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A b s t r d C t : Compound 3 reacted with crotonaldehyde generated in situ to yield the pyr imidine 
der ivat ive 4 which reacted with sulfur to yield th ienopyr imid ine 6. This latter compound reacted 
with male ic anhydr ide to afford quinoxal ine 8. Compound 4 reacted with carbon disul f ide in 
benzene contain ing sodium hydride fol lowed by t reatment with methyl iodide to yield 
pyr idopyr imid ine 10. Compound 4 reacted with benzyledinemalononi t r i le to yield quinoxal ine 
der ivat ive 12.. Molecular mechanics, energy minimizat ion techniques and related structural 
parameters for compounds 2a and 3 are reported. 

Polyfunct ional ly subst i tuted heteroaromatics are interest ing as potent ial b iodegradable 

agrochemicals(1,2) , intermediates in the dye industry(3,4) and as pha rmaceu t i ca l s ^ ) . Despite 

recent interest in their chemistry general synthetic approaches to polyfunct ional ly subst i tuted 

condensed heteroaromat ics are rather l imited(4). Recently we have developed