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Abstract

The behavior of 2-amino-4[H],5[H]3,4-dihyro[1] besyzyrano [4,3]pyrimidin-4,5-dione

-1-carbonitrile(1) towards some nucleophilic andecalophilic reagents has been
described with the aim of preparing some poly fiomally fused heterocyclic

compounds. All these compounds were characterizethéans of their IR, HNMR,

Mass spectroscopic data and microanalysis, and weatuated by the Cup plate
method.
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Introduction

Fused pyran-2-ones are important biologically &tempounds and organic synthesis.
Recently, a rapid progress has been done in teé &f [4H]-1-benzopyran-2-ones and
related pyrimidine, due to the interaction of saVeirugs, receptor binding models,
which enabled a systematic and rational designogthinhibitors of various enzymes,
such as HIV protease [1] and DNA gyrase or topom@se [2] tetrahydro-2H-
benzopyran-2-ones. This posses a wide variety ifi@s such as antiarrhytmic, anti-
inflammatory, anesthetic, analgesic and plateldt aggregating [3-5] and pyrimidine
derivatives which are known to have wide pharmagicld activities [6-8] including
antibacterial, antitumor and antihepatic activitherefore, an important task of modern
organic synthesis is to provide selective transédrom convert lead compounds into the
desired product in high yields. During this phasehe current research [9-11] a novel
synthesis of 2-amino-4[H],5[H]-3,4-dihydro[1]benzmano[4,3-d]pyrimidin-4,5-dione-
lcarbonitrile 1 has been reported as a target migleaa the interaction between 3-
ethoxycarbonyl coumarin and cyanoguanidine in alteokthanol in the presence of
anhydrous potassium carbonate.

Results and Discussion

The structure of compound 1 was confirmed via italgical and spectral data. The IR
spectrum showed strong absorption bands at 3332.8#86.2 cnfdue touNH, group,
at 2191.0 cni characteristic fooCN group, at 1728.1 chmequivalent tovCO of a—
lactone and at 1651.0 ¢mdue tovCO of cyclic amide. ThéHNMR (DMSO-d)
spectrum showed a multiplet &7-8.2 ppm due to aromatic protons (4H) and H30H4



F. K. Mohamecktal Der Pharma Chemica; 2009, 1 (1):1-11

pyranone ring, a singlet at 11.2 ppm due to (2HNBE group. The mass spectrum of
compound 1 showed a mass ion peak at m/e = 236%)orresponding to [M - CN]
Thus, the compound 1 was condensed with formamidei¢ld the aminotriazine
derivative 212. Confirmatory evidences for the ctinoe assigned to this compound were
provided from elemental analysis and spectral dake IR spectrum revealed strong
absorption bands at 3332.3, 3194.5%cequivalent tayNH, group, at 1734.6 cihdue to
vCO of 5—lactone and at 1650.3 Endue tovCO of cyclic amide. Further support for this
structure was indicated from the mass spectrumiwsimowed a parent peak at rag8
(4.4%), corresponding to the molecular formulgHgNsOs.

It was found that the interaction between compolirahd formic acid resulted in the
formation of the hydroxytriazine 3. The chemicalsture of this compound was proved
based on elemental analysis and spectral data. IRhepectrum displayed strong
absorption bands at 3332.8 ¢mharacteristic fooNH and,vOH, at 1728.1 ci due to
vCO of a—lactone and at 1643.2 &mequivalent tovCO of cyclic amide. The mass
spectrum revealed a molecular ion peak at m/e 284%) equivalent to molecular
formula G3HgN4O,.

A new route for synthesize of 2-amino-3-cyano-14],7[H],8[H]-3,4-dihydro
[1]benzo[4,3-d]pyrimidino 5 was formed by the irstetion between compound 1 and
malononitrile when it was refluxed in DMF in therepence of piperidine as catalyst to
yield pyrrole not isolated pyrimidine structure 4.

