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1 | INTRODUCTION

Heterocyclic derivatives incorporating thienopyridine

moieties show excellent medicinal
antimicrobial,"*!  antiviral,!>*
antidiabetic,'®! antihypertensive,!'*!!!
DNA gyrase,!*

aspartate (NMDA) receptor,®

anti-inflammatory,
and Osteogenic.
Thienopyridine derivatives also act as good inhibitors for
I glycine site antagonist of the N-methyl-D-
! selective and orally bioavail-
able CHKLDG] and eukaryotic elongation factor-2 kinase

Ahmed E. M. Mekky

Abstract

In this study, we discuss the utility of bis(cyanoacetamides) as versatile precur-
sors to the piperazine-mediated synthesis of a wide spectrum of bis(thieno
[2,3-b]pyridine) derivatives, linked to aliphatic spacers via thioethers. The pro-
posed tandem protocol involved the reaction of bis(cyanoacetamides) with two
equivalents of the appropriate cinnamonitriles in dioxane in the presence of
six equivalents of piperazine at reflux for 4 hours. Then, two equivalents of the
appropriate halogen-containing reagents were added and the reaction was
heated at reflux for further 3 hours. The bis(thieno[2,3-b]pyridines) were taken
as a key intermediates to new bis(4-oxopyrido[3’,2":4,5]thieno[3,2-d]pyrimi-
dines). The above derivatives were reacted with the appropriate hydrazonyl
chloride derivatives in dioxane in the presence of triethylamine to yield the
corresponding bis([1,2,4]triazoles) with a related fused pyridothienopyrimidine
moiety. The new structures were elucidated by IR, NMR spectral data, as well
as elemental analyses.

site directed inhibition of the EGF-receptor protein tyro-
sine kinase.?**” Also, they inhibit tubulin by promotion
of its polymerization and currently important in agricul-
tural chemistry and as antiparasitic.?*=°! In addition,
they act as antimicrobial, anti-influenza, antifungal, anti-
oxidant, anti-inflammatory, antimalarial, analgesic, anti-
tumor, antihypertensive, and cardiovascular agents.!31-4!!

In connection to our efforts in the synthesis of biolog-
ically potent thienopyridine and their related fused het-
erocyclic derivatives,*>°! we report herein an efficient

activities such as
[5-7]

[12,13]

eEF2-K.1"”! Thienopyridines act also as inhibitors of eicosa-
noid biosynthesis through their binding with COX
enzymes.[ls] Moreover, heterocyclic compounds incorporat-
ing thieno[2,3-b]pyridine moiety gave act promising results
as pim-1 kinase inhibitors as well as anticancer and antip-
roliferative agents.!'*2*!

[1,2,4]Triazolopyrimidines, as analogues to purine
derivatives, possess a wide range of medicinal activities
including antileishmanial, anticonvulsant, selective ATP

procedure for the synthesis of new bis(thienopyridine)
and their related fused [1,2,4]triazolo[4,3-a]pyrimidines
linked to aliphatic spacers via thioethers.

2 | RESULTS AND DISCUSSION

The bis(cyanoacetamide) derivatives 5 were prepared by
two-step reaction protocol.[47] The protocol involved the

3142 | © 2020 Wiley Periodicals LLC.
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reaction of 2-aminobenzenethiol 1 with the appropriate
1,o-dibromoalkanes 2 in the presence of potassium
hydroxide and tetrabutylammonium bromide to give the
corresponding bis(2-aminophenylthio)alkane derivatives

81 followed by their reaction with cyanoacetyl deriva-
tive 4 (Scheme 1).

The bis(cyanoacetamide) derivatives were used as ver-
satile precursors to the piperazine-mediated synthesis of
a wide spectrum of bis(3,6-diaminothieno[2,3-b]|pyridine-
5-carboxamide) derivatives, linked to aliphatic spacers
via thioethers.

At first, compound 5a reacted with two equivalents of
cinnamonitrile 6a in ethanol in the presence of an equiv-
alent amount of piperazine at reflux for 4 hours to afford
a sole reaction product. The '"H-NMR spectrum of such
product showed the presence of four singlet signals at &
3.81, 6.72, 10.80, and 13.12 ppm assigned for OCHj;, NH,,
NH, and pyridine-NH protons, respectively (see experi-
mental section). Based on the above, the structure of such
product was assigned as the corresponding bis(2-amino-
5-cyano-6-thioxopyridine-3-carboxamide) 10 and not bis
(2-amino-5-cyano-6-oxopyridine-3-carbothioamide) 8.
The reaction may proceed by the initial Michael addition
of active methylene groups in 5a to the olefinic bond in
two molecules of 6a followed by consecutive cyclization
and auto-oxidation to afford 10 through the non-isolable
intermediates 7 and 9 (Scheme 2).1”!

The structure of bis(pyridine-2[1H]-thione) 10 was
more confirmed via its reaction with chloroacetone 11a
to prepare the corresponding bis(thieno[2,3-b]pyridine).
Thus, compound 10 reacted with two equivalents of 11a
in ethanol in the presence of two equivalent of piperazine
at reflux for 3 hours to afford the corresponding bis
(2-acetyl-3,6-diaminothieno[2,3-b]|pyridine-5-carbox-
amide) 13a (Scheme 3).°°! The IR spectrum of 13a
showed the absence of nitrile function. Its "H-NMR spec-
trum showed the presence of four singlet signals at &
2.38, 3.83, 6.70, and 10.69 ppm assigned for CH;, OCHj;,
NH,, and NH protons, respectively. In addition, it showed
two signals at 8 1.85 and 3.05 ppm attributed to propane
spacer and a multiplet signal at the range of 6.96 to 7.58
corresponding to two NH, and 16 aromatic protons (see

experimental section). The synthesis of 13a may proceed
by the initial formation of bis(nicotinonitrile) 12 followed
by piperazine-catalyzed intramolecular cyclization
(Scheme 3).

Next, we examine the synthesis of bis(thieno[2,3-b]
pyridine) via four-component one-pot method. Therefore,
bis(cyanoacetamide) 5a reacted with two equivalents of
each of cinnamonitrile 6a and chloroacetone 11a in etha-
nol in the presence of three equivalents of piperazine at
reflux for 8 hours. Unfortunately, we could not isolate a
pure sample of 13a using this route. Instead, we obtained
an inseparable mixture of products.

