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A new combinatorial method for the preparation of substituted thiazolo[4,5-b]pyridines, which utilizes
cyanoacetamide, heterocumulenes (isothiocyanates, carbon bisulfide), and ethyl-4-chloroacetoacetate in
a new SN2 — Thorpe—Ziegler — Thorpe—Guareschi domino reactions has been developed. The obtained
thiazolo[4,5-b]pyridines were then used together with aldehydes and malononitrile in another Knoe-
venagel reaction— Michael reaction— hetero-Thorpe—Ziegler domino reaction for the synthesis of
substituted 4,6-dihydro-5H-pyrano[2,3-d]thiazolo[4,5-b]pyridines.

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

Substituted thiazolo[2,3-b]pyridines represent an important
class of annulated heterocycles with diverse types of pharmaceu-
tical' and pesticide? activity. The practical significance of thiazolo
[4,5-b]pyridines stimulates the continuous development of syn-
thetic methods for the preparation of these compounds,? including
combinatorial approaches via solution and solid-phase syntheses.*

The majority of known synthetic methods for substituted thia-
zolo[4,5-b]pyridines are two-stage protocols.? As such, at the first
stage either the thiazole or pyridine cycle is constructed. The sec-
ond stage of the synthesis is usually the intermolecular cyclo-
condensation reaction, which forms the second pyridine or thiazole
ring. There are also examples of substituted thiazolopyridines
obtained from N-cyanoiminothiolate salts and polyfunctional halo-
alkanes, where the primary preparation of 5-substituted 4-amino-
thiazoles is followed by intramolecular cyclization, which forms the
second preannulated pyridine cycle.*® This approach also permits
synthesis of 2-R-amino(thio)thiazolopyridines from the corre-
sponding salts of N-cyanoiminothiolates and 4-bromoacetoacetic
ester without the isolation of intermediates.” In general approaches
that rely on the preliminary synthesis and isolation of N-cyanoimi-
nothiolate salts usually restrict the variety of substituents in 2-R-
amino(thio)thiazolopyridines, result in the formation of by-products,
and have a low yield of the final thiazolopyridines.

* Corresponding author. Tel.: +7 499 135 8804; e-mail address: shchem@dol.ru
(A.M. Shestopalov).

0040-4020/$ — see front matter © 2010 Elsevier Ltd. All rights reserved.
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2. Results and discussion

In this study we describe a new one-pot method of synthesis of
substituted 7-hydroxy][1,3]thiazolo[4,5-b]|pyridine-5(4H)-ones using
new SN2 — Thorpe—Ziegler — Thorpe—Guareschi domino reactions.
Several types of domino reactions (see works of Prof. LF. Tietze®) are
very well described in literature and are routinely used in the syn-
thesis of various heterocyclic compounds, including some natural
products. However, the reactions presented in this study were not
previously described and their synthetic potential is not yet known.

We used cyanoacetamide 1, heterocumulenes (isothiocyanates
2, carbon bisulfide 3), and ethyl-4-chloroacetoacetate 4 as starting
reagents for our domino reactions. One of the distinctive features of
the proposed method is the direct generation of mercaptonitrile
salts 5 in the reaction mixture without their preliminary synthesis
and isolation (Scheme 1).

We discovered that high yield of the final products can be
achieved by introducing the starting reagents to the reaction
mixture in a specific sequence and by maintaining a certain tem-
perature regime (Scheme 1). As such, salt 5 was generated in EtOH
from equimolar amounts of compounds 1, 2 or 1, 3 and KOH at
20 °C. Ethyl-4-chloroacetoacetate 4 was then added to the reaction
mixture, followed by an additional equimole of a KOH solution in
EtOH. Subsequently, the reaction mixture was refluxed for 30 min
to form 2-(R-amino)-7-hydroxy[1,3]thiazolo[4,5-b]pyridin-5(4H)-
ones (9), which were isolated in 70—82% yields after acidification of
the reaction mixture with HCL