Attempts are made to synthesize the ethoxymethghame derivative 8 via reacting
compound 1 with triethylorthoformate either in duging dimethylsulfoxide or in the
presence of acetic anhydride under reflux. Howetherse attempts resulted in formation
of compounds 9 and 10 respectively (scheme 1). sthueture 8 was excluded on the
bases of elemental analysis and spectral data., ThaslR spectrum of compound 9
revealed absorption bands at 3258.9'equivalent touNH, at 2922.5 cil which
indicated the absorption frequency of the aliph@tEl bonds, at 1743.6 characteristic for
vCO ofa-lactone. The band at 1655.0 ¢im diagnostic fonCO of cyclic amide. Further
confirmation for structure 9 was based on its fdroma chemically when the target
compound 1 was refluxed alone in dimethylsulfoxideyield the product assigned
structure 9. Supporting evidences for the striectfrcompound 10 were provided from
the IR spectrum which showed strong absorption $atdB169.9 cih characteristic for
uNH, at 2982.0, 2930.2 c¢indue tovCH aliphatic, a band at 1750.0 ¢rrelated tooCO

of saturatedi-lactone. Additional absorption bands appeared465 cni equivalent to
vCO of the acetyl function and a band at 1666.6" clue tovCO of cyclic amide. The
HNMR (DMSO-d) spectrum of compound 10 showed two singlets 221 and 2.26
which are characterizing for the presence of the vethyl groups. It showed a multiplet
at 7.3-8.2 equivalent to six protons due to aromn@diH) and (2H), at C3, C4 (of
pyranone) protons. Finally, a singlet at 11.01 ppdicates the presence of NH proton.
An additional proof for the structure 10 was gairfemm direct comparison with the
product obtained when compound 1 was heated incagtydride only.
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Moreoverl7, treatment of compound 1 with hydroxylarhydrochloride in glacial
acetic acid in the presence of fused sodium acetmiger reflux, afforded the
benzopyranopyrimdinopyrazole derivative 11. Thaudtire assigned to the reaction
product was proved based on analytical and spedatd. The IR spectrum showed
strong absorption bands at 3330.4, 3192.4 corresponding toNH,, at 1733.1 ci
equivalent tovCO of §-lactone, at 1645.4 chmdue tovCO of amide ring and the
absorption band at 1616.4 ¢ris diagnostic fonC=N.

The behavior of compound ltowards dehydrohalogenatias studied. Thus the reaction
between compound 1 and phenacyl bromide in alcohmiitassium hydroxide gave
imidazopyrimidine carboxylic acid derivative 12.Thenstitution of this compound was
based on analytical and spectral data. The IRtepacshowed a broad absorption band
at 3448.5-3266.0 cthrelated to absorption frequency of COOH and OHigso a strong
absorption band at 2203.0 émvhich characterized the presence of the cyanopgrivu
showed no absorption band in the region correspontth vCO of é-lactone which
confirm the coumarin ring opening, the carboxylarbonyl function absorbs at 1662.0
cm®. Finally the band at 1643.0 ¢mis equivalent to the cyclic amide. The mass
spectrum revealed a parent peak at m/e 372 (2.%fdyvaent to molecular formula
Ca0H12N4Os.

A new synthetic approach for 1-amino-3[H],5[H],6f8}4-dihydro-[1] benzo
pyrano-[4,3-d] pyrimidino[1,2-a] imidazol-5, 6-dierR-ethylcarboxylate 13 was isolated
by the reaction between the target compound 1 #imgl bromoacetate in a refluxing
acetone in the presence of anhydrous potassiunorad18 The structure of such
compound was proved based on the fact that itsptteum displayed an absorption
band at 3455.7, 3332.6 ¢nindicating the presence of Nigroup. A band at 3182.0¢
equivalent tayNH, the aliphatic CH- was found to be absorbedd&329, 2854.5 cih an
absorption band at 1744.7 ¢morresponding toCO of §-lactone, at 1682.9 cfrelated

to the absorption frequency of the conjugated estet648.4 cr due tovCO of cyclic
amide and at 1608.0 ¢hdue tovC=N. Moreover compound 13 was correctly micro-
analyzed for the molecular formulad814N4Os and the mass spectrum revealed a parent
peak at m/e 342 (2.8%) corresponding to the madedalmula GeH14N4Os.

