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ABSTRACT. The present work 1s devoted to study the mteraction of f-aroylacrvlic acid derivative (3) with
malonomtrile m (DMF) mn the presence of piperidine and/or ammonium acetate, then using the formed
compounds as starting materials for synthesizing fused and isolated heterocyelic systems. It has been
established that the B-arovlacrylic acid (3) reacts with malononitrile in (DMEFE) in the presence of pipendine as
a catalyst with the formation of 4/-pvran derivative (4). By changing the catalyst into ammonium acetate,
pvridine derivative (3) has been obtained. Also the N-maleamic acid derivatives (19) and (27) have been
svnthesized via the interaction of (4) and (3) with maleic anhydride. The purpose of this step is to study the
behavior of the formed maleamic acid derivatives - as analogies of P-aroylacrvlic acids - towards different
active methylene compounds under Michael addition reaction.

Keywonds: B-Arovlacrylic acid, Michael reaction, 2-ammopyran, 2-ammopyndine, Pyrninudine, Maleanuc-acid,

INTRODUCTION amino-  9-chloro-2-(2-furvl)-1.2.4-triazolo[1.5-¢]
quinazoline (1) (Figure 1) was found to be a
Compounds Containing the triazolo[1.5-c]pyri- highly potent adenosine antagonist.l while the

midine moiety have attracted considerable attention 9-chloro-2-(2-fluorophenyl)-1.2,4-triazolo[1.5-c]
due to their remarkable adenosine and benzo- quinazolin-3(6f7)-one (2) displayed a very signifi-
diazepine receptor affinitv. Particularly. the 3- cant benzodiazepine binding activity.2
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Also pyran and fused 44-pyran derivatives
have attracted a great deal of interest owing to
their antimicrobial activity,”** inhibition of influ-
enza. virus sialidases.” mutagenic activity as anti-
viral.” antiproliferation agents.8 sex pheromones
activity.”"” antiumor'' and anti-inflammatory agent."
Moreover, pyvran derivatives are well known for
their antihistaminic acti\-'ity.13

Also. pyrimidines and fused pyvrimidines play
an inertial role in several biological processes and
have a considerable chemical and pharmacologi-
cal importance. In particular pyvrimidine nucleus
can be found in a broad variety of antibacterial
and antitumor agents as well as in agrochemical
and veterinary products.'*'" This current pharma-
cological importance has stimulated our interest
to svnthesize several new and biologically active
derivatives of these heterocyclic systems.

EXPERIMENTAL SECTION

All melting points are uncorrected and deter-
mined by the open capillary method using Gallen
Kamp melting point apparatus. Microanalyses
were carried out by the Micro Analvtical Center at
Cairo University. The IR spectra were recorded
on FT/IR-300E Jasco spectrophotometer as (KBr)
discs. The 'H NMR spectra were measured on a
Varian Gemini 200 MHz instrument with chemical
shifts (8) expressed in ppm downfield from TMS.
Mass spectra were recorded on Shomadzu GC-MS
(QP-1000EX) instrument operating at 70eV.
{(Tables 1&2).

{E)-2-amino-6-(4-chlom-3-methylphenyl)-3-¢
yano-4 H-pyran-4-carboxylic acid (4) and (E)-2-
amino-6-(4-chloro-3-methylphenyl)-3-cyanopyni-
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dine-4-carboxylic acid (5).

To a solution of 4-(4-chloro-3-methylphenyl)-
4-oxobut-2-enoic acid (3) (1.00 g. 4.47 mmol) and
malononitrile (0.3 g, 4.47 mmol) in refluxing DMF
(20 mL) few drops of piperidine or ammonium
acetate (0.34 g, 4.47 mmol) were added; the result-
ing mixture was refluxed for (2h). The reaction
mixture was allowed to cool at room temperature
then poured into water (100 mL). The precipitate
formed was filtered off and washed on the filter
funnel with water. then dried and crystallized from
the proper solvent to give 4H-Pyran derivative (4)
and/or Pyridine derivative (§) respectively.

6-(4-chloro-3-methylphenyl)-3-cy ano-2-(ethox-
ymethyleneamino)-4 H-pyran-4-carboxylic acid (6).

4H-Pyran denivative (4) (1.00 g. 3.4 mmol) in
trieth_\-'lorlhofommtel3'19'3(' (10 mL) was stirred
under reflux for (3h). The reaction mixture was
concentrated and the obtained brown precipitate
then crystallized from ethanol/water to afford
ethoxymethyleneamino-4/7-pyran (6).

S-(4-chloro-3-methylphenyl)-1,2,3a-tiihydro-6-
oxa-1,2,7,9-tetrazaphenalen-3(3H)-one (7) and 7-
(4-chloro-3-methylphenyl)-4-imino-3-(phenylam
ino)-4-hyo-SH-pyrano[2,3-d] pyrimidine-5-car-
boxylic acid (8).

A mixture of ethoxymethyleneamino-4/-pyran
(6) (3.00 g. 8.70 mmol) and hyvdrazine h_\-'drate21
(0.30 mL, 8.70 mmol) or phenylhvdrazine (0.85
mL, 8.70 mmol) in absolute ethanol (30 mL) was
refluxed for (7h) . The reaction mixture was left to
cool at room temperature then acidified with diluted
HCL. the formed solid was filtered off. washed
with cold water. dried and crystallized from the
proper solvent to afford pyvranopyrimidines (7)
andAr (8).

7-(4-chloro-3-methylphenyl)-3-ethyl-4-imino-
4-hydro-SH-pyrano[2,3-d] pyrimidine-S-carboxylic-
acid-(9) and 7-(4-chloro-3-methyIphenyl)-4-imino-
3-phenyl-4hydro-SH-pyrano [2,3-d] pyrimidine-
S-carboxylic acid (10).

A mixture of ethoxymethyleneamino-4/-pyran
(6) (3.00 g, 8.70 mmol) and ethylamine (0.57 mL.
8.70 mmol) and/or aniline (0.75 mL. 8.70 mmol)
in absolute ethanol (30 mL) was refluxed for (5h).
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Table 1. Characterization and physical data of synthesized compounds

Comp. MP. °C Solvent Formula Analysis %Calc./Found
No. Yield g (%) mol. wt. C H N

, 158 o CuHnCINGOs 57.84 381 9.64
4 .15 (89) Ethanol/Water 290 5742 359 931
) 166 ) CuHyoCINGO: 58.45 350 1461
1.07¢ (84) Ethanol/Water 287 58.20 331 1440

172 o CHy<CIN,O, 58.88 436 808

6 0.88g (75) Ethanol/Water 346 58.61 413 7.90
208 CusHyCINLO; 57.24 352 17.80

7 2162 (79) EthenolWatex 314 36.92 337 17.62
132 ;. C2H)-CINLO; 61.69 4,19 13.70

8 2.95g (83) Ethanol/Water 408 61.26 406 1341
108 o CHyCIN;Os 59.05 4,66 12.15

? 2642 (88) Ethanol/Water 345 5878 449 12.02
_ 9 CaHeCINGO; 64.05 409 1067
1 2.87¢ (84) Ethanol/Water 393 63.59 3.86 10.42
130 CsHyCIN;Os 56.70 381 1323

H 2.40g (87) Ethanol 317 36.42 363 12.92
12 ) CsHCIN:OsS 53.82 331 837

= 221g(76) ek 334 5351 3.05 8.15
168 o C1sHy:CINSO; 56.63 317 1834
13 0.89¢ (73) Ethanol/Water 38l 56.37 2.99 1818
_ 148 o CsHyCLNLO; 52.19 3.09 14.32
4 1,12 (85) Ethanol/Water 391 5170 2.9 14.09
) 156 ) CsHysCIN,O; 5722 379 14.05
15 1.13g (89) ek 398 56.98 3.56 13.84
198 , CsHnCIN,O, 56.48 2.90 14.64
16 0.90g (74) Methanol/Water 382 56.13 2.7 1436
162 CieHnCIN,O; 56.07 323 16.35

