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ABSTRACT 

Some condensed furopyrimidines were prepared 
)om 2-ethoxymethylene amino-4,5-di(2-furyl) furane- 
carbonitrile, with ammonia, phenyl hydrazine, methyl 
amine, benzyl amine and sodium hydrosulJide . Also furane 
enaminonitrile was reacted with some isocyanates, 
isothiocyanates and aromatic aldehydes to produce the 
corresponding furopyrimidone, urido-, thiouredo- and the 
Schiff's bases . The structures of the new compounds were 
established by elemental analysis, IR, ' H  NMR, 13c NMR 
and mass spectroscopy . The biological activig of the 
compounds was evaluated. 

INTRODUCTION 

Many condensed heterocyclic systems especially when linked 

to a pyrimidine ring, play an important role as biologically active 

compounds and pesticides . 

The fwo[2,3-dl-pyrimidine ring system has gained biological 

interest due to the formal isoelectronic relation between this ring and 

purine . So, it was of interest to prepare some of their new derivatives 

to examine their biological activity . 
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Thus, 2-Amino-4,5-di(2-fiqd)fkran-3-carbonitrile 1 was the 

starting nucleous for synthesis of various new compounds . Reaction of 

1 with tciethyl orthoformate in refluxing acetic anhydride afforded the 

corresponding 2-ethoxymethylene derivative 2, its IR revealed no 

absorption frequency in the NH region . 'H NMR spectrum showed a 

triplet at , 6 1.6 and a quartet at 6 4.35 assigned to the CH3 and CH2 

protons of the ethoxy group and a singlet at 6 8.70 ppm due to the 

methine proton Ammonia gas was reacted with compound 2 in cold 

methanol to produce 4-amino-5,6-di(2-fUryl)fi~0[2,3-d]pyrimidine 3 . 

The structure of 3 was established on bases of correct elemental 

analysis and IR . Furthermore, the structure of 3 was confirmed by 

comparison with an authentic sample, prepared by reaction of 1 with 

formarnide ' (m.p., mixed m.p and Rf values) . 

When compound 2 in ethanol was refluxed with hydrazine 

hydrate or phenyl hydrazine, 4,5-di(2-fkry1)-2-(hydrazinomethylene 

amino)hran-3 -carbonitrile 4 and 5,6-di(Z-furyl)-4-imino-3H-3 - 
phenylaminofUro[2,3-dl- pyrimidine 5 were obtained, respectively . The 

IR spectrum of 4 displayed an absorption bands at 2202 cm-I due to 

the presence of CN . Compound 5 gave correct values for elemental 

, analysis. The IR spectrum displayed absorption at the NH region (3304 

cm-') and showed no absorption at the C=N region . Also, the 

structure of 5 was judged by 'H NMR spectrum (DMSO d 6 ) ,  where a 

broad bands at .6 6.93 and 6 8.00 ppm were assigned to two NH 

protons and a singlet at 6 8.35 ppm was assigned the pyrimidine proton. 

Heating ethanolic solution of 2 with methylamine or 

benzylamine led to the formation of 3-methyl-5,6-di-(2-fUryl)-3H- 

fkro[2,3 -dl-pyrimidine-4-imine 6 and 3 -benzyl-5,6-di(2-fUryI)-3H- 

fbr0[2,3-d]-pyrimidine-4-imine 7, respectively . The IR spectra of 6 and 

7 displayed absorption bands at 3446 and 3380 cm-' (NH) . 
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13 Combination of 'H NMR; C NMR~ for compound 7 (cf Tables 

3&4), mass spectra and correct values for elemental analysis confirmed 

the cyclized structures 6 and 7 . 

Treatment of 2 with sodium hydrosulfide in anhydrous ethanol 

afforded 5,6-di(2-furyl)-3H-fbro[2,3-d]pyrimidine-4-thione 8 . The IR 

spectrum of 8 displayed absorption bands at 3448 and 1246 cm-' 

corresponding to the NH and C = S absorption frequencies, 

respectively . The absorption band of the CN group is absent . The 'H 

NMR spectrum contained a broad band at 6 7.0 ppm assigned to the 

NH proton, the mass spectrum was compatible with the given 

molecular formula C14HsN203S (M' = mlz 284) . 

2-Amino-3 -cyano-4,s-di(2-fUry1)fUran 1 reacted with phenyl- 

isocyanate in dry toluene, xylene andlor ether under reflux temperature, 

to give 5,6-di(ZEuryI)- 1 H, 3H-3-phenyl-hro[2,3-dl- pyrimidine-4- 

imin-2-one 9.The IR spectrum revealed absorption bands at 3436, 3302 

c~"(NH), 1746 cm-'(c=o) and the absence of the CN band, 'H 

NMR spectrum showed broad bands at 6 8.65 and 6 7.95 ppm 

characteristic of two NH protons . 