A convenient route for synthesis of hydrazinotriazderivative (14) is by refluxing a
mixture of compound 1 with N-amino dithiocarbameidain DMF. Supporting evidences
for this structure assigned to the reaction produete provided from its elemental
analysis and spectral data. Its IR spectrum redesti®ng absorption bands at 3328.8,
3194.6 crit characteristic fooNH, group. It displayed no absorption band for CN grou
furthermore, it showed strong absorption band &11F cm* equivalent towCO of a-
lactone, at 1651.6 cindue tovCO of cyclic amide and at 1613.9 ¢émC=N. The mass
spectrum showed a molecular ion peak at m/e 3@84R.

When a mixture of acetaldehyde and malononitriles vealded to a suspension of
compound 1 in absolute ethanol in the presenceymdipe and the mixture was heated
under reflux, afforded a quinazoline structure b6 expected structure 15. The structure
of the compound assigned to the reaction product @zfirmed via the IR spectrum
which revealed strong absorption bands at 3443e2tdwOH, at 3361.4, 3250.0 ¢hn
characteristic for absorption frequency of Ngtoup, at 2977.1, 2929.7 éndue tovCH
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aliphatic, at 2200.0 cthequivalent tavCN group. The band at 1739.4 ¢ris diagnostic
for vCO of 5-lactone, an absorption band at 1703.8*dnwlicated towCO of the cyclic
ketone, a band at 1646.0 ¢rue to vCO of cyclic amide and at 1612.2 ¢melated to
vC=N. The reaction product was correctly micro-anaty for the molecular formula
C10HoNsO,4 and accordingly assigned the structure 16 oveFUBhermore, the structure
15 was further ruled out based on the mass spegctuinich displayed a parent peak at
m/e 371 (5.1%).

The synthesis of the oxadiazine derivatives 18aas accomplished via react the target
compound 1 with aromatic aldehydes in the presehaatalytic amounts of piperidine
under fusion conditions. Supporting evidences g structure were provided from the
elemental analysis and spectral data. The IR spédplayed strong absorption bands at
3427.9-3425.5 cih characterizing the presence of NH function andwsfb no
absorption band for the cyano group which confilm exclusion of structure 17, an
absorption band at 1738.9-1725.0 traquivalent tovCO of a-lactone, the band at
1671.9-1669.0 cihis diagnostic fonCO of cyclic amide and at 1608.8-1605.4 tdue

to vC=N. Further confirmation was based on the masstapa, for example compound
18c showed a parent peak at m/e 403 (2.7%) comespy to molecular formula
C19H9N506.

Materials and Methods

All melting points are uncorrected and were detasdion Stuart electric melting point
apparatus. Elemental analysis was performed byieeoanalytical center, Faculty of
Science, Cairo University. Infrared spectra wexeorded on Bruker or Satellite 2000
specrometer using KBr discs. Mass spectra werermdeied on GC-MS (QP/000 EX)
SHIMADZU spectrometer at an ionizing voltage of @&@0. Nuclear magnetic resonance
spectra were recorded on Varian Mercury 300 MHztspmeter using TMS as internal
standard; chemical shifts are recorded umits. Characterization data of all the prepared
compounds are given in table(1).

Synthesis of 2-amino-1-cyano-4[ H] ,5[ H] -3,4-dihydr o[ 1] benzopyrano[ 4,3-d] pyrimidine-
4,5-dione 1.

