF/AI,O3 - - - - - -
1b DMF | KF/AI,O3 - - - - - -
4b DMF | KF/AI,O3 - - - - - -
la PhCI | KF/ALO; - - 7% 24% 20% 20%
4a PhCI | KF/ALO; - - - - - -
1b PhCI | KF/ALO; - - - - £ -
4b PhCI | KF/ALO; - - - - - -
1c - - 96% - 100% - < -

2 decomposition” partial decompositiorf,traces of product, many impurities® not performed

When the reaction was performed in solvents likeFodd chlorobenzene, it generally did not
lead to any improvement. Although the use of meésyer of 2-quinaldic acitlb suppressed
decarboxylation, it did not enhance reactivity todgthe amides significantly. The same
applies to ethyl naphthalene-2-carboxykde The results showed that, in almost all cases, the
reactions proceeded not cleanly, and the formatibrside products and impurities was
noticed. Finally, utilization of phenyl quinoline€arboxylate 1c in reaction with
4-bromoaniline under microwave irradiation in solisfee conditions showed spectacular
acceleration, high conversion, in relatively shiedction time and high product purity.

Having optimized the substrate structure and theditions in hand, we next evaluated the
scope of the procedure by varying the aniline. tegh commercially available ring-
substituted anilines were explored as reactionnpastto phenyl quinoline-2-carboxylate
and very good vyields (61-89%) and satisfactory tsiof the product®-5c, 9-13c were
obtained. All of the studied compounds were preagpaczording to Scheme 3.

Scheme 3. Optimized microwave-assisted synthesis of sulietitguinoline-2-carboxanilides
5-5¢, 9-13c.
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In conclusion, we have successfully developed a&hmicrowave-assisted one-pot coupling
of phenyl ester of 2-quinaldic acid and ring-sulgtid anilines, providing an efficient
approach for the synthesis of substituted quinelirearboxanilides in solvent-free
conditions. Interestingly, the reactions were aggtlle to eighteen substituted anilines.
Desired carboxanilides were isolated in very goettlg and purities.

EXPERIMENTAL

General

All chemicals were reagent grade and were purchased Sigma-Aldrich and Acros. TLC
analysis was performed on precoated 6£,4 Fplates (Merck, Darmstadt, Germany).
Compounds were visualized by UV light (254 nm) awhluated in iodine vapour. Small
scale microwave-assisted synthesis was carriednoat StartSynth multimode microwave
instrument producing controlled irradiation at 2@Hz (Milestone S.r.l., Sorisole, Italy). The
instrument is equipped with an industrial magnetod a microwave diffuser located above
the microwave chamber, with continuous microwavépou power from 0 to 1400 W.
Reaction times refer to hold times at the tempeeatindicated, not to total irradiation times.
The temperature was measured with an IR sensoneooutside of the reaction vessel. The
melting points were determined on Boetius PHMK UEB Kombinat Nagema, Radebeul,
Germany) and are uncorrected. Infrared (IR) spestee recorded on a Smart MIRacle™
ATR ZnSe for Nicolet™ Impact 410 FT-IR Spectromef€hermo Scientific, USA). The
spectra were obtained by accumulation of 256 seaths2 cm’ resolution in the region of
4000-600 crit. All *H and**C NMR spectra were recorded in DMS@sblutions at ambient
temperature on a Bruker Avance 11l 400 MHz spectten(Karlsruhe, Bruker, Germany, 400
MHz for *H, 100 MHz for®3C). Chemical shifts are reported in pp®). (Proton chemical
shifts in DMSO-@ are related to the middle of the solvent multigfet 2.50).*C-NMR
spectra were measured using APT pulse sequencdsrCehemical shifts are referenced to
the middle of the solvent multipled € 39.5 in DMSO-¢). Mass spectra were measured using
a LTQ Orbitrap Hybrid Mass Spectrometer (ThermocEtn Corporation, USA) with direct
injection into an APCI source (400 °C) in the psitmode. HPLC analysis was carried out
on the system Agilent 1200 Series with DAD detecidre separations were carried out using
a C18 reversed phase analytical column, Gemini-R& (Phenomenex, 100x2 mm, particle
size 3 um) at 35 °C and a mobile phase from 50:8@&MMeCN (all solvents were HPLC
grade, Sigma-Aldrich).

