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2-CYANOETHANETHIOAMIDE IN
HETEROCYCLIC SYNTHESIS: NOVEL
SYNTHESIS OF THIENO|2,3-B]PYRIDINE,
PYRAZOLO[3,4-B]JPYRIDINE AND
PYRIDOPYRAZOLO- 1,2,4-TRIAZINE
DERIVATIVES

MOHAMED A.A. ELNEAIRY" and AZZA M. ABDEL-FATTAH

Chemistry Department, Faculry of Science, Cairo University, Giza, Egvpt
(Received May 23, 2000; In final form July 13, 2000)

Several new synthesis of thieno|2.3-b]pyridine, pyrazolo(3,4-b|pyridine and pyridopyra-
zolo-1,2,4-triazine derivatives via the reactions of pyridinethiones with halogenated com-
pounds, hydrazine hydrate and active methylene compounds.

Keywords: pyridinethione;  thieno{2,3-b|pyridine; pyrazolo[3,4-b|pyridine; pyridopyra-
zolo-1,2 4-triazine

INTRODUCTION

In continuation of the work!~'" in the chemistry of cyanothioacetamide
(1), the present paper deals with the synthesis of several new heterocyclic
compounds which exhibit biological activities as well as several chemical
transformations. The reported biological activities of both pyridines as
antimycotic”, anti- depressant'z, fungicidal a,gents|3 and pyrazoles as
inhibitors and deactivators of liver alcohol dehydrogenase""|5 stimulated
our interest in the synthesis of several new derivatives of these ring sys-

tems which are required for midicinal chemistry program.

* To receive any correspondence. e-mail: elneairy@chem-sci.eun.eg
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RESULTS AND DISCUSSION

It has been found that the arylidene derivatives of 3a reacted with ethyl
acetoacetate (4) in ethanol and pyridine to afford a reaction product of
molecular formula C;¢H;3BrN,0,S which corresponded to equimolecular
addition of 4 to 3a and loss of one molecule of water. The IR (cm™}) spec-
trum of this reaction product showed the presence of NH (3193), CN
(2218), CO-ester (1722), C=S (1525) and saturated CH,, CH; (2985)
groups. Moreover its TH-NMR (ppm) revealed among its signals those of
NH of pyridine (s, br., 5.3). Based on the above data, the reaction product
was formulated as 6-methyi-5-ethoxycarbonyl-4(4-bromophenyl)-3-cyan-
opyridine-2-thione 5a (cf. Chart 1 and table I and II). In the same manner
compound 3b reacted with 4 in ethanol and pyridine to give the corre-
sponding pyridinethione derivative Sb'S, The reaction products 5a,b were
taken as starting materials for the present work owing to contain more than
one active site.

TABLE I Characterization data of the newly synthesized compounds

Comp. M.P.(°C) Yield Molecular % Analysis Calcd./Found
(Colour) (Solvent) (%) Fornla C H N S Br
5a 228 RO CigH aBrN,O-S 50,93 345 743 848 21.22
(yellow) (ethanol) 509 33 73 RS5 21.1
Ta 194 65 CyH|gBrCIN,O:S 5439 340 529 6.04 15.11
(yellow) (ethanol) 543 33 5.2 59 150
7b 130 75 C,sHy BrN,O3S 5894 413 550 6.29 15.72
(yellow) (ethanol) 587 4.0 55 6.2 155
Tc 162 70 CyHCIN;O3S 6322 486 R.51 648 ---
(yellow) (ethanol) 63.1 47 85 63 -
7d 190 55 C,y7H37N;058 6850 571 888 6,77 -
(yellow) (ethanol) 684 55 90 6.7 .-
9a 120 85 CyH|gBrN,O,S  53.05 400 589 6.74 16.84
(white) (ethanol) 528 38 57 6.8 169
9b 170 80 C3H5sN30,8 6287 569 957 7.29 ---
{white) (ethanol) 626 58 95 7.0 -
Ha 190-2 75 CigH;sBrN,O;S 52,66 393 647 7.39 1847
(yellow) (ethanol) 525 38 6.5 7.3 183
11b 150 64 C,H23N3038 6348 579 105 R06 ---