. 0.89g (81) e 342 55.79 3.0l 16.02
188 o CHyCINLOs 57.23 367 15.70
B 0.95g (83) Ethanol/Water 356 56.99 352 15.49
221 CsHsCINGO, 5561 337 721

= 112 (83) Mzthmol 388 5325 321 708
_ 178 CoHysCINLOs 55.46 332 12.32
20 1.61g (69) Ethanol/Water 454 5521 315 12.14
145 , Ca:HnCIN,Og 56.51 433 573

2 2.16g (86) Methanol/Water 488 5609 420 558
160 } CasHy-CINOs 55.88 362 5.92

N 1.97¢ (81) ki 472 55.53 344 567
167 o CaHyCINSOx 53.58 3.53 15.43

23 1842 (79) Ethanol/Water 453 5508 332 1522
) 185 S Ca:H)oCIN, Oy 61.27 423 12.43
2 1.69g (73) Ethanol/Water 430 6084 406 12.14
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Table 2. IR, "HNM and Mass spectral data of svnthesized compounds
Comyp. IR (KBr) 'H NMR (200 MHz, DMSO-d,), Mass
No. em” 5 m/z
2y nrheenls 2:32 (3H, s, CHs), 3.93 (1H, d, J = 6.4, H-4 pyran), 5.19 .
A {féﬁ [(3%?) ;Sfib";i‘-ét’; (IH, d, J = 6.4, H-5 pyran), 7.52-7.60 (3H, m, aromatic fg %- st)
(NH) T protons), 837 (2H, brs, exchangeable NH;) and 11.74 : : :
' (1H. brs, exchangeable OH) 7.
1629 (C=N), 1718 (C=0, 2.33 (3H, s, CHs), 6.91 (1H, s, H-5 pyridine), 7.63-7.71 IPFR
5 carboxyl)., 2200 (C=N) (3H. m, aromatic protons ). 7.97 (2H, brs, exchangeable 237 (M T). 133,
and 3285 (NH). NH:) and 11.54 (1H. brs, exchangeable OH). 121, 105,77,
1.33(3H,t,/=7.62Hz, OCH:CHa), 2.38 (3H.s.CH;), 3.9
1682(C=N), 1726 (C=0, (1H,d,J=64,H-dpvran),4.27(2H, q.J=7.62Hz, OCHz3),
6 carboxvl), 2210 (C=N) 3.16(1H.d../=6.4, H-3 pyran), 7.39-7.66 (3H. m, aromatic
and 3390 (OH). protons), 8.32 (1H, s, N=CH-O)and 11.39 (1H, brs, exchange-
able OH).
- —— 227(3H.s.CH;). 3.91 (1H.d.J= 6.4, H-3 pyran), 4.36 (1
161_0[-C N), 16,3 I(C=0 H. s. exchangeable CONH-NH), 3.18 (IH. d.J= 6.4, H-3 314 (M‘!‘)_ 264,
7 amide) and 3324 (broad . 7.59-7 66 (3H =l 927 (1H o : :
band, N-H). pyran). 7.39-7.60 (3H. m. aromatic prolons), 9.2 (\_1 LS 132,
i exchangeable CONH), 9.41 (1H, s, CH pynmdine).
221 (3H, s, CH»). 3.95 (1H. d, J = 6.4, H-3 pyran), 5.2
1600 (C=N), 1722 (C=0, (1H, d,.J = 6.4, H-3 pyran), 7.31-7.60 (3H, m, aromatic
8 catboxvl)and 3386 (basin  protons), 8.73 (1H, s, exchangeable -NHPh). 9.12 (1H. s,
peak, OH and NH). NH imino), 2.35 (1H, s, CH pyrimidine), 11.51 (1H, brs,
exchangeable OH).
129 (3H. t../ = 7.4, N-CH:CHs). 2.23 (3H. 5. CHs). 3.88
1648 (C=N), 1720(C=0, (1H.d,J=6.4 H-3pyran),4.87(2H. q./= 7.3, N-CH:CH:).
9 carboxvl) and 3359 (NH 5.14¢1H,d,/= 6.4, H-5 pvran), 7.54-7.62 (3H, m, aromatic
and OH) protons), 2.08 (1H, s, NH imino), 9.45 (1H, s, CH pyri-
nidme) and 11.48 ( 1H, brs, exchangeable OH).
1 - 226 (3H., s. CHs), 3.94 (1H. d. J = 6.4, H-3 pyran), 3.22
10 é:?r%)ﬁgil;q;ndlz}zgtlcﬂ\l% (1H. d, ./ = 6.4, H-3 pyran), 7.52-7.63 (3H. m, aromatic
and (.)'H\] - protons), 2.05 (1H, s, NH imino), 942 (1H, s, CH pyri-
e midine), 11.45 (1H, brs, exchangeable OH).
1R . 221 (3H. 5. CH:). 3.89 (1H. d. J = 6.4, H-3 pyran), 3.16
1 i.?:bstfxlmn J 7%88 ;)C;N% (1H, d../=6.4, H-3 pvran), 7.31 (2H. s, exchangeable NH:)
o OH) ’ i 7.53-7.61 (3H, m, aromatic protons), 9.22 (1H, s, CH
r ' pyrimidine) and 11.49 (1H, brs, exchangeable OH).
223 (3H. s, CHs), 3.1 (1H. brs, exchangeable SH), 3.9
1444 (C=8), 1682 (C=N), (I1H,d,J/=64, H-5pvran),5.17(1H,d,J=64, H-5 pyran),
12 1727 (C=0, carboxyl)and  7.51-7.539 (3H, m, aromatic protons), 8.41 (1H, s, CH pyri-
3366 (NH or OH). nidme), 9.23 (1H, brs, exchangeable NH) and 11.43 (1H.
brs, exchangeable OH).
225 (3H, s, CH;), 3.92 (IH, d. J = 6.4, H-5 pyran), 446
13 1620 (C=N), 1650 (C=0, (I1H, s, CH pyrazol),5.21 (1H, d../=64_H-5 pyvran), 6.35
©anude), 3300-3390 (NH).  (1H. brs, exchangeable NHz), 7.33-7.61 (3H. m, aromatic
protons), 8.45 (1H. s, CH pyrinudine).
2.18 (3H, s, CH;), 3.91 (IH, d. J = 6.4, H-5 pyran), 3.94
14 1656 and 1670 (2 C=0, (2H.s.CH:C1). 5.2 (1H.d,J=6.4, H-3 pyran), 7.51-7.64

anude) and 3395 (NH).

(3H. m, aromatic protons), 8.44 (1H. s, CH pyrimidine),
9.26 (1H. brs, exchangeable CONH).
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Table 2
Comyp. IR (KBr) 'H NMR (200 MHz, DMSO-d,), Mass
No. cm™ 5 m/z

1619 and 1705 (2 C=0),
2853 (CH aliphatic) and
3386 (NH).

2.23 (3H, s, CHa), 2.34 (3H, s, COCH,), 3.66 (2H, s,
(.()(.H:(.())_ 394(1H.d,/=6. 4_ H-3 pyran), 3.19(1H. d,
J =64, H-5 pyvran), 7.33-7.63 (3H, m, aromatic protons),
8.43 (1H, s, CH pyvrimidine), 9.21 (1H, brs, exchangeable
CONH).

16

1626 and 1632 (2 C=0,
anude), 2833-2922 (CH
aliphatic)and 3420 (OH).

226 (3H, 5. CHs), 3.92 (1H., d. J = 6.4, H-3 pyran), 3.17
(1H. d, J = 6.4, H-3 pyran), 3.21 (1H. s, CH pyrazole),
7.52-7.60 (m, aromatic protons, 3H), 8435 (1H, s, CH
pyrimidine), 11.98 (1H, brs, exchangeable OH pyrazole).

17

1653 and 1680} (2 C=0),
2923 (CH aliphatic) and
3216 (NH).