Procedure for the optimization of microwave-assisted synthesis

2-Quinaldic acid or naphthalene-2-carboxylic acid tbeir esters (1.7 mmol) and 4-

bromoaniline (0.45g, 2.6 mmol) were mixed in 10 mdund bottom flask and placed to

microwave reactor. Outlet of the reaction flask veamnected with a tube attached to a
condenser outside of the microwave reactor. Mick@vautput power was selected to
maximum 800W. The stirred reaction mixture was petdd to 150 °C by microwave

irradiation and let to react at the same tempegatoir 2 h. The reaction was monitored by
HPLC in time periods: 0.5 h, 1 h and 2 h. The rssaile presented in Table 1.

General procedure for the microwave-assisted synthesis of ring-substituted quinoline-
2-carboxanilides

Phenyl quinoline-2-carboxylate (250 mg, 1 mmol) autbstituted aniline (1.5 mmol) were
mixed in 10 mL round bottom flask and placed tonmicave reactor. Outlet of the reaction
flask was connected with a tube attached to a cwm®teoutside of the microwave reactor.
Microwave output power was selected to maximum 80UWe stirred reaction mixture was
preheated to 150 °C by microwave irradiation anddeeact at the same temperature for 1 h.
After cooling, the reaction mixture was diluted kvithloroform (20 mL), washed with



saturated sodium bicarbonate solution (2x10 mL) lamak (10 mL). The organic phase was
then dried over anhydrous sodium sulfate and tHeesb was removed under reduced
pressure. The crude product was recrystallized frempropanol to yield pure substituted
guinoline-2-carboxanilideS-5c, 9-13c.

N-(2-bromophenyl)quinoline-2-carboxamide (5a). Yield 61%; Mp. 134-135 °C; IR (Zn/Se
ATR, Cm'l): 327%v, 168%, 1588n, 1579n, 1543n, 153G, 1496n, 1440m, 14274, 1302,
1132w, 1204n, 908n, 842m, 768, 736m, 698n; 'H-NMR (DMSO-g), §: 10.82 (bs, 1H),
8.60 (d,J=8.5 Hz, 1H), 8.44 (dJ=8.3 Hz, 1H), 8.23 (dJ=8.5 Hz, 1H), 8.13 (dJ=8.5 Hz,
1H), 8.07 (dJ=8.3 Hz, 1H), 7.87 ({}=7.5 Hz, 1H), 7.64-7.77 (m, 2H), 7.44 J7.8 Hz, 1H),
7.10 (t,J=7.7 Hz, 1H);"*C-NMR (DMSO), §: 161.61, 148.71, 145.50, 138.60, 135.46,
132.58, 130.83, 129.26, 129.13, 128.55, 128.53,0828125.74, 121.39, 118.19, 114.08;
HR-MS: for GeH1:BrN,O [M+H]™ calculated 327.0133 m/z, found 327.0138 m/z.

N-(3-bromophenyl)quinoline-2-carboxamide (5b). Yield 75%; Mp. 139-140 °C; IR (Zn/Se
ATR, Cm'l): 3318w, 1687, 158Im, 1519n, 1478w, 1408n, 1296v, 1124m, 1067%v, 912w,
847m, 764, 685m; *H-NMR (DMSO-dg), 8: 10.89 (bs, 1H), 8.60 (d=8.3 Hz, 1H), 8.19-8.32
(m, 3H), 8.09 (dJ=8.0 Hz, 1H), 7.96 (d)=7.5 Hz, 1H), 7.87-7.93 (m, 1H), 7.68-7.78 (m,
1H), 7.27-7.40 (m, 2H)**C-NMR (DMSO-), 5: 163.02, 149.67, 145.86, 139.98, 138.21,
130.69, 130.67, 129.32, 128.97, 128.44, 128.14,5826122.66, 121.55, 119.14, 118.77;
HR-MS: for GeH12BrN,O [M+H]" calculated 327.0133m/z, found 327.0143 m/z.

N-(4-bromophenyl)quinoline-2-carboxamide (5¢). Yield 88%; Mp. 157-158 °C; IR (Zn/Se
ATR, cm®): 3358y, 1693, 1581m, 152%, 14965, 1423v, 1389m, 1305y, 1120m, 1095,
1068n, 998y, 907y, 83%, 80%, 76%, 693n; 'H-NMR (DMSO-dg), &: 10.84 (bs, 1H), 8.58
(d, J=8.5 Hz, 1H), 8.18-8.30 (m, 2H), 8.07 (&8.3 Hz, 1H), 7.95 (dJ=8.8 Hz, 2H),
7.86-7.92 (m, 1H), 7.67-7.78 (m, 1H), 7.56 (8.8 Hz, 2H):™*C-NMR (DMSOdy), &:
162.86, 149.82, 145.87, 138.16, 137.74, 131.53,6430129.33, 128.94, 128.37, 128.12,
122.28, 118.77, 115.80; HR-MS: fordE:1-BrN,O [M+H]" calculated 327.0133m/z, found
327.0129 m/z.