(yeltow) (ethanol) 635 55 104 80 -
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Comp. M.P.(°C)  Yield Molecular % Analysis Caled./Found
(Colour) (Solvent) (%) Formula C H N S Br
14a 100 70 Cy7H;sBrN,O,S  52.17 3.84 7.16 8.18 2046
(yellow) (ethanol) 525 37 1.2 8.0 202
14b 162 85  CiHyN;0,8 6420 595 11.82 9.02 -
(yellow) (ethanol) 640 58 11.8 91 -
15a 268 70 CigHysBtNJO,  51.23 4.03 1493 - 21.29
(green) (acetic acid) 511 42 148 --- 21.1
15b 276 65 CigHyNsO, 6370 624 2064 - -
(green)  (acetic acid) 635 62 205 --- -
16a 140 72 Cy3HyoBrNgO,S 5412 395 13.72 6.28 15.66
(yellow) (ethanol) 542 38 138 6.2 155
16b 220 79 CysHygNgO,S 6327 552 1771 676 -
(white) (ethanol) 631 54 175 67 ---
17a 162 decomp. 64  CjH|3CIBfNsO, 4547 3.10 1657 --- 1893
(white) (ethanol) 453 55 165 - 188
17b 140 decomp. 62 CigHyoCINgO,  55.89 495 2173 - -
(white) (ethanol) 558 49 216 - -
19a 126 81 CyHgBIiNgO,  50.51 384 16.83 --- 16.00
(red) (ethanol) 505 37 167 -- 158
19b >300 67 CysHjgBrN;O,S 5358 324 1749 572 14.26
(yellow) (acetic acid) 534 33 174 58 143
19¢ >300 56 CygH(BrN;O,S  46.92 3.32 20.16 6.59 16.43
(yellow) (ethanol) 468 32 198 64 163
19d 274 85 C,3H,5N70, 59.60 544 21.15 - -
(yellow) (acetic acid) 595 53 212 - -
19¢ >300 69 Cy7H,4Ng0,8 61.82 4.61 21.36 6.11 ---
(brown) (acetic acid) 619 45 212 6.0 --
19f >300 73 C, H;;3Ng0,8 5598 492 2487 7.11 -
(brown) (ethanol) 558 49 248 69 -
20a 142 68 CyHgBrNgO;  50.51 3.84 16.83 --- 16.00
(buff) (ethanol) 505 39 168 --- 15.9
20b >300 65  CysHygBrN;0,S 5358 324 1749 572 14.26
(yellow)  (acetic acid) 534 32 174 56 141
20¢ >300 80 CoH(¢BrN;O,S  46.92 3.32 20.16 6.59 16.43
(yellow) (ethanol) 468 33 200 65 163
20d 2968 64 Cy3Hy5N704 59.60 5.44 21.15 --- 13.81
(yellow) (ethanol) 595 53 212 - 13.7
20e >300 72 Cy7H,4Ng0,S 61.82 4.61 2136 6.11 ---
(yellow) (acetic acid) 61.7 45 212 60 -
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% Analvsis Caled /Found

Conip. M.P.(°C}  Yield Molecular

(Colour) (Solvent) (%) Formula c H N s Br
206 >300 ] C,H53Nz0,S 5598 492 2487 7.12 ---
(yellow) (ethanol) 558 49 246 7.1 -
20g 252 62 CigH4BIN;O, 5046 3.12 21.68 --- 17.67
(brown) (ethanol) 504 31 217 --- 17.6
20h >300 56 C51H3NgO; 60.57 484 2691 -- -
(red) (ethanol) 605 47 268 - -
22a 254 85 CyHigBrNsO; 5385 387 1495 --—- 1706
(yellow) (ethanot) 538 38 148 - 170
22b 170 62 CyHyBiNsO,  53.02 404 1405 --- 1603
(yellow) (ethunol) 529 40 139 - 16.1
22 240 73 C33H3yNO; 63.87 559 1943 --- -
(red) (ethanol) 637 55 193 . ..
22d >300 68 CayHi6NeOy 6233 566 1817 --- -
(yellow) (ethanol) 622 56 IR1 o
24a 180 65 Cy7H3yBrNsOs  56.07 418 12,11 --- 1382
(yellow) (ethanol) 56.t 41 120 --- 137
24b 190 R0 CyyH3NOs 6419 557 1549 - -
(yellow) (ethanol) 641 54 154 - -
25a 258 64 Cy7H33BINgO; 5787 396 1249 - 14,26
(green) (ethanol) 578 40 124 - 143
25b >300 72 CayHx%NOy 66.39 538 1602 --- -
(yellow) (ethanol) 663 52 160 - .
28a 220 8t CysHiyBrNgO3S  53.29 339 1491 5.69 I4.18
(white) (ethanol) 533 34 151 55 1441
28b 210 62 Ca9H15N4O:S 6146 477 1858 6.08 ---
(yellow) (ethanol) 61.3 47 184 59 -
29a 240 70 CyyH»NLO4S 53.79 3.58 1297 495 1234
(white) (acetic acid) 536 36 128 48 122
29b 256 RS C3HyyN;,04S 60.87 478 16.03 524 --
(yellow) (acetic acid) 607 47 161 52 -
30a >300 62 CasHyBrNsO,S  53.20 3,22 1241 568 14.16
(yellow) (ethanol) 531 32 122 56 142
30b 280 75 Cy7H3yNO4S 61.35 4.58 15.89 6.07 ---
(brown) (ethanol) 61.2 45 157 59 -