224 (3H, s, CHs). 3.9 (1H. d. J = 6.4, H-3 pyran), 3.19
(IH,d. J= 6. 4, H-5 pyran), 7.55-7.67 (3H, m, aromatic
protons), 7.98 ( 1H, s, CHO), 841 (1H, s, CH pyrimidine),
9.23 (1H. brs, exchangeable CONH).

18

1636 (C=N), 1735 (C=0,
ester), 2835-2925 (CH
aliphatic) and 3420 (NH).

2.20(3H,s,CH;), 241 (3H, s, CH;C0O-), 3.87(1H. d,J=
6.4, H-5 pvran), 4.88 (1H, brs, exchangeable NH), 5.15
(1H. d, ./ = 6.4, H-3 pyran), 7.34-7.62 (3H. m, aromatic
protons), 8.43 (1H. s, CH pyrinudine).

19

1633 (C=0, amide), 1620
and1732 (2 C=0, carboxyl),
2207 (C=N), 2924 (CH
aliphatic), 3088-320 (OH)
and 3423 (NH).

224 (3H. 5. CH:). 3.93 (1H. d. J = 6.4, H-3 pyran), 3.19
(1H. d. J = 6.4, H-3 pyran). 662(1H d,J =132 Hz
CH=),7.12(1H,d,J= 152 Hz = CH), 7.51-7.59 (3H, m,
aromatic protons), 9.56 (1H, brs, exchangeable NHCO,
maleamic), 11.44 (1H, brs, exchangeable OH)dnd 12.08
(1H. brs, exchangeable OH).

344 (MT-COn).
316, 279, 152.

20

1721 (C=0O carboxvlic),
2207(C=N), 2924 (CH ali-
phatic), 3100, 3200, 3386,
3422 (NH) and (OH).

226 (3H, s, CHs), 3.92 (1H, d,J = 6.4, H-5 pvran), 5.16
(1H. d, ./ = 6.4, H-3 pyran), 7.33-7.62 (3H. m, aromatic
protons), 8.93 (2H, brs, exchangeable NHz), .42 (1H, s,
exchangeable NH, maleamic) and 11.45-11.47 (2H, brs,
exchangeable 2 OH).

21

1638 (C=0, amide), 1678
{C=0, ketonic), 1724(C=0,
carboxyl), 2218 (C=N),
3240 (NH) and 3386 (OH).

2.03 (6H. s.2CHs), 2.21 (3H. 5. CH;), 2.75-2.93 (2H. m.
CHs), 3.72 (1H, s, CH), 3.89 (1H, d. J = 6.4, H-5 pvran),
5.17¢(1H,d,/= 64, H-5pyran), 7.53-7.61 (3H, m, aromatic
protons), 9.31 { 1H, brs, exchangeable NHCO), 11.47 (1H.
brs, exchangeable OH) and 12.16 (1H, s, exchangeable
OH).

22

1636 (C=0, amide), 1685
(C=0, ketonic), 1723 (C=0
carbovl), 2208 (C=N),
3219(NH) and 3381{OH).

2.24 (3H. s, CHs), 2.36 (3H. d, CH3), 2.72-2.91 (2H, m,
CH:), 3.92 (1H, d. J= 6.4, H-3 pvran), 42 (1H. d, CH),
5.18 (1H, d, J= 6.4, H-5 pvran), 7.55-7.64 (3H, m,
aromatic protons), and 11.45 (1H, brs, exchangeable OH),
12.12 (1H. s, exchangeable OH).

1633(C=N), 1721 (C=0,
carboxyl), 2206 (C=N),
}21()(NHJ.llld 3347(basin
peak, OH).

2.19 (3H, s, CHa), 2.42-2.61 (2H, m, CH:), 3.1 (1H, d,
CH). 3.72 (1H. s, CH), 3.89 (1H. d. J= 6.4, H-3 pvran),
317 (1H. d, /= 6.4, H-3 pvran). 7.33-7.60 (3H. m.
aromatic protons), 8.37 (2H. s, exchangeable NH:), 11.43
(IH, brs, exchangeable OH) and 1194 (lH, s,
exchangeable OH).

Journal of the Korean Chemical Society



olFme] PN EEAEA] o]8xl kg zjedl 313
Table 2.
Comyp. IR (KBr) 'H NMR (200 MHz, DMSO-d,), Mass
No. em” 5 m/z
2.24 (3H, s, CH.), 2.35 (3H, s, CHa). 2.43 (3H, s, CHs),
1630¢(C=N), 16535(C=0, 2.9 (2H, s, pyridinone protons), 3.72 (IH, s, CH), 3.88
24 amide), 1721 (C=0, car- (1H. d, J = 6.4, H-3 pvran), 318 (1H, d. J = 6.4, H-3
boxyl), 2206 (C=N), 3216 pyran), 7.52-7.63 (3H, m, aromatic protons), 8.43 (1H,
(NH) and 3360(OH). brs, exchangeable NH), 9.63 (1H, brs, exchangeable NH)
and 11.71 (1H, s, exchangeable OH).
221 (3H. s, CHy). 3.0 (2H. s, piperidinone protons), 3.72
1633(C=0, amide), 1721 (1H, s, CH), 391 (1H, d,J=6.4 H-5 pyran), 5.19 (1H, d,
23 (C=0, carboxylic), 2205 J= 64, H-3 pvran), 7.54-7.66 (3H, m, aromatic protons),
(C=N), 3214NH)and 3342 9.21 (1H. brs, exchangeable NH), 9.61 (1H, brs, exchange-
(OH). able NH), 9.82 (1H. brs, exchangeable NH) and 11.71
(1H. s, exchangeable OH).
2.20 (3H, s, CH), 2.35 (3H, s, CHs), 3.2 (2H, s, piperi-
1634(C=0, anude), 1721  dmene protens), 3.72 (1H, s, CH), 3.92 (1H. d. J = 6.4,
% (C=0 carboxvl), 2203 (C H-3 pyran), 3.2(1H.d.J =64, H-3 pvran), 7.532-7.61 (3H.
=N), 3213(NH) and 3342 m, aromatic protons), 8.49 (1H, brs, exchangeable NH),
{OH). 9.65 (1H, brs, exchangeable NH), 9.85 (1H, brs, exchange-
able NH) and 11.76 (1H, s, exchangeable OH).
4o . 2.19 (3H. s, CH:), 6.68 (1H. d.J =152 Hz CH=), 6.83
(lgi‘é)(cc'g];:if_ll‘)i)’ 218 (IH.s, pyridine proton). 714 (IH. 4. /=152 Hz = CH). ___ 4
27 ot am1a Al at1e  7.35-764(3H, m, aromatic protons), 10,16 (1H, brs, exchange- 38? (M3 -]=_"‘”=
(C=N). 3217, 3347, 3445 1o NHCO, maleamic), 11.83 (IH, brs. exchangeable 313277133
(NH) and (OH), able 1CO, ‘ma eaml(f_)_, H- 3 (’ . brs, exchangeable
OH)and 12.13 (1H, brs, exchangeable OH).
. o~ 222 (3H. s, CH:), 3.83 (2H. 5. CH2). 6.99 (1H, s, pyridine
1629 (_C_T_N)’ 1719. [E_O proton), 7.34-7.62 (3H. m, aromatic protons), 821 (2H.
2g  caboxyl), 2207 (C=N). § " changeable NH.), 10.48 (1H. brs, exchangeable NH)
3220, 3372, 3447 (NH) . s T = )
or (OH) 11.83 (1H, s, exchangeable OH)and 12.17 (1H., s, exchange-
o able OH).
T v 222 (3H. s, CHs), 2.37 (3H. s, CHa), 2.63 (3H. s, OCH:),
1631(C=N), 1720 (C=0" 3%} (5H s, CH.), 7.1 (1H, 5. pyridine proton), 7.51-7.59 +
29 carboxyl), 2207 (C_:N), (3H, m, aromatic protons), 10.45 (1H, brs, exchangeable 423 (M T-COy).
3213, 3347, 3448 (NH) D Y el o TT ] 3 1 286,132, 138.
: NH), 11.81 (1H, s, exchangeable OH) and 12.19 (1H, s. : :
and (OH). R
exchangeable OH).
N .~ 2.24(3H, s, CHs), 3.86 (2H, s, CH:), 6.85 (1H, s, pyridine
igrfo(\cx_lylzzl?go[g‘z_l\?) proton), 7.36-7.64 (3H. m, aromatic protons), 8.26 (2H.
30 Ty ' ; brs, exchangeable NH;), 8.42 (1H, brs, exchangeable NH),

3217, 3354, 3451 (NH)
and (OH).

