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The synthesis of pyridine derivatives is reported starting from the new dienamino esters 2. Thermal
cyclization of 2 afforded the ethyl 2-amino-3-pyridinecarboxylate derivatives 3; from the reaction of 2 in
sodium ethoxide the 2-aminopyridines 3 and 4, and the 1,2-dihydro-2-oxopyridines 5 and 6 were obtained.

J. Heterocyclic Chem., 27, 1143 (1990).

In recent years 4-oxoquinoline and 1,8-naphthyridine-3-
carboxylic acid derivatives have acquired a great deal of
importance for their strong antimicrobial activity. The
common structure of all these compounds is the pyridin-4-
one moiety, which is essential for their biological activity.
Since specific substituents can not always be readily intro-
duced directly on the pyridine nucleus, the 6-amino-2(1H)-
pyridone and 2,6-diaminopyridine derivatives are a good
substrate for the synthesis of condensed heterocyclic
systems having the pyridin-4-one moiety.

In the present study we report an efficient method for
the preparation of the 2,6-diaminopyridine derivatives
starting from ethyl 3-ethoxy-3-iminopropionate (la) or
3-ethoxy-3-iminopropanenitrile (1b) or their correspond-
ing amidines lc-n, extremely versatile synthons previously
utilized by us for the synthesis of 6-amino-2(1H)-pyridone
[1] and 2-aminopyrrole derivatives [2].

By reacting compounds 1 with an equivalent of ethoxy-
methylenecyanoacetate (EMCA) in alcohol solution at
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room temperature, we obtained dienamino esters 2 in
good yields (Scheme 1): five term polyfunctionalized com-
pounds with an ethoxycarbonyl and an amino terminal
group and an high degree of unsaturation, such that they
can easily undergo intramolecular cyclization to pyridine
derivatives.

The structure and geometry of the dienamino esters 2
can be deduced from analytical (Table 1) and spectro-
scopic (Table 2) data.

The 'H nmr spectra in DMSO-ds indicate that they exist
as only one isomer: they present a sharp singlet for the
olefinic proton in the range 7.60-8.18 ppm and a signal for
the protons of the NH, group between 8.00 and 9.48 ppm.
These downfield shifts suggest the presence of a hydrogen
bond between the amino group and the adjacent carb-
ethoxy or nitrile group. Moreover in compounds 2d-g we
indicate the non-equivalence of the NH, protons due to
the presence, in the spectra, of two NH signals of equal in-
tensity; the downfield signal can be assigned to the
chelated form, and the other to the free NH, and the dou-
ble bond between C-4 and C-5 can thus be assigned to the
E configuration {3].

In the spectrum of the adduct 2e, for the morpholine
protons two multiplets can be seen, one at 3.28-3.50 ppm
corresponding to the two CHNCH protons, the other at
3.50-3.85 corresponding to six CHNCH and CH,OCH,

COOC,H, =
LN AT H = S CO0C,H,
xS N XN
NH, NH,
A 8
C,H;00C._ _CN NC._ _COOCyHs

(
H (X

AY ~
NTNH, N7 TNH,

Figure 1



1144 M. T. Cocco, C. Congiu and A. Maccioni Vol. 27
Table 1
Physical and Analytical Data of Compounds 2
HZN——Cl=C—CH=C——COOC2H5 \
Y X CN
Compound X Y Yield Mp Formula Analysis %
No. (%) (°C) Caled./Found
C H N