Under these conditions, the formation of compounds 9 proceeds
with high regioselectivity, which is a result of the specific sequence of
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Scheme 1. Synthesis of substituted 7-hydroxy[1,3]thiazolo[4,5-b]pyridin-5(4H)-ones. Z=NHR, SK. 2, 9: R=CHj3 (a); CH3CH; (b); CH,CH=CH, (c); CgHs (d); 4-OCH3—Cg¢H4 (e); 3-
Cl—CgHy (f); 3-F—CgHy4 (g). 11, 12: R'=CH3 (a); CH3CH; (b); CHy—3-CsHyN (c); CHy—2,6-Cl,—CeHs (d); CHa—3,4-F,—CgHs (e); CHy—3-CF3—CgHy (f); CH,—CO—3,4-(0OCH3),—C6Hs (g);

CH,—CONH—Ad" (h); CH,—CONH—3,4-F,—CgHs (i); CHy—CONH—2-CF3—CgHs (j).

domino reactions: Sy2 (intermediate 6)— Thorpe—Ziegler reaction
(intermediate 7) — Thorpe—Guareschi reaction (intermediate 8).

A unique combinatorial aspect of the developed protocol is the
ability to prepare a solution of thiazolo[4,5-b]pyridine-2-thiolate 10
and, without isolating the intermediate, use it in the subsequent
Sn2 reaction for the synthesis of pyridin-5(4H)-ones 12. This ap-
proach significantly simplifies the preparation of compounds 12
and avoids the isolation and purification of intermediates 5, 7.4°
Moreover, an almost 2-fold increase in the yield of 2-(R-thio)-thio-
thiazolo[4,5-b]pyridinones 12 can probably be attributed to the
absence of the 2-alkylthiolate hydrolysis in molecules 12. Unlike
previously described protocols,** in our method the alkylation
reaction was carried out at the end of the synthesis rather than at the
beginning.

Salt 5 (Z=SK) was generated in ethanol from cyanoacetamide 1
and carbon bisulfide 3 in the presence of 2 mol of KOH. Salt 5 was
then reacted with ester 4 via the Sy2 mechanism to form in-
termediate 6. The subsequent intramolecular Thorpe—Ziegler and
Thorpe—Guareschi cyclizations proceeded via the formation of in-
termediate 7 to give di-potassium salt 8 (Z=SK). This transition
from salt 5 to salt 8 forms the basis of our domino reaction. Then
the reaction mixture was acidified with HCl to obtain a solution of
salt 10, which was divided into equal volumes and equimolar
amounts of various R-Hal 11 were added to the solutions. The
formed precipitates of compounds 12 were isolated by filtration.
The high regioselectivity of the final alkylation reaction is probably
related to the higher nucleophilicity of the exocyclic sulfur atom
compared to the nitrogen or oxygen atoms. A similar behavior of
the conjugated thiolato heterocycles in Sny2 reactions has been
observed in the past.”

The structures of the obtained compounds 9 and 12 were con-
firmed by NMR and FTIR spectroscopy, and elemental analysis. A
characteristic feature of the IR spectra of 9 and 12 is the presence of
stretching and bending absorption bands of the C(O)NH and NH
groups in the region 1612—1676 cm™~! and 2980—3470 cm™ .. The
absence of characteristic absorption bands of the C=N, C=0, and
NH; groups for intermediates 5—7 also indicates high regiose-
lectivity of the reaction. The 'H NMR spectra of compounds 9 and
12 contain, along with the proton signals of R and NH groups, the
signals of C®H, N*H, and OH protons at 5.14—5.77 ppm and

10.85—11.88 ppm, respectively. In some cases NH protons were not
resolved due to deuterium exchange. The multiplicity and position
of the proton signals indicate that compounds 9 and 12 exist in
a DMSO solution in the same tautomeric form.

In the 3C NMR spectra, the presence of the characteristic signals
of the C2, €5, C% and C’ atoms at § 164.2—169.8, 162.9—167.7,
90.7—94.7, and 160.8—165.4 ppm, respectively, also confirms the
structures of 9 and 12.

Compounds 9 and 12 represent convenient building blocks for
the synthesis of previously unknown substituted 4,6-dihydro-5H-
pyrano|2,3-d][1,3]thiazolo[4,5-b]pyridines 18. The interest in new
synthetic pathways toward 2-amino-3-cyano-4H-pyranes is related
to their anticancer activity.2 We based a new synthetic method for
annulated pyranes on the domino reactions of the following type:
Knoevenagel reaction — Michael reaction — hetero-Thorpe—Ziegler
reaction.