10.61 ( 1H, brs, exchangeable NH), 11.89 (1H. s, exchange-
able OH) and 12.21 (1H, s, exchangeable OH).

After cooling. the reaction mixture was poured
into diluted HCL the precipitated product was
filtered off and washed several times with cold
water, dried and crvstallized from the proper
solvent to afford the iminopyranopyrimidines (9)
and/or (10).
4-amino-7-(4-chloro-3-methyphenyl)-3H-pyrano
[2,3-d)p¥rimidine-S-carboxylic acid (11).

2009, 10l 33, No. 3

To a solution of ethoxymethyleneamino-44-
pyran (6) (3.00 g. 8.70 mmol) and absolute ethanol
(30 mL), ammonia solution (0.31 mL. 8.70 mmol)
was added; the resulting mixture was refluxed for
(2h). After cooling. the reaction mixture was acidi-
fied with very diluted solution of cold HCI, the
precipitate formed was filtered off and washed on
the filter funnel with water, dried then crystallized
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from ethanol/water to afford the aminopyrano-

pyrimidine (11).
7-(4-chloro-3-methylphenyl)-4-mercapto-SH-

py¥rano[2,3-d]p¥rimidine-3-carboxylic acid (12).

A mixture of ethoxymethyvleneamino-+/-pyvran
(6) (3.00 g. 8.70 mmol) in ethanol (30 mL) and
sodium hvdrogensulphide (0.48 g. 8.70 mmol) was
stirred under reflux for (7h). The reaction mixture
was allowed to cool at room temperature then poured
into water. The solid product was collected by
filtration and crystallized from methanol/water to
afford mercaptopyranopyrimidine (12).

4-amino-3H-pyrazolo[1,2-4]-12-(4-chlor-3-
methyphenyl)-1aH-pyrano[3,4-d]py¥rimido-
[+4,3-¢]-1a,2,3 4-tetrahy d-ropyridazine-2,6-dione
(13).

A mixture of pyvranopvrimidine (7) (L.00 g
3.20 mmol) and ethyl cyanoacetater‘:3 (0.34 mL.
3.20 mmol) in absolute ethanol (13 mL) was
refluxed for (7 ). The reaction mixture was allowed
to cool at room temperature then poured into
water (200 mL). the solid formed was filtered off.
washed with water. dried and crystallized from
ethanol/water to afford aminopy razolinone (13).

5-(4-chlor-3-methylphenyl)-1-(1-0x0-2-chlo-
ethyl)-2,3a-dihydro-6-0xa-1,2,7,9-tetrazaphena-
len-3(3f)-one (14).

A solution of pyranopyrimidine (7) (1.00 g.
3.20 mmol) and ethvl chloroacetate (0.34 mL.
3.20 mmol) in absolute ethanol (13 mL) was
refluxed for (10 h). The reaction mixture was allowed
to cool at room temperature then poured into
water (200 mL). the solid formed was filtered off.
washed with water. dried and crystallized from
ethanol/water to afford the non-cvelized oxo-chloro-
ethyltetrazaphenalen (14).

5-(4-chloto-3-methylphenyl)-1-(1,3-dioxobutyl)-
2,3a-dihydm-6-0xa-1,2,7,-9-tetrazaphenalen-3
(3H)-one (13).

A mixture of pyvranopvrimidine (7) (L.00 g
3.20 mmol) and ethyl acetoacetate™ (0.40 mL.
3.20 mmol) in absolute ethanol (13 mL) was
refluxed for (10 h). The reaction mixture was
allowed to cool at room temperature then poured
into water (200 mL). the solid formed was filtered

off. washed with water. dried and crystallized
from methanol/water to afford dioxobutyltetra-
zaphenalen (13).
4-hydroxy-3H-pyrazolo[1,2-a]-12-(4-chloro-3-
methyphenyl)-1aH-pyrano[3 4-d]pyrimido[4,3-
¢]-1a,2,3 4-tetrahyd-ropyridazine-2,6-dione (16).

A mixture of pyranopyrinudine (7) (1.00 g,
3.20 mmol) and diethylmalonzlte::‘:3 = (048 mL,
3.20 mmol) in absolute ethanol (15 mL) was
refluxed for (10 h). The reaction mixture was
allowed to cool at room temperature then poured
into water (200 mL.). the solid formed was filtered
off. washed with water. dried and crystallized
from methanol/water to afford pyrazolinedione
derivative (16).

S-(4-chloro-3-methylphenyl)-1-formyl-2,3a-
dihydro-6-0xa-1,2,7,9-tetrazaphenalen-3(3H)-
one (17).

Pyranopyrimidine (7) (1.00 g. 3.20 mmol) in
formic acid™ (85%) (15 mL) was refluxed for (15 h).
The reaction mixture was left to cool. then poured
into water (300 mL) the formed precipitate was
filtered off. washed thoroughly with water. dried
and crystallized from absolute ethanol to afford
formyl derivative (17).

5-(4-chloro-3-methylphenyl)-1,3a-dihy dro-6-
oxa-1,2,7 9-tetrazaphenalen-3-¥1 acetate (18).

In acetylchloride (15 mL). pyvranopyrimidine
(7) (1.00 g, 3.20 mmol) was refluxed in water bath
for (2 h).The reaction mixture was concentrated,
the separated brown solid crystallized from ethanol/
water to afford acetoxy derivative (18).

(E)-2-(3-carboxyacrylamido)-6-(4-chloro-3-
methylphenyl)-3-cyano-4H-pyran-4-carboxylic-
acid (19).

Maleic anhydride™ (0.33 g. 3.4 mmol) was
completely dissolved at room temperature in glacial
acetic acid (30 mL). and then 45-pyran derivative
) (1.00 g, 3.4 mmol) was added to the solution;
the resulting mixture was stirred under reflux for
(1 h).The reaction mixture was allowed to cool at
room temperature, then poured into water (300
mL), the precipitate formed was filtered off. washed
with water, dried and crystallized from methanol
to afford N-cyclic maleamic acid (19).
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2-amino-6-[+-carboxy-6-(4-chlor-3-methylph
enyl)-3-cyano-4H-pyran-2-ylamino]-3-cyano-4H-
p¥ran-4-carboxylic acid (20).

To a solution of maleamic acid (19) (2.00 g.
3.15 mmol) and malononitrile™ (0.34 g. 3.15 mmol)
in dioxan (20 mL) few drops of piperidine was
added; the resulting mixture was refluxed at 60 °C
for (7 h). The reaction mixture was allowed to
cool at room temperature then acidified with
diluted acetic acid (200 mL). the solid formed was
filtered off., washed with water. dried and
crystallized from the ethanol/water to afford bis
compound (20).

2-[3-acetyl-2-(carboxymethyl)-4-oxopentana-
mido]-6-(4-chloro-3-methylphenyl)-3-cyano-4 H-
p¥ran-4-carboxylic acid (21).

To a solution of maleamic acid (19) (2.00 g.
35.13 mmol) and acetvlacetone (0.53 mL. 3.13
mmol) in DMF (20 mL) few drops of piperidine
was added: the resulting mixture was refluxed at
60 °C for (7 h). The reaction mixture was allowed
to cool at room temperature then acidified with
diluted acetic acid (200 mL). the solid formed was
filtered off. washed with water. dried and cry-
stallized from methanol/water to afford Michael
adduct (21).