The aforementioned results stimulate us to prepare
the bis(thieno[2,3-b]pyridine) derivatives using another
tandem reaction. Thus, bis(cyanoacetamide) 5a was
treated at first with two equivalents of 6a in ethanol in
the presence of three equivalents of piperazine at reflux
for 4 hours, then two equivalents of chloroacetone 11a
were added to the reaction mixture. The reaction mixture
was further heated at reflux for 3 hours to afford a sole
product. The product of such reaction was found identi-
cal with the bis(thieno[2,3-b]pyridine) 13a in all charac-
teristics (Scheme 4).

The possibility and generality of the above tandem
reaction were established by using bis(cyanoacetamides)
5a,b, cinnamonitriles 6a,b, and several of halogen-
containing reagents 11a-d in ethanol in the presence of
piperazine under the above conditions to prepare a
novel series of Dbis(thieno[2,3-b]pyridines) 13b-131
(Scheme 4).

Encouraged by these findings, our efforts were
extended to synthesize novel bis([1,2,4]triazolo[4,3-a]
pyrimidines) bearing a related fused thieno[2,3-b]pyri-
dine moiety. Thus, bis(2-carbamoylthieno[2,3-b]pyridine-
5-carboxamide) derivative 13c¢ reacted with formic acid
14a at reflux to give the corresponding bis(4-oxopyrido
[3',2:4,5]thieno[3,2-d|pyrimidine-8-carboxamide) deriva-
tive 15a (Scheme 5 and experimental section).[**! In the
same way, bis(2-carbamoylthieno[2,3-b]pyridine-5-car-
boxamides) 13e and 13i reacted with formic acid 14a at
reflux to give the corresponding bis(pyridothieno[3,2-d]
pyrimidines) 15b and 15c, respectively (Scheme 5).

NH,
SH Py __KOH/TBAB _ S oS 0™ NH H o
+ B 2 Br Sn 2 S
Tquene / water Toluene
Reflux / 2h
1 2a,Z=CH, 3a,Z=CH, 5a, Z = CH,
b, Z = (CHy); b,Z = (CHy)3 b, Z = (CHy);
SCHEME 1 Synthesis of the starting precursors bis(cyanoacetamides) 5
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CgH4-OMe, Y = CONH,; d, Z = CH,, Ar=
Y = CONHy; f,Z=CH,, Ar=
CgH,4-OMe, Y = COMe; h, Z =
CgH,-OMe, Y = CONH,; j, Z =
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(CHyp)s, Ar=
(CHyp)s, Ar=
(CHy)s, Ar

OMe
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7 SNH HNTY
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Synthesis of bis(pyridine-2[1H]-thione) 10 [Colour figure can be viewed at wileyonlinelibrary.com]

Thrope-Ziegler
reaction

OMe

Synthesis of bis(thieno[2,3-b]pyridine) 13a [Colour figure can be viewed at wileyonlinelibrary.com]

Y
s
\
H,N 2N N NH.
11ad ! ‘
A7 ONH, HNT Y A
o HNT YO

Reflux, 3 h

CgH,-OMe, Y = COCgH,-Cl-4
CeHy4-Cl, Y = COCgH,-Cl-4
CeHs-Cl,  Y=CN
CgH4-OMe, Y = COCgH,-Cl-4
CgH4-OMe, Y = CN
=CgHsCl,  Y=CN

SCHEME 4 Tandem synthesis of bis(thieno|2,3-b]pyridines) 13 [Colour figure can be viewed at wileyonlinelibrary.com]

On the other hand, bis(2-carbamoylthieno|2,3-b]pyri-
dine-5-carboxamides) 13¢ and 13i reacted with acetic anhy-
dride 14b or carbon disulfide 16 in pyridine at reflux to
afford the corresponding bis(2-methyl-4-oxopyrimidines)
15d,e and bis(4-oxo-2-thioxopyrimidines) 17a,b, respec-
tively (Scheme 5 and experimental section).*

Preparation of [1,2,4]triazole ring with a related fused
pyrido[3',2":4,5]thieno[3,2-d]pyrimidine = moiety = was
accomplished by the reaction of bis(4-oxo-2-thi-
oxopyrimidines) 17 with the appropriate hydrazonyl

chloride derivatives 18.°!! Thus, 17a was reacted with
hydrazonyl chloride 18a in dioxane in the presence of
triethylamine. The reaction mixture was heated at reflux
till no hydrogen sulfide gases were evolved. After
refluxing the reaction mixture for 12 hours, TLC analysis
revealed the presence of a sole product which formulated
as Dbis(3-acetylpyrido[3’,2':4,5]thieno|3,2-d][1,2,4]triazolo
[4,3-a]pyrimidine) derivative 19a (Scheme 6). The struc-
ture of 19a was confirmed by elucidation of its elemental
and spectral analyses. Thus, its 'H NMR spectrum
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SCHEME 5 Synthesis of bis(4-oxopyrido
[3',2":4,5]thieno[3,2-d]pyrimidines) 15 and 17
[Colour figure can be viewed at
wileyonlinelibrary.com]

o 0 0
JR! HN NH
R™ "O R\ /S S \ h/?\R
14a,R=R'=H 2SN N
b, R =Me, R = COMe ) |
Ar NH, HoaNT Y A
Reflux, 5 h
07 "NH HN”~0
S_Z._S
15a,Z=CH,,  Ar=CgHs-OMe, R = H
b,Z=CH, Ar=CgHsCl, R=H

¢, Z = (CHy)s, Ar = CgH4-OMe, R = H
d,Z=CH;, Ar=CgHs-OMe, R =Me

e, Z = (CHy)s, Ar = CgH4-OMe, R = Me

cs,
16

Pyridine

Reflux, 12 h OMe

Cl
H .
+ MeOC)\\N’N TEA / Dioxane
Reflux, 12 h
18a, X = H X
b, X =Cl
c, X=Me

SCHEME 6
wileyonlinelibrary.com]

revealed four singlet signals at & 2.73, 3.84, 6.72, and
10.65 ppm assigned to CH;CO, OCH3, NH,, and NH pro-
tons, respectively (see experimental section). In the same
manner, compounds 17a,b reacted with hydrazonyl chlo-
rides 18a-c to give the corresponding bis([1,2,4]triazoles)
19b-e, respectively (Scheme 6).

