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CYANOTHIOACETAMIDE
IN HETEROCYCLIC CHEMISTRY:
SYNTHESIS OF THIOPYRAN,
PYRIDINETHIONE, THIENOPYRIDINE,
PYRIDOTHIENOTRIAZINE AND
PYRIDOTHIENOPYRIMIDINE DERIVATIVES

MOHAMED A.A. ELNEAIRY, SANAA M. ELDIN,
FAWZY A. ATTABY" and ALI K.K. EL-LOUH

Chemistry Department, Faculty of Science, Cairo University,
Giza, Egypt und National Research Center, Dukki, Egypt

(Received July 31, 2000; In final form September 08, 2000)

Cyanothioacetamide (1) reacted with a- and B-naphthaldehyde 2a,b to afford the correspond-
ing 3-naphthyl-2-thiocarboxamidopropenonitriles 3a,b. Compounds 3a,b structures could be
elucidated via their reactions with acrylonitrile, ethyl acrylate (4a,b). N-arylmaleimides 6a-c
and ethyl acetoacetate (8). The isolated products could be represented as the thiopyran, thi-
opyranopyrrolidine and pyridinethione derivatives 5a-d, 7a-f and 9a,b respectively. Pyndi-
nethiones 9a,b had been used as the starting materials in the present study in addition to the
next ones to synthesize several new thienopyridines, pyridothienotriazine and pyridoth-
ienopyrimidines 12a-f, 15a,b, 16b, 17-19a,b respectively through their reactions with the
corresponding reagents.

All structures of the newly synthesized heterocyclic compounds were established on the
basis of the data of IR, "H NMR and elemental analyses.

Keywords: Propenonitriles; ~ Thiopyrans;  Thiopyranopyrrolidines;  Pyridinethiones;
Thienopyridines; Pyridothienotriazines and pyridothienopyrimidines

INTRODUCTION

Several publications had appeared concerning the synthesis of pyrdi-
nethiones through the reaction of cyanothioacetamide, aldehydes and

* To receive any correspondence.
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dicarbony! derivatives, but no approach using a.- and B- naphthaldehyde
was reported. In continuation to our previous work'*? we wish to report
here a new and convenient method for the preparation of pyridinethiones
9a,b via the reaction of 3-naphthyl-2-thiocarboxamidopropenonitriles
3a,b and ethyl acetoacetate (8). The reported biological activities of tri-
azines as antiepileptic drugs!?, as herbicides'!, antioxidants'?; neurotoxic-
ity and antifungal activities,!3'* of pyridinethiones as well as the reported
biological activities of thienopyridinesls"17 stimulated our interest to syn-
thesize several derivatives of these ring systems.

RESULTS AND DISCUSSION

It has been found that cyanothioacetamide (1) reacted with a-naphthalde-
hyde (2a) in absolute ethanol containing the catalytic amount of piperidine
at room temperature to afford the corresponding 3-(a-naphthyl)-2-thiocar-
boxamidopropenonitrile 3a in a good and very pure yield. The IR spec-
trum of 3a showed the bands of NH, and CN groups and its 'H NMR
spectrum revealed the signals of NH,, vinylic and aromatic protons. More-
over, its mass spectrum gave m/z=238 that agreed with the molecular
weight of a molecular formula C;4HoN,S of the assigned structure (cf.
Table II and Chart 1). Under similar experimental condition the synthon
3-(B-naphthyl)-2-thiocarboxamidopropenonitrile 3b was obtained and elu-
cidated on the basis of IR, 'H NMR and elemental analyses data.