2a COOC,H;s OC,Hs 72 142 [a] Cy3H;2N205 5531 643 9.92
55.40 6.45 9.87
2b» CN OC,Hs 75 188 [b] C11H13N305 56.16 5.57 17.86
56.23 5.54 17.91
2¢ COOC,Hj NH, 45 188 [c] C,1H; N3Oy 5255 5.18 16.56
5247 521 16.59
2d COOC,;H; n—C4HoNH 25 129 [d] C1sHa3N304 5823 749 14.69
58.17 7.45 1472
2e COOC,;H;s 4-morpholinyl 72 225 [d] CysH;1N3Os 5572  6.55 13.00
5565 651 13.09
2f COOC,Hs pyrrolidinyl 74 257 [d) C;5sHy1N30, 5862 689  13.67
5858 6.86 13.61
2g COOC,H; piperidinyl 57 249 [d] C;6H23N304 59.79 17.21 13.08
59.70 7.18 13.09
2h CN 2-C3H,NH 52 180 [b] C15H; N0, 58.04 649 2256
58.09 645 22.51
2i CN 4-morpholinyl 83 195 [b] Cy3H;N,O3 5651 584 2020
5650 5.81 20.18
2j CN pyrrolidinyl 78 198 [b] Ci3H;6N4O; 5998 620 2153
59.90 6.17 21.49
2k CN piperidinyl 75 194 [b] C4HgN4O, 61.29 6.61 20.43
61.26 6.59 20.38
21 CN CgHsNH 48 162 [d] CysH1aN4O, 63.82 5.00 19.85
63.75 5.03 19.80
2m CN 4-CH;CgH4NH 58 236 {d] Ci6H16N402 64.85 5.44 18.91
6490 5.40 18.87
2n CN 3-CH3;0CgH4NH 67 158 [b] C16H16N4O03 61.53 5.16 17.94
61.48 5.18 17.89

[a] From benzene. [b] From ethanol. [c] From 2-propanol. [d] From acetonitrile.

protons. The difference in the chemical shifts of the
CH,NCH, protons observed also in compounds 2f and 2g,
suggests that the heterocyclic ring is on a plane almost
perpendicular to the plane of the molecule, and for this
reason the morpholine protons in positions 2 and 5 above
the plane of the ring undergo the deshielding effect of the
ethoxycarbonyl or cyano terminal groups. Consequently
the dienamino compound will assume s-cis conformations
(A,B), which are preferred to an s-trans conformations
(C,D), in which there is a greater interaction between the
substituents, as is shown by the molecular model. More-

over the fact that in compounds 2a and 2¢-g the protons of
the two different ethylic groups present an almost equal
chemical shift and that the olefinic proton is downfield
from the compounds 2Zh-n, suggests that the two ethoxy-
carbonyl groups are on the same side of the olefinic proton
and exert a greater deshielding effect on it; consequently
of the two possible s-cis structures (A and B), the cisoid
conformation E,E (A) can be attributed to the
dienaminoesters 2 (Figure 1).

The adducts 2 undergo intramolecular condensation
easily when refluxed in dimethyl sulfoxide or in toluene/di-
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Table 2

Spectroscopic Data of Dienamino Esters 2

IR
em™!

3300, 3140, 2200, 1665,
1635

3320, 3150, 2220, 2200,
1720, 1700, 1670, 1650

3330, 3170, 2195, 1675,
1625

3250, 3100, 2200, 1695,
1630

3250, 3110, 2200, 1690,
1650, 1610

3240, 3140, 2195, 1680,
1655, 1640, 1610

3260, 3160, 2195, 1690,
1660, 1610

3330, 3220, 2200, 2190,
1690, 1645

3420, 3330, 3230, 2210,
2200, 1675, 1650

3350, 3210, 2200, 2180,
1685, 1640

3410, 3330, 3200, 2210,
2200, 1660

3420, 3310, 3240, 2200,
2190, 1700, 1630

3300, 3250, 2200, 2190,

'H-NMR
3(ppm)

1.00-1.35 (m, 9H, 3CHaj), 3.90-4.40 (m, 6H, 3CH,), 8.18 (s, 1H, =CH),
9.48 (brs, 2H, NHy)

1.00-1.38 (m, 6H, 2CHj3), 4.00-4.48 (m, 4H, 2CH,), 8.02 (s, 1H, =CH),
9.30 (s, 2H, NH,)

1.20 (t, 6H, 2CH,), 4.10 (q, 4H, 2CH,), 7.93 (s, 1H, =CH), 8.10 (s,
4H, 2NH,)