2-[3-acetyl-4-(carboxymethyl)-2,5-dioxopy-
nolidin-1-¥1]-6-(4-chlor-3-methylpbenyl)-3-cyano-
4H-pyran-4-carboxylic acid (22).

A mixture of maleamic acid (19) (2.00 g. 3.13
mmol) and ethy] acetoacetate (0.63 mL. 3.13 nmunol)
in dioxan (20 mL) in the presence of piperidine
was refluxed at 60 °C for (10 h).The reaction
mixture was allowed to cool at room temperature
then poured into diluted solution of acetic acid
(200 mL). the solid formed was filtered off. washed
with water. dried and crystallized from methanol/
water to afford N-cvclic maleimide (22).

2-[S-amino-3-(carboxymethyl)-4-cyano-3,4-
dihy dro-2 H-py¥nol-2-ylideneamino)-6-(4-chlom -
3-methylphenyl)-3-cy¥ano-4 H-pyran-4-carboxy-
lic acid (23).

A mixture of maleamic acid (19) (2.00 g. 3.13
mmol) and malononitrile (0.34 g. 5.13 mmol) in
DMF (30 ml) in the presence of ammonium
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acetate was refluxed in water bath at 60°C for (10
h). The reaction mixture was allowed to cool at
room teniperature then poured into diluted solution
of acetic acid (200 nmL). the solid formed was
filtered off, washed with water, dried and crystallized
from ethanol/water to afford iminopyrrol deri-
vative (23).
6-(4-chloro-3-methylphenyl)-3-cyano-2-(3,4-
dimethyl-6-0x0-6,7-dihydro-2 H-py1rolo[3,4-c]
pyridin-1-ylamino]4+H-py1an-d-cathoxylic acid (24).

To a solution of maleamic acid (19) (2.00 g.
5.15 mmol) and acetylacetone™ (0.53 mL. 5.15
mmol) in DMF (30 mL) ammonium acetate was
added: the resulting mixture was refluxed in water
bath at 60 °C for (8 h). The reaction mixture was
allowed to cool at room temperature then acidified
with diluted acetic acid (200 mL). the solid formed
was filtered off, washed with water. dried and
crystallized from ethanol/water to afford pyridino-
pyirol (24).

6-(4-chloro-3-methylphenyl)-3-cyano-2-[3,4,6-
troxo-3,3a,4,5,6,7-hexahydro-2H-pynolo-
[3,4=] pyridin-1-ylamino)-4H-pyran-+-carboxylic
acid (25).

A mixture of maleamic acid (19) (2.00 g. 5.15
mmol) and diethylmalonate (0.78 mL. 5.15 mmol)
in DMF (30 mL) in the presence of ammonium
acetate was refluxed in water bath at 60 °C for (6
I).The reaction mixture was allowed to cool at
room temperature then poured into diluted solution
of acetic acid (200 nmlL). the solid formed was
filtered off, washed with water, dried and crvstallized
from ethanol/water to afford pyridinopyrrol (25).

6-(4-chloro-3-methylphenyl)-3-cyano-2-[3-methyl-
4,6-dioxo~4,5,6,7-tetrahydro-2H-pynolo [3,4-] pyti-
din-1-ylamino]-4H-pyran-4-carboxylic acid (26).

A mixture of maleamic acid (19) (2.00 g. 5.15
mmnol) and ethyl acetoacetate (0.65 mL. 5. 15 mmol)
in DMF (30 mL) in the presence of ammonium
acetate was refluxed in water bath at 60 °C for (3
I).The reaction mixture was allowed to cool at
room temperature then poured into diluted solution
of acetic acid (200 nmL). the solid formed was
filtered off, washed with water, dried and cry-
stallized from ethanol/water to afford pyridino-
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pyrrol (26).

(E)-2-(3-carboxyacrylamido)-6-(4-chloro-3-
methylphenyl)-3-c¥anopyridine-4-carboxylic
acid (27).

Maleic anll,\-'clride:"":T {0.33 mL. 3.4 mmol) was
completely dissolved at room temperature in
glacial acetic acid or THF (30 mL). and then
pyridine derivative (3) (1.00 g. 3.4 mmol) was
added to the solution: the resulting mixture was
stirred under reflux for (1 h). The reaction mixture
was allowed to cool at room temperature. then
poured into water (500 mL). the precipitate formed
was filtered off. washed with water. dried and
crystallized from methanol to afford N-cyclic
maleamic acid (27).

2-[S-amino-3-(carboxymethyl)-4-¢ yanofuran-2-
ylamino]-6-(4-chlomw-3-methylphenyl)-3-cyano-
py¥rdine-4-carboxylic acid (28).

To a solution of N-cvclic maleamic acid (27)
(2.00 g. 5.19 mumol) and malononitrile (0.34 g.
5.19 muol) in DMF (15 mL) few drops of piperi-
dine was added: the resulting mixture was refluxed
at 60°C for (5h). The reaction mixture was allowed
to cool at room temperature then acidified with
diluted acetic acid (200 mL). the solid formed was
filtered off. washed with water. dried and cry-
stallized from methanol/water to afford furan
derivative (28).

2-[4-acetyl-3-(carboxymethyl)-5-methylfuran-
2-¥lamino]-6-(4-chloro-3-methylphenyl)-3-cyan-
opyrdine-4-carboxylic acid (29).

A mixture of N-cyclic maleamic acid (27) (2.00
g. 5.19 mmol) and acetylacetone (0.53 mL. 5.19
mmol) in DMF (20 mL) in the presence of piperi-
dine was refluxed at 60 °C for (3 h).The reaction
mixture was allowed to cool at room temperature
then poured into diluted solution of acetic acid
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(200 mL). the solid formed was filtered off. washed
with water. dried and crystallized from ethanol/
water to afford furan derivatives (29).

2-[S-amino-3-(carboxymethyl)-4-cyano-1H-
pyrol-2-ylamino]-6-(4-chloro-3-methylphenyl)-
3-cyanopyridine-4-carboxylic acid (30).

A nuxture of N-¢cyclic maleamic acid (27) (2.00
g. 5.19 mmol) and malononitrile™ 0.34 g, 519
mmol) in DMF (30 mL) in the presence of
ammonium acetate was refluxed at 60 “C for (3 h).
The reaction mixture was allowed to cool at room
temperature then poured into diluted solution of
acetic acid (200 mL). the solid formed was filtered
off. washed with water. dried and crystallized
from ethanol/water to afford aminopyrrol deriva-
tive (30).

RESULTS AND DISCUSSION

The B-aroylacrylic acid derivative 4-(4-chloro-
3-methylphenyl)-4-oxo-but-2-enoic acid™™ (3)
has interacted with malononitrile in dimethyl-
formamide (DMF) in the presence of piperidine as
a catalyst to afford-2-amino-6-(4-chloro-3-methy1-
phenyl)-3-cvano-4H-pyran-4-carboxylic acid (4).
On the other hand. when the reaction was carried
out in the presence of ammonium acetate it yielded
2-amino-6-(4-chloro-3-methyIphenyl)-3-cyvanopyri-
dine-4-carboxvlic acid (3) (Scheme 1). Both (4)
and (5) were used as pre-key starting materials for
synthesizing both fused and isolated heterocvclic
systems.

The structure of compounds (4) and (5) were
established by their correct analytical data and their
IR spectra which exhibited strong absorption bands
at the regions 1649-1655. 1712-1720. 2196 and
3280-3285 attributable to vo-n. ve-c. viosx and vwu

COOH o COOH
CN CHA({CNY CH,(CN), Xy CN
—2 Ar)J\/\COOH »
Ar o NH, piperding @) CH,COONH, Ar" N TNH,
4 (5)
CH,
Cl
Ar=

Scheme 1.
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respectively. The 'H NMR spectrum of compound
(4) revealed two doublets at § 3.93 and 5.19
assigned to pyran protons H-4 and H-3 respec-
tively. multiplet at & 7.52-7.60 assigned for aromatic
protons, singlet at & 2.32 ppm assigned for pro-
tons of methyl group and finally two exchangeable
singlets at 6 8.37 and 11.74 ppm consistent with
the protons of (NH-) and (OH) respectively. The
'H NMR spectrum of compound (5) exhibited
multiple signal at § 7.63-7.71 assigned for aromatic
protons, singlet at 8 2.35 ppin assigned for protons
of methyl group and finally two exchangeable
singlets at 6 7.97 and 11.45 ppm consistent with
the protons of (NH:, and (OH) respectively. EI-MS
for compounds (4) and (3) exhibited m/z 288 and
287 (M1) respectively. The reaction takes place
via nucleophilic addition of the carbanion derived
from the malononitrile to the ¢ B-unsaturated car-
bonvl moiety in the acid (3) followed by cyvclization
in case of (4) and ring closure and dehvdrogena-
tion in case of (5).