N-(2-chlorophenyl)quinoline-2-carboxamide (9a) [28]. Yield 70%; Mp. 130-131 °C;
'H-NMR (DMSO-dg), 5: 10.77 (bs, 1H), 8.58 (d=8.5 Hz, 1H), 8.43 (dJ=8.0 Hz, 1H), 8.21
(d, J=8.5 Hz, 1H), 8.10 (dJ=8.5 Hz, 1H), 8.05 (dJ=8.3 Hz, 1H), 7.85 (t)=7.5 Hz, 1H),
7.64-7.75 (m, 1H), 7.54 (dJ=7.8 Hz, 1H), 7.39 (tJ=7.7 Hz, 1H), 7.10-7.24 (m, 1H);
13C-NMR (DMSO), &: 161.54, 148.70, 145.47, 138.50, 134.21, 130.28,20, 129.20,
129.07, 128.46, 128.00, 127.88, 125.23, 123.38,212118.15; HR-MS: for {H;1,CIN,O
[M+H] * calculated 283.0638 m/z, found 283.0652 m/z.

N-(3-chlorophenyl)quinoline-2-carboxamide (9b) [28]. Yield 81%; Mp. 127-128 °C;
'H-NMR (DMSO-dg), 8: 10.90 (bs, 1H), 8.58 (d=8.5 Hz, 1H), 8.18-8.31 (m, 2H), 8.15 (s,
1H), 8.07 (d,J=8.0 Hz, 1H), 7.82-7.97 (m, 2H), 7.66-7.78 (m, 1AXO0 (t,J=8.0 Hz, 1H),
7.11-7.23 (m, 1H)®C-NMR (DMSO<g), §: 163.02, 149.67, 145.87, 139.85, 138.20, 133.12,
130.68, 130.36, 129.34, 128.98, 128.43, 128.14,.7023119.82, 118.77; HR-MS: for
C16H12CIN,O [M+H]" calculated 283.0638 m/z, found 283.0648 m/z.

N-(4-chlorophenyl)quinoline-2-carboxamide (9c¢). Yield 80%; Mp. 134-135°C (Mp.
135-135.5 °C [29]);'H-NMR (DMSO-d), &: 10.88 (bs, 1H), 8.58 (dJ=8.5 Hz, 1H),
8.17-8.30 (m, 2H), 8.08 (d}=8.0 Hz, 1H), 8.01 (dJ=8.8 Hz, 2H), 7.84-7.93 (m, 1H),
7.68-7.77 (m, 1H), 7.43 (d=8.8 Hz, 2H);"*C-NMR (DMSOd,), 5: 162.87, 149.85, 145.88,
138.16, 137.34, 130.65, 129.34, 128.95, 128.62,3128128.14, 127.69, 121.92, 118.78;
HR-MS: for GeH1>CIN,O [M+H]" calculated 283.0638 m/z, found 283.0631 m/z.



N-(2-fluorophenyl)quinoline-2-carboxamide (10a). Yield 63%; Mp. 116-117 °C; IR (Zn/Se
ATR, cm?): 3328y, 1691m, 1615m, 1590w, 153G, 1504n, 1477, 1454n, 1428n, 1317w,
1247%v, 1185y, 1126, 1088v, 910w, 837m, 77%, 7465, 683n; 'H-NMR (DMSO-dg), &:
10.48 (bs, 1H), 8.57 (d=8.5 Hz, 1H), 8.17-8.25 (m, 2H), 8.13 (8.5 Hz, 1H), 8.05 (d,
J=8.0 Hz, 1H), 7.85 (t)=7.3 Hz, 1H), 7.65-7.76 (m, 1H), 7.28-7.40 (m, 1AY.3-7.27 (m,
2H); 1*C-NMR (DMSO«e), &: 162.00, 153.58 (d'Jrc=244 Hz), 148.95, 145.67, 138.39,
130.76, 129.24, 129.15 (&lrc=19.1 Hz), 128.45, 128.08, 125.70 {d;c=11.0 Hz), 125.53
(d, 3Jec=7.3 Hz), 124.63 (d"Jec=3.7 Hz), 122.91, 118.37, 115.43 {:c=19.1 Hz); HR-MS:
for C1gH1,FN,O [M+H] ™ calculated 267.0934 m/z, found 267.0950 m/z.

