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Efficient and rapid route to thioamides via modified
Willgerodt-Kindler reaction of quinaldine and
picolines under microwave irradiation
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Various thioamides, especially thiobenzanilides and thioacetomorpholides,
bearing a heterocycle ring were efficiently prepared by a modified Will-
gerodt—Kindler reaction of quinaldine and «- and y-picoline with anilines
and morpholine in the presence of sulfur, and a catalytic amount of DABCO
under microwave irradiation.

Keywords: Thioamide; Willgerodt—Kindler reaction; Microwave irradia-
tion; Picolines

1. Introduction

Thioamides are of importance in medicinal chemistry [1] due to their biological activity,
e.g. against bacterial infection [2], as fungicides [3], herbicides [4], and antiulcerative agents
[5]. Apart from these applications, thioamides are valuable building blocks for the synthesis
of five- and six-membered heterocycles [6]. The Willgerodt—Kindler reaction is a well-known
method for the synthesis of thioamides. In the original Willgerodt—Kindler reaction, ketones and
aldehydes were found to react with sulfur and secondary amines to give terminal thioamides.
This reaction already has been extended from its original form to encompass many other
functional groups such as unsaturated hydrocarbons, nitriles, amines, imines, epoxides and
alcohols [7].

Various attempts have been made for the preparation of thioamides from the corresponding
picolines and quinolines. For instance, y-picoline was thermally treated with m-anilines in
the presence of sulfur to give the corresponding thioanilides along with a small amount of
benzothiazoles [8]. These reactions were found to take place in low yields (10-35%) and to
require long reflux times (624 h)

Recently, we have shown the efficiency of microwave heating for the synthesis of thioamides
from styrenes, aldehydes, ketones, and nitriles [9]. In recent years, the concept of accelerating
synthetic transformations through microwave activation has created much interest in organic
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synthesis. In particular, the use of dedicated microwave ovens that enable the rapid and safe
heating of reaction mixtures with online temperature monitoring has greatly increased the
general acceptance of the microwave heating method [10].

2. Results and discussion

The present study is focused on a modified Willgerodt—Kindler reaction of quinaldine and
«- and y-picoline with aniline derivatives in the presence of sulfur, a catalytic amount of
DABCO, and under microwave irradiation (scheme 1).

Sg/DABCO (cat.) S
Ar’—CH; + Ar'—NH, )J\ _Ar!

microwave irradiation AP TI\I

1 (a-d) 2 (a-d) 1 - 6.5 min. H

3 (a-d)

67-91%

a: Arl = phenyl, AP = 2-quinolyl b: Ar' = p-tolyl, Ar? = 2-quinolyl
c: Ar' = p-tolyl, Ar? = 2-pyridyl d: Ar' = 2,4-dimethoxyphenyl, Ar? = 2-quinolyl

SCHEME 1

To the best of our knowledge, this reaction has not been reported in the literature, and also
the less expensive methyl aromatic ketones are preferred over aldehydes. After performing
several experiments involving the variation of molar proportions of the quinaldine and/or
picolines, aniline derivatives, sulfur, and DABCO, we found that the best molar proportions
for the reaction course were 2:1:1.2:0.05 respectively.

The reaction is performed in solvent-free conditions. In a typical procedure, quinaldine
(10 mmol), aniline (5 mmol), S (6 mmol), and DABCO (0.25 mmol) were mixed in a reflux
flask and irradiated in a monomode microwave oven [11] for 1-6.5 min in two steps. The
resulting thioanilide was simply isolated from the reaction mixture by pouring the mixture
into a polar solvent such as methanol. The excess of sulfur was removed by filtration, and the
crude thioanilide was separated from the mother liquor. The purity of the crude products was
more than 90% as determined by "H-NMR spectroscopy, and the final recrystallization led to
pure products. The results are summarized in table 1.

We have also shown that our method could be extended to diamines (double-
Willgerodt—Kindler reaction), leading to bisthioanilides (table 1, entries 5-7). It should be
noted that even in these cases isolation of the final products was performed by simple filtration
and the final crystallization in a suitable solvent.

We also examined the reaction of a secondary aliphatic amine such as morpholine with
some heteroaromatics having an activated methylene group in the presence of sulfur and a
catalytic amount of DABCO. It was found that in the case of y-picoline and quinaldine the
reaction is faster (1-2 min) and yields are very high (93 and 95%, respectively), whereas for
4-ethylpyridine the corresponding thioamide was obtained in moderate yield (57%) (table 1,
entries 8—10).