As such, compounds 18 were synthesized in s single reaction flask
by mixing equimolar amounts of starting compounds 9a—d or 12a,
corresponding aldehyde 13, malononitrile 14, and Et3N as a catalyst
in DMF (Scheme 2). The reaction was carried out at 90—100 °C for
~20 min.

All added reagents reacted with each other sequentially in
a domino process. Most likely, unsaturated nitrile 15 was formed
first in the Knoevenagel reaction. Subsequently, anion 16 reacted
with nitrile 15 in the Michael reaction to form adduct 17, which
cyclized to pyrane 18 via the Thorpe—Ziegler mechanism. This re-
action sequence was partially confirmed by the use of unsaturated
nitriles 15 in the synthesis of pyranes, and by the isolation of
Michael adducts 17 and their subsequent cyclization into pyrans.’

The structures of compounds 18 were confirmed by NMR and
FTIR spectroscopy, and elemental analysis. A characteristic feature
of the IR spectra of heterocycles 18 is the presence of the high-in-
tensity stretching absorption bands of the C=N and NH; groups at
2188—2204 and 3160—3452 cm™ !, respectively. Such absorption
bands are characteristic of the IR spectra of compounds containing
the conjugated enaminonitrile moiety (H,N—C=C—CN). The
bending absorption band of the NH, group overlaps with the
absorption bands of the NH and C(O) groups.

The 'H NMR spectra of compounds 18 show signals of NH, and
CSH protons as singlets in the 6 6.95—7.319 and 4.28—4.70 ppm
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Scheme 2. Synthesis of substituted 4,6-dihydro-5H-pyrano[2,3-d][1,3]thiazolo[4,5-b]
pyridines. 9: RZ=NHCHj3 (a); NHCH,CH3 (b); NHCH,CH=CHS, (c); NHCgHs (d). 12: R?=SCH3
(a). 13: Ar:C5H5 (a); 4—C1—C5H4 (b), 4—BI‘—C5H4 (C): 4—OCH3—C5H4 (d), 2,3—(0CH3)2—C5H3
(E); 4-COOCH3*C5H4 (f), 2-C4H35 (g), 3-C5H4N (h), 4-C5H4N (l) 18: R2:NHCH3, AF:CGHs
(a); R?=NHCHs, Ar=2,3-(0OCH3),—CgHs (b); R>=NHCH3, Ar=4-COOCH3—CgH, (c);
R?=NHCH3, Ar=2-C4H5S (d); R?=NHCHs, Ar=4-CsH,N (e); R2=NHCH,CHs, Ar=4-Cl—CgH,4
(f); R>=NHCH,CH3, Ar=4-OCH3—CgH, (g); R?>=NHCH,CH3, Ar=4-COOCH3—CgHy4 (h);
R2=NHCH,CH3, Ar=2-C4H3S (i); R>=NHCH,CHs, Ar=3-CsHy4N (j); R>=NHCH,CHs, Ar=4-
CsHuN (K); R2=NHCH,CH=CHj,, Ar=4-COOCH3—CgH, (1); RZ=NHCH,CH=CH,, Ar=3-
CsHuN (m); R®’=NHCgHs, Ar=4-Br—CgH; (n); R?=NHCgHs, Ar=4-OCH;—CgHs (0);
R?=SCH3, Ar=3-CsHuN (p); R?=SCH3, Ar=4-CsH4N (q).

regions. A characteristic feature of the '3C NMR spectra of com-
pounds 18 is the presence of signals of C® and C=N carbons in the
6 31.7—36.9 and 119.2—120.0 ppm regions. The position of the C3=
C7 carbon signals at 158.5—159.3 and 56.7—58.6 ppm indicates the
presence of a enaminonitrile moiety (H;N—C8=C’—CN) in 18 with
the p— d-electron conjugation.