0.75-0.95 (m, 3H, CHjy), 1.00-1.65 (m, 4H, 2CH,), 1.14 (t, 3H, CH3),
1.20 (t, 3H, CH3), 3.10 (m, 2H, NHCH,), 3.85-4.30 (m, 4H, 2CH,),
7.00 (t, 1H, NH), 7.75 (s, 1H, =CH), 8.28 (s, 1H, NH), 8.80 (s, 1H, NH)

1.11 (t, 6H, 2CHsy), 3.28-3.50 (m, 2H, CHNCH), 3.50-3.85 (m, 6H,
CHNCH and CH,0CH,), 3.90-4.20 (m, 4H, 2CH,), 8.00 (s, 1H, =CH),
8.70 (s, 1H, NH), 8.95 (s, 1H, NH)

1.10 (t, 6H, 2CHa,), 1.88 (m, 4H, 2CH,), 3.20 (m, 2H, CHNCH), 3.30
(m, 2H, CHNCH), 3.80-4.20 (2q, 4H, 2CH,), 7.85 (s, 1H, =CH), 8.16
(s, 1H, NH), 8.63 (s, 1H, NH)

1.10 (t, 6H, 2CH,), 1.54 (m, 6H, 3CH,), 3.30 (m, 2H, CHNCH), 3.50
(m, 2H, CHNCH), 3.80-4.18 (m, 4H, 2CH,), 7.95 (s, 1H, =CH), 8.45
(s, 1H, NH), 8.70 (s, 1H, NH)

1.00-1.30 (m, 6H, 2CHjy), 3.75 (m, 1H, CH), 4.20 (q, 2H, CH,), 7.70 (s,
1H, =CH), 8.00 (br s, 3H, NH, and NH)

1.14 (t, 3H, CH,), 3.35-3.76 (m, 8H morphiline protons), 4.02 (g, 2H,
CH,), 7.65 (s, 1H, =CH), 8.35 (br s, 2H, NH,)

1.13 (1, 3H, CH,), 1.90 (m, 4H, 2CH,), 3.48 (m, 4H, CH,NCH,), 4.05
(q, 2H, CH,), 7.75 (s, 1H, =CH), 8.00 (s, 2H, NH;)

1.14 (t, 3H, CH,), 1.60 (m, 6H, 3CH,), 3.40 (m, 4H, CH,NCH,), 4.02
(g, 2H, CH,), 7.60 (s, 1H, =CH), 8.20 (br s, 2H, NH;)

1.20 (t, 3H, CH,), 4.10 (q, 2H, CH,), 7.10-7.75 (m, 5H, Ar), 7.90 (s, 1H,
=CH), 8.20 (br s, 2H, NH,), 9.75 (br s, 1H, NH)

1.20 (t, 3H, CH,), 2.30 (s, 3H, CHy), 4.10 (q, 2H, CH,), 6.9-7.27 (m,
4H, Ar), 7.86 (s, 1H, =CH), 8.05 (br s, 2H, NH,;), 9.80 (br s, 1H, NH)

1.18 (t, 3H, CH,), 3.72 (s, 3H, OCH,), 4.10 (q, 2H, CH,), 6.67-7.40 (m,
4H, Ar), 7.86 (s, 1H, =CH), 8.15 (br s, 2H, NH,), 9.93 (br 5, 1H, NH)

Table 3

Physical and Analytical Data of Compound 3

1700, 1640

3320, 3250, 2210, 2200

1700, 1650
X Y
COOC,H; OC,Hs
CN OC,Hs

PO
|

N NH,
3
mp Formula Analysis
©C) Calcd./Found
C H N
78 [a] Cy3H;gN,05 5531 643 9.92
55.28 6.40 9.87
168 [b] C,1H;3N;0,4 56.16 5.57 17.86

56.10 5.55 17.81
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3¢ COOC,Hs NH, 166 [b] C11H; N304 5217 597 1659
5223 598 1653