Refluxing of (4) with neat triethylorthoformate
afforded 6-(4-chloro-3-methylphenyl)-3-cyano-2-
(ethoxymethyleneamino)-4/-py ran-4-carboxylic
acid (6). Its IR displaved an absorption bands at
1682, 1726. 2210 and 3390 attributable to vo-y.

COOH

ve=c. vesx and vop and showed no absomption
frequency in the NH region. The '"H NMR spec-
trum of compound showed singlet signal of the
azamethine proton (N=CH) at & 8.32 , triplet at &
1.33 assigned for terminal mettivl protons (OCH-CHj3)
and quartet signal at & 4.27 assigned with the two
protons of methylene (OCH:). Compound (6) was
used as kev-starting material for synthesizing
somne interesting annulated heterocyclic systems
(Scheme 2).

Thus. interaction of compound (6) with hydrazine
hydrate in boiling ethanol yielded 5-(4-chloro-3-
methylphenyl)-1.2 3a-trihydro-6-oxa-1.2.7.9-tetr
azaphenalen-3(3H)-one (7). without isolation of
the imino derivative. This could be explained by
the formation of the imino derivative first. which
inthe presence of a base (hyvdrazine hydrate) under-
went a Dimroth Iearrangemeut“'(“')'41 to give the
thermodynamically more stable hvdrazino derivate
which underwent ring closure and vielded the
desired product (7). IR spectrum of compowund (7)
exhibited strong absorption bands at 1610, 1651
and 3324 (broad band) attributable 10 ve-x. ve=c
+amuder AN vy devoid ary ban for vie=y. The ]H NMR
spectrum revealed exchangeable two singlet signals
at $ 9.27 and 4.56 ppm attributable to the protons

Coo i
b1 COOH o M.
Y N (] )s 4 NH NH NH

- ~ N 2

Ar' g N/) Ar“ 07 N . | ] ) — 1) \)N
r
(12) TEOF o N Ar 0(7)N/
NaSH NH2NH;
COOH
COOH MCNH GO
NH _NHPh

| |\,f‘ s Ao S *Coogr PINHNH; Y )N
A P ® Ao NP

(11 ®)

CH,
cl
Ar=
Ph-NH
COOH 2 EtNH, GO, o
Ph -
N* N

f\lﬁ) 8@
Ar"NOTTN A0

Scheme 2.
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of (CONH) and (CONH-NH) at the pvridazinone
ring . and devoid any exchangeable (OH) signals.

Refluxing an ethanolic solution of (6) with phenvl-
hivdrazine afforded the comresponding 7-(4-chloro-
3-methylphenyl)-4-imino-3-(phenylamino)-4-hy
dro-3H-pyrano[2.3-d]pyrimidine-3-carboxylic
acid. The structure of compound (8) was bared on
microanalvtical and spectral data. Its IR spectrum
exhibited strong absorptions at 1600. 1722 and
3386. (basin peak) attributable t0 veo-n. Vio-o. vwH
and von.

When compound (6) was submitted to react with
primary amines. namely ethylamine and aniline
led to the formation of 7-(4-chloro-3-methy Iphenyl)-
3-ethy¥l-4-imino-4-hvdro-3/4-pyrano[2.3-d)
pyvramidine-3-carboxylic acid (9) and/or 7-(4-chloro-
3-methylpheny1)-4-imino-3-phenyi-4-hvdro-3H-
pyvrano(2.3-d] pyrimidine-3-carboxylic acid (10).
The structures of compounds (9) and (10) were
established by their comect analvtical data and
compatible spectroscopic data. Their IR spectra exhi-
bited strong absorptions at the regions 1648-1684,
1720-1726. 3351 and 3359 attributable t0 veo-n.
vomo. v and/or vy respectively. The 'H NMR
spectnum supported the structure of (9) as it showed
triplet at & 1.29 and quartet at 6 3.87 consistent with
the methy] and methylene protons of (N-CH-CH3)
respectively. singlet at & 9.08 for the imonopyrimidine
proton (NH). The reaction takes place via nucleo-
philic substitutions on the methylidene carbon
followed by ring closure.

Each compound of (8). (9) and (10) can exist in
one of three conformations A. B. or C. both A and
B are stabilized via hydrogen bond formation. so
they are more stable than C. In case of A hvdro-
gen bond is formed by using one lone pair of
electrons on the oxygen of hydroxyl group (OH.sp3).
while in B the formed hydrogen bond will use
lone pair on the oxygen of carbonyl moiety (C=0.
sp2). so hvdrogen bond in case of A is stronger
than B (Figure 2).

Ammonolysis of compound (6) gave-4-amino-7-
(4-chloro-3-methy1phenvl)-34-pyrano-[2,3-d)
pyvrimidine-3-carboxylic acid (11). Structure of
compound (11) was inferred from correct analytical

HO- -H OH
\ O O H /D I H
1 A —_
o=C N C N C’—CQN/
I, Ho I v Ly
" (Y Cxy
.l
Ar ®) N/) Ar s N/J Ar e N/)
A B C
8, Y= NHPh,
8, Y=Et
10,Y= NPh
Fig 2.

data and on the basis of '"H NMR and IR spectra,
the later showed the absence of (C=N) and presence
of signals related to v~y and veg pyrimidine. bands
at 1648, 1728 and 3386 attributable to ve-n. Vo=
and v or veou respectively. The 'H NMR spec-
trum of compound (11) exhibited apparent exchan-
geable singlet at & 7.13 assigned with the two
protons of (NH.>) at the pyrimidine ring and broad
exchangeable singlet at & 11.49 correlated with
(COOH) proton at the pyran ring. The reaction
involved nucleophilic substitution on the unsaturated
carbon atom followed by ring closure to afford the
desired product (11).

Reaction of compound (6) with sodium hydro-
gensulphide in anhydrous ethanol afforded 7-(4-
chloro-3-methylphenyl)-4-mercapto-54-pyrano|
2.3-d]pyrimidine-5-carboxylic acid (12). The struc-
ture of compound (12) was inferred from its correct
analytical data and its IR spectrum which revealed
strong absorption bands at 1444, 1682, 1727 and
3366 attributable 0 vio-g. Voo, Vo= and vy Or vou
respectively. Such IR data illustrate that compound
(12) exhibits the phenomenon of thiolactam thiolac-
tim dynamic equilibrium. The 'H NMR spectrunt
supported that by revealing two exchangeable
broad singlet signals at 6 3.1 and 9.23 attributable
to (SH) and (NH) protons respectively. Surprisingly
compound (12) was obtained directly without
isolation of the expected imino derivative. This
could be explained by the formation of the imino
derivative first. which in the presence of ethoxide
ion underwent a Dimroth rearrangement to give
the thermodynamically more stable (12).

The multi-functional pyranopyrimidine deri-
vative 4-amino-3H-pyrazolo[1,2-a]-12-(4-chloro-
3-methyphenyl)-laH-pyrano[3.4-d] pyrimido[4.3-¢]
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O,
\
\/C-O /N NH
HsC | | N
Ar o N/)
(18) CH3COCI

@
Ar” o N/)
(13)
GOOE o N o)
H,C—Cl N_<CH o
Ao
Ar o N/)

COOEt
CH,COCH5

CH,COCH,

Scheme 3.