A mixture of 3-ethoxycarbonylcoumarin (21.8 g, Gable), cyanoguanidine (8.4 g, 0.1
mole) and anhydrous potassium carbonate (13.81gm@le) in absolute ethanol was
heated under reflux with stirring for 2 hrs. Thaaon mixture was cooled, poured into a
mixture of water and glacial acetic acid. The s@irdduct that obtained was filtered off
and recrystallized from DMF-.

Synthesis of 1-amino-6[ H] ,7[ H] -3,4-dihydro[ 1] benzopyrano-[ 4,3-d] pyrimidino [1,2-a]-
[1,3,5]triazin-6,7-dione 2.
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A solution of 1 (2.56 g, 0.01 mole) in formamidé® (Bl) was heated under reflux for 3
hrs. The resulting dark red colored solution waslew, poured into ice cold water and

the obtained solid was filtered off and recrysztaitl.
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Synthesis of 1-hydroxy-6[H],7[H] 3,4-dihydro[ 1] benzopyrano[4,3-d] pyrimidino -[1,2-
a][1,3,5] triazin-6,7-dione 3.

(40 ml) of formic acid was added to (2.56 g, 0.0dleh of compound 1. The resulting
yellow solution was heated under reflux for 24 Areen cooled and the solid product
that formed was collected by filtration, dried aedrystallized from DMF.

Synthesis of 2-amino-3-cyano-1[H,4[H] ,7[H] ,8[H] -3,4-dihydro[ 1] benzopyrano [4,3-d]
pyrimidino [ 1,2-a] - pyrimidino[ 2,3-b] pyrrol-1,7,8-trione 5.

A mixture of 1 (1.28 g, 0.005 mole), malononitr{@.66 g, 0.01 mole) and piperidine
(few drops) in DMF (40 ml) was heated under refllike reaction mixture acquires a
yellow, faint brown then dark brown color. The teflwas continued for 11 hrs, the
cooled and poured into ice cold water and the sthiad separated was filtered off and
recrystallized from ethanol.

Synthesisof 3-methyl-1[H] ,2[H] ,6[H] ,7[ H] -3,4-dihydr o[ 1] benzopyrano[ 4,3-d] pyrim-
idino[ 1,2-a] [1,3,5] triazin-1,6,7-trione 6.

A solution of 1 (2.56 g, 0.01 mole) in a mixtureawfetic anhydride (30 ml) and pyridine

(15 ml) was refluxed for 5 hrs. The reaction migtuvas cooled, poured into crushed ice
and left to stand at room temperature for 24 hrd #e solid product formed was

collected by filtration and recrystallized from #ceacid.

Synthesis of 1-amino-3-acetoxy-6[ H] ,7[ H] -3,4-dihydro[ 1] benzopyrano[ 4,3-d] pyrim-
idino[ 1,2-a] pyrimidin-6,7-dione 7.

(15 ml) of concentrated phosphoric acid was addeal golution of 1 (2.56 g, 0.01 mole)
in acetic anhydride (15 ml). The reaction mixtuct gery hot which on reflux acquire a
dark brown color. The reflux was continued for 18, poured into ice cold water and
neutralized with solid sodium carbonate till PHntdhe solid product that separated out
was collected by filtration and recrystallized fr@MF.

Synthesis of 2-N-dimethylsul phoxy 4] H] ,5[ H] -3,4-dihydrof 1] benzopyranol[ 4,3-
d] pyrimidin-4,5-dione 9.

Triethylorthoformate (0.01 mole, 1.6ml) and drodsasetic anhydride was added to
a solution of 1(0.01mole, 2.56g) in DMSO (40ml).eTheaction mixture was heated
under reflux for 7 hrs then cooled and poured atmix. of ice/HCI. The solid reaction
product was collected by filtration, dried and ¢ayized from methanol.

