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Condensation of thiazolinone 1 with benzaldehydes 2a,b in ethano-
lic piperidine afforded the methylidene derivatives 3a,b. Cyclocon-
densation of compound 3b with malononitrile furnished the novel
thiazolo[3,2-a]-pyridine 5. Also, compound 3b was condensed with
dimethylformamide-dimethylacetal (DMF-DMA) and triethylortho-
formate to yield N,N-dimethylamino 6 and ethoxymethylene 7 deriva-
tives respectively. The novel thiazolo[3,2-alpyridines 10a,b were
obtained by cyclocondensation of compounds 3a,b with benzylidene-
malononitriles 8a,b. Similarly, cyclocondensation of compound 3b with
benzylidenemalononitrile 11 afforded the thiazolopyridines 12a—c.
Ternary condensation of compound (12), 4-morpholinobenzaldehyde 2b
and malononitrile (1:1:1 molar ratio) produced the thiazolopyridines
14a—c. When compound 10b was subjected to react with malononi-
trile in dioxane/piperidine under reflux the novel condensed hetero-
cyclic system 18 was obtained. Treatment of ortho-aminocarbonitrile
10b with formic acid, aromatic aldehyde and triethylorthoformate fur-
nished the thiazolo[2',3':1,6] pyrido[2,3-d] pyrimidine 20, azomethine
21a,b and ethoxymethylene 22 derivatives respectively. The structure of
the synthesized compounds was established by analytical and spectral
data.

Keywords: Condensed thiazole derivatives; morpholine; thiazoline;
thiazolo[3,2-alpyridine
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Morpholine derivatives have been reported to possess antimicrobial,!
hypoglycemic,? antagonists of leukocyte,? tyrosine kinase inhibitory,*
potent and selective My muscarinic receptor antagonist,” hypo-
lipidemic,® and inhibition of collagen-induced blood aggregation’
activities. Also, morpholine derivatives have medical bactericide,
fungicide, virucide, and anthelmintic® activities. In addition morpho-
lines are commerically important as basic dyes for acrylic fibers,? hair
dyes,!? sensitizers of photopolymerizable compounds'! and inflam-
mation inhibitors.!? Thiazolo[3,2-alpyridine derivatives were reported
to furnish various biological and pharmacological activities such as
antimicrobial,'® bactericide,'* coronary dilator, antihypertensive, and
muscle relaxant!® activities. In continuation with our work on the
synthesis of heterocyclic compounds from readily available starting
materials, =20 we report here on the synthesis of some novel thiazoli-
none and thiazolo[3,2-a]pyridine derivatives having in their structure
the morpholin-4-yl moiety in order to investigate the antimicrobial
activity.

RESULTS AND DISCUSSION

Condensation of thiazolinone 1 with 4-piperidinobenzaldehyde 2a and
4-morpholinobenzaldehyde 2b in ethanol and piperidine afforded the
methylidene derivatives 3a and 3b respectively. In the mass spectrum
of compound 3b, the molecular ion peak was observed at m/z 313 (78%)
and the base peak was found in the spectrum at m/z 314 (M + 1; 100%).
Cyclocondensation of compound 3b with malononitrile in ethanol in the
presence of triethylamine under reflux furnished the novel thiazolo[3,2-
al-pyridine derivative 5, Scheme (1). Analytical and spectral data are
consistent with the structure of thiazolopyridine 5 and excluded the
other possible structure 4. The infrared spectrum revealed the pres-
ence of carbonyl function group at 1701 cm~!, as well as amino, and
carbonitrile function groups. Also, the 'H NMR spectrum of the reac-
tion product recorded in DMSO-ds displayed a signal at § 4.44 for an
pyridine-H in addition to N(CHs)s, O(CHy),, aromatic, methylidene,
amino, and imino protons. The molecular ion peak of compound 5 was
observed at m/z 379 (25%) corresponding to the molecular formula
C19H17N505S and the base peak at m/z 378 (M-1). The formation of
thiazolopyridine 5 is assumed to proceed via the addition of the ac-
tive methylene in malononitrile to the cyano function group in 3b fol-
lowed by intramolecular cyclization at the cyano group and tautomer-
ization to furnish 5, Scheme (1). Also, compound 5 was obtained by
another synthetic route via the ternary condensation of compound 1,
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4-morpholinobenzaldehyde 2b and malononitrile (1:1:1 molar ratio) un-
der reflux in ethanol in the presence of triethylamine.