N-(3-fluorophenyl)quinoline-2-carboxamide (10b). Yield 80%; Mp. 126-127 °C; IR (Zn/Se
ATR, le)i 3343w, 169G, 1588n, 1535, 1504, 1483, 140%, 1170m, 1137, 899, 841s,
791m, 768, 738n, 68%; 'H-NMR (DMSO-ds), &: 10.91 (bs, 1H), 8.58 (dl=8.5 Hz, 1H),
8.16-8.31 (m, 2H), 8.08 (d=8.3 Hz, 1H), 7.95 (d}=11.8 Hz, 1H), 7.86-7.92 (m, 1H), 7.79
(d, J=8.3 Hz, 1H), 7.68-7.75 (m, 1H), 7.35-7.49 (m, 1BP6 (td,J=8.4 Hz,J=2.0 Hz, 1H);
3C-NMR (DMSO«s), &: 163.01, 162.15 (dIJrc=241 Hz), 149.73, 145.86, 140.11 (d,
3ec=11.0 Hz), 138.18, 130.65, 130.31 EUFC=9.5 Hz), 129.33, 128.97, 128.39, 128.12,
118.77, 116.15 (dJrc=2.9 Hz), 110.47 (fJ-c=21.3 Hz), 107.09 (dJ-c=26.4 Hz); HR-MS:
for CieH12FN,O [M+H]™ calculated 267.0934 m/z, found 267.0953 m/z.

N-(4-fluorophenyl)quinoline-2-carboxamide (10c) [30,28]. Yield 81%; Mp. 115-116 °C;
'H-NMR (DMSO-dg), 5: 10.83 (bs, 1H), 8.57 (d=8.3 Hz, 1H), 8.17-8.29 (m, 2H), 8.06 (d,
J=8.0 Hz, 1H), 7.94-8.02 (m, 2H), 7.87 (i#7.7 Hz,J=1.3 Hz, 1H), 7.66-7.76 (m, 1H),
7.17-7.28 (m, 2H):*C-NMR (DMSOdy), &: 162.76, 158.58 (d'J=-c=237 Hz), 150.03,
145.95, 138.18, 134.81 (dJrc=2.2 Hz), 130.67, 129.39, 128.98, 128.37, 128.22.31 (d,
33ec=7.3 Hz), 118.83, 115.26 (H)c=22.7 Hz); HR-MS: for GsH1,FN,O [M+H]" calculated
267.0934 m/z, found 267.0954 m/z.

N-(2-methoxyphenyl)quinoline-2-carboxamide (11a) [31]. Yield 79%; Mp. 111-112 °C; IR
(Zn/Se ATR, crif): 3382v, 1676, 1596n, 153, 1485y, 1454n, 1426n, 1334w, 1288y,
1253, 1138n, 1129, 1093v, 102G, 95w, 908n, 873w, 840m, 820w, 770, 73%; 'H-NMR
(DMSO-dg), 6: 10.68 (bs, 1H), 8.59 (d]=8.5 Hz, 1H), 8.49 (dJ=7.8 Hz, 1H), 8.25 (d,
J=8.5 Hz, 1H), 8.15 (dJ=8.5 Hz, 1H), 8.07 (dJ=8.3 Hz, 1H), 7.87 (t)=7.3 Hz, 1H),
7.67-7.75 (m, 1H), 7.11 (d=4.0 Hz, 2H), 7.01 (dt)=8.2 Hz,J=4.2 Hz, 1H), 3.98 (s, 3H);
¥C-NMR (DMSO4dg), 5: 161.25, 149.34, 148.51, 145.62, 138.55, 130.22,3D, 129.06,
128.44, 128.14, 126.87, 124.25, 120.68, 118.84,.2r18110.91, 56.05; HR-MS: for
C17H15N,0, [M+H]" calculated 279.1134 m/z, found 279.1148 m/z.