3 | CONCLUSIONS

The bis(cyanoacetamides) were prepared and used as key
intermediates to the piperazine-mediated synthesis of a wide
spectrum of bis(thieno[2,3-b]pyridine) derivatives, linked to
aliphatic spacers via thioethers. The bis(thieno[2,3-b]pyri-
dines) were taken as versatile precursors to novel bis
(4-oxopyrido[3',2":4,5]thieno|3,2-d]|pyrimidine) ~ derivatives.
The above derivatives were reacted with the appropriate
hydrazonyl chloride derivatives in dioxane in the presence of

Suaae

19a,Z=CH,, X=H
b,Z=CH, X=Cl
c,Z=CH, X=Me

d,Z=(CHp)s, X =H
e,Z = (CHp)z, X = Me

Synthesis of bis(3-acetylpyrido[3’,2":4,5]thieno|3,2-d][1,2,4]triazolo[4,3-a]pyrimidines) 19 [Colour figure can be viewed at

triethylamine to yield the corresponding bis([1,2,4]triazoles)
with a related fused pyridothienopyrimidine moiety.

4 | EXPERIMENTAL

41 | Introduction

All solvents were acquired from commercial sources and
used as received unless otherwise stated. All other
chemicals were acquired from Merck or Aldrich. These
chemicals were used without further purification. The
melting points were measured on a Stuart melting point
apparatus and are uncorrected. IR spectra were recorded
on a Smart iTR, which is an ultrahigh performance, ver-
satile attenuated total reflectance (ATR) sampling
accessory on the Nicolet iS10 FT-IR spectrometer man-
ufactured. NMR spectra were recorded on a Bruker


http://wileyonlinelibrary.com
http://wileyonlinelibrary.com

M | WILEY

SANAD anp MEKKY

Avance III 400 spectrometer (400 MHz for 'H and
100 MHz for *C) using TMS as an internal standard and
DMSO-dg as solvent, and chemical shifts were expressed
as O ppm units. Elemental analyses were carried out on a
EuroVector instrument C, H, N analyzer EA3000 Series.

4.2 | Synthesis of N,N'-((propane-
1,3-diylbis[sulfanediyl])bis(2,1-phenylene))
bis(2-amino-5-cyano-4-[4-methoxyphenyl]-
6-thioxo-1,6-dihydropyridine-
3-carboxamide) (8)

A mixture of bis(2-cyanoacetamide) 5a (5 mmol),
cinnamonitrile 6a (10 mmol), and piperazine (5 mmol) in
dioxane (30 mL) was heated at reflux for 4 hours. The
solid product was isolated and recrystallized from diox-
ane as yellow crystals (71%); m.p. 272°C to 274°C; IR (v
cm™Y): 3362, 3208 (NH), 2218 (CN), and 1642 (CO); 'H-
NMR (DMSO-dy): & 1.88 (m, 2H, SCH,CH,CH,S), 3.07 (t,
4H, SCH,CH,CH,S), 3.81 (s, 6H, 2 OCHs), 6.72 (s, br, 4H,
2 NH,), 6.99 to 7.48 (m, 16H, ArH's), 10.80 (s, br, 2H,
2 NH), and 13.12 (s, br, 2H, 2 pyridine NH); Anal. calcd.
For C43H36NgO,4S, (857.0): C, 60.26; H, 4.23; N, 13.07;
found: C, 60.38; H, 4.09; N, 13.22%.

4.3 | General procedure for bis(thieno
[2,3-b]pyridines) 13a-131

A mixture of bis(2-cyanoacetamides) 5a,b (5 mmol)),
cinnamonitrile 6a (10 mmol), and piperazine (15 mmol) in
dioxane (30 mL) was heated at reflux for 4 hours. Then,
each of chloroacetone 13a, chloroacetonitrile 13b,
2-bromo-1-(4-chlorophenyl)ethanone  13c, or chlo-
roacetonitrile 13d (10 mmol) was added and the reaction
was heated further at reflux for 3 hours. The product that
formed was collected by filtration, washed with cold etha-
nol, dried, and then recrystallized from the proper solvent.

431 | N,N-((Propane-1,3-diylbis
[sulfanediyl])bis(2,1-phenylene))bis
(2-acetyl-3,6-diamino-4-[4-methoxyphenyl]
thieno|[2,3-b]pyridine-5-carboxamide) (13a)

Orange solid recrystallized from DMF (78%); m.p. 292°C
to 293°C; IR (v cm™): 3442, 3347, 3184 (NH), and 1652
(CO); 'H-NMR (DMSO-ds): & 185 (t, 2H,
SCH,CH,CH,S), 2.38 (s, 6H, 2 CH), 3.05 (t, 4H,
SCH,CH,CH,S), 3.83 (s, 6H, 2 OCH3), 6.70 (s, br, 4H,
2 NH,), 6.96 to 7.58 (m, 20H, 16 ArH's, and 2 NH,), and
10.69 (s, br, 2H, 2 NH); *C-NMR (DMSO-dy): & 27.8,

29.4, 31.7, 55.3, 105.8, 112.7, 113.9, 120.8, 120.9, 126.4,
127.5, 129.5, 129.8, 130.4, 132.7, 135.6, 140.8, 146.8, 156.2,
159.2, 161.2, 163.6, and 192.1; Anal. calcd. For
CuoHuuNgOeS, (969.1): C, 60.73; H, 4.58; N, 11.56;
found: C, 60.80; H, 4.47; N, 11.75%.