Also, when aminonitrile 1 was reacted with ethyl isocyanate and 

methyl, ethyl, phenyl, benzoylisothiocyanate it gave the corresponding 

urido and thiouredo derivatives 1Oa-e, respectively . Attempt to 

obtain cyclized products at various conditions failed. The structure of 

the products was established by elemental analyses and IR spectra . 

Condensation of 1 with benzaldehyde, p- tolualdehyde and 

p-anizaldehyde afforded the corresponding Schiffs bases l la-c,  

respectively. The structure of 1 la-c were established by elemental 

analyses, IR and MS spectra . 
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Char t  ( I  ) 
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The biological activity of the new compounds was evaluated 

against Biomphalaria alexandrina snails, the intermediate host of 

Schistosoma mansoni parasite in E y p t  . The half lethal dose fer the 

new compounds was determined and only compounds 6 and l l a  

showed LD50 1 ppm and 10 ppm, ~espectively and were chosen for 

hrther biochemical studies . 

EXPERIMENTAL 

The melting points are uncorrected . TLC aluminium sheets 

silica gel 60 F245 (Merck) were used for thin layer chromatography . IR 

spectra were recorded (KBr) on a Perkin-Elmer 1430 

spectrophotometer 'H NMR were determined in (CD3)2S0 or CDC13 

with a Varian 'H Genini 200 spectrometer and chemical shifts were 

expressed as 6 values against SiMe4 as internal standard . 13c NMR 
spectrum was obtained on a Bruker ACl250 spectrometer . Mass 

Spectra were recorded on a GCMS-QP 1000 EX Shimadzu . 

2-Ethoxymethylene amino-4,5-di(2-furyl)furan-3-carbonitrile 2 

A rpixture of 1 (2.4 g, 10 m mol), 7 ml triethyl orthoformate 

and 10 rnl acetic anhydride was refluxed for 10 h . The reaction mixture 

was evaporated, the so formed solid was collected by filtration and 

crystallized from methanol to give 2.5 g (85 %) of the product (cf 

Tables 1&3) . 

4-Amino-5,6-di'(2-furyl)furo[2,3-dl pyrimidine 3 

A stream of ammonia gas was passed in a solution of compound 

2 (2.96 g, 10 mmol) in 3 0 ml methanol at 0 O C  for 5.5 h with stirring, 

then left overnight . The reaction mixture was poured into water . The 

formed solid was collected by filtration and crystaIlized to produce 

2.37 g of 3 (cf. Tables 1&3) . 
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4,5-Di(2-fury])-2-(hydrazinomethylene amino)furan-3-carbonitrile 
4 

A solution of 2 (2.96 g; 10 mmol) in 20 ml methanol and 2 ml 

of hydrazine hydrate was heated under reflux for 3 h . The reaction 

mixture was evaporated . The solid product was collected by filtration 

and crystallized to yield 1.3 3 g (cf. Tables 1 &3) . 

5,6-Di(2-furyl)-4-imino-3H-3-phenylaminofuro[2,3-d]-pyrimidine 

5 

Equimolar solution of 2 and phenyl hydrazine in methanol was 

boiled under reflux for 3 h. After evaporation of the solvent, the 

product was collected and crystallized (cf. Tables 1&3) . 

Substituted furo[2,3-dlpyrimidine-4-imine 6 and 7 

Equimolar ratio of methyl amine or benzyl mine  and 2 

in 30ml absolute ethanol were heated under reflux for 10 h, to 

produce, after evaporation, filtration and crystallization, compounds 6 

and 7, respectively (cf Tables 1 &3) . 

5,6-Di(2-furyI)-3H-furo[2,3-d] pyrimidine-4-thione 8 

A mixture of compound 2 (2.96 g, 10 m mol) and sodium 

hydrogensulphide (1 1 m mol) in 20 ml ethanol was refluxed for 6 h . 

The reaction mixture was poured into water. The solid product, so 

formed was collected b i  filtration and crystallized to afford 2.56 g of 8 

(cf. Tables 1223) 
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5,6-Di(2-furyl)-lH-3H-3-phenyl-furo [2,3-djpyrimidine-4-imine- 

2-one 9 

A mixture of compound 1 (2.40 g; I0 mmol) and phenyl isocyanate 

(1.3 g; 11 mmol) in 50 ml dry ether was refluxed . The solvent 

was evaporated and the formed solid was collected and crystallized 

(cf. Tables 2&3) . 

Substituted 4,5-di(2-fury1)furan-3-carbonitriles 1Oa-e 

A solution of equimolar amount of compound 1 and ethylisocyanate 

or substituted isothocyanates, was boiled under reflux in the proper 

solvent in unhydrous conditions.The reaction mixture was concentrated 

and the solid product was collected by filtration to produce the uredo 

and thouredo derivatives, respectively (cf Tables 2&3) . 