oW @N@ﬂo

o 2a; X=CH, 3
¢y 2b; X=0 (3a;b)
CH,(CN),
3b)

H y— __/
NC NH, (5)
“)
2b/CH,(CN),
3a; X=CH,
3b; X=0 ¢y
SCHEME 1

The reactivity of compound 3b towards some electrophilic reagents
was studied. Condensation of compound 3b with dimethylformamide-
dimethylacetal (DMF-DMA) in refluxing m-xylene produced the
N,N-dimethylamino derivative 6. The 'H NMR spectrum of compound
6 indicated the presence of N,N-dimethyl protons and the absence
of methylene protons which present in the parent compound. In a
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similar manner, compound 3b reacted with triethyl orthoformate to
yield ethoxymethylene derivative 7 (Scheme 2).

v QH

CHOC,H.
G3b) NC\Q w
s~ N
CH(OEY), /\ } \'\O
o N—< :>—CH
S/
Y]

SCHEME 2

Cyclocondensation of compounds 3a,b with benzylidenemalono-
nitriles 8a,b (1:1 molar ratio) in ethanolic piperidine at reflux temper-
ature yielded the novel thiazolo[3,2-alpyridines 10a,b in good yields
(Scheme 3). Structural elucidation of compounds 10a,b was accom-
plished from their analytical and spectral data. The infrared spectra
indicated the presence of amino, cyano and carbonyl function groups.
Also, the 'H NMR spectrum of compound 10a recorded in DMSO-
dg¢ displayed a signal at § 4.43, attributed to the pyridin-H. In the
mass spectrum of compound 10b a molecular ion peak was observed
at m/z 525 (0.2%; M*-HCN). The formation of 10 is assumed to proceed
via Michael addition of methylene function group in 3 to the benzylidene
8 to yield Michael adduct 9 followed by intramolecular cyclization?!22
at the cyano group to form thiazolopyridine 10 (Scheme 3). Also, thia-
zolopyridines 10 were synthesized by another synthetic route through
ternary condensation of compound 3, benzaldehyde 2 and malononi-
trile (1:1:1 molar ratio) in ethanolic piperidine under reflux. Similarly,
cyclocondensation of compound 3b with benzylidenemalononitriles 11
in refluxing ethanol containing piperidine afforded the novel thiazolo-
pyridines 12a—c. The mass spectrum of compound 12a exhibited a
molecular ion peak at m/z 481 (15%) and base peak at m/z 279. Also,
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ternary condensation of thiazolidine 13, 4-morpholinobenzaldehyde 2b
and malononitrile (1:1:1 molar ratio) under reflux in ethanolic piperi-
dine afforded the thiazolopyridines 14a-c (Scheme 3).

Our investigation was extended to study the reactivity of thiazolopy-
ridine 10b, which contain chalcone and ortho-amino carbonitrile moi-
eties, towards malononitrile. Thus, three possible structures 15, 16
and 18 can be formulated when compound 10b was subjected to re-
act with malononitrile in dioxane in the presence of piperidine under
reflux (Scheme 4). The structure of the novel condensed system 18 was
established and the other possible structures 15 and 16 were easily
eliminated on the basis of analytical and spectral data. The infrared
spectrum indicated the lack of a ring carbonyl function group and the
presence of amino and cyano function groups. Also, the 'H NMR spec-
trum of compound 18 recorded in DMSO-dg revealed the presence of
a singlet at § 4.19 attributed to pyridine-H in addition to morpholinyl,
amino, methylidene, and aromatic protons. The formation of 18 is as-
sumed to proceed through initial condensation of malononitrile with
carbonyl function group in 10b to form intermediate 17 followed by in-
tramolecular cyclization to one of the cyano group and tautomerization
to furnish 18 (Scheme 4).