The dienic character of both 3a and 3b was investigated through their
reaction with each of acrylonitrile, ethyl acrylate 4a,b and N-aryl-maleim-
ides 6a-c as dienophiles. Thus, each of 3a,b reacted with excess amount of
acrylonitrile (4a) under reflux to afford the corresponding cycloadducts
5a,b. The IR of each of 5a,b showed the bands of CN and NH, groups and
their '"H NMR spectra revealed the signals of thiopyran H-2, H-3, H-4 in
addition to aromatic and NH; protons. On the other hand their mass spec-
tra gave m/z=291 which agreed with a molecular weight of a molecular
formula C;7H3N3S of the assigned structure (cf. Chart 1). Similarly, each
of 3a,b reacted with refluxing ethyl acrylate (4b) to afford the correspond-
ing thiopyrans Sc¢,d whose structures were elucidated on the basis of IR,
'H NMR and elemental analyses data. On the other hand, their mass spec-
tra gave m/z=338 which agreed with a molecular weight of a molecular
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formula C gH,gN; O,S of the assigned structure (cf. Chart 1, Tables [
and [I). Compound 3a reacted with N-phenylmaleimide (6a),
N-(p-chloro)-phenylmaleimide (6b)and N-(p-tolyl)-maleimide (6¢) in an
oil bath to afford the corresponding cycloadducts 7a-c respectively. The IR
spectrum of each of 7a-c showed the bands of NH;, CN and CO-NAr-CO-
groups and their 'H NMR spectra revealed the signals of NH,, aromatic,
thiopyran H-2, H-3 and H-4 protons (cf. Table II). Moreover, their mass
spectra gave m/z=411, 445 and 425 which agreed with the molecular
weights of the molecular formulas Cy4H;7N30,S, C;4H¢N30,SCl and
C,5H,gN30,S of the assigned structures (cf. Chart 1, Tables [ and II). In a
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similar way compound 3b reacted with each of 6a-c to give the corre-
sponding cycloadducts 7d-f whose structures were established by consid-
ering the data of IR, 'H NMR and elemental analyses (cf. Tables I and II).

Work was extended to shed more light on the reactivity of 3a,b. Thus,
each of 3a,b reacted with ethyl acetoacetate (8) in refluxing ethanol con-
taining a catalytic amount of piperidine to afford the corresponding pyridi-
nethione derivatives 9a,b in a respective manner. The IR, '"H NMR and
elemental analyses data are the basis on which 9a,b structures were con-
firmed (cf. Tables [ and II). Moreover, the mass spectra of each of 9a,b
gave m/z=348 which corresponding to the molecular weight of a molecu-
lar formula CyoH ¢N205S of the assigned structure (cf. Chart 1). Further
confirmation of 9a,b structure was performed via the preparation of their
authentic samples through the reaction of a ternary mixture of 1, 8 and
each of 2a,b. It is remarkable to report here that 9a,b synthesized by the
two ways are identical in all physical and chemical properties. Further-
more, pyridinethione derivative 9a reacted with each of w-bromoace-
tophenone derivatives 10a-c in refluxing ethanol containing 10% KOH
(= 10 ml) to afford the corresponding thieno[2,3-b]pyridine derivatives
12a-c respectively. Compounds 12a-c were formed most probably via the
non-isolable intermediates 11a-c respectively through the dehydrobromi-
nation reaction. Other analogue 9b reacted under similar experimental
conditions to give the corresponding thieno[2,3-b]pyridine derivatives
12d-f through the non-isolable products 11d-f. Structures of 12a-f were
elucidated on the basis of IR, '"H NMR and elemental analyses data (cf.
Tables I and II). Moreover, the mass spectra of 12a,c,e as selective exam-
ples gave m/z=466, 480 and 500 which agreed with the molecular weights
of the formulas C28H22N203S, C29H24N203S and C28H2|N203SC1 of the
assigned structures (cf. Chart 2).

Synthons 9a,b reacted with chloroacetamide (13) in refluxing meth-
anolic sodium methoxide to afford the corresponding 2-S-acetamidopyrid-
ine derivatives 14a,b respectively whose structures were elucidated by
considering the data of IR, 'H NMR and elemental analyses (cf. Tables I
and IT). Further confirmation of 14a,b structures arose from their cycliza-
tion in refluxing ethanol containing 10% KOH (= 10 mli) to give the corre-
sponding thieno{2,3-b]pyridine derivatives 15a,b respectively. Compound
15b reacted with cold and stirred solution of sodium nitrite and concen-
trated hydrochloricacid to give the corresponding pyridothienotriazine
derivative 16b. The isolation of 16b in good and pure state represented as
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a good evidence of 15b structure. Also, compounds 15a,b cyclized with
acetic anhydride, formic acid and reacted with carbon disulfide in reflux-
ing pyridine to afford the corresponding pyridothienopyrimidine deriva-
tives 17a,b, 19a,b and 18a,b respectively. All structures of 16=19 were
confirmed by considering the data tabulated in Table I and II.

TABLE [ Characterization data of the newly synthesized compounds

M.P.(°C) Yield Molecular % Analvsis Calcd./Found

Comp.