Substituted 2-aryl-methylene amino-4,s-di(2-fury1)furan-3 

carbonitriles 1 la-c 

A mixture of compound 1 (10 mmol) and (10 mmol) of 

substituted aldehyde in 25 ml ethanol was boiled under reflux for 6 h. 

The reaction mixture was then concentrated and the formed solid was 

collected by filtration and crystallized (cf Tables 2&3) . 



.,., - - 

N.M. Fathy, N.A.  Hassan, S.H.A. Heba, and F.M.E. Abdeel-Meegeid 

Table 1 : Physical and analytical data for compounds 

Compounc 

No. 
2 

3 

4 

5 

6 

7 

8 

yield 

% 
8 5 

89 

47 

80 

50 

90 

9 0 

cryst. 

solv. 
Methanol 

Methanol 

Ethanol 

Ethanol 

Ethanol 

Ethanol 

Ethanol 

Mol. 
Formula 
Mol. wt. 

Ci6H12N204 
(296.2) 

C14H9N303 
(267.2) 

CI&I 0N403 
(282.2) 

C20H14N403 
(358.3) 

ClsH11N303 
(28 1.3) 

C2lH15N303 
(357.4) 

~ i ~ ~ s N 2 0 3 S  
(284.3) 

Analysis 
calcd/Found(%) 
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Table 2 : Physical and analytical data and time of reaction . 

yield 
% 

Uyct .  
solv. 

Ethanol 

Ethanol 

Ethanol 

Ethanol 

Ethanol 

Ethanol 

Dioxane 

Aethanol 

dethanol 

s"!Y~!? 

reflex 
(hrs) 
Ether 

2 

Ether 
2 

Ether 
4 

Ether 
4 

Toluene 
10 

Xylene 
12 

Ethanol 
6 

3thanol 
6 

Sthano1 
6 

Mol. Formul; 

Mol. wt. 

C~IIHI 3N@d 

(359.3) 

CI&I 7N@4 

(3 11.3) 

CI 5% 1N303S 

(313.3) 

C16H13N303S 

(327.3) 

C20H13N303S 

(375.3) 

C Z I H I ~ N ~ O ~ S  
(403.4) 

C20Hl2N203 

(328.32) 

C21H14N203 

(342.34) 

GI% 4N204 

(358.34) 
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Table 3 : Spectral data for selected compounds 

Compound 
No. 

2 

3 

4 

5 

6 

7 

8 

2228 (CN), 

3340, 3310 (NH2) 

3454,3300 (NHz), 
3 116 (NH), 
2202(CN) 

3450,3398,3304 
(NH? and NH) 

3380 (NH), 
3060 (CH)ph 

2924(CH;) 
aromatic 

3448 (NH). 
1246 (C=S) 

solvent 
used 

DMSO 

DMSO 

CD C13 

DMSO 

'H NMR (6, ppnl) 

1.6(t, 3H, CH3); 4.35(q, 
2H, CH2); 6.7 1-7.85 (m, 
6H, furan protons); 
8.70(s, lH, N=CH). 

6.93(s, br, lH, NH); 7.05- 
7.8 5 (m, 1 1 H, aromatic 
and furan protons); 
8.00(s, br, lH, NH); 
8.3 5 (s, 1 H, p yrimihne 
proton) 

3.3 1 (s, 3H, CH3); 6.32(~, 
br, lH, NH); 6.55(dd, 2H, 
furans 4-H); 6.90 (t, 2H, 
furans 3-H); 7.55(d, 2H, 
furans 2-H); 8.45(s; lH, 
pyrimidine proton). 

6.1-7.8 (m, furan protons 
and NH); 8.3(d, 1H; 
pyrimidine proton). 
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Table 3 : Cont. 

Compound 
No. 

9 

10a 

lob 

1 oc 

10d 

10e 

1 l a  

1 l b  

I l c  

3436,3302 (NH), 
1746 (CO) 

3454, 3332 (NH) 
1717 (CO), 
2200 (CN) 

3458,3336 (NH), 
2198 (CN) 

3454,3334 (NH) 
2202 (CN) 

3456, 3334 (NH) 
2198 (CN) 

3454,3334 (NH) 
2190 (CN) 

3040,3010 
(CH aromatic) 

2226 (CN) 

3080, 3030 
(CH aromatic) 

2222 (CN) 

3008,3029 
(CH aromatic) 

2228 (CN) 

solvcnt 
used 

'H NMR (6. ppm) 
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Table 4: I3c NMR (DMSO d 6) data of compound 7 

C 
No. 

6 PPm C 
No. 
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Determination of the half lethal dose : 

The. half lethal dose (LD40) for the different compounds was 

done using 10 Biomphalaria alexandvina snails for each concentration . 

The snails were maintained in the different compounds solutions 

for 24 hrs. 

Table 5 : The molluscicidal activity of the compounds . 

Compound No. 
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