Compounds 7a. 7c, 17a and (70, the % of chiorine calcd.jfound : 6,707 6.5; 7.19 7.0%
8.40/8.3: 9.17/9.0 respectively.
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Compounds 5a,b were reacted with several halogenated ketones such as
-bromo-4-chloroacetophenone, o-bromo-4-methylacetophenone,
a-chloroacetyl acetone and chloroacetone. It has been found that, com-
pound 5a reacted with ow-bromo-4-chloroacetophenone (6a) to give the
reaction product 7a. The IR (cm") spectrum of 7a was free from the
nitrile function and newly born of NH, absorption band. Moreover, its
'H-NMR (ppm) revealed among its signals those of NH,group. Based on
elemental analysis and spectral data, compound 7a was assigned as
thienopyridine derivative 7a. Moreover the mass spectrum of compound 7a
gave m/e = M= 529(50.2%), m/e=M+1=530(100%) and
m/e=M+2=531(66.1%) which is the same molecular weight required for a
compound with molecular formula C,4H;3N,O3SBrCl (cf. Chart 1). Analo-
gously compound 5a reacted with ®-bromo-4-methylacetophenone (6b) to
afford 7b corresponding to thienopyridine derivative. In the same manner 5b
reacted with 6a,b to yield the corresponding pyridinethione derivatives 7¢,d.
The structure of 7¢c,d were assigned based on the correct elemental analysis
and spectral data as 7a,b described before. Moreover the mass spectrum of
compound 7d gave m/e=M*= 473(99.7%) and m/e=M+1=474(100%)
which is the same molecular weight required for a compound with molecu-
lar formula C27H27N303S (Cf Chart 1 and table I and II)

Compound 5a reacted also with a-chloroacetylacetone (8) in methanolic
sodium methoxide followed by loss of hydrogen chloride to afford
2-S-diacetylmethylpyridine derivative 9a. The IR (em™ spectrum of this
reaction product showed the absorption bands of CN (2223), CO-ester
(1732), and saturated CH,, CH; (2987) groups. Its "H.NMR revealed the
signals assigned with the structure (cf. Chart 1 and Experimental Part). Fur-
ther elucidation of 9a was confirmed via its cyclization in sodium methoxide
solution on hot to afford the cyclized product 11a. The IR (cm™) spectrum
of this reaction product was free from the absorption band of nitrile function
and newly born of NH, group. Moreover its 'H-NMR revealed among its
signals the signal of newly NH, group. Based on elemental analysis and
spectral data compound 11a was assigned as thienopyridine derivative. The
formation of 11a through this cyclization reaction is assumed to proceed via
initial addition of methine group of 9a to the nitrile function to give the cor-
responding non-isolable 2,2-diacetyl-3-iminothieno[2,3-b]pyridine deriva-
tive 10a which then underwent acetic acid cleavage and this followed by
intramolecular attack of the intermediate carbanion on the imine to afford
11a. The structure of 11a was further confirmed via alternative synthesis,
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thus compound 5Sa reacted with chloroacetone (12) to give directly the final
isolable product 11a. Compound 11a which prepared via this route was
found to be identical in all aspects with that 11a prepared as described before
(cf. Chart | and Experimental Part). In the same manner compound Sb
reacted with 8 and 12 to give the reaction products 9b and 11b. Moreover,
the structures of 9b and 11b were established on the basis of elemental anal-
ysis and spectral data as 9a and 1la described before. Moreover the mass
spectrum of compound 11b gave m/e = M*= 397(91.9%) which is the same
molecular weight required for a compound with molecular formula
C2|H23N303S (cf. Chart 1)

