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The nitriles I reacted with acetylacetone and with ethyl acetoacetate to afford 2-amino-3-cyano-
-411-pyran derivatives. They reacted further to yield pyranopyridine derivatives. The reaction
of V with acetylacetone afforded the pyridinethione VIII. This afforded, reacting with arornati
aldehydes or with cinnamonitriles quinoline derivatives XVII.

Cyclic 3-enaminonitriles are versatile reagents and their chemistry has received
considerable attention' . The chemical reactivity of cyclic f3-enaminonitriles has
been well explored'. However little has been reported, so far, on the chemistry of six
member cyclic enaminonitriles. Recently we have reported several syntheses of cyclic
six member heterocyclic 3-enaminonitrile derivatives and some of our results on
their chemical behaviour26.
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The pyran derivatives [Ia, JIb were prepared via refluxing Ia, lb with acetylacetone.
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The formation of ha, JIb from Ia, lb and acetylacetone is assumed to proceed via
addition of the methylene moiety of acetylacetone to the activated double bond in I.
This is then followed by cyclization into the final product. Formation of pyrans on
addition of acetylacetone to activated double bonds has been reported earlier by us,
as well as by other groups7'8. Similar to acetylacetone, Ib, Ic reacted with ethyl
acetoacetate to yield pyrans lila. Ilib. The pyran structures II and III were sup-
ported by JR and 'H NMR. The JR spectrum revealed in each case bands at 3 400 to
3 310 cm' and 3 400—3 100 cm' for amino groups. Also conjugated CN bands
at 2 210, 2 220 cm' were observed. 1H NMR revealed pattern that can be intelli-
gibly interpreted only for the pyran structure. Thus, pyran H-4 appeared at 4 to
45 ppm. If reaction products were acyclic Michael adducts IV, one would expect
existence of two doublets in this region. In contrast to the observed formation of
thiopyrans on reacting methylene reagents with ylidene cyanothioacetamide, product
of the condensation via water and hydrogen elimination was formed on reaction Va,
Vb with acetylacetone. These were formulated as the pyridinethiones Villa, VIlIb.
Compounds VIII are assumed to be formed via acyclic Michael adducts VII which
give VI as an intermediate, oxidized into VIII (Scheme 1). Compounds ha, lib
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In formuLae V - VIII: a Ar p- CH30C6H1 b, Ar p - CLC6H4

SCHEME I

reacted with another molecule of Ia, lb to yield adducts. These can be formulated
as IX or isomeric X. Structure X was preferred over the possible IX based on NMR
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which revealed that the methyl at C-2 appeared as a doublet and in addition to
signal for pyran H-4, other multiplet at (5 52 ppm. This is assigned to the pyrano-
pyridine X. If the reaction products were IX it would be difficult to explain the

NH2
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NC

Ar
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!n formulae IX-XI a,Ar=C6H51Ar=C6H5 6,ArC6H5 Ar=p-CHaOCgH4; c,Arp—CH30C(H4,

Ar=C6H,,d,ArArp-CH3OC6H4

proton multiplicity and the signal at (5 52 ppm. Moreover, one would expect this
signal to appear at higher field ((5 45 ppm). The behaviour of ha, JIb towards I is
thus different from that of the five member cyclic 13-enaminonitriles toward electro-
philic reagents, where C-3 of these compounds have been shown to be the most
reactive'. In an earlier report we have assigned structure XI to products of reaction
of I with II (ref.7), contradicting a report by Martin et al.8. We are now convinced,
based on presented evidence, that structure X, proposed by Martin et al.8 is the
correct one.
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In formulae XII-XIV: a Ar = p-CH3OC6H4 6, Ar a p-CH3OC6H4
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in formulae XV-XVII: aAr=p—CH30CH4Ar'=C6H5, b, Ar=p-CH3OC6H4Ar'=2--thieny(
c, Ar =p-CLC6H Ar= C6H5 d, Ar = p-ClC6H4 Ar'a 2-thienyl
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Compound III rearranged on treatment with acetic acid in the presence of ammo-
nium acetate to yield mixture of two products. These were formulated as pyridone
XII and pyridine XIII, as indicated from 1H NMR data.