{Colour) (%) Formulu C H N S cl
Ja 188 91 C,3HgNaS 70.58 420 11.76 1344 .-
Yellow 706 44 116 135 -
3b 168 75 CsH;yN3S 70.58 420 11.76 1344 el
Red 702 40 115 130 e
5a 230 86 C,7H3N3S 70.10 446 1443 1099 -
White 702 45 146 1L e
5b 250 89 C,7H3N3S 7010 446 1443 1099 .-
White 703 46 142 107 -
S¢ 238 76 CioHgN-O-S 6745 532 828 946 -
White 67.7 52 835 95 -
5d 268 76 CiygH|gN-OS 6745 532 828 946 -
White 675 55 8.4 96 -
7a 244 89 CyH7N3O,S 7007 413 1021 7.78 -
Pale brown 702 43 105 76 -
b 266 90 CyyH gN3O,8Cl 6464 359 942 718 796
White 648 38 9.6 74 78
Te 236 92 CssHgN3O-S 7058 4.47 988 752 -
White 703 42 97 74 -
d 258 87 C,4H4N3O,S 7007 4.13 1021 778 -
Pale brown 703 44 100 76 -
Te 24 91 CayH | gN3O,SCl 6464 359 942 718 796
White 645 33 9.2 73 17
€ 276 89 CysH|gN3O,S 7058 447 988 752  ----
Brown 707 46 9.5 1.7 -
9a 242 88 CyHgN2O»S 6896 459 804 919 -
Yellow 688 46 82 92 -

9% 234 81 CyHigN202S  68.96 4.59 804 919 .o
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MP (°C)  Yield Molecular % Analysis Calcd./Found
Comp. (Colour) (%) Formula c H N S cl
Yellow 68.7 43 80 93 -
12a 188 82 CygHpN,038 72,10 472 6.00 686 ---
Yellow 723 47 62 66 -
12b 158 88 CygHy N5O38C1 67.13 4.19 559 639 7.09
Yellow 673 43 57 62 70
12 72 75 CiHy4N-038 7250 500 583 666 ----
Yellow 726 49 59 6.7 -
12d 184 87 CygH»N,038 72,10 472 6.00 686 ----
Yellow 723 46 63 69 -
12¢ 154 88 CagHyN2O38Cl 67.13 419 559 639 7.09
Orange 672 43 5.4 6.4 71
12¢ 178 68 CayHyyN>O3S 7250 500 S5S83  6.66 -
Yellow 723 49 6.l 6.7 -
14a 186 79 CssH(gN3O3S 6518 4.69 1037 790 -
Yellow 653 44 105 76  ----
14b 170 90 Cy»HgN3O3S 6518 469 1037 790 -
Yellow 653 46 105 80 -
152 236 75 CypH|gN3O3S 6518 469 1037 790 -
Yellow 650 46 104 77 -
15b 210 75 CnH|gN3O3S 6518 469 1037 790 -
Yellow 653 45 105 78 -~
16b 222 81 CyH|NgO3S 6346 384 1346 769 -
White 636 36 135 1.7 -
17a  >350 52 CagHigN3O38  67.13 442 979 745 -
White 67.0 44 938 73 -
17b 334 58 CyH|gN3O3S  67.13 442 979 745 -
White 673 46 97 75 -
182 298 73 CyH|7N3058, 61.74 380 939 1431 -
Brown 619 4.1 9.2 142 -
18b 278 78 Cy3H9N3038; 6174 380 939 1431 -
Buff 61.6 37 9.1 144 -
19a 288 88 Cy3H|9N3038 6650 4.09 1012 7.71 -
White 66.8 4.1 9.8 75 -
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c M.P(°C) Yield Molecular % Analysis Calcd./Found
omp. (Colour) (%) Formula c H N S cl
19b 276 88 C,3H 9N3045 66.50 4.09 1012 771 -

White 662 40 99 75 .-
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It is remarkable to report here that 1la-f could not be isolated while
14a-f were isolated and this is due to the difference in electronic character
of both the NH, in 13 and the phenyl nucleus in 10a-c.

EXPERIMENTAL

All melting points are uncorrected. LR. (KBr disc) were recorded on
Pye-Unicam SP-1100 spectrophotometer. 'H NMR spectra were recorded
on Varian EM 390 MHz. Gemini-200 MHz. and Brucker WP-80 spec-
trometers using TMS as an internal standard and CDCl3;, DMSO-d¢ and
(CD3),CO as solvents and chemical shifts are expressed as ppm units.
Mass spectra were recorded on Hewlett-Packard GC-MS type 2988 using
inlet type at 70 ev. Microanalyses were performed by the Microanalytical
center of Cairo University.