43.2 | N,N'-((Propane-1,3-diylbis
[sulfanediyl])bis(2,1-phenylene))bis
(3,6-diamino-2-(4-chlorobenzoyl)-
4-(4-methoxyphenyl)thieno[2,3-b]pyridine-
5-carboxamide) (13b)

Yellow solid recrystallized from DMF/ ethanol mixture
(74%); m.p. above 300°C; IR (v cm™): 3458, 3332, 3204
(NH), and 1644 (CO); "H-NMR (DMSO-dy): 5 1.87 (t, 2H,
SCH,CH,CH,S), 3.08 (t, 4H, SCH,CH,CH,CH,S), 3.82 (s,
6H, 2 OCH,), 6.66 (s, br, 4H, 2 NH,), 6.97 to 7.79 (m,
28H, 24 ArH's, and 2 NH,), and 10.72 (s, br, 2H, 2 NH);
BC-.NMR (DMSO-dq): & 27.7, 31.7, 55.2, 103.7, 111.8,
114.2, 119.3, 120.7, 126.5, 127.6, 129.1, 129.5, 129.8, 130.0, 130.5,
132.6, 135.5, 135.9, 136.2, 141.6, 150.8, 156.4, 159.0, 162.2, 162.9,
and 187.6; Anal. calcd. For CsoHuCLNgOeS, (1162.2): C,
60.97; H, 3.99; N, 9.64; found: C, 61.14; H, 4.07; N, 9.51%.

43.3 | N,N'-((Propane-1,3-diylbis
[sulfanediyl])bis(2,1-phenylene))bis
(3,6-diamino-2-carbamoyl-
4-(4-methoxyphenyl)thieno[2,3-b]pyridine-
5-carboxamide) (13c)

Orange solid recrystallized from DMF/ethanol mixture
(65%); m.p. 276°C to 278°C; IR (v cm™'): 3456, 3339, 3224
(NH), and 1652 (CO); *"H-NMR (DMSO-d,): & 1.86 (t, 2H,
SCH,CH,CH,S), 3.07 (t, 4H, SCH,CH,CH,S), 3.82 (s, 6H,
2 OCHa), 6.21 (s, br, 4H, 2 NH,), 6.78 (s, br, 4H, 2 NH,),
6.96 to 7.59 (m, 20H, 16 ArH's and 2 NH,), and 10.69 (s, br,
2H, 2 NH); *C-NMR (DMSO-ds): & 27.7, 31.6, 55.1, 106.2,
113.5, 114.1, 120.6, 120.7, 126.6, 127.7, 129.4, 129.8, 130.6,
132.4, 135.7, 140.5, 151.9, 156.8, 158.9, 162.1, 162.9, and
168.6; Anal. calcd. For C47H4,N1006S4 (971.1): C, 58.13; H,
4.36; N, 14.42; found: C, 58.24; H, 4.31; N, 14.66%.

434 | N,N-((Propane-1,3-diylbis
[sulfanediyl])bis(2,1-phenylene))bis
(3,6-diamino-2-(4-chlorobenzoyl)-
4-(4-chlorophenyl)thieno[2,3-b]pyridine-
5-carboxamide) (13d)

Yellow solid recrystallized from DMF (69%); m.p. above
300°C; IR (v cm™b): 3458, 3332, 3204 (NH), and 1644 (CO);
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'"H-NMR (DMSO-dy): & 1.87 (t, 2H, SCH,CH,CH,S), 3.08
(t, 4H, SCH,CH,CH,CH,S), 3.82 (s, 6H, 2 OCHs), 6.66 (s,
br, 4H, 2 NH,), 7.22 to 7.77 (m, 28H, 24 ArH's, and 2 NH,),
and 10.72 (s, br, 2H, 2 NH); Anal. calcd. For
Cs7H,4CL41NgO,S, (1171.0): C, 58.46; H, 3.44; N, 9.57,
found: C, 58.31; H, 3.49; N, 9.42%.

43.5 | N,N-((Propane-1,3-diylbis
[sulfanediyl])bis(2,1-phenylene))bis
(3,6-diamino-2-carbamoyl-
4-(4-chlorophenyl)thieno[2,3-b]pyridine-
5-carboxamide) (13e)

Orange solid recrystallized from DMF/ethanol mixture
(69%); m.p. above 300°C; IR (v cm™): 3451, 3332, 3218
(NH), and 1656 (CO); "H-NMR (DMSO-dy): & 1.87 (t, 2H,
SCH,CH,CH,S), 3.08 (t, 4H, SCH,CH,CH,S), 6.19 (s, br,
4H, 2 NH,), 6.75 (s, br, 4H, 2 NH,), 7.21 to 7.50 (m, 20H,
16 ArH's, and 2 NH,), and 10.72 (s, br, 2H, 2 NH); Anal.
calcd. For C45H36CIN1904S, (979.9): C, 55.15; H, 3.70; N,
14.29; found: C, 55.23; H, 3.58; N, 14.44%.

43.6 | N,N-((Propane-1,3-diylbis
[sulfanediyl])bis(2,1-phenylene))bis
(3,6-diamino-4-(4-chlorophenyl)-
2-cyanothieno[2,3-b]pyridine-
5-carboxamide) (13f)

Yellow crystals recrystallized from DMF (75%);
m.p. above 300°C; IR (v cm™): 3466, 3330, 3225 (NH),
2224 (CN), and 1644 (CO); 'H-NMR (DMSO-dg): & 1.84
(t, 2H, SCH,CH,CH,S), 3.04 (t, 4H, SCH,CH,CH,S), 5.94
(s, br, 4H, 2 NH,), 6.74 (s, br, 4H, 2 NH,), 7.21 to 7.50 (m,
16H, and ArH's), and 10.67 (s, br, 2H, and 2 NH); Anal.
calcd. For C45H3,CI,N;005S,4 (943.9): C, 57.26; H, 3.42; N,
14.84; found: C, 57.39; H, 3.51; N, 14.98%.

4.3.7 | N,N'-((Pentane-1,5-diylbis
[sulfanediyl])bis(2,1-phenylene))bis
(2-acetyl-3,6-diamino-4-(4-methoxyphenyl)
thieno[2,3-b]pyridine-5-carboxamide) (13g)

Orange solid recrystallized from DMF (72%); m.p. 284°C
to 286°C; IR (v cm™): 3433, 3357, 3202 (NH), and 1645
(CO); 'H-NMR (DMSO-dy): & 1.55 to 1.58 (t, 6H,
SCH,CH,CH,CH,CH,S), 2.39 (s, 6H, 2 CH3), 2.95 (t, 4H,
SCH,CH,CH,CH,CH,S), 3.81 (s, 6H, 2 OCHj;), 6.68 (s,
br, 4H, 2 NH,), 6.94 to 7.61 (m, 20H, 16 ArH's, and
2 NH,), and 10.77 (s, br, 2H, 2 NH); *C-NMR (DMSO-

de): 8 27.2,27.9, 29.6, 31.7, 55.2, 106.0, 113.2, 114.1, 120.9,
121.1, 126.5, 127.4, 129.6, 129.7, 130.7, 132.6, 135.4, 140.8,
146.8, 155.9, 159.5, 161.3, 163.8, and 192.2; Anal. calcd.
For Cs;HugNgOgSs (997.2): C, 61.43; H, 4.85; N, 11.24;
found: C, 61.66; H, 4.92; N, 11.13%.