Refluxing of ortho-aminocarbonitrile 10b with formic acid furnished
the corresponding thiazolo[2',3':1,6]pyrido[2,3-d]pyrimidine derivative
20. The formation of 20 is supposed to proceed through intermediate
amide formation?® 19, resulting from the partial hydrolysis of cyano
functionality present at position six of 10b, followed by intramolecu-
lar cyclization with formic acid to give 20 (Scheme 5). Condensation
of compound 10b with aromatic aldehyde in dioxane containing a cat-
alytic amount of triethylamine yielded the novel azomethine deriva-
tives 21a,b. Also, fusion of compound 10b with triethyl orthoformate
afforded the ethoxymethylene derivative 22 (Scheme 5).

EXPERIMENTAL

Melting points are uncorrected. IR spectra were recorded (KBr) on a
Perkin Elmer 1650 spectrophotometer. 'H NMR spectra were recorded
on Varian Gemini spectrometer 200 (200 MHz), using DMSO-dg as a
solvent and TMS as internal standard. Chemical shifts are expressed
as § ppm units. Mass spectra were recorded on a gas chromatographic
GC-MS qp 1000 Ex Shimadzu instrument at 70 eV. Microanalytical data
were obtained from the Microanalytical Data Unit at Cairo University.
Physical data for the synthesized compounds are given in Table 1. Also,
the spectral data are collected in Table II.
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2-Cyanomethyl-5-[4-(piperidin-1-yl) or 4-(Morpholin-4-
yl)benzylidenyl]l-4,5-dihydro-4-thiazolinones (3a,b)

A mixture of compound 124 (0.01 mmol) and benzaldehyde 2a?> or 2b?>
(0.01 mmol) and piperidine (0.5 mL) in absolute ethanol (40 mL) was
heated under reflux for 1 h, the solid product which produced on heating
was collected to give 3a and 3b respectively.

MS (8b): 313 (M*; 78%), 314 (M + 1; base peak), 315 (M + 2; 18.8%),
255 (87.6%), 219 (12.5%), 161 (82.2%), 86 (2.8%) and 80 (27%).
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Elemental analyses

caled./found %
Compd. m.p. Yield Solvent Molecular formula
no. °C) (%) cryst. (mol. wt.) C H N

3a 235-7 67 Dioxane C17H17N30S 65.57 550 13.49
(311.41) 65.40 550 13.50
3b 210-1 74 Dioxane C16H15N309S 61.32 4.82 1341
(313.38) 61.30 4.70 13.40
5 260-2 82 Dioxane C19H17N509S 60.14 4.52 18.46
(379.44) 60.20 4.50 18.30
6 190-2 71 Dioxane C19Ho9N4O2S 61.94 547 15.21
(368.46) 61.80 540 15.10
7 250-2 74 Dioxane C19H19N303S 61.77 518 11.37
(369.45) 61.80 5.00 11.40
10a 262-4 65 Dioxane C39H3aNgOS 70.05 588 15.32
(548.72) 70.10 5.80 15.40
10b >300 76 Dioxane C30HogNgO3S 65.20 511 15.21
(552.66) 65.20 5.10 15.30
12a 290-1 84 Dioxane Cz7H23N5OZS 67.34 4.81 14.54
(481.58) 67.30 4.80 14.60
12b 230-2 64 Dioxane C26H2001N502S 62.21 4.02 7.06
(502.00) 62.20 4.10 7.20
12¢ 234-6 56 Dioxane C30Ho3N502S 69.61 448 13.53
(517.61) 69.70 440 13.40
14a 276-8 79 Dioxane Co7Ho3N509S 67.34 4.81 14.54
(481.58) 67.40 4.80 14.60
14b 240-2 83 Dioxane CoeHooFN505S 64.32 4.15 14.42
(485.54) 64.30 4.00 14.60
14c 238-9 80 Dioxane C30Hg3N505S 69.61 448 13.53
(517.61) 69.70 450 13.40
18 150-2 87 Dioxane C33HogNgO9S 65.98 4.70 18.65
(600.71) 65.80 4.70 18.70
20 152-4 67 Dioxane C31HogNgO4S 64.12 4.86 14.47
(580.67) 64.00 4.70 14.30
21a 260-2 62 Ethanol C3gH34NgO3S 69.70 5.23 12.83
(654.80) 69.60 5.00 12.90
21b 243-4 69 Ethanol C41H34NgO3S 71.28 496 12.17
(690.83) 7120 490 12.20
22 170-2 57 Dioxane C33H39NgO04S 65.11 530 13.81
(608.72) 65.10 5.20 13.60