The work was extended by the reaction of Sa,b with methyl iodide to
afford the corresponding 2-S-methylpyridine derivatives 14a,b. Com-
pounds 14a,b were reacted with hydrazine hydrate to give a sulfur free
reaction products 15a,b. The IR (cm™!) spectra of these reaction products
showed the newly born absorption bands of NH, and absence of nitrile
absorption bands. Their 'H-NMR (ppm) spectra revealed the signals of
NH and NH; at (s, br., 5.4). On shaking compounds 15a and 15b with deu-
terium oxide (D,0) the singlet broad signal at 5.4 ppm which correspond-
ing to NH; and NH groups disappeared and two new signals appeared.
The first is the singlet at 4.6 ppm for 1H of DOH due to the exchanging
proton at NH with D,0 and the second is the singlet signal at 4.9 ppm for
2H of H,0 due to the exchanging proton at NH, with D,0. The mass
spectrum of compound 15b gave m/e = M*= 339(100%) which is the same
molecular weight required for a compound with molecular formula
C\8H> NsO, (cf. Chart 2 and Experimental part).

Compounds 15a,b were taking as starting materials for synthesis of a
new series of heterocyclic compounds. Compound 15a reacted with phe-
nyl isothiocyanate to afford pyrazolo[3,4-b]pyridine-3-yl phenylthiourea
derivative 16a. The IR (cm™') spectrum of 16a showed the absorption
bands of three NH, CO-ester and C=S groups. Moreover its 'H-NMR
(ppm) spectrum revealed the signals of three NH, CH,CH3, CH; in addi-
tion to the aromatic protons. Based on the above data compound 16a was
formulated as thiourea derivative. In the same manner Sb reacted with
phenyl isothiocyanate to yield 16b. The mass spectrum of 16b gave
m/e=476 (1.5%) and a base peak at m/e=384 (100%) via loss of the moiety
phNH (cf. Chart 2 and Experimental part).

The synthetic potential of 15a,b was investigated via their reaction with
nitrous acid to afford the isolable diazonium salts 17a,b. The IR (cm™')
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CHART 2

spectra of these reaction products have no any absorption bands corre-
sponding to the NH, groups. Their 'H-NMR (ppm) spectra do not
revealed any signals corresponding to NH, group. Based on the above data
compounds 17a,b were formulated as pyrazolo-pyridinediazonium chlo-
ride derivatives. Compounds 17a,b were reacted with some active methyl-
ene compounds.
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Thus, it has been found that 17a reacted with ethylcyanoacetate (18a) to
yield a reaction product 19a. The IR (cm™') spectrum of this reaction
product showed the absorption bands of two NH (3301, 3198), two
CO-ester (1720, 1697), CN (2219) and saturated CH, and CH; (2987)
groups. The 'H-NMR (ppm) spectrum of 19a revealed the absorption
bands of two NH (s, br., 5.3), CH,CH; at pyridine (t, 0.9; q. 3.7),
CH,CHjat pyrazole (t, 1.6; q, 4.0), CHj (s, 1.1) in addition to the aromatic
protons (m, 7.3-7.8). Based on the above data compound 19a was formu-
lated as pyrazolopyridine derivative (cf. Chart 2 and Experimental Part).
Further elucidation of structure of 19a via its cyclization in boiling ethanol
in the presence of triethyl amine to yield the cyclized product correspond-
ing to pyrido[2',3":3,4]pyrazolo[5,1-c]-1,2,4-triazine derivative 20a. The
IR (cm™') spectrum of 20a showed the absence of nitrile absorption band,
and newly born NH, absorption band at (3343, 3298). It's 'H-NMR (ppm)
spectrum revealed among its signals those of NH, (s, br., 5.3)., compound
20a was prepared via another route by the reaction of 18a with 17a in boil-
ing ethanol in the presence of triethyl amine to give pyridopyrazolotri-
azine, compound 20a prepared via this route is the same identical in all
aspects with that previously prepared.