In conclusion we have developed a new method for the rapid conversion of quinaldine
and/or picolines to the corresponding thioanilides and thioacetomorpholides. These valuable
compounds could be used as versatile building block in heterocyclic chemistry [6]. They also
have great importance in medicinal chemistry as well as in agriculture. The reaction time is
very short (1-6.5 min) compared with the conventional methods (624 h) [8].
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Table 1. Microwave-assisted Willgerodt-Kindler reaction of heteroaromatics having an activated methylene group.

Time M.p. (°C)
Entry Amine Thioamide?® Compound (t/min) (literature) Yield (%)°
S
1 Q_NHZ QNJ/‘(V/@ 3a 3 110-111 91
Z n (109-110) [12¢]
S CH,
2 H,c—O—NHZ QNJ/‘(N@/ 3b 25 116-117 87
S n (117-118) [12¢]
N S
3 H3C—©—NHI @4 _@,C,{j 3c 3 98-99.5 67
=/} (101-102) [12d]
OMe s OMe
4 MeOGNHZ S N/Q/ 3d 4 132-136 78
Z " OMe
S H s
5 H;N—Q—NHZ w O’N S 3e 6 299-303 39
O s (306) [12f]
Hz Hz
C LT L
6 /©/ \©\ SN NS 3t 5 221-223 42
H,N NH N ll\{ |
= Z

(214-215) [12f]

(continued)
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Table 1. Continued.

Time M.p. (°C)
Entry Amine Thioamide?® Compound (t/min) (literature) Yield (%)°
L L
N N
7 N - S N N | X 3g 6.5 205-207 58
> Z
—\ o
8 o N /@/Yl\//\; 3h 2 105-107 57
— NF s (104-105) [12¢]
s
9 o NH 7 N 3i 2 151-152 93
—/ N Lo (153) [12¢]
s
/N N .
10 NH S 3 1 173-174 95
o SRS :

(172-174) [12a]

2All known compounds gave satisfactory and spectroscopic analysis compared to the authentic samples and literature [12].

bAll yields refer to isolated products and are based on the amine as limiting reagent.

(18%
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3. Experimental

All products gave satisfactory spectroscopic data. FT IR spectra were recorded for samples
as KBr pellets on a Nicolet spectrometer (Magna 550). A Bruker (DRX-500 Avance) NMR
spectrometer was used to record the '"H NMR spectra. All NMR spectra were determined in
CDCl; at ambient temperature. Melting points were determined on a Biichi B540 apparatus.

3.1 General Procedure for the preparation of thioamides
Caution: All experiments should be carried out in an efficient hood to avoid exposure to
noxious hydrogen sulfide vapors.

In a typical experiment, a mixture of quinaldine (10 mmol), aniline (5 mmol), sulfur
(6 mmol), and DABCO (0.25 mmol) was charged in a two-necked flask (25 mL) fitted with a
condenser and thermometer probe. Irradiation (two-step) was performed at 500 W in such a
way that in the initial step the temperature of the reaction mixture rose from room temperature
to 100 °C (during 2 min), and in the second step from 100 °C to 140 °C in 3 min. After cooling,
the reaction mixture was poured into methanol (25 mL) and the precipitate was filtered off. The
filtrate was evaporated to one half the original volume, then left in a refrigerator. The crude
solid was filtered off, and recrystallized from ethanol.

3.2 Spectroscopic data for the compounds 3a-3k
3a: Orange crystals (MeOH); mp 110-111°C; '"H NMR 12.27 (s, 1H), 9.20 (d, J 8.5 Hz, 1H),
8.18 (d, J 7.9Hz, 2H), 8.11 (d, J 8.4Hz, 1H), 7.71 (d, J 8.6 Hz, 1H), 7.45 (t, J 7.2 Hz, 1H),
7.41 (d, J 8.1 Hz, 1H), 7.25 (m, 3H), 7.08 (t, J 7.1 Hz, 1H); IR 3630, 1592, 1530, 1375cm™".

3b: Orange crystals (MeOH); mp 116-117°C; '"H NMR 12.27 (s, 1H), 9.22 (d, J 8.6 Hz,
1H), 8.14 (d, J 8.2Hz, 2H), 8.11 (d, J 8.5Hz, 1H), 7.69 (d, J 8.6 Hz, 1H), 7.54 (t, J 7.2 Hz,
1H),7.41 (d, J 8.1 Hz, 1H), 7.23 (t,J 7.3 Hz, 1H), 7.08 (d, J 8.1 Hz, 2H), 2.16 (s, 3H); IR 3415,
1607, 160, 1461 cm™".

3c: Orange crystals (MeOH); mp 98-99.5°C; '"HNMR 12.1 (s, 1H), 9.01 (d, J 7.9 Hz, 1H),
8.13 (d, J 4.1 Hz, 1H), 8.08 (d, J 8.1 Hz, 2H), 7.15 (t, J 7.7Hz, 1H), 7.03 (d, J 8.1 Hz, 2H),
6.71 (t, J 5.0 Hz, 2H), 2.14 (s, 3H); IR 3415, 1630, 1538, 1384cm™!.