5-Amino-7-imino-2-[4-(morpholin-4-yl)benzylidenyl]-3-
oxo0-2,3-dihydro-thiazolo[3,2-a]pyridin-6-carbonitrile (5)

Method A: A mixture of compound 3b (0.01 mmol), malononitrile
(0.01 mmol), and triethylamine (0.5 mL) in absolute ethanol (30 mL)
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TABLE II Spectral Data of the Synthesized Compounds

Compd.
no. IR /vmax (em™1) 1H NMR (5/ppm) (DMSO-dg)
3a 2929, 2851 (CH-aliph), 1.59 (s, 6H, 3CH,), 3.34 (s, 4H, N(CHy)s3),

2201 (C=N), 1702 (C=0). 4.04 (s, 2H, CHy), 7.02-7.51 (m, 5H, 4H-Ar
and methine proton).

3b 2958, 2851 (CH-aliph),

2198 (C=N), 1709 (C=0).

5 3392, 3319, 3284 (NH, 3.31 (s, 4H, N(CHy)y), 3.75 (s, 4H, O(CHg)s2),

NH,), 2961, 2846 (CH— 4.44 (d, 1H, pyridine-H), 6.93, 7.21 (2d, 4H,

aliph), 2184 (C=N), 1701 Ar-H), 7.12 (s, 1H, methine proton), 7.52 (s,

(C=0), 1649 (C=N). 2H, NHy), 7.72 (s, 1H, NH).

6 2923, 2854 (CH-aliph), 3.10 (s, 6H, N(CHgy)2), 3.38 (s, 4H, N(CHy)9),

2183 (C=N), 1681 (C=0). 3.75 (s, 4H, O(CHy)2), 6.91-7.60 (m, 5H, 4H-
Ar and methine proton), 7.99 (s,
1H, methine-H).

7 2962, 2846 (CH-aliph), 1.11 (t, 3H, CH3), 3.30 (s, 4H, N(CHy)s),

2198 (C=N), 1705 (C=0). 3.74 (s, 4H, O(CHy)y), 4.05 (q, 2H, OCHy),
6.97-8.15 (m, 6H, 4H-Ar and two methine
protons).

10a 3421, 3327 (NHy), 2929, 1.61 (s, 12H, 6CHy), 3.36 (s, 8H, two

2851 (CH-aliph), 2202 N(CHys)g), 4.43 (s, 1H, pyridine-H), 6.91-7.53

(C=N), 1696 (C=0). (m, 10H, 8H-Ar and NHy), 7.71 (s, 1H,
methine-H).

10b 3394, 3322 (NHy), 2961, 3.38 (s, 8H, two N(CHy)g), 3.76 (s, 8H, two
2848 (CH-aliph), 2184 3.38 (O(CHy)g), 4.47 (s, 1H, pyridine-H), 6.99—
(C=N), 1702 (C=0). 7.85 (m, 11H, 8H-Ar, NHy and methine-H).
12a 3398, 3323 (NHy), 2961,
2847 (CH-aliph), 2185
(C=N), 1702 (C=0).
12b 3387, 3330 (NHy), 2959, 3.39 (s, 4H, N(CHy)y), 3.75 (s, 4H, O(CHy)y),

2852 (CH-aliph), 2194 4.45 (s, 1H, pyridine-H), 6.90-7.80 (m, 10H,

(C=N), 1713 (C=0). 8H-Ar and NH,), 8.00 (s, 1H, methine-H).

12¢ 3396, 3324 (NHy), 2958, 3.25 (s, 4H, N(CHy)g), 3.73 (s, 4H, O(CHg)s,

2850 (CH-aliph), 2191 4.42 (s, 1H, pyridine-H), 6.92-8.10 (m, 14H,

(C=N), 1687 (C=0). 11H-Ar, NH; and methine-H).

14a 3415, 3327 (NHsy), 2959, 2.33 (s, 3H, CHjy), 3.34 (s, 4H, N(CHy)y),

2851 (CH-aliph), 2193 3.75 (s, 4H, O(CHy)2), 4.46 (s, 1H, pyridine

(C=N), 1701 (C=0). -H), 6.93—-7.53 (m, 10H, 8H-Ar and NHy),
7.75 (s, 1H, methine-H).