1a,2.3.4-tetrahvdropyridazine-2.6-dione (13) was
prepared via the interaction of compound (7) with
ethy] cvanoacetate. The lactam form of compound
(7) is more predominate in the solution due to the
high polarity of ethanol. so the reaction possibly
takes place via the acylation of more nucleophilic
nitrogen of the pyridazinone moiety followed by
ring closure to give the desired product (13)
(Scheme 3). Structure of the compound (13) was
established by microanalytical and spectral data.
Its IR spectrum exhibited strong absorption bands
at 1620, 1630, 3300 and 3391 attributable to vi-u.
veos and vy respectively, and devoid any absorp-
tions for vean. The "H NMR spectrum of the com-
pound showed two singlet signals at § 4.46 and
exchangeable one at 8 6.35 for protons of (CH)
and (NH-) at the pyrazole ring respectively.
When compound (7) was allowed to react with
ethyl chloroacetate in boiling ethanol it yielded
3-(4-chloro-3-methvlphenyl)-1-(1-0x0-2-chloroet
hv1)-2.3a-dihvdro-6-oxa-1.2.7,9-tetrazaphenalen-
3(3H)-one (14). The reaction takes place via nucleo-
philic substitution involving the more nucleophilic
nitrogen on the carbonyl group of the ethoxycar-
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bonyl moiety (Tetrahedral Mechanism). The out
puts of reading IR spectrum for compound (14)
showed absorption vibrational bands at 1656. 1670
and 3395 attributable t0 vma Of two carbonyl groups
and vy respectively.

Treating compound (7) with ethyl acetoacetate
in boiling ethanol afforded 5-(4-chloro-3-methyl-
pheny1)-(1,3-dioxobuty1)-2.3a-dihydro-6-oxa-1.2,
7.9-tetrazaphenalen-3(3/)-one (15). The structure
of compound (15) was substantiated from its
microanalytical and spectral data. The IR spectrum
revealed strong absorption bonds at 1619, 1703,
2855 and 3392 em” attributable t0 vpa, of two
carbonyl groups. aliphatic vy and vy respectively.
The 'H NMR spectrum revealed two singlet signals
at § 2.38 and 3.66 attributable to aliphatic methyl
and methylene protons of (COCH-COCH3) respec-
tively. EI-MS exhibits m/z 396 corresponding to
(MT). The reaction possibly takes place via nucleo-
philic attack by lone pair of N; (more nucleophile)
on the carbonyl of the ethoxycarbonyl moiety in
which (N-C) bond was formed between (NH) of
pyridazinone moiety and carbonyl group of the
ester moiety before (C-OEt) bond started to break



320

and consequently a lot of energy is accumulated
in the reaction medium which decreases the
activation energy of the reaction and facile convert-
sion was occurred.

Reacting compound (7) with diethylmalonate
in boiling ethanol afforded 4-hvdroxy-3H-pyrazolo-
[1.2-a)-12-(4-chloro-3-methyphenyl)-laH-pyran
o=[3.4-d]pyrimido(4,5-¢]1a.2.3.4-tetrahyvdropyvrd
azine-2.6-dione (16). Its IR spectrum exhibited
strong absorption bands at 1626. 1652, 2855-2922
and 3420 attributable to vma. of two amide groups.
aliphatic v-u and vy respectively. The 'H NMR
spectrum revealed two singlet signals at 6 5.21
and exchangeable one at 5 11.98 consistent with
protons of (CH) and (OH) at the pvrazole ring.
EI-MS exhibited m/z at 382 corresponding to (M
.

The formylated derivative 5-(4-chloro-3-methyl-
phenyl)-1-formyl-2.3a-dihvdro-6-oxa-1.2,7.9-tetr
azaphenalen-3(3/)-one (17) was prepared by reflux-
ing compound (7) with formic acid. Compound
(7) exhibits lactam-lactim dynamic equilibriiun in
solution, (lactam form is more predominate). so
the reaction takes place by formylating the more
nucleophilic nitrogen of the pyridazinone moiety
to give the desired product. The structure of com-
pound (17) was substantiated from its micro-

COOCH
oN COOEt
I I o) CH-.COCH..
Ar
ArT o QCHZCOOH piperidine
© COCHj3
(22

[
AcOH‘qo

piperidine ‘coCH_‘
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analvtical and spectral data. Its IR spectrum revealed
strong absorption bands at 1655. 1680. 2923 and
3216 attributable to vy, of two carbonyl groups,
ven and vy respectively.

Acylation of compound (7) by using acetyl-
chloride afforded 3-(4-chloro-3-methylphenyl)-
1.3a-dihydro-6-0xa-1,2.7, 9-tetrazaphenalen-3-v1
acetate (18). The reaction takes place via acyvla-
tion of hydroxyl moiety of the lactim form of com-
pound (7) which exhibits lactam-lactim dynamic
equilibrium in the solution. (the lactim form in the
presence of acetylchloride is more predominate
due to the weak polarity of the later in comparison
with ethanol or formic acid). The IR exhibited
strong absorption bands at 1656. 1735, 28353,
2925-3420 cm” attributable to vesy, Vo= (@ster),
ven and vy respectively, The "H NMR spectrum
of compound (18) showed singlet at 6 2.41
assigned for (CH;COQO-) at the pyndazine ring
and exchangeable broad singlet at 6 4.88 for (NH)
proton of the same ring. _

The N-cyclic maleamic acid™ (19) has been
svnthesized via interaction of compound (4) in
refluxing acetic acid with maleic anhydride
(Scheme 4). The N-cyclic maleamic acid is con-
structed such that due to the ring-cleaved structure
of maleic anhyvdride (-COCH=C- HCOOH) that

)

O
COOH
CN N COQH COOH
I o CN CN
o NH N | |
piperidine Ar NH NH-
4
(19
O
HO (20)

CH:COGH,

COOH

N COQH
CH(COCH, ).

(21}

Scheme 4.
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bonded to the amino group (NH:) of the starting
N-cyelic amine via a malemic bond (-NH-CO-).
The structure of the N-cvclic maleamic acid (19)
has confirmed by microanalytical and spectral
data. Its IR spectrum revealed strong absorption
bands at 1633, 1690, 1732. 2207. 2924, 3088.
3200.and basin peak centered at 3423 attributable
10 vmae Of amide and two carboxylic carbonyls. vi~=
v. ven. v and ven respectively. The 'H NMR
spectrum revealed two doublet signals for (CH=CH)
protons in the downfield region at 6 6.62 and 6
7.12 withJ = 15.2 Hz. also it showed exchangeable
singlet signal at § 9.56 for the proton of maleamic
bond (NH-CO). EI-TMS exhibited m/e at 344
corresponding to (M -CO-). In this investigation
the author sought to investigate the behavior of
maleamic acid derivative (19) towards active
methyvlene compounds under Michael reaction
conditions with the aim of obtaining more precise
information about the course of the reaction and
synthesizing some interesting heterocyelic compound.

When maleamic acid derivative (19) was allowed
to react with malononitrile in the presence of few
drops of piperidine as a catalyst it yielded 2-amino-
6-[4-carboxy-6-(4-chloro-3-methylphenyl)-3-cya
no-4H-pyran-2-ylamino]-3-cvano-4+-pyran-4-ca
rboxylic acid (20). Compound (20) was obtained
from Michael addition reaction (. p-unsaturated
amide rather than «.B-unsaturated acid) and gave
an adduct through the fleeting intermediate which
underwent ring closure to give the desired product.
IR spectrum of (20) revealed strong absorption
bands at 1721, 22072924, 3100, 3200. 3386 and
3422 attributable t0 vio-n. vosn. von. vy and von
respectively. The 'H NMR spectrum exhibited
two exchangeable singlet signals at & 8.93 and
942 attributable to the protons of (NH:). (NH
maleamic) respectively.