3d: Yellow crystals (MeOH); mp 132-136°C; I'H NMR 13.12 (s, 1H), 9.98 (d, J 8.9 Hz,
1H), 9.27 (d, J 8.6 Hz, 1H), 8.20 (d, J 8.4Hz, 1H), 7.69 (d, J 8.6 Hz, 1H), 7.46 (t, J 7.0 Hz,
1H), 7.40 (d, J 8.0 Hz, 1H), 7.24 (t,J 7.9 Hz, 1H), 6.53 (d, J 2.5 Hz, 1H), 6.46 (d, J 6.5 Hz, 1H);
IR 3407, 1615, 1538, 1400cm™!.

3e: Yellow crystals (MeOH); mp 159-161 °C; 'H NMR 12.02 (s, 2H), 9.02 (d, J 8.6 Hz,
2H), 8.07 (d, J 8.4Hz, 2H), 7.98 (d, J 8.6 Hz, 2H), 7.91 (d, J 8.4 Hz, 4H), 7.62 (d, J 8.1 Hz,
2H), 7.58 (t, J 7.3 Hz, 2H), 7.40 (t, J 7.4 Hz, 2H); IR 3423, 1623, 1515, 1392cm™!.

3f: Lustrous yellow crystals (EtOH); mp 221-223°C; 'H NMR 12.28 (s, 2H), 9.00 (d, J
8.6 Hz, 2H), 8.37 (d, J 8.6 Hz, 2H), 8.21 (d, J 8.3 Hz, 2H), 8.13 (d, J 8.3 Hz, 4H), 7.94 (d, J
8.0Hz, 2H), 7.84 (t, J 7.2 Hz, 2H), 7.68 (t,J 7.1 Hz, 2H), 7.37 (d,J 8.1 Hz, 4H), 4.13 (s, 2H);
3C NMR 188.0, 150.8, 145.2, 139.7, 137.8, 137.5, 131.0, 130.0, 129.8, 129.5, 128.6, 128.1,
123.4, 121.7, 41.7; IR (KBr) 3645, 1592, 1507, 1384 cm™".

3g: Lustrous orange crystals (EtOH); mp 205207 °C; '"H NMR 12.27 (s, 2H), 9.00 (d, J
8.6 Hz, 2H), 8.37 (d, J 8.6 Hz, 2H), 8.21 (d, J 5.2 Hz, 2H), 8.18 (d, J 6.7 Hz, 4H), 7.94 (d, J
8.0Hz, 2H), 7.84 (t, J 7.1 Hz, 2H), 7.68 (t, J 7.2Hz, 2H), 7.21 (d, J 8.8 Hz, 4H); '3*C NMR
188.1, 155.5,150.8, 145.3,137.7,134.8, 131.0, 130.0, 129.6, 128.6, 128.1, 124.9, 121.6, 119.6;
IR (KBr) 3569, 1592, 1500, 1384 cm™!.

3h: White crystals (EtOH); mp 105-107°C; '"H NMR 8.58 (d, J 5.74 Hz, 2H), 7.26 (d, J
5.17Hz, 2H), 4.53 (t, J 4.85 Hz, 2H), 4.33 (s, 2H), 3.77 (t, J 4.85 Hz, 2H), 3.59 (t, J 4.85 Hz,
2H), 3.74 (t, J 4.85Hz, 2H); IR (KBr) 3035, 1653, 1510, 1385cm™".
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3i: White crystals (EtOH); mp 151-152°C; '"H NMR 8.63 (d, J 5.9Hz, 2H), 7.17 (d, J
5.9Hz, 2H), 4.42 (t, J 4.8 Hz, 2H), 3.89 (t, J 4.9 Hz, 2H), 3.66 (t, J 5.0Hz, 2H), 3.55 (t, J
4.5Hz, 2H); IR (KBr) 3023, 1645, 1530, 1386.cm ™.

3j: Yellow crystals (MeOH); mp 173-174°C; 'H NMR 8.24 (d, J 8.5Hz, 1H), 8.1 (d,
J 8.5Hz, 1H), 7.86 (d, J 8.1Hz, 1H), 7.78 (t, J 7.1 Hz, 1H), 7.74 (d, J 8.5Hz, 1H), 7.61
(t, J 7.2Hz, 1H), 4.54 (t, J 49 Hz, 2H), 4.00 (t, J 4.9Hz, 2H), 3.79 (t, J 3.9Hz, 2H), 3.74
(t, J 5.0Hz, 2H); IR (KBr) 3057, 1639, 1510, 1392 cm~".
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