Analogously benzothiazoloacetonitrile (18b) and cyanothioacetamide
(1) reacted with 17a to afford the corresponding pyrazolopyridine deriva-
tives 19b,c which were cyclized by the action of boiling ethanol in the
presence of triethyl amine to yield the corresponding pyridopyrazolotri-
azine derivatives 20b,c. The structures of 19b,c and 20b,c were assigned
based on the correct elemental analysis and spectral data as 19a and 20a
described before. In the same manner compound 17b reacted with 18a,b
and 1 to yield the corresponding pyrazolopyridine derivatives 19d-f which
were cyclized by the action of boiling ethanol and triethyl amine to afford
the corresponding pyridopyrazolotriazine derivatives 20d-f. In a contrast
behavior, compounds 17a,b reacted with malononitrile (18d) to give
directly the cyclized product corresponded to pyridopyrazolotriazine
derivatives 20g,h. The structures assigned of 20g,h were based on the cor-
rect elemental analysis and spectral data (cf. Chart 2 and Tables I & II).

Our investigation was also extended to study the reaction of 17a with
acetyl acetone (21a) to give a reaction product 22a. The IR (cm™!) spec-
trum of 22a showed the absorption bands of CO-ester (1729), CO-acetyl
(1689) and saturated CH,, CH; (2985) groups. It's IH-NMR (ppm) spec-
trum revealed the signals of CH,-CHj(t, 0.8; q. 3.7), CH;CO (s, 1.8), CHj3
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(s, 1.1) and aromatic protons (7.4—7.7). Based on the above data com-
pound 22a was formulated as pyridopyrazolotriazine derivative.

Analogously compound 17a reacted with ethyl acetoacetate (21b) to give
the corresponding pyridopyrazolotriazine derivative 22b. In the same man-
ner compound 17b reacted with 21a,b to give the corresponding pyridopyra-
zolotriazine derivative 22¢,d. The structure of the 22¢,d was confirmed
based on the correct elemental analyses and spectral data as 22a,b describe
before (cf. Experimental part). Compound 17a reacts with ethylbenzoylace-
tate (23) to yield the corresponding pyrazolopyridine derivative 24a. The IR
(cm") spectrum of 24a showed the absorption bands of two NH (3350,
3298), CO-ester (1729), CO benzoyl (1699) and saturated CH,, CH; (2985)
groups. It's "H-NMR (ppm) spectrum revealed the signals of two NH (s, br.,
5.3), CH,CHj at pyridine (t, 0.8; q, 3.7), CH,-CH; at pyrazole (t, 1.8; q,
4.0), CH; (1.1) and aromatic protons (7.4-7.7). Based on the above data
compound 24a was formulated as hydrazopyrazolo[3,4-b]pyridine deriva-
tive. The structure of 24a was further elucidated by the action of boiling eth-
anol and triethyl amine to yield the cyclized product corresponding to
pyridopyrazolotriazine derivative 25a (cf. Chart 3 and Tables I & II). The
structure of 25a was assigned based on the correct elemental analysis and
spectral data. In the same manner 17b reacted with 23 to afford the corre-
sponding hyrazopyrazolopyridine derivative 24b. Compound 24b by the
action of boiling ethanol and triethyl amine gave a cyclized product 25b.
Compounds 24b and 25b were assigned based on the correct elemental anal-
ysis and spectral data as 24a and 25a described before. Finally 17a reacted
with o-thiocynatoacetophenone (26) to yield a cyclized product 28a. The IR
(cm™) spectrum of 28a showed the absorption bands of two NH (3332,
3290), CO-ester (1729), CO-benzoyl (1680) and saturated CH,, CH; (2986)
groups. It's '"H-NMR (ppm) spectrum revealed the signals of two NH (s, br.,
3.3), CH,-CH; (t, 0.9; q, 3.7), CHj (1.1) in addition to the aromatic protons
(m, 7.4-7.7). Based on the above data compound 28a was formulated as
iminothiadiazolylpyrazolopyridine derivative 28a. The formation of the imi-
nothiadiazole ring in 28a proceed via the addition of NH to the nitrile func-
tion. Further elucidation of 28a by it's reaction with acetic anhydride and
hydrogen peroxide to give the N-acetyl and thiadiazolone derivatives 29a
and 30a. The IR (cm™!) spectrum of these reaction products showed the
absence of NH absorption bands. The mass spectrum of compound 29a gave
m/e= M*+2= 647(100%) which is the same molecular weigh required for a
compound with molecular formula CygH,3BrNgO5S (cf. Chart 3 and Exper-
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imental part). Their '"H-NMR (ppm) spectrum do not revealed any signals
corresponding to the NH group. In the same manner 17b reacted with 26 to
yield the corresponding iminothiadiazolylpyrazolopyridine derivative 28b.
Compound 28b reacted with acetic anhydride and hydrogen peroxide to
afford N-acetyl and thiadiazolone derivatives 29b and 30b. The structures
assigned for each of 28b, 29b and 30b based on the correct elemental analy-
sis and spectral data as 28a, 29a and 30a described before.
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EXPERIMENTAL