43.8 | N,N'-((Pentane-1,5-diylbis
[sulfanediyl])bis(2,1-phenylene))bis
(3,6-diamino-2-(4-chlorobenzoyl)-
4-(4-chlorophenyl)thieno[2,3-b]pyridine-
5-carboxamide) (13h)

Yellow solid recrystallized from DMF (66%); m.p. above
300°C; IR (v Cmfl): 3454, 3336, 3209 (NH), and 1646
(CO); 'H-NMR (DMSO-dg): & 1.55 to 1.58 (t, 6H,
SCH,CH,CH,CH,CH,S), 2.96 (t, 4H, SCH,CH,CH,CH,CH,S),
6.69 (s, br, 4H, 2 NH,), 7.20 to 7.75 (m, 28H, 24 ArH's and
2 NH,), and 10.80 (s, br, 2H, 2 NH); Anal. calcd. For
CsoH4CLIN3O,S, (1199.0): C, 59.10; H, 3.70; N, 9.35; found: C,
59.10; H, 3.70; N, 9.35%.

439 | N,N-((Pentane-1,5-diylbis
[sulfanediyl])bis(2,1-phenylene))bis
(3,6-diamino-2-carbamoyl-
4-(4-methoxyphenyl)thieno[2,3-b]pyridine-
5-carboxamide) (13i)

Orange solid recrystallized from DMF (71%); m.p. above
300°C; IR (v cm™b): 3448, 3342, 3226 (NH), and 1647
(CO); 'H-NMR (DMSO-d¢): & 1.55 to 1.57 (t, 6H,
SCH,CH,CH,CH,CH,S), 2.95 (t, 4H, SCH,CH,CH,CH,CH.S),
3.83 (s, 6H, 2 OCHs,), 6.18 (s, br, 4H, 2 NH,), 6.67 (s, br,
4H, 2 NH,), 6.95 to 7.58 (m, 20H, 16 ArH's, and 2 NH,),
and 10.76 (s, br, 2H, 2 NH); *C-NMR (DMSO-d,): & 27.1,
27.8, 31.7, 55.3, 106.5, 113.4, 114.0, 120.4, 120.7, 126.7,
127.6,129.5, 129.8, 130.5, 132.6, 135.7, 140.4, 151.7, 156.9,
159.3, 162.5, 164.0, and 168.9; Anal. calcd. For
CuoHusN1006Ss (999.2): C, 58.90; H, 4.64; N, 14.02;
found: C, 59.12; H, 4.47; N, 14.14%.

43.10 | N,N-((Pentane-1,5-diylbis
[sulfanediyl])bis(2,1-phenylene))bis
(3,6-diamino-2-cyano-4-(4-methoxyphenyl)
thieno[2,3-b]pyridine-5-carboxamide) (13j)

Yellow crystals recrystallized from DMF (72%); m.
p. 262°C to 265°C; IR (v cm™): 3470, 3341, 3224 (NH),
2222 (CN), and 1646 (CO); "H-NMR (DMSO-ds): & 1.56 to
1.58 (m, 6H, SCH,CH,CH,CH,CH,S), 2.95 (t, 4H,
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SCH,CH,CH,CH,CH,S), 3.83 (s, 6H, 2 OCH;), 5.95 (s,
br, 4H, 2 NH,), 6.76 (s, br, 4H, 2 NH,), 6.98 to 7.59 (m,
16H, ArH's), 10.64 (s, br, 2H, 2 NH); Anal. calcd. For
CaoH4N1004S, (963.1): C, 61.10; H, 4.40; N, 14.54;
found: C, 60.94; H, 4.52; N, 14.69%.

43.11 | N,N-((Pentane-1,5-diylbis
[sulfanediyl])bis(2,1-phenylene))bis
(2-acetyl-3,6-diamino-4-(4-chlorophenyl)
thieno[2,3-b]|pyridine-5-carboxamide) (13k)

Orange solid recrystallized from DMF (72%); m.p. 284°C
to 286°C; IR (v cm™"): 3445, 3350, 3206 (NH), and 1649
(CO); 'H-NMR (DMSO-dg): & 1.55 to 1.58 (t, 6H,
SCH,CH,CH,CH,CH,S), 2.39 (s, 6H, 2 CH,), 2.95 (t, 4H,
SCH,CH,CH,CH,CH,S), 6.73 (s, br, 4H, 2 NH,), 6.86 (s,
br, 4H, 2 NH,), 7.18 to 7.51 (m, 16H, ArH's), and 10.77 (s,
br, 2H, 2 NH); Anal. caled. For C4H4,Cl,NgO,S,
(1006.0): C, 58.50; H, 4.21; N, 11.14; found: C, 58.50; H,
4.21; N, 11.14%.

4312 | N,N'-((Pentane-1,5-diylbis
[sulfanediyl])bis(2,1-phenylene))bis
(3,6-diamino-4-(4-chlorophenyl)-
2-cyanothieno[2,3-b]pyridine-
5-carboxamide) (131)

Yellow solid recrystallized from DMF (78%); m.p. above
300°C; IR (v cm™): 3472, 3338, 3217 (NH), 2223
(CN), and 1643 (CO); "H-NMR (DMSO-dy): 8 1.56 to 1.59
(m, 6H, SCH,CH,CH,CH,CH,S), 293 (t, 4H,
SCH,CH,CH,CH,CH,S), 5.93 (s, br, 4H, 2 NH,), 6.81 (s,
br, 4H, 2 NH,), 7.22 to 7.48 (m, 16H, ArH's), and 10.86 (s,
br, 2H, 2 NH); *C-NMR (DMSO-dy): § 27.2, 27.9, 31.8,
74.1, 110.6, 115.6, 119.1, 120.8, 126.4, 129.0, 129.6, 129.8,
130.2, 132.6, 135.5, 135.6, 135.7, 140.4, 140.8, 155.2, 156 .4,
and 163.2; Anal. calcd. For C4;H3Cl,N;,0,S, (972.0): C,
58.08; H, 3.73; N, 14.41; found: C, 58.22; H,
4.01; N, 14.56%.