Similarly to the behaviour of the enaminonitrile moiety in II, the enaminonitrile
moiety in XIII also reacted with ylidenemalononitrile. Products of the addition and
hydrogen cyanide elimination were isolated. These were formulated as XIVa, XI Vb
and are assumed to be formed by addition of the amino function in XIII to the
double bond in I. This is followed by cyclization and hydrogen cyanide elimination.

The pyridine derivative Villa reacted with benzylidenemalononitrile to yield
a product of the molecular formula C23H18N202S. The same product was obtained
via reacting of Villa with benzaldehyde. Thus, the ylidene structure XV, XVI were
considered. Structure XVI was excluded, based on NMR which revealed acetyl
CH3. When XVwas refluxed in acetic acid it cyclized into XVII.

EXPERIMENTAL

All melting points are uncorrected. IR spectra were recorded in KBr with a Pye Unicam
SP-1 100 Spectrophotometer. 1H NMR spectra were measured on a Varian EM-390 Spectrometer
with hexadeuterodimethyl sulfoxide as solvent, using TMS as internal standard, and chemical
shifts are expressed in ppm. Microanalyses were performed by the microanalytical unit at Cairo
University. Compounds Ia—Id and Va, Vb were prepared as described in literature911.

5-Acetyl-4-aryl-2-amino-4H-6-methylpyran-3-carbonitriles (Ii)

A solution of each of Ia, lb (0.01 mol) and acetylacetone (001 mol) in 20 ml ethanol containing
few drops of piperidine was refluxed for 3 h, then poured onto ice cold water. The formed solid
product was collected by filtration and crystallized from aqueous ethanol (see Tables 1, II and
III).

Ethyl 2-Amino-3-cyano-4-aryl-4H-6-methylpyran-5-carboxylates (Ill)

To a solution of each of Ia, lb (001 mol) in 20 ml ethanol containing few drops of piperidine
(01 ml), ethyl acetoacetate (0.01 mol) was added. The reaction mixture was refiuxed for 3 h,
cooled, allowed to stand, the solid product was collected by filtration and crystallized from
ethanol (see Tables I, II and 111).

5-Acetyl-1 ,2-dihydro-4-aryl-6-methyl-2-thioxopyridine-3-carbonitriles (Villa, VilIb)

To a suspension of sodium metal (02 g) in dioxane (20 ml), acetyl acetone (001 mol) was added
and the mixture was refluxed for 5 mm. Then 001 mol of Va, Vb was added. The reaction mix-
ture was refluxed for 2 h and cooled. The solid products were collected by filtration and crystal-
lized from the proper solvent (see Tables I, 11 and 111).

3-Acetyl-5-amino-4,7-diaryl-2-methylpyrano[2,3-b]pyridine-6,6-dicarbonitrile (Xa, Xb)

A solution of Ia, lb (001 mol) in ethinol (20 ml) was treated with ha, hIb and a catalytic amount
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TABLE I

Collect. czech. Chem. Commun. (Vol 56) (1991)

Analytical data of heterocyclic compounds Jla—XVIIa

Corn-
pound M.p.,

Yield
°C

%

Formula
(Mw.)

Calculated/Found

%C %H ZN %S

10-75
10•1

1059
108

ha 158 38 C15H14N202
(2543)

7085
709

555
56

1102
107

JIb 175—177 33 C16H16N203
(2843)

6759
67-6

5-67

60
985

9•3

lIla 129—130 85 C17H18N204
(3143)

64-96
65-0

577
5-7

891
9-0

lI/h 160—161 81 C16H15C1N20
(3188)

6029
59-9

474
48

879
86

VIlla 220 63 C16H14N20,S
(298-4)

6441
650

473
5-0

9.39
8-6

V//lb 273—275 63 C15H11C1N,OS
(302-7)

59-50
59-5

366
3-8

9-25
9-4

Xa 220 40 C25H15N402
(407-4)

73-7

74-0

4-7

5-0

13-75

140

Xb 195—197 40 C26f121N403
(437-5)

71-38
71-4

484
4-9

1281
12-5

Xc 203—205 52 C26H21N403
(437-5)

71-38

71-5

484
4-9

12-81

12-4

Xd 198— 199 52 C27H23N404
(4675)

6938
69-7

4-46

4-7

11-98

11-5

XIla 121—122 51 C17H18N204
(3143)