14b 3413, 3320 (NHy), 2959, 3.25 (s, 4H, N(CHg)2), 3.75 (s, 4H, O(CHy)y),
2853 (CH-aliph), 2194 4.44 (s, 1H, pyridine-H), 6.92 (m, 10H, 8H-
(C=N), 1692 (C=0). Ar and NHy), 7.78 (s, 1H, methine-H).

14c 3400, 3331 (NHy), 2959,

2852 (CH-aliph), 2210

(C=N), 1695 (C=0).

18 3330, 3209 (NHy), 2957, 3.35 (s, 8H, two N(CHy)g), 3.76 (s, 8H, two

2855 (CH-aliph), 2214
(C=N).

O(CHy)s), 4.19 (s, 1H, pyridine-H), 7.07,
7.90 (2d, 8H, Ar-H), 7.42 (s, 1H, methine-H),
8.13 (s, 2H, NH,).

(Continued on next page)
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TABLE II Spectral Data of the Synthesized Compounds

Compd.
no. IR /vmax (cm™1) IH NMR (§/ppm) (DMSO-dg)
20 3165 (NH), 2957, 2852 3.34 (s, 8H, two N(CHy)y), 3.74 (s, 8H, two
(CH-aliph), 2214 (C=N), O(CHy)s), 4.10 (s, 1H, pyridine-H), 6.92-7.90
1678 (C=0, broad). (m, 9H, 8H-Ar and methine-H), 8.01 (s, 1H,
NH), 8.14 (s, 1H, CH-pyrimidine).
21a 2960, 2853 (CH-aliph), 2.21 (s, 3H, CHy), 3.28 (m, 8H, two
2214 (C=N), 1704 (C=0). N(CHy)sg), 3.74 (s, 8H, two O(CHy)s), 4.15 (s,
1H, pyridine-H), 6.90-7.80 (m, 9H, 8H-Ar
and methine-H), 8.20 (s, 1H, CH=N).
21b 2957, 2852 (CH-aliph),
2203 (C=N), 1703 (C=0).
22 2962, 2854 (CH-aliph), 1.22 (t, 3H, CHy), 3.38 (s, 8H, two N(CHy)s,

2214 (C=N), 1712 (C=0). 3.73 (s, 8H, two O(CHy)g), 4.10 (q, 2H,
OCHy,), 4.67 (s, 1H, pyridine-H), 6.97-7.89
(m, 9H, 8H-Ar and methine-H), 8.13 (s, 1H,
CH=N).

was heated under reflux for 10 min, the solid product which produced
on heating was collected to give 5.

MS (5): 379 (Mt; 25%), 378 (M-1; base peak), 216 (75%), 147 (34%),
131 (28%) and 77 (30%).

Method B: A mixture of compound 1 (0.01 mmol), benzaldehyde 2b
(0.01 mmol), malononitrile (0.01 mmol), and triethylamine (0.5 mL) in
absolute ethanol (30 mL) was heated under reflux for 10 min and the
solid product was collected to give 5.

3-Dimethylamino-2-[5-(4-(morpholin-4-yl)benzylidenyl)-
4-0x0-4,5-dihydro-thiazol-2-yl]lacrylonitrile (6)

A mixture of compound 3b (0.01 mmol) and dimethylformamide-
dimethylacetal (0.01 mmol) in dry m-xylene (30 mL) was refluxed for
3 h, then cooled and the precipitated product was filtered off, washed
with ether to give 6.

3-Ethoxy-2-[5-(4-(morpholin-4-yl)benzylidenyl)-4-oxo-
4,5-dihydro-thiaol-2-yllacrylonitrile (7)
A mixture of compound 3b (0.01 mmol) and triethyl orthoformate (5 mL)

was heated under reflux for 3 h, then allowed to cool and poured into
pet. ether 40/60 and the solid product was collected to give 7.
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5-Amino-3-o0xo0-2-[4-(piperidin-1-yl)benzylidenyl]-7-[4-
(piperidin-1-yl)phenyl]-2,3-dihydro-7H-thiazolo[3,2-
alpyridin-6,8-dicarbonitrile (10a) and 5-Amino-3-
0x0-2-[4-(morpholin-4-yl)benzylidenyl]-7-[4-(morpholin-
4-yl)phenyl]-2,3-dihydro-7H-thiazolo[3,2-a]pyridin-6,8-
dicarbonitrile (10b)

Method A: General Procedure: A mixture of compound 3
(0.01 mmol), benzylidenemalononitrile 8 (0.01 mmol), and piperidine
(0.01 mmol) in absolute ethanol (30 mL) was heated under reflux for
2 h, the solid product which produced on heating was collected to give
10.