3e COOC,Hs 4-morpholinyl 104 [c] C,5Hy;N3O5 5572 655 13.00
55.68 651 13.06

3f COOC,Hs pyrrolidinyl 96 [d] C,sH,iN;0, 5862 6.89 13.67
5865 6.86 13.64

3g COOC;Hs piperidinyl 68 [a] Cy6H23N;0, 59.79 721 13.08
5074  7.19  13.04

3h N 2-C;H,NH 168 [b] C1oH; N0, 5805 650 2257
5809 651 2253

3i CN 4-morpholinyl 161 [b] C,3H;gN4O5 56.51 5.84 20.28
56.48 5.81 20.24

3j N pyrrolidinyl 135 [b] C13H;6N4O, 59.98 620 21.53
5993 6.18 21.50

3k N piperidiny! 108 [b] C,H N0, 6129 661 2043
6125 659  20.40

31 N CeHsNH 164 [b] C,sH, N0, 63.82 500 19.85
6379 5,03 19.81

3m CN 4-CH,CH,NH 233 [b] © G N0, 64.85 544 1891
64.80 5.41 18.87

3n N 3-CH,OCH,NH 172 b} C1eH;eN4O5 61.53 516 1794
61.50 5.13 1791

[a] From n—hexane. [b] From ethanol. [c] From isopropyl ether. [d] From n-hexane-chioroform (5:1).
Table 4

Spectroscopic Data of Compounds 3

Compound IR 'HNMR
No. em ! & (ppm)
3a 3440, 3330, 1700, 1680 1.12-1.40 (m, 9H, 3CHs), 4.00-4.45 (m, 6H, 3CHy), 7.75 (s, 2H, NHy),

8.50 (s, 1H, H-4)

3b 3430, 3320, 2210, 1700 1.15-1.40 (m, 6H, 2CH3), 4.10-4.52 (m, 4H, 2CH,), 8.01 (s, 2H, NH,),
8.25 (s, 1H, H-4)

3¢ 3385, 3265, 1680 1.20 (t, 6H, 2CHy), 4.15 (q, 4H, 2CH,), 7.30 (s, 2H, 2NH), 7.65 (s, 2H,
2NH), 8.39 (s, 1H, H-4)

3e 3340, 3320, 1715, 1690 1.24 (t, 6H, 2CHa), 3.40 (m, 4H, CH,-N-CH,), 3.60 (m, 4H, CH,-O-CHy),
420 (g, 4H, 2CHy,), 7.40 (br s, 2H, NHy), 8.35 (s, 1H, H-4)

3f 3440, 3340, 1690, 1670 1.21 (t, 6H, 2CHj;), 1.78 (m, 4H, 2CH,), 3.30 (m, 4H, CH,-N-CH»), 4.18
(q, 4H, 2CH,), 7.25(br 5, 2H, NH,), 8.2 (s, 1H, H-4)

3z 3450, 3350, 1710, 1680 1.22 (t, 6H, 2CHy), 1.51 (m, 6H, 3CHy), 3.32 (m, 4H, CH,-N-CHy), 4.19
(q, 4H, 2CH,), 7.33 (br s, 2H, NH,), 8.27(s, 1H, H-4)

3h 3480, 3330, 2220, 1685 1.13 (d, 6H, 2CH,), 1.22 (t, 3H CH,-CH,), 4.15 (g, 2H CH,-CH,), 4.38
(m, 1H, CH), 6.9 (4, 1H, NH), 7.45 (br s, 1H, NH), 7.75 (br s, 1H, NH),
8.01 (s, 1H, H-4)

3i 3430, 3320, 2220, 1675 1.22 (t, 3H, CH3), 3.66 (s, 8H, morpholine protons), 4.16 (q, 2H, CH,),
7.59 (br s, 2H, NH,), 8.10 (s, 1H, H-4)
3j 3450, 3420, 3320, 3270, 1.22 (t, 3H, CH;), 1.84 (m, 4H, 2CH,), 3.60 (m, 4H, CH,-N-CH,), 4.15
2200, 1680 (g, 2H, CHy), 7.33 (br s, 1H, NH), 7.60 (br s, 1H, NH), 7.97 (s, 1H, H-4)
3k 3450, 3340, 2200, 1685 1.23 (t, 3H, CHa), 1.56 (m, 6H, 3CHy), 3.69 (m, 4H, CH;-N-CHy), 4.16