General method for preparation of 3a,b

A solution of 2a,b (0.0Imole) and cyanothioacetamide (1) (0.0l mole) in
absolute ethanol (30 mL) and the catalytic amount of piperidine (0.3 mL)
was stirred at room temperature until solid products obtained which were
collected by filtration. washed with ethanol. dried then crystailized from
ethanol to give 3a,b respectively.

General method for preparation of thiopyran derivatives 5a-d

A mixture of 3a,b (0.01mole) and the excess amounts of 4a,b is heated
under reflux for 3—4 hours. The reaction mixture was evaporated till dry-
ness then diluted with few drops of water. The products so formed were
collected by filtration, washed with ethanol and then recrystallized from
ethanol to give Sa-d respectively.

General method for preparation of 7a-f

A mixture of 3a,b and 6a-c (0.01 mole of each) was fused with each other
and heated in an oil bath for 1 hour. The reaction mixture was cooled and
triturated with acetic acid. The product so formed was collected by filtra-
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tion, washed with coled diluted acetic acid and then crystallized from ace-
tic acid to give 7a-f respectively.

Synthesis of 3-cyano-4-aryl-S-ethoxycarbonyl-6-methyl-2-
pyridinethione derivatives 9a,b

Method (A)

A solution of 3a,b and ethyl acetoacetate (8) (0.01mole of each) in abso-
lute ethanol (30 mL) containing the catalytic amount of piperidine
(0.4 mL) was heated under reflux for 5 hours. The reaction mixture was
then evaporated till dryness and then cooled. The product so formed was
collected by filtration, washed with cold ethanol and then crystallized from
ethanol to give 9a,b respectively.

Method (B)

A solution of ternary mixture of 1, 2a,b and ethyl acetoacetae (8)
(0.0lmole of each) in absolute ethanol (30 mL) containing a catalytic
amount of piperidine (0.4 mL) was refluxed for 5 hours. The reaction mix-
ture was then evaporated till dryness and then cooled. The product so
formed was collected by filtration, washed with cold ethanol and then
crystallized from ethanol to give 9a,b respectively.

Synthesis of 2-S-acetamidopyridine derivatives 14a,b

A mixture of 9a,b and chloroacetamide (13, 0.0l mole of each), in metha-
nol containing sodium methoxide (prepared by 0.01 atom Na in methanol)
was refluxed for 3 hours. The reaction mixture was then evaporated till
dryness and then cooled. The product so formed was collected by filtra-
tion, washed with cold ethanol and then crystallized from ethanol to give
14a,b respectively.

Synthesis of thieno[2,3-b]pyridines 12a-f and 15a,b:(General method)

A solution of 9a,b with 10a-c and 14a,b (0.0l mole of each) in ethanol
containing KOH 10% (10 mL) was refluxed for 1-2 hours. The reaction
mixture was then evaporated till dryness and then cooled. The product so
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formed was collected by filtration, washed with cold ethanol and then
crystallized from ethanol to give 12a-f and 15a,b respectively.

Synthesis of pyridothienotriazine derivative 16b

To a cold solution of 15b in ethanol and hydrochloric acid (0.01mole of
each) was added a cold aqueous sodium nitrite solution (0.01 mole) drop
wisely with stirring, after complete addition of sodium nitrite, stirring was
continued for 2-3 hours in ice bath. The product so formed was collected
by filtration. washed with cold water and then ethanol and crystallized
from ethanol to give 16b.

Synthesis of pyridothienopyrimidinones 17a,b and 19a,b

{General method)

A Solution of 15a,b (0.0l mole) in acetic anhydride or formic acid was
refluxed for 3 hours. The reaction mixtures were cooled and the products
so formed were collected by filtration, washed with cold ethanol and then
crystallized from ethanol to give 17a,b and 19a,b respectively.

Synthesis of pyridothienopyrimidinones 18a,b

(General method)

A solution of 15a,b and carbon disultide (0.01 mole of each) in pyridine
(50 mL) was refluxed for 5 hours. The reaction mixture was cooled. then
poured onto ice-cold water. The product so formed was collected by filtra-
tion, washed with cold water and then ethanol and crystallized from etha-
nol to give 18a,b respectively.
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