N-(3-methoxyphenyl)quinoline-2-carboxamide (11b). Yield 77%; Mp. 117-118 °C; IR (Zn/Se
ATR, cm?): 3352, 1687, 1589n, 1524n, 1503n, 1456n, 1425m, 1334w, 1284n, 1203m,
1157, 1128n, 104%, 906v, 876m, 854 m, 823 w, 798w, 76X, 74Cs 685m; ‘H-NMR
(DMSO-dg), 6: 10.73 (bs, 1H), 8.58 (d=8.5 Hz, 1H), 8.19-8.32 (m, 2H), 8.07 8.0 Hz,
1H), 7.82-7.96 (m, 1H), 7.65-7.79 (m, 2H), 7.59,(dd8.0 Hz, J=1.0 Hz, 1H), 7.29 (t,
J=8.2 Hz, 1H), 6.72 (ddJ=8.3 Hz,J=2.01 Hz, 1H), 3.78 (s, 3H}*C-NMR (DMSO-d), &
162.70, 159.61, 149.99, 145.88, 139.53, 138.23,6730129.61, 129.37, 128.97, 128.37,
128.16, 118.75, 112.47, 109.68, 105.91, 55.09; HR-fér G-H1sN,O, [M+H]" calculated
279.1134 m/z, found 279.1129 m/z.

N-(4-methoxyphenyl)quinoline-2-carboxamide (11c) [28]. Yield 84%; Mp. 130-131 °C;
'H-NMR (DMSO-ds), 8: 10.65 (bs, 1H), 8.57 (d=8.5 Hz, 1H), 8.24 (d)=8.5 Hz, 2H), 8.07
(d,J=7.8 Hz, 1H), 7.82-7.95 (m, 3H), 7.63-7.78 (m, 16197 (d,J=9.0 Hz, 2H), 3.75 (s, 3H);
3C-NMR (DMSO-s), §: 162.28, 155.80, 150.25, 145.90, 138.09, 131.8D,50, 129.32,



128.87, 128.22, 128.11, 121.85, 118.73, 113.871 A5HR-MS: for G7H15N-O» [M+H]+
calculated 279.1134 m/z, found 279.1145 m/z.

N-(2-methyl phenyl)quinoline-2-carboxamide (12a). Yield 71%; Mp. 100-101 °C; IR (Zn/Se
ATR, cm’): 3334w, 16865, 158%, 1528&, 1498V, 1454, 142%, 1422m, 1373v, 1305m,
1249w, 120w, 1132n, 1094w, 104Qv, 1013v, 981w, 954m, 932w, 907m, 872m, 84, 793w,
7658, 7505, 731s, 681s; 'H-NMR (DMSO-dg), 5: 10.45 (bs, 1H), 8.60 (d=8.5 Hz, 1H), 8.24
(d, J=8.5 Hz, 1H), 8.17 (dJ=8.3 Hz, 1H), 8.08 (dJ=8.0 Hz, 1H), 7.95 (dJ=7.8 Hz, 1H),
7.83-7.91 (m, 1H), 7.69-7.77 (m, 1H), 7.22-7.31 @hl), 7.08-7.16 (m, 1H), 2.37 (s, 3H);
3C-NMR (DMSO4s), §: 161.92, 149.67, 145.74, 138.35, 135.97, 130.3D,4R, 130.01,
129.38, 129.01, 128.38, 128.11, 126.40, 124.96,.6622118.49, 17.49; HR-MS: for
C17H1sN>O [M+H]™ calculated 263.1184 m/z, found 263.1182 m/z.

N-(3-methyl phenyl)quinoline-2-carboxamide (12b). Yield 65%; Mp. 82-83 °C; IR (Zn/Se
ATR, Cm'l): 3355w, 1685n, 1592m, 1525, 1503 145%v, 1424m, 130Qv, 117w, 1125n,
908w, 852m, 773, 740w, 69Gs; *H-NMR (DMSO-dg), &: 10.66 (bs, 1H), 8.61 (d=8.5 Hz,
1H), 8.25 (dd,J=7.9 Hz,J=5.40 Hz, 2H), 8.10 (dJ=8.0 Hz, 1H), 7.90 (t)=7.5 Hz, 1H),
7.67-7.84 (m, 3H), 7.27 (t=7.7 Hz, 1H), 6.96 (dJ=7.3 Hz, 1H), 2.32 (s, 3H)*C-NMR
(DMSO-dg), 6: 162.54, 150.03, 145.88, 138.22, 138.20, 138.(K).6B, 129.35, 128.94,
128.65, 128.35, 128.15, 124.75, 120.72, 118.70,351721.23; HR-MS: for GHisN,O
[M+H]* calculated 263.1184 m/z, found 263.1191 m/z.