(g, 2H, CHj), 7.56 (br s, 2H, NH,), 8.05 (s, 1H, H-4)

31 3410, 3290, 2220, 1690 1.23 (t, 3H, CHa), 4.18 (q, 2H, CH,), 6.92-7.90 (m, 5H, Ar), 7.20 (br s,
2H, NH,), 8.16 (s, 1H, H-4), 9.02 (br s, 1H, NH)
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3m 3390, 3290, 2220, 1670
3n 3450, 3390, 3330, 2200,
1685

Table 5

Thermal Cyclization of Dienamino Esters 2

1147

1.21 (t, 3H, CH,CHa), 2.35 (s, 3H, CHj3), 4.15 (q, 2H, CH,CH3), 5.50-
7.50 (brs, 2H, NHy), 7.10-7.45 (m, 4H, Ar), 7.92 (s, 1H, H-4), 8.80

(br s, 1H, NH)

1.21 (t, 3H, CH3), 3.73 (s, 3H, OCH3), 4.13 (q, 2H, CH,), 6.60 (br s,
2H, NH,), 6.80-7.60 (m, 4H, Ar), 7.91 (s, 1H, H-4), 8.83 (br s, 1H, NH)

Table 5 (Continued)

Dienamino % 3 %3
ester Method A (minutes) Method B (hours)
2a 91 (5) 86 (6) 2i 72 (15) 68 (10)
2b 94 (15) 84(2) 2j 80 (15) 76 (2)
2e 37 (15) 85(10) 2k 56 (10) 56 (10)
2f 62 (15) 21 76 (10) 84 (24)
2g 60 (10) 2m - 80 (10) 60 (6)
2h 93 (15) 2n 52 (10) 80 (6)
Table 6
Physical and Analytical Data of Compounds 4
X COOH
XX
Y N NH,
4
d Y m, Formula Analysis %
COHI:IP(;).UH X (°g) c Calcd.gound N
4a COOC,H; OC,Hs 161 [a] C;1H 4N;O4 g igg g gg i }gg
4b CN OC,Hjs 180 [b] CyHgN;0,4 g%iz 2%? %8%2
4e COOC,Hs 4-morpholinyl 173 [c] C;3H;7N305 g %gz g 58;(3) ij%g
4f COOC,Hy pyrrolidinyl 189 [c] Cy3H;7N30, g gg(s) 2 }? ig 8(5)
4g COOC,H; piperidinyl 171 [c] Cy4HgN30, g;gg gg g }jgg
4i CN 4-morpholinyl 222 [c] C11H2NO5 g ;ﬁ 2 g; %%g;
4j N pyrrodinyl 225 [c] C,;H;3NO, g g gg g %; %3 %3
4k CN piperidinyl 215 [d] Cy,H4N,O, g%g 2 g(l)g gjgg

[a] From benzene. [b] From isopropy! ether. [c] From ethanol. [d] From acetonitrile.
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Table 7