Treating compound (19) with acetvlacetone in
the presence of piperidine as a catalvst afforded
the Michael adduct 2-[3-acetv]-2-(carboxvmethvl)-
4-pxopentanamido]-6-(4-chloro-3-methyIphenyl)-
3-cvano-4H-pyran-4-carboxylic acid (21). The struc-
ture of the compound (21) was evidenced from
microanalytical and spectral data. Its IR spectrum

2009, 10l 33, No. 3

revealed strong absorption bands at 1638, 1678,
1724, 2218, 3240 and 3380 attributable to 1, of
carbonyl groups (amide, ketonic and carboxylic),
vesn. Vg and vy respectively, Maleamic acid (19)
reacts with acetylacetone under Michael reaction
conditions as o,p-unsaturated acid rather than a, -
unsaturated amide. this is due to the polarization
by the carbonyl of the carboxyl group outweighs
the polarization by the carbony] of amide group.

Interaction of the maleamic acid (19) with ethyl
acetoacetate in the presence of piperidine as a
catalyst yvielded N-cyclic maleimide 2-[3-acetyl-4-
(carboxymethyl)-2.5-dioxopyrrolidin-1-y1]-6-(4-
chloro-3-methylphenyl)-3-cvano-4H-pyran-4-car
boxylic acid (22). The structure of compound (22)
was proved from microanalytical and spectral
data. Its IR spectrum revealed strong absomption
bands at 1636. 1685. 1723, 2208. 3219 and 3381
attributable to v, of carbonyl groups. ven. vun
and veoy respectively. The '"H NMR spectrum of
the compound showed absorption signals correlated
with the (COCH3) and (CH-COOH) protons. Also
the maleamic acid (19) reacts with ethyl aceto-
acetate under Michael reaction conditions as o3
unsaturated acid rather than o.f-unsaturated amide.
this is due to polarization by carbony] of carboxyl
group leads to more stable (less electrostatic repul-
sion) intermediate.

By changing the catalyst into anunonium acetate.
maleamic acid derivative (19) interacted with
malononitrile to afforded 2-[3-amino-3-(carboxy-
methyl)-4-cvano-3,4-dihvdro-2H-pyrrol-2-yliden
eamino]-6-(4-chloro-3-methylphenyl)-3-cyano-4
H-pyran-3-carboxylic acid (23) (Scieme 5). The
structure of compound (23) was inferred from
microanalytical and spectral data. Its IR spectrum
revealed a strong absorption bands at 1635, 1721,
2206. 3216 and 3347 (basin peak) attributable to
VesN. Veso. Vesn, Wi and vop respectively. Com-
pound (23) was obtained from Michael addition
of malononitrile and o.p-unsaturated acid followed
by cyclization to give the desired product.

Interaction of maleamic acid derivative (19)
with acetylacetone in the presence of ammonium
acetate in water bath yielded 6-(4-chloro-3-methyl-
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Scheme 3.

phenyl)-3-cyano-2-[3.4-dimethyl-6-ox0-6.7-dihy
dro-2H-pyrrolo[3 4-c]pyridin-l-vlamino]-4/-pyr
an-4-carboxylic acid (24). The structure of com-
pound (24) was established from microanalytical
and spectral data. Its IR spectmum revealed strong
absorption bands at 1630. 1633, 1722, 2206. 3216
and 3360 cm™ attributable to ve=x, Vs Of carbonyl
groups, ve=x, vun and von respectivelv. The 'H
NMR spectrum of compound (24) revealed two
singlet signals at 8 2.35 and & 2.43 assigned for
the protons of tivo methy1 groups.

Refluxing maleamic acid derivative (19) with
diethylmalonate in the presence of ammonium
acetate in a water bath afforded 6-(4-chloro-3-
methylphenyl)-3-cvano-2-[3.4.6-trioxo-3.3a.4.5.
6.7-hexahy dro-2H-pyrrolo[3.4-c]pyridin- Lylamino)-
3H-pyran-4-carboxylic acid (25). The strcture of
compound (23) was established on the basis of
elemental analysis and spectra of 'H NMR and IR
which exhibited strong absorption bands at 1633.
1721. 2203, 3214 and 3342 (basin peak) attributable
10 Vinay Of carbonyl groups, vies=y, vwi and von respec-
tively. Such IR data agreed well with the proposed
structure.

Treatment of maleamic acid derivative (19)
with ethy] acetoacetate in the presence of ammo-

nium acetate ina water bath vielded the 6-(4-chloro-
3-methylphenyl)-3-cyano-2-[3-methyl-4.6-dioxo-
4.5.6.7-tetrahydro-2 H-pyrrolo[3.4-¢]pyridine-1-v
lamino]-4H-pyran-4 carboxylic acid (26). Further
reactions with g-methyl group on pyrrol moiety of
the obtained compound has not occurred due to
the need of stronger base moreover. the expected
conjugate base will not be stabilized as in case of
a-alkyl pyridine (the nitrogen of pyridine has nega-
tive charge in one of the resonating structures),
The structure of compound (26) was confirmed
based onits elemental and spectral analyses. Thus
IR spectrum of (26) reveled strong absomption
bands at 1634, 1721, 2205, 3213 and 3342 (basin
peak) attributable 0 vic-o groups. vesn. wxu and
Vo respectively.

On the lights of the previous results. further
investigation at the same reaction tvpe was carried
out on N-cyclic maleamic acid derivate (27), which
has been synthesized via the interaction of coni-
pound (3) in acetic acid with maleic anhydride
(Scheme 6). This reaction involving the ring cleaved
structure of maleic anhydride (COC=CH-COOH)
is bonded to the amino group (NH.>) of the pyridine
derivative via a maleamic bond (-NH-CO-). The
structure of compound (27) was inferred from

Journal of the Korean Chemical Society
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analyvtical and spectral analyses. IR spectrum of
compound (27) exhibited strong absorption bands
at 1634, 1719. 2209. 3217. 3347 and 34435 attri-
butable to ve-¢ iamideds YO=Cocarbosylis VO=N. VWH and
vey respectively.

Interaction of the compound (27) with malono-
nitrile in the presence of piperidine as catalvst
afforded 2-[5-amino-3-(carboxymethyl)-4-cyano-
furan-2-ylamino]-6-(4-chloro-3-methylpheny1)-3-
cvano-pyridine-4-carboxylic acid (28). IR spec-
trum of compound (28) revealed strong absorp-
tion bands at 1629, 1719, 2207, 3220, 3372 and
3447due to vean. vo=c. vesw and vy and/or vy
respectively. The reaction takes place via Michael
addition to the o.B-unsaturated acid moiety followed
by ring closure to give the desired product (28).

When compound (27) was allowed to react
with acetylacetone in the presence of piperidine as
catalyst it vielded 2-[4-acety1-3-(carboxymethyl)-
5-methylfuran-2-ylamino]-6-(4-chloro-3-methy1-
phenyl)-3-cvanopyridine-4-carboxylic acid (29). The
IR spectrum of (29) revealed strong absorption
bands at 1631, 1720, 2210. 3213, 3347 and 3448
attributable to ve-n. vo-o. vesx. me and vim

2009, 10l 33, No. 3

respectively. The 'H NMR spectrum exhibited
absorption signals correlated with the (CHj),
(COCH3) and (CH-COOH) protons. EI-MS exhibited
m/z 423 Mt -CO:).

Refluxing compound (27) with malononitrile in
the presence of ammonium acetate vielded 2-
[5-amino-3-(carboxymethyl)-4-cyano-1H-pyrrol-
2-ylamino]-6-(4-chloro-3-methylphenyl)-3-cyano-
pyridine-4-carboxylic acid (30). The reaction takes
place via Michael addition followed by ring closure
to give the desire product. Structure of compound
(30) was inferred from microanalytical and spectral
data. Its IR spectrum revealed strong absorption
bands at 1632. 1720. 2210. 3217. 3354 and 3451
attributable to ve=n. vo-o, Vesn. vng and/or voy
respectively.

The 'H NMR spectrum showed exchangeable
(NH:) as well as singlet consistent with protons of
methylene group of (CH-COOH).
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