3. Conclusions

In conclusion, we have developed several domino-type protocols:
(1) SN2 reaction — Thorpe—Ziegler reaction — Thorpe—Guareschi re-
action and (2) Knovenagel reaction— Michael reaction— hetero-
Thorpe—Ziegler reaction, which by themselves or in combinations
significantly extend combinatorial potential for the synthesis of new
complex heterocyclic systems.

4. Experimental

4.1. 2-(R-Amino)-7-hydroxy[1,3]thiazolo[4,5-b]pyridin-5(4H)-
ones 9a—g

Cyanoamide (1) (0.42 g, 0.01 mol) was added to a solution of
0.56 g (0.01 mol) of KOH in 20 mL of EtOH with stirring at 20 °C,
and 0.01 mol of corresponding isothiocyanate 2 was added after
a minute. The reaction mixture was stirred at 20 °C for 1 h; then,
1.37 mL (0.01 mol) of chloroacetoacetic ester (4) was added, and
a solution of 0.56 g (0.01 mol) of KOH in 20 mL of EtOH was added
after 5 min. The reaction mixture darkened, and its temperature
increased to ~60 °C. Next, the reaction mixture was refluxed with
stirring for 30 min; the mixture was cooled to 20 °C with contin-
uous stirring for 3 h. Then, 15 mL of water was added to the reaction
mixture, and the contents were acidified with a 10% solution of HCl
to pH 7. The resulting precipitate was filtered off, and successively
washed with water (2x15 mL), ethanol (2x10 mL), and hexane
(2x15 mL). Compounds 9 were recrystallized from ethanol or
nitromethane.

4.2. 7-Hydroxy-2-(R-thio)[1,3]thiazolo[4,5-b]pyridin-5(4H)-
ones 12a—j

Cyanoamide (1) (2.1 g, 0.05 mol) was added to a solution of 2.8 g
(0.05 mol) of KOH in 100 mL of EtOH with stirring at 20 °C. Sub-
sequently, the reaction mixture was quenched with 3.0 mL(0.05 mol)
of carbon disulfide (3) after 2 min and a solution of 2.8 g (0.05 mol) of
KOH in 100 mL of EtOH after another 2 min. The reaction mixture was
stirred at 20 °C for 1 h; then, 50 mL of water was added. Next, 6.7 mL
(0.05 mol) of chloroacetoacetic ester (4) was added dropwise at
a temperature of 10—12 °C with intense stirring for 45 min. The
resulting solution was diluted with 20 mL of water and filtered
through a filter. A solution of 2.8 g (0.05 mol) of KOH in 100 mL of
EtOH was added to the filtered reaction mixture. The reaction mixture
was refluxed for 30 min with stirring, it was then cooled down to
20°C, and 5.8 mL (0.05 mol) of hydrobromic acid (density of 1.49 g/
mL) was added. The reaction mixture was filtered again through
folded filter and a 40% aqueous ethanol solution was added to the
resulting solution to obtain 330 mL of the reaction mixture.

The resulting solution of compound 10 was used in 10 different
syntheses with 30-mL portions placed in individual flasks. As such,
corresponding alkyl halide 11 (0.0045 mol) was added to each por-
tion at 20 °C with stirring, and the reaction mixture was brought to
the boiling point. A precipitate was formed. The reaction mixture
was kept at 5 °C overnight and the precipitate was filtered off and
sequentially washed with water (2x10 mL), ethanol (2x5 mL), and
hexane (2x10 mL). Compounds 12 were obtained in 98—100% purity.

4.3. 8-Amino-6-aryl-7-cyano-5-0x0-4,6-dihydro-5H-pyrano
[2,3-d][1,3]thiazolo[4,5-b]pyridines 18a—q

A mixture of compounds 9a—d or 12a (0.002 mol) was first
quenched with aldehydes 13 (0.002 mol) and malononitrile 14
(0.13 g, 0.002 mol) in 15 mL of DMF, and then with triethylamine
(0.5 mL). The reaction mixture was heated at 90—100 °C for 20 min
and then filtered hot. Filtrate was cooled down and kept in a
refrigerator (5 °C) overnight. The formed precipitate was filtered off
and washed with hot water (2x10 mL), ethanol (2x5 mL), and
hexane (2x15 mL). Compounds 18 were recrystallized from 1,4-
dioxane or nitromethane.
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