Spectroscopic Data of Compounds 4

Compound R _ "H-NMR
No. cm’ S(ppm)
da 3470, 3360, 1680, 1620 1.26 (t, 6H, 2CH,), 4.08-4.41 (m, 4H, 2CH,), 7.68 (brs, 2H, NHy),
8.47 (s, 1H, H-4), 12.24 (s, 1H, OH)
4b 3460, 3330, 2220, 1675, 1.21 (t, 3H, CH,), 4.41 (q, 2H, CHy), 7.98 (br s, 2H, NH,), 8.20
1605 (s, 1H, H-4), 11.90 (br s, 1H, OH)
4e 3420, 3280, 1670, 1640, 1.20 (¢, 3H, CHa), 3.39 (m, 4H, CH,NCHy,), 3.54 (m, 4H, CH,OCH,),
1610 4.14 (q, 2H, CHy), 7.42 (s, 2H, NH,), 8.32 (s, 1H, H-4), 12.30 (br s,1H,
OH)
4f 3470, 3350, 1695, 1640, 1.20 (t, 3H, CHa), 1.77 (m, 4H, 2CH)), 3.29 (m, 4H, CH,NCH,), 4.14
1600 (q, 2H, CHy), 7.27 (s, 2H, NH3), 8.25 (s, 1H, H-4), 12.26(br s, 1H, OH)
4g 3485, 3355, 1690, 1650, 1.17 (t, 3H, CHa), 1.47 (s, 6H, 3CHy), 3.29 (m, 4H, CH,NCH,), 4.10
1605 (g, 2H, CHy), 7.33 (s, 2H, NH,), 8.25 (s, 1H, H-4), 12.23 (br 5, 1H, OH)
4i 3420, 3320, 2200, 1680, 3,67 (br s, 8H morphiline protons), 7.64 (s, 2H, NH,), 8.34 (s, 1H, H-4),
1640, 1600 12.26 (br s, 1H, OH)
4j 3460, 3340, 2220, 1660, 1.84 (m, 4H, 2CH,), 3.61 (m, 4H, CH,NCH,), 7.48 (br s, 2H, NH;), 7.98
1615, 1590 (s, 1H, H-4), 12.00 (br s, 1H, OH)
4k 3450, 3320, 2220, 1710, 1.57 (m, 6H, 3CH,), 3.65 (m, 4H, CH,NCH,), 7.56 (s, 2H, NH,), 8.18
1655, 1620 (s, 1H, H-4), 12.23 (br s, 1H, OH)
Table 8
Physical and Analytical Data of Compounds §
X CN
XX
Y” N7 O
5
Compound X Y mp Formula Analysis %
No. (&) Calcd./Found
C H N
5a COOC,Hs OC,H;s 188 {a] C;1H 2N, 04 5593 512 11.86
5595 5.15 11.80
Se COOC,Hs 4-morpholinyl 252 [b] Cy3H;5N304 56.31 5.45 15.16
5628 543  15.13
7 pymonciny 5970 576 1602
5g COOC,Hs piperidiny! 256 [c] Cy4H17N304 61.08 622 1526
61.00 6.19 1524

[a] From benzene. [b] From ethanol. [¢] From acetonitrile.

methylsulfoxide 2:1 solution, or when treated with sodium
ethoxide in ethanol at room temperature, to yield the ethyl
2-aminopyridine-3-carboxylate derivatives 3 as principal
compound (Tables 3, 4).

With brief heating (15 minutes) in dimethyl sulfoxide,
compounds 3 were obtained in good yields; an increase in
the heating time leads to decomposition of the products.
At lower heating temperature by dilution of dimethyl-
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Compound
No.

6a

6b

6¢c

[a] From acetonitrile.

Compound

No.

5a

Se

5f

Sg

6a

6b

6¢c
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Table 9

Physical and Analytical Data of Compounds 6

DO

Yield (%) of Cyclization Products of Dienamino Esters 2 in

HN' I;I o
Ar
6
Ar X mp
Q)
CeHs CN 314 [a]
4-CH,CgH, CN 353 [a]
3-CH,0CsH, N 298 [al
Table 10
Spectroscopic Data of Compounds 5 and 6
R 'HMNR
cm’? 3 (ppm)
Dienamino
2230, 1725, 1640  1.14-1.38 (m, 6H, 2CH,3), 4.10-4.40 ester
(m, 4H, 2CH,), 8.33 (s, 1H, H-4), No.
11.50 (br s, 1H, NH)
2a
3100, 2220, 1715, 1.21 (t, 3H, CH,), 3.56-3.62 (m, 4H,
1640 2CHj), 4.01-4.10 (m, 4H, 2CH,), 2b
4.23 (q, 2H, CH,), 8.02 (s, 1H, H-4)
2¢
3120, 2220, 1710, 1.21 (t, 3H, CHj), 1.82 (m, 4H,
1640 2CH,), 3.32 (m, 4H, CH,NCH,), 2e
4.15 (q, 2H, CHy), 8.02 (s, 1H, H-4) ¢
2
3120, 2220, 1710, 1.20 (1, 3H, CH,), 1.56 (m, 6H, 3CH,),
1645 3.26 (m, 4H, CH,NCH,), 8.07 (s, 1H, 2g
H-4), 11.79 (br s, 1H, NH)
2h
3330, 3220, 2200 7.22-7.55 (m, 5H, Ar), 7.73 (s, 2H,
NH,), 8.23 (s, 1H, H-4) 2i
3280, 3170, 2220, 2.31 (s, 3H, CHy), 7.05-7.16 (4, 2H 2j
1680, 1630 arom), 7.26-7.35 (d, 2H arom), 7.69
(s, 2H, NH,), 8.19 (s, 1H, H-4) 2k
3300, 3200, 2220, 3.71 (s, 3H, CH,), 6.70-7.50 (m, 4H, 21
1690, 1640 arom), 7.74 (s, 2H, NH,), 8.21 (s, 1H,
H-4) 2m
2n