Synthesisof 1-acetyl-2-N-acetylamino-4[H] ,5[H] -3,4-dihyd-ro[1] benzopyrano [4,3-
d] pyrimidin-4,5-dione 10.
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0.7 ml (0.005 mole) of triethylorthoformate waslad to a solution of compound 1 (1.28
g, 0.005 mole) in acetic anhydride (30 ml) and ris&ction mixture was refluxed for 5
hrs. The solvent was left to evaporate. The solitbdpct that separated
out was collected by filtration, dried and recrfistad from ethanol.

Synthesis of 1-amino-3[H] ,5[H] ,6[ H] -3,4-dihydr o[ 1] benzopyrano[ 4,3-d] pyrimidino
[2,1-C]- [1,2,4] triazol-5,6-dione 11.

A mixture of compound 1 (2.56 g, 0.01 mole), hyddaxnine hydrochloride (0.69 g,
0.01 mole) and fused sodium acetate (0.2 g) iniglacetic acid, was heated under
reflux for 3 hrs. The solid separated out afterasonration and cooling was collected by
filtration and recrystallized from acetic acid.

Synthesis of 1-cyano-4-phenyl-5-oxo-7-(2-hdroxyphenyl)-5[ H] -imidazo[ 1,2-a] pyrimidin-
6-carboxylic acid 12.

A mixture of 1 (2.56 g, 0.01 mole) and phenacylnbige (1.99 g, 0.01 mole) in alcoholic
potassium hydroxide (0.56 g in 40 ml absolute ethamas heated under reflux for 5 hrs.
Then cooled and poured into ice cold water. Theti@a mixture was made acidic by
addition of concentrated hydrochloric acid and fivened precipitate was collected by
filtration and recrystallized from ethanol.

Synthesis of 1-amino-2-ethoxycarbonyl-3[H] ,5[ H] ,6] H] -3,4-dihydr o[ 1] benzopyrano[ 4,3-
d] - pyrimidino[ 1,2-a] imidazol-5,6-dione 13.

Ethyl bromoacetate (0.6 ml, 0.005 mole) and anhysiqpotassium carbonate (1 g) were
added to a solution of compound 1(1.28 g, 0,005ejnml a dry acetone (40 ml). The
reaction mixture was refluxed with stirring for b2s and allowed to evaporate at room
temperature. The residue was treated with a mixdtieetic acid and water, the obtained
solid product was filtered off, washed with watadaecrystallized from acetic acid.

Synthesis of 2-hydrazino-5-thiox-6[ H] ,8[ H] ,9[ H] [ 1] benzopyrano[ 4,3-d] pyrimidin[ 1,2-
a] - [1,3,5]triazino[ 2,1-b] [ 1,2,4] tria-zol-8,9-dione 14.

A mixture of compound 1 (2.56 g, 0.01 mole) andireodithiocarbamic acid (1.08 g,
0.01 mole) was dissolved in DMF (40 ml) and theatbd under reflux for 6 hrs. The
reaction mixture was poured into a crushed ice thedformed solid was collected by
filtration, dried and recrystallized from methanol.

Synthesis of 2-amino-3-cyano-4[H] ,8[H] ,9[ H] [ 1] benzopyrano[ 4,3-d] pyrimidino-[ 1,2 -a
] quinazolin-4,8,9-trione 16.

A solution of equimolar amounts of acetaldehyde amalononitrile (0.01 mole) in

absolute ethanol (20 ml), was added to a suspem$ioompound 1 (2.56 g, 0.01 mole)
in absolute ethanol and pyridine. The reaction ametwvas refluxed for 4 hrs, the solvent
was evaporated, the residue was treated with catdrvand the formed solid was filtered



F. K. Mohamecktal Der Pharma Chemica; 2009, 1 (1):1-11

off, dried and recrystallized from methanol.

Synthesis of 1-imino- 3-aryl-6] H],7[ H] [ 1] benzopyrano[ 4,3-d] pyrimidino[ 1,2-d] -[ 1,3
,5] oxadiazin-,6,7-dione 18a-c.