6446
64-4

5-77

5-6

891

8-7

Xhlb 130—131 70 C16H15C1N203
(318-8)

60-29

604
474
4-7

8-79

86

XlIIa 168—169 55 C17H17N303
(311-3)

65-58
64-9

550
5-3

1350

132

XhJTh 216—217 37 C16H14C102N3
(315-8)

6086
60-4

447
4-5

1331

131

XIVa l98—200 20 C26H23N403
(439-5)

7106
71-3

5-27

5-4

1275

12-5

XIVb 203—204 20 C27H,4N404
(468-5)

69-22

69-0

5-16
5-0

1196
112

XVa 188 70 C23H18N202S
(386-5)

71-48

712
4-69

5-0

725
6-5

8-30

78
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TABLE I

(Continued)

Corn- Yield Formula
pound M.p., °C 0/ (M.w.) %C

Calculated/Found
___________________________

%H %N %S

XVb 175 75 C21H16N202S2
(3925)

6426
646

4•1 714
45 68

1634
159

XVc 185 78 C22H15C1N20S
(390.9)

6760
680

387 717
3.5 68

820
79

XVd 165 70 C2ØH13C1N20S2
(3644)

6581
651

352 761
35 80

1749
176

XVJJa 165 60 C23H14N202S
(3824)

7223
719

369 732
33 69

838
7•9

TABLE II

Selected JR data for compounds listed in Table I

Compound , crn1

ha 3 420 (NH); 2 225 (CN); 1 700 (CO)
Jib 3 410 (NH2); 2 220 (CN); 1 700 (CO)
hhJa 3 400—3 100 (NH2); 2 220 (CN); 1 720 (CO)
hhib 3 400—3 100 (NH2); 2 220 (CN); 1 720 (CO)
Villa 3 200 (NH); 2 240 (CN); 1 700 (CO)
VIilb 3 200 (NH); 2 240 (CN); 1 700 (CO)
Xa 3 425 (NH2); 2 210 (CN); 1 650 (CO)
Xb 3 380 (NH2); 2 210 (CN); 1 610 (CO)
Xc 3 360 (NH2); 2 210 (CN); 1 610 (CO)
Xd 3 460 (NH2); 2 215 (CN); 1 620 (CO)

XIIa 3 300 (NH2); 2 235 (CN); 1 720 (CO)
XbIb 3 300 (NH2); 2 235 (CN); 1 720 (CO)
XliIa 3 460—3 360 (NH2); 2 220 (CN); 1 725 (CO)
Xlhib 3 410—3 200 (NH2); 2 220 (CN); 1 730 (CO)
XlVa 3 220 (NH2); 2 240 (CN); 1 730 (CO)
XiVb 2 240 (CN); 1 740 (CO)
XVa 2 940, 2 885 (CH3); 2 225 (CN); 1 705 (CO)
XVb 2 950, 1 875 (CH3); 2 225 (CN); 1 705 (CO)
XVc 2 930, 2 860 (CH3); 2 225 (CN); 1 710 (CO)
XVd 2 940 (CH3); 2 225 (CN); 1 705 (CO)
XVIIa 3 400 (NH); 2 220 (CN)
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TABLE III
111 NMR data for compounds listed in Table I

Compound £5, ppm

ha 20 s, 3 H (CH3); 25 s, 3 H (COCH3); 43 s, 1 H (H-4);
7•1—76 m, 6 H (aromatic protons + NH2)

Jib 20 s, 3 H (CH3); 26 s, 3 H (COCH3); 39 s, 3 H (OCH3);
43 s, I H (H-4); 71—76 m, 6 H (aromatic protons + NH2)

lila 1•2 t, 3 H (CH3); 36 s, 3 H (CH3); 38 s, 3 H (OCH3); 42 q, 2 H
(CH2); 41 s, 1 H (H-4); 69 s, 2 H (NH2); 72— 76 m, 4 H
(aromatic protons)

IlIb 12 t, 3 H (CH3); 24 s, 3 H (CH3); 42 q, 2 H (CH2); 48 s, I H
(H-4); 69 s, 2 H (NH2); 72— 76 m, 4 H (aromatic protons)

Villa 178 s, 3 H (CH3); 25 s, 3 H (OCH3); &83—724 m, 3 H (aromatic
protons); 734 s, 1 H (NH)