MS (10b): 525 (M-HCN; 0.2%), 313 (31%), 255 (28%), 176 (44%), 162
(40%) and (86; base peak).

Method B: A mixture of compound 3 (0.01 mmol), malononitrile
(0.01 mmol), benzaldehyde 2 (0.01 mmol), and piperidine (0.01 mmol)
in absolute ethanol was heated under reflux for 2 h, the solid product
which produced on heating was collected to give 10.

5-Amino-3-0x0-2-[4-(morpholin-4-yl)benzylidenyl]-7-aryl-
2,3-dihydro-7H-thiazolo[3,2-alpyridin-6,8-dicarbonitriles
(12a-c): General Procedure

A mixture of compound 3b (0.01 mmol), benzylidenemalononitrile 11
(0.01 mmol), and piperidine (0.01 mmol) in absolute ethanol (30 mL)
was heated under reflux for 3 h. The solid product which produced on
heating was collected to give 12.

MS (12a): 481 (M™; 15%), 417 (94%), 337 (78%), 279 (base peak), 170
(80%), 149 (57%) and 104 (27%).

5-Amino-2-arylmethylidene-7-[4-(morpholin-4-
yl)phenyl]-3-0x0-2,3-dihydro-7H-thiazolo[3,2-alpyridin-
6,8-dicarbonitriles (14a-c): General procedure

A mixture of compound 3?2 (0.01 mmol), benzaldehyde 2b (0.01 mmol),
malononitrile (0.01 mmol), and piperidine (0.01 mmol) in absolute
ethanol (30 mL) was heated under reflux for 30 min and the precip-
itate was collected by filtration to give 14a-c.

4-Amino-2-[4-(morpholin-4-yl)benzylidenyl]-7-[4-
(morpholin-4-yl)-phenyl]l-2,7-dihydro-1-thia-5,8b-diaza-
acenaphthylene-3,6,8-tricarbonitrile (18)

A mixture of compound 10b (0.01 mmol), malononitrile (0.01 mmol),
and piperidine (0.01 mmol) in dioxane (20 mL) was heated under reflux
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for 3 h, then allowed to cool. The solid product was collected to give
18.

8-[4-(Morpholin-4-yl)benzylidenyl]-5-[4-(morpholin-4-
yl)phenyl]-3,4,8,9-tetrahydro-5H-4-oxo-thiazolo[2’,3":1,6]
pyrido[2,3-d]-pyrimidin-6-carbonitrile (20)

A mixture of compound 10b (0.01 mmol) in formic acid (10 mL) was
heated under reflux for 12 h. The reaction mixture was concentrated in
vacuo and the solid product was collected, washed with water to give
20.

2-[4-(Morpholin-4-yl)benzylidenyl]-5-arylideneamino-7-
[4-(morpholin-4-yl)phenyl]-3-0x0-2,3-dihydro-7H-
thiazolo[3,2-a]-pyridin-6,8-dicarbonitriles (21a,b)

A mixture of compound 10b (0.01 mmol) and aromatic aldehydes
(0.01 mmol) in dioxane (20 mL) and a few drops of piperidine was re-
fluxed for 3 h, then allowed to cool and poured into cold water (60 mL)
and the solid product was collected to give 21a,b.

5-Ethoxmethyleneamino-2-[4-(morpholin-4-
yl)benzylidenyl]l-7-[4-(morpholin-4-yl)phenyl]-3-0x0-2,3-
dihydro-7H-thiazolo[3,2-a]-pyridin-6,8-dicarbonitrile (22)

A mixture of compound 10b (0.01 mmol) and triethyl orthoformate
(83 mL) was heated under reflux for 1 h. The solid product was collected
to give 22.
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