A mixture of compound 1 (2.56 g, 0.01 mole), appiate aromatic aldehyde (0.01 mole)
and few drops of piperidine was fused in mantele Tision mixture was dissolved in
methanol and the whole mixture was refluxed forr &and the reaction mixture was
cooled. The solid products separated out were aellieby filtration and recrystallized
from proper solvents to give compounds 18a-c.

Antimicrobial activity

All the newly synthesized compounds were screemedtro for their antimicrobial
activity using the cup plate method ,and agar nmadiy measuring the zone of inhibition
according to a standard procedure against a varifebacterial strains such as gram +ve
bacteria Bacillus subtilis andStaphyl ococcus aureus and gram —vé&scherichia coli).

The selected micro organisms were tested to somsitisgy compounds and are
presented in Table (2). A concentration of 0.05 @ridml in dimethylsulfoxide of each
compound was used for testing. Standard drugs aifiomxihas screened under similar
conditions for comparison. By visualizing the antirobial data, it could be observed
that some of the compounds posses significant igctidowever, the activities of the
tested compounds are less than that of standatthatdrial agents, Results are presented
in Table (2).

Conclusion

The screening results revealed that the compods;6, 7, 9,10, 11, 12, 13, 14, 16 and
18 have significantly antimicrobial activity, howesvthe compounds; 7, 9 and10 showed
moderate to considerable antibacterial activitigairgst all the employed organisms at
conc. 0.05 ml, 0.1 ml dose level and are comparablehat of standard drugs
(Amoxicillin)
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Table(1). Characterization data of the synthesaedpounds

Compd m.p."C) & | Solvent & Formula Analysis
' Colour yield (%) (M.W)

Calcd. Found

> 340 DMF C1oHgN4O3 C 56.25 56.69

1 Colorless 52 256.21 H 3.14 3.21
N 21.86 21.65

>340 DMF Ci13HgN50O3 C 55.12 55.43

5 Pale brown 50 283.24 H 3.20 3.31
N 24.72 24.44

>340 DMF Ci3HgN404 C 54.93 55.34

3 Pale yellow 43 284.22 H 2.83 291
N 19.71 19.66

235 Ethanol C17H10NgO4 C 56.35 56.33

5 Brown 37 362.29 H 2.78 2.87
N 23.91 23.66

>340 Acetic acid C14H10N4O4 C 56.37 55.82

6 Brown 42 298.25 H 3.37 3.45
N 18.78 18.52

>340 DMF C16H12N4O5 C 56.47 56.27

7 Brown 70 340.29 H 3.55 3.63
N 16.46 16.63

297-299 Methanol C13H11N3SOy C 36.7 36.45

Pal yellow 425 H 2.58 241

9 N 9.78 9.83
S 7.52 8.12

318 Ethanol C15H13N30s5 C 57.14 56.77

10 Brown 42 315.28 H 4.15 4.18
N 13.32 13.0

>340 Acetic acid C1oHgN5O3 C 53.13 53.40

11 Yellow 52 271.23 H 3.34 3.40
N 25.82 25.00
283-285 Ethanol C20H12N404 C 64.51 64.87

12 Pale yellow 35 372.33 H 3.24 3.33
N 15.04 14.79
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Table (2) Antimicrobial activity of compounds (3318

Antibacterial activity
Compounds . . _Gram Tve Gram —Ve
Bacillus subtilis Staphylococcus E. coli
0.05 ml 0.1 ml 0.05 ml 0.1 ml 0.05 ml 0.1m

3 9 10 10 10 11 13
5 11 12 11 13 10 11
6 10 11 11 12 9 12
7 12 12 11 14 10 11
9 13 14 11 13 12 13
10 12 13 11 12 10 10
11 9 10 12 14 10 11
12 8 10 9 9 10 12
13 10 11 9 11 10 11
14 11 13 11 13 9 9
16 10 14 12 14 11 13
18 13 15 10 12 11 13

Amoxicillin 16 18 16 18 14 14
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