VIlib 22 s, 3 H (CH3); 264 s, 3 H (CH3); 735—764 m, 4 H
(aromatic protons)

Xb 22 d, 3 H (CH3); 39 s, 3 H (OCH3); 44 s, 1 H (H-4); 52 m, 1 H
(H-7); 70 m (aromatic protons + NH2)

Xc 22 d, 3 H (CH3); 45 s, 3 H (OCH3); 44 s, 1 H (H-4); 52 m, 1 H
(H-7); 72 m (aromatic protons + NH2)

XIJb 125 t, 3 H (CH3); 235 s, 3 H (CH3); 39—425 q, 3 H
(CH2 and H-4); 4.35 d, 1 H (H-3); 70—74 m, 4 H
(aromatic protons); 83 s, 1 H (NH)

XIJIa 11 t, 3 H (CH3); 22 d, 3 H (CH3); 365—44 m, 7 H (CH2, CH3
and NH2); 67— 725 m, 4 H (aromatic protons), 81 s, 1 H (NH)

XJIJb 10 t, 3 H (CH3); 25 s, 3 H (CH3); 39 q, 2 H (CH2); 54 s, 2 H
(NH2); 725—76 m, 5 H (aromatic protons + NH)

XIVa 207 t, 3 H (CH3); 23 s, 3 H (CH3); 37 m, 5 H (OCH3 and CH2);
70 m, 1 H (aromatic protons + NH2)

XIVb 208 t, 3 H (CH3); 26 s, 3 H (CH3); 48 q, 8 H (2 CH3 and CH2);
70 m, 10 H (aromatic protons + NH2)

XVa 36 s, 3 H (OCH3); 46 s, 3 H (COCH3); 70—75 m, 11 H
(aromatic protons and 2-styryl protons)

XVb 26 s, 3 H (COCH3); 40 s, 3 H (OCH3); 68 m, 9 H (aromatic
and ethylene protons

XVc 25 s, 3 H (COCH3); 74— 80 m, 11 H (aromatic protons
and styryl protons)

XVd 25 s, 3 H (COCH3); 73 m, 9 H (aromatic and ethylene protons)

XVJIJa 37 s, 3 H (OCH3); 70 m, 13 H (aromatic protons + NH);
80 s, 1 H (OH)
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of piperidine. The reaction mixture was refluxed for 3 h and left to cool. The formed solid product
was filtered off and crystallized from benzene—petroleum ether 60—80, (see Tables I, II and HI).

Reaction of lila, Ilib with Acetic Acid and Ammonium Acetate (XIIa, XIIb)
and (XlIIa, XllIb)

To a solution of IIIb, IIIc (0.01 mol) in acetic acid (20 ml), I g of ammonium acetate was added.
The reaction mixture was refluxed for 8 h, left to cool and then triturated with water. The solid
product was collected by filtration and crystallized from ethanol. The solid product is a mixture
of an ethanol soluble and ethanol insoluble product, reaction products are listed in Tables I, II
and III.

Ethyl 5-Amino-6-cyano-4,7-diaryl-2-methylpyrido[2,3-b}pyridine-3-carbo-
xylates (XJVa, XIVb)

A solution of Ia, lb (0.01 mol) in ethanol (20 ml) was treated with XIlIa, XIIIb and a catalytic
amount of piperidine. The reaction mixture was refluxed for 3 h and left to cool. The solid
product was filtered off and crystallized from ethanol (see Tables I, II and III).

5-Acetyl-1,2-dihydro-4-aryl-6-styryl-2-thioxopyridine-3-carbonitriles (X Va, X Vb)

A solution of ía, Id (001 mol) in ethanol (20 ml) was treated with Vilib, J"IIlc and few drops
of piperidine. The reaction mixture was refluxed for 3 h and then left to cool. The formed solid
product was filtered off and crystallized from aqueous ethanol (see Tables I, II and III).

I ,2-Dihydro-5-hydroxy-4-p-methoxyphenyl-7-phenyl-2-thioxoquinoline-3-
-carbonitrile (X Vila)

A solution of XVa, in acetic acid (20 ml) was refluxed for 2 h, left to cool and then triturated
with water. The solid product was collected by filtration and crystallized from aqueous ethanol
to give XV1Ia (see Tables I, II and III).
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