44 | General procedure for synthesis of
bis(4-oxopyrimidines) 15a-15e

A mixture of bis(2-carbamoylthieno[2,3-b]pyridine-5-car-
boxamides) 13c,e,i (5 mmol) and each of formic acid 14a
or acetic anhydride 14b (25 mL) was heated at reflux for
5 hours. The solvent was evaporated to its half volume
and cooled. The solid product was collected by filtration,
washed with cold ethanol, dried, and then recrystallized
from the proper solvent.

441 | N,N'-((Propane-1,3-diylbis
[sulfanediyl])bis(2,1-phenylene))bis
(7-amino-9-(4-methoxyphenyl)-4-oxo-
3,4-dihydropyrido[3’,2":4,5]thieno[3,2-d]
pyrimidine-8-carboxamide) (15a)

Colorless solid recrystallized from glacial acetic acid
(63%); m.p. above 300°C; IR (v cm™): 3412, 3324, 3192
(NH), and 1646 (CO); 'H-NMR (DMSO-dy): & 1.87 (t,
2H, SCH,CH,CH,S), 3.06 (t, 4H, SCH,CH,CH,S), 3.81
(s, 6H, 2 OCHs), 6.62 (s, br, 4H, 2 NH,), 6.94 to 7.55
(m, 16H, ArH's), 8.13 (s, 2H, 2 pyrimidine-H2), 10.52
(s, br, 2H, 2 NH), and 12.80 (s, br, 2H, 2 NH); *C-
NMR (DMSO-dy): & 27.8, 31.8, 55.3, 104.6, 114.2, 116.7,
120.6, 121.1, 126.3, 127.5, 129.4, 129.6, 130.5, 132.6,
1354, 142.9, 147.1, 151.0, 155.7, 157.1, 159.5, 162.8,
and 166.6; Anal. calcd. For C4oH3gN;006S4 (991.1): C,
59.38; H, 3.86; N, 14.13; found: C, 59.22; H,
3.97; N, 14.01%.

442 | N,N-((Propane-1,3-diylbis
[sulfanediyl])bis(2,1-phenylene))bis
(7-amino-9-(4-chlorophenyl)-4-oxo-
3,4-dihydropyrido[3’,2":4,5]thieno[3,2-d]
pyrimidine-8-carboxamide) (15b)

Colorless solid recrystallized from DMF/ethanol mixture
(70%); m.p. above 300°C; IR (v cm™): 3419, 3322, 3197
(NH), and 1646 (CO); "H-NMR (DMSO-dy): & 1.86 (t, 2H,
SCH,CH,CH,S), 3.06 (t, 4H, SCH,CH,CH,S), 6.66 (s, br,
4H, 2 NH,), 7.21 to 7.49 (m, 16H, ArH's), 8.10 (s, 2H,
2 pyrimidine-H2), 10.48 (s, br, 2H, 2 NH), and 12.78 (s,
br, 2H, 2 NH); Anal. calcd. For C4H3,ClLN;q0,S,
(999.9): C, 56.45; H, 3.23; N, 14.01; found: C, 56.29; H,
3.46; N, 13.84%.

443 | N,N-((Pentane-1,5-diylbis
[sulfanediyl])bis(2,1-phenylene))bis
(7-amino-9-(4-methoxyphenyl)-4-oxo-
3,4-dihydropyrido[3’,2":4,5]thieno[3,2-d]
pyrimidine-8-carboxamide) (15c)

Colorless solid recrystallized from glacial acetic acid
(68%); m.p. above 300°C; IR (v cm™): 3412, 3324, 3192
(NH), and 1646 (CO); "H-NMR (DMSO-d): & 1.55 to 1.58
(m, 6H, SCH,CH,CH,CH,CH,S), 295 (t 4H,
SCH,CH,CH,CH,CH,S), 3.82 (s, 6H, 2 OCH,), 6.58 (s,
br, 4H, 2 NH,), 6.96 to 7.56 (m, 16H, ArH's), 8.12 (s, 2H,
2 pyrimidine-H2), 10.60 (s, br, 2H, 2 NH), and 12.69 (s,
br, 2H, 2 NH); >*C-NMR (DMSO-dy): & 27.2, 27.8, 31.6,
55.2, 105.1, 114.1, 116.2, 120.7, 121.3, 126.4, 127.5, 129.5,
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129.7, 130.4, 132.6, 135.6, 142.6, 147.3, 151.5, 155.4, 157.2,
159.2, 162.9, and 165.8; Anal. calcd. For Cs5;H4,N;106S4
(1019.2): C, 60.10; H, 4.15; N, 13.74; found: C, 59.87; H,
4.23; N, 13.82%.

444 | N,N-((Propane-1,3-diylbis
[sulfanediyl])bis(2,1-phenylene))bis
(7-amino-9-(4-methoxyphenyl)-2-methyl-
4-0x0-3,4-dihydropyrido[3’,2":4,5]thieno
[3,2-d]pyrimidine-8-carboxamide) (15d)

Colorless solid recrystallized from DMF (63%);
m.p. above 300°C; IR (v cm™): 3420, 3327, 3196 (NH),
and 1648 (CO); 'H-NMR (DMSO-dy): & 1.87 (t, 2H,
SCH,CH,CH,S), 220 (s, 6H, 2 CH,), 3.07 (t, 4H,
SCH,CH,CH,S), 3.83 (s, 6H, 2 OCHs), 6.54 (s, br, 4H,
2 NH,), 6.94 to 7.58 (m, 16H, ArH's), 10.52 (s, br, 2H,
2 NH), and 12.80 (s, br, 2H, 2 NH); '*C-NMR (DMSO-d):
6 24.6, 27.6, 31.7, 55.2, 105.6, 114.0, 117.8, 120.7, 126.2,
126.5, 127.4, 129.6, 129.8, 130.4, 132.8, 135.6, 142.5, 146.7,
155.5, 155.8, 157.4, 159.3, 163.0, and 166.8; Anal. calcd.
For C5;H4N;006S4 (1019.2): C, 60.10; H, 4.15; N, 13.74;
found: C, 60.28; H, 4.01; N, 13.64%.