sulfoxide with toluene, the yields were generally still

satisfactory, but the reaction time was remarkably increas-
ed (Table 5).

Formula

C3HgNO

Cy4H1oNO

Cl 4H1 0N402

Table 11

Sodium Ethoxide
Reaction %3 % 4
time (hours)
1 46 -
1 36 8
1.5 65 S
24 25 16
24 53 38
24 48 36
05 80 -
0.5 74 20
0.5 96 -
0.5 78 10
1 64 -
1 70 S
1 55 =

Analysis %
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Calcd./Found
C N
66.09 341 2372
66.00 3.39 23.69
67.19 403 2239
67.15 4.05 2233
63.15 379 21.04
63.10 375 2097

%5

12

% 6

25
20
20

In sodium ethoxide solution, besides compounds 3,
small quantities of their partial hydrolysis products 4
(Tables 6 and 7) were formed, which increase on increas-
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ing the reaction time, and become the main product of the
reaction by reflux for about at hour.

In the case of adducts 2a and 2c-e, about 10% of the
6-amino-2(1H)-pyridone derivatives 5 (Table 8) were also
formed, while during condensation of the adducts 2l-n,
the 1-substituted 2-oxopyridine-3-carbonitriles 6 (Table 9)
were formed. The yields of the cyclization products are
reported in Table 11. 1,5-Dipolar cyclization occurs
prevalently by nucleophilic attack of the NH, group on
cyano on the 2 position, while in sodium ethoxide, even
though to a lesser degree, there was a concomitant attack
on the ethoxycarbonyl group.

The structures of the compounds 3, 4, 5 and 6 were
deduced on the basis of the analytical and spectroscopic
data. On the ir spectra the compounds 3 present two in-
tense bands at 3450-3385 and 3340-3265 cm"! typical of a
primary amino group and the absorption bands of the car-
bonyl functions at 1710-1670 em ', In the nmr spectra a
broad singlet is observed at 8.50-7.91 ppm due to the NH,
protons, which disappears by deuteration, and another
sharp singlet at 7.90-8.00 ppm due to the H-4 of the
pyridinic ring. For the 2-aminopyridine-3-carboxylic acids
4 the chemical shifts of the NH, group appear at 7.98-7.72
ppm, while COOH resonates at very low fields 12.30-11.90
ppm, suggesting a strong intramolecular hydrogen bond
with the adjacent amino group. This indicates that, in
reaction conditions, the ethoxycarbonyl group undergoing
hydrolysis is invariably in position 3.

The ir spectra of the 2(1H)-pyridone derivatives 5 ex-
hibit two strong bands at 1640-1630 and 1725-1710 cm"!,
corresponding respectively to the amido and ester CO
groups. In the pyridones 6, besides absorption of the
amido CO group, typical bands of the NH, group are also
present.