All melting points are uncorrected. IR spectra were recorded (KBr disc) on
a Pye Unicam SP- 1100 and Perkin- Elmer FI-IR type 4 Spectrophotome-
ters. 'H- NMR spectra were recorded on Gemini 200 Hz and Brucker
WP-80 spectrometers using TMS as an internal standard. Chemical shifts
are expressed as 8 ppm units using DMSO-dg, CDCl;3 and (CD5),CO as
solvents. Mass spectra were recorded on Hewlett — Packard GC-MS type
2988 series A using DIP technique at 15 eV and 70 eV.

Microanalyses were performed by the Microanalytical center at Cairo
University using Perkin- Elmer 2400 CHN Elemental analyzer. Compound
5b'6 was prepared according to literature procedure.

Reactions of 5a,b with different reagents in methanolic sodium
methoxide

A solution of each of 5a,b (0.01mole) and each of the reagents 6a,b, 8, 12 or
methyl iodide (0.0lmole) was heated under reflux in methanolic sodium
methoxide for 5 hours. The reaction products obtained on hot or after cooling
were filtered off and crystallized from the proper solvents to yield the reac-
tion products 7a-d, 9a,b, 11a,b and 14a,b respectively (cf. Tables I and II).

Reactions of 17a,b with different reagents in cold ethanol in the
presence of sodium acetate

A solution of each of 17a,b (0.01mole) in ethanol (30ml) in the presence
of sodium acetate (1g) was treated with each of the reagents 18a-b, 21a,b,
23, 26 and the whole was stirred at room temperature for one hour. The
solid products obtained were filtered off, washed with water, and crystal-
lized from the proper solvents to yield the reaction products 19a-f, 20g,h,
22a-d, 24a,b and 28a,b respectively (cf. Tables I and II).

Reactions in hot ethanolic triethylamine

A solution of each of 19a-f, 24a,b (0.01mole) in ethanol (30ml) in the
presence of triethylamine (0.5ml) was heated under reflux for 2-3 hours.
The solids obtained on hot or after cooling were filtered off, and crystal-
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lized from the proper solvents to yield the reaction products 20a-f and
25a,b respectively (cf. Tables I and II).

Reaction with hydrazine hydrate

A solution of 14a,b (0.01mole) in ethanol (30ml) was treated with hydra-
zine hydrate (10ml) and then heated under reflux for 6 hours. The solids
obtained on hot or after cooling were filtered off, and crystallized from the
proper solvents to yield the reaction products 15a,b respectively (cf.
Tables I and II).

Reaction with nitrous acid

A cold solution of each of 15a,b (0.01mole) in concentrated hydrochloric
acid (5ml) was treated with a cold solution of sodium nitrite (0.015 mole)
and then stirred in an ice -cold bath for one hour. The solid products
obtained were filtered, washed with water and recrystallized from the
proper solvents to yield the reaction products 17a,b respectively (cf.
Tables I and H).

Reaction with phenylisothiocyanate

A cold solution of each of 15a,b (0.01mole) in pyridine (30ml) was treated
with phenylisothiocyanate (0.01mole). The reaction mixture was heated
under reflux for 5 hours then cooled, poured into ice-cold water and acidi-
fied by dilute hydrochloric acid. The solid products obtained were filtered,
and recrystallized from the proper solvents to yield the reaction products
16a,b respectively (cf. Tables I and II),
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