N-(4-methyl phenyl)quinoline-2-carboxamide (12c). Yield 89%; Mp. 107-108 °C (Mp.
109.5-110 °C [29]);*H-NMR (DMSO-), &: 10.67 (bs, 1H), 8.59 (dJ=8.5 Hz, 1H),
8.18-8.30 (m, 2H), 8.08 (d=8.0 Hz, 1H), 7.79-7.94 (m, 3H), 7.72J&7.4 Hz, 1H), 7.18 (d,
J=8.3 Hz, 2H), 2.27 (s, 3H)**C-NMR (DMSO4s), §: 162.51, 150.17, 145.93, 138.21,
135.86, 133.09, 130.69, 129.39, 129.24, 128.94,3K28128.18, 120.27, 118.77, 20.59;
HR-MS: for G7H1sN>O [M+H]" calculated 263.1184 m/z, found 263.1193 m/z.

N-(2-trifluoromethyl phenyl)quinoline-2-carboxamide (13a). Yield 74%; Mp. 120-121 °C; IR
(Zn/Se ATR, crif): 3316w, 1698, 159G, 153%, 1498v, 1452n, 1423n, 1320, 1288n,
1244w, 1202y, 1165n, 1124n, 1094n, 1054n, 1026n, 953v, 906w, 871w, 836m, 792w,
763, 676n; 'H-NMR (DMSO-g), 8: 10.78 (bs, 1H), 8.61 (d}=8.3 Hz, 1H), 8.36 (d,
J=8.3 Hz, 1H), 8.23 (dJ=8.3 Hz, 1H), 8.07 (tJ=8.3 Hz, 2H), 7.87 (tJ=7.5 Hz, 1H),
7.64-7.81 (m, 3H), 7.38 (§=7.7 Hz, 1H):"*C-NMR (DMSOdg), 5: 162.05, 148.48, 145.53,
138.74, 135.14, 133.57, 131.01, 129.48 (=37 Hz), 129.21, 129.17, 128.68, 128.16,
126.41 (9,°J-c=5.1 Hz), 125.05, 124.10 (§Jrc=274 Hz), 123.89 (¢’ J=c=5.9 Hz), 118.31;
HR-MS: for G7H12F3N,O [M+H]" calculated 317.0902 m/z, found 317.0891 m/z.

N-(3-trifluoromethyl phenyl)quinoline-2-carboxamide (13b). Yield 71%; Mp. 121-122 °C; IR
(Zn/Se ATR, crif): 3339y, 169%, 1614y, 15360, 1490m, 1424v, 133G, 1223v, 1166,
110%, 1093, 1065, 952, 933w, 8745, 844m, 085, 771s, 744w, 698, 'H-NMR (DMSO-dg),
8: 11.08 (bs, 1H), 8.59 (d=8.5 Hz, 1H), 8.46 (s, 1H), 8.17-8.31 (m, 3H), 8(68J=8.0 Hz,
1H), 7.89 (t,J=7.4 Hz, 1 H), 7.68-7.78 (m, 1 H), 7.61 4£8.0 Hz, 1 H), 7.46 (d)=7.5 Hz,
1H); *C-NMR (DMSO«ds), &: 163.26, 149.64, 145.90, 139.23, 138.21, 130.69).85,
129.35 (q,%Jc=32 Hz), 129.34, 129.03, 128.45, 128.16, 124.20"Jg=273 Hz), 123.91,
120.24 (9,2Jc=3.7 Hz), 118.78, 116.61 (§Jrc=3.7 Hz); HR-MS: for GH1,F3N,O [M+H]*
calculated 317.0902 m/z, found 317.0892 m/z.

N-(4-trifluoromethyl phenyl)quinoline-2-carboxamide (13c) [30,32]. Yield 87%; Mp.
147-148 °C;*H-NMR (DMSO-<dg), &: 11.02 (bs, 1H), 8.59 (dJ=8.3 Hz, 1H), 8.26 (d,
J=8.5 Hz, 1H), 8.23 (dJ=8.3 Hz, 1H), 8.19 (dJ=8.5 Hz, 2H), 8.08 (d)=8.0 Hz, 1H),
7.86-7.93 (m, 1H), 7.69-7.77 (m, 3HC-NMR (DMSO«s), &: 163.27, 149.63, 145.88,
141.95, 138.23, 130.69, 129.38, 129.03, 128.48,1428.25.96 (q>Jrc=3.7 Hz), 124.39 (q,



1Jrc=271 Hz), 124.00 (q?Jrc=32 Hz), 120.29, 118.81; HR-MS: foryfEl;-FsN,O [M+H]"
calculated 317.0902 m/z, found 317.0890 m/z.
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