EXPERIMENTAL

The melting points were determined on Kofler hot stage and
are uncorrected. The ir spectra were obtained in nujol with a
Perkin-Elmer 325 spectrophotometer. The 'H nmr spectra were
recorded for hexadeuteriodimethyl sulfoxide solution with a
Varian FT80 spectrometer; chemical shifts are reported in ppm
from HMS as an internal standard and are given in § units. The
elemental analyses (C,H,N) were carried out with a Carlo Erba
model 1106 Elemental Analyzer. Reaction mixtures were
monitored by tlc on DC-Alufolien Kieselgel 60-F254 (Merck). The
ethyl 3-ethoxy-3-iminopropionate (la) [4] and 3-ethoxy-3-
iminopropanenitrile (1b) [5] were performed by literature pro-
cedures. The amidines lc-n were obtained at an almost pure
state and are utilized for subsequent reaction without purifica-
tion.

Ethyl 5-Amino-2-cyano-5-ethoxy-4-ethoxycarbonyl-2,4-pentadi-
enoate (2a).

A mixture of ethyl 3-ethoxy-3-iminopropionate (20 mmoles) and
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ethyl ethoxymethylenecyanoacetate (20 mmoles) in anhydrous
ethanol (30 ml) was stirred at room temperature for 24 hours.
After removal of the solvent, the residue was collected and
crystallized from benzene to give 2a, mp 142°, in 72% yield.

Ethyl 5-Amino-2,4-dicyano-5-ethoxy-2,4-pentadienoate (Zb).

A mixture of 3-ethoxy-3-iminopropanenitrile (20 mmoles) and
ethyl ethoxymethylenecyanoacetate (20 mmoles) in anhydrous
ethanol (30 ml) was stirred at room temperature for 1 hour. The
formed precipitate was collected by filtration and crystallized
from ethanol to give 2b, mp 188°, in 75% yield.

Ethyl 2-Cyano-5,5-diamino-4-ethoxycarbonyl-2,4-pentadienoate
2c).

A solution of the ethoxycarbonylacetamidine hydrochloride
(1¢) (20 mmoles), ethyl ethoxymethylenecyanoacetate (20 mmoles)
and triethylamine (20 mmoles) in anhydrous ethanol (30 ml) was
stirred at room temperature for 24 hours. The solvent was remov-
ed under reduced pressure and the residue was washed with
water and crystallized from 2-propanol to give 2¢, mp 185°, in
45% yield.

General Method for Dienamino Esters 2d-n.

A solution of imidate (20 mmoles) and the appropriate amine
(20 mmoles) in anhydrous ethanol (30 ml) was stirred at room
temperature until the starting material disappeared by tlc (24-48
hours). The ethyl ethoxymethylenecyanoacetate (20 mmoles) was
added and the reaction mixture was stirred for 1 hour. The
resulting solid was collected by suction and crystallized from an
appropriate solvent to give the dienamino esters 2d-n.

For 2h the reaction mixture was evaporated to dryness and the
residue crystallized.

Thermal Cyclization of Dienaminoester 2.
Method A.

A solution of 2 (5 mmoles) in dimethyl sulfoxide (5 ml) was
refluxed for 15 minutes. After cooling, crushed ice was added and
the resulting mixture was extracted with diethyl ether; the
organic layer was washed with water, dried (sodium sulfate) and
evaporated. The residue was collected and crystallized to give the
ethyl 2-aminopyridine-3-carboxylate derivatives 3.

Method B.

A solution of 2 (5 mmoles) in toluene/dimethyl sulfoxide 2:1
(v/v) (5 ml) was refluxed for the time reported in Table 5. The
toluene was evaporated at reduced pressure and the residue
treated as in method A.

Cyclization of Dienaminoester 2 in Sodium Ethoxide Solution.

The appropriate dienaminoester 2 was added under stirring to
a solution of sodium ethoxide (5 mmoles) obtained from metal
sodium (0.112 g) in anhydrous ethanol (15 ml) and the mixture
was stirred at room temperature for the time reported in Table
11. Ice-water was then added and the solid collected by suction
and crystallized from a suitable solvent to give the 2-amino-
pyridine derivatives 3a-c and 3f-n. Acetic acid was added to the
mother liquor until pH 7.5 was reached and the 2(1 H}pyridone
derivatives 5 and 6 were obtained and separated by filtration. By
further adding of acetic acid up to pH 5.5, the 2-aminopyridine-3-
carboxylic acid derivatives 4 were obtained.
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