44.5 | N,N-((Pentane-1,5-diylbis
[sulfanediyl])bis(2,1-phenylene))bis
(7-amino-9-(4-methoxyphenyl)-2-methyl-
4-0x0-3,4-dihydropyrido[3’,2":4,5]thieno
[3,2-d]pyrimidine-8-carboxamide) (15e)

Colorless solid recrystallized from DMF/ethanol mixture
(63%); m.p. above 300°C; IR (v cm™): 3419, 3334, 3201
(NH), and 1649 (CO); "H-NMR (DMSO-dy): & 1.55 to 1.58
(m, 6H, SCH,CH,CH,CH,CH,S), 2.23 (s, 6H, 2 CHjy),
293 (t, 4H, SCH,CH,CH,CH,CH,S), 3.81 (s, 6H,
2 OCH,), 6.70 (s, br, 4H, 2 NH,), 6.95 to 7.58 (m, 16H,
ArH's), 10.57 (s, br, 2H, 2 NH), and 12.62 (s, br, 2H,
2 NH); Anal. calcd. For Cs3HysN1906Ss (1047.2): C,
60.79; H, 4.43; N, 13.37; found: C, 60.65; H,
4.48; N, 13.21%.

4.5 | General procedure for synthesis of
bis(4-oxo0-2-thioxopyrimidines) 17a,b

A mixture of bis(2-carbamoylthieno[2,3-b]pyridine-5-car-
boxamides) 13c,i (5 mmol) and carbon disulfide 16
(8 mL) in pyridine (30 mL) was heated at reflux for
12 hours. The solvent was evaporated to its half volume
and cooled. The product was collected by filtration,

washed with cold ethanol, dried, and recrystallized from
the proper solvent.

45.1 | N,N-((Propane-1,3-diylbis
[sulfanediyl])bis(2,1-phenylene))bis
(7-amino-9-(4-methoxyphenyl)-4-oxo-
2-thioxo-1,2,3,4-tetrahydropyrido[3',2":4,5]
thieno[3,2-d]pyrimidine-
8-carboxamide) (17a)

Yellow solid recrystallized from DMF (66%); m.p. above
300°C; IR (v cm™): 3410, 3327, 3199 (NH), and 1656
(CO); 'H-NMR (DMSO-d¢): & 1.84 (t, 2H,
SCH,CH,CH,S), 3.04 (t, 4H, SCH,CH,CH,S), 3.83 (s, 6H,
2 OCH,), 6.69 (s, br, 4H, 2 NH,), 6.97 to 7.68 (m, 16H,
ArH's), 10.33 (s, br, 2H, 2 NH), 10.85 (s, br, 2H, 2 NH),
and 1292 (s, br, 2H, 2 NH); Anal. calcd. For
CaoH3sN1006Ss (1055.2): C, 55.77; H, 3.63; N, 13.27;
found: C, 55.53; H, 3.51; N, 13.42%.

45.2 | N,N-((Pentane-1,5-diylbis
[sulfanediyl])bis(2,1-phenylene))bis
(7-amino-9-(4-methoxyphenyl)-4-oxo-
2-thioxo-1,2,3,4-tetrahydropyrido[3',2":4,5]
thieno[3,2-d]pyrimidine-
8-carboxamide) (17b)

Yellow solid recrystallized from DMF/ethanol mixture
(62%); m.p. above 300°C; IR (v cm™b): 3415, 3330, 3202
(NH), and 1650 (CO); "H-NMR (DMSO-dy): 6 1.57 to 1.59
(m, 6H, SCH,CH,CH,CH,CH,S), 296 (t, 4H,
SCH,CH,CH,CH,CH,S), 3.84 (s, 6H, 2 OCH,), 6.58 (s,
br, 4H, 2 NH,), 6.98 to 7.65 (m, 16H, ArH's), 10.41 (s, br,
2H, 2 NH), 10.92 (s, br, 2H, 2 NH), and 12.98 (s, br, 2H,
2 NH); Anal. calcd. For Cs5;H4,N;006S¢ (1083.3): C,
56.54; H, 391; N, 12.93; found: C, 56.67; H,
4.04; N, 12.75%.

4.6 | General procedure for synthesis of
bis(3-acetylpyrido[3',2":4,5]thieno[3,2-d]
[1,2,4]triazolo[4,3-a]pyrimidine-
9-carboxamides) 19a-e

A  mixture of bis(4-oxo-2-thioxopyrimidines) 17a,b
(5 mmol) and the appropriate hydrazonyl chlorides 18a-c
(10 mmol) in the presence of triethylamine (2 mL) in
dioxane (30 mL) was heated at reflux for 12 hours. The
solvent was evaporated to its half volume and cooled.
The solid products were collected by filtration, washed
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with cold ethanol, dried, and then recrystallized from the
proper solvent.

4.6.1 | N,N-((Propane-1,3-diylbis
[sulfanediyl])bis(2,1-phenylene))bis
(3-acetyl-8-amino-10-(4-methoxyphenyl)-
5-oxo0-1-phenyl-1,5-dihydropyrido[3',2":4,5]
thieno[3,2-d][1,2,4]triazolo[4,3-a]
pyrimidine-9-carboxamide) (19a)

Yellow solid recrystallized from DMF (59%); m.p. 294°C
to 296°C; IR (v cm™): 3396, 3322, 3174 (NH), and 1686
(CO); "H-NMR (DMSO-dy): & 1.85 (t, 2H, SCH,CH,CH.S),
2.73 (s, 6H, 2 CHs;), 3.07 (t, 4H, SCH,CH,CH,S), 3.84 (s,
6H, 2 OCHs), 6.72 (s, br, 4H, 2 NH,), 6.98 to 7.72 (m, 26H,
ArH’s), and 10.65 (s, br, 2H, 2 NH); **C-NMR (DMSO-dy):
6 27.4, 27.6, 31.7, 55.3, 113.7, 113.9, 119.8, 120.2, 120.3,
120.8, 124.9, 126.5, 127.7, 129.6, 129.8, 130.6, 132.5, 135.6,
135.7, 140.8, 144.8, 151.2, 151.6, 153.5, 156.7, 157.8, 159.4,
163.6, 164.8, and 194.0; Anal. calcd. For Cg;H50N1405S4
(1307.4): C, 61.55; H, 3.85; N, 15.00; found: C, 61.72; H,
3.93; N, 15.11%.

4.6.2 | N,N-((Propane-1,3-diylbis
[sulfanediyl])bis(2,1-phenylene))bis
(3-acetyl-8-amino-1-(4-chlorophenyl)-
10-(4-methoxyphenyl)-5-oxo-
1,5-dihydropyrido[3’,2":4,5]thieno[3,2-d]
[1,2,4]triazolo[4,3-a]pyrimidine-
9-carboxamide) (19b)

Yellow solid recrystallized from DMF (59%); m.p. above
300°C; IR (v cm™): 3391, 3330, 3179 (NH), and 1686
(CO); "H-NMR (DMSO-d): & 1.86 (t, 2H, SCH,CH,CH.,S),
2.74 (s, 6H, 2 CHs3), 3.06 (t, 4H, SCH,CH,CH,S), 3.82 (s,
6H, 2 OCH,), 6.82 (s, br, 4H, 2 NH,), 6.98 to 7.81 (m, 24H,
ArH's), and 10.74 (s, br, 2H, 2 NH); Anal. calcd. For
Ce7HusCLN,,08S, (1376.3): C, 58.47; H, 3.52; N, 14.25;
found: C, 58.36; H, 3.47; N, 14.38%.

4.6.3 | N,N-((Propane-1,3-diylbis
[sulfanediyl])bis(2,1-phenylene))bis
(3-acetyl-8-amino-10-(4-methoxyphenyl)-
5-0x0-1-(p-tolyl)-1,5-dihydropyrido[3’,2":4,5]
thieno|3,2-d][1,2,4]triazolo[4,3-a]
pyrimidine-9-carboxamide) (19c)

Yellow solid recrystallized from DMF/ethanol mixture
(59%); m.p. 290°C to 293°C; IR (v cm™"): 3398, 3328, 3170
(NH), and 1682 (CO); "H-NMR (DMSO-d): & 1.86 (t, 2H,

SCH,CH,CH,S), 2.31 (s, 6H, 2 p-CH;), 2.74 (s, 6H,
2 CH,), 3.06 (t, 4H, SCH,CH,CH,S), 3.82 (s, 6H,
2 OCH,), 6.59 (s, br, 4H, 2 NH,), 6.97 to 7.70 (m, 24H,
ArH's), and 10.58 (s, br, 2H, 2 NH); *C-NMR (DMSO-
de): 621.2,27.4,27.7,31.7, 55.4,113.7, 114.1, 119.9, 120.3,
120.7, 126.6, 127.5, 128.8, 129.7, 129.8, 129.9, 130.4, 132.7,
134.2, 135.5, 141.2, 144.7, 151.5, 151.9, 153.3, 156.2, 157.4,
159.8, 163.9, 164.4, and 194.1; Anal. calcd. For
CeoHs4N14,0sS, (1335.5): C, 62.06; H, 4.08; N, 14.68;
found: C, 61.85; H, 4.14; N, 14.57%.

4.6.4 | N,N-((Pentane-1,5-diylbis
[sulfanediyl])bis(2,1-phenylene))bis
(3-acetyl-8-amino-10-(4-methoxyphenyl)-
5-0x0-1-phenyl-1,5-dihydropyrido[3',2":4,5]
thieno|[3,2-d][1,2,4]triazolo[4,3-a]
pyrimidine-9-carboxamide) (19d)

Yellow solid recrystallized from DMF (59%); m.p. 294°C to
296°C; IR (v cm™Y): 3396, 3322, 3174 (NH), and 1686 (CO);
'H.NMR (DMSO-dg): & 157 to 1.60 (m, 6H,
SCH,CH,CH,CH,CH,S), 2.75 (s, 6H, 2 CHs), 2.95 (t, 4H,
SCH,CH,CH,CH,CHS,S), 3.83 (s, 6H, 2 OCHs), 6.68 (s, br,
4H, 2 NH,), 6.97 to 7.74 (m, 26H, ArH's), and 10.54 (s, br,
2H, 2 NH); Anal. calcd. For CgHs4N;405S, (1335.5): C,
62.06; H, 4.08; N, 14.68; found: C, 62.01; H, 4.02; N, 14.81%.

4.6.5 | N,N-((Pentane-1,5-diylbis
[sulfanediyl])bis(2,1-phenylene))bis
(3-acetyl-8-amino-10-(4-methoxyphenyl)-
5-0x0-1-(p-tolyl)-1,5-dihydropyrido[3',2":4,5]
thieno[3,2-d][1,2,4]triazolo[4,3-a]
pyrimidine-9-carboxamide) (19¢)

Yellow solid recrystallized from DMF/ethanol mixture
(59%); m.p. 290°C to 293°C; IR (v cm™"): 3398, 3328, 3170
(NH), and 1682 (CO); 'H-NMR (DMSO-dy): 6 1.55 to 1.58
(m, 6H, SCH,CH,CH,CH,CH,S), 2.32 (s, 6H, 2 p-CHs),
2.73 (s, 6H, 2 CH,), 2.94 (t, 4H, SCH,CH,CH,CH,CH,S),
3.81 (s, 6H, 2 OCH,), 6.64 (s, br, 4H, 2 NH,), 6.98 to 7.71
(m, 24H, ArH's), and 10.71 (s, br, 2H, 2 NH); *C-NMR
(DMSO-dg): & 21.3, 27.2, 27.4, 27.8, 31.5, 55.2, 113.6,
114.0, 119.6, 120.5, 120.6, 126.7, 127.9, 128.7, 129.6, 129.6,
129.7, 130.6, 132.7, 134.3, 135.6, 141.3, 144.7, 151.8, 152.3,
153.6, 155.9, 157.7, 160.1, 163.6, 164.2, and 194.0; Anal.
calcd. For C;;HssN1405S, (1363.5): C, 62.54; H, 4.29; N,
14.38; found: C, 62.48; H, 4.17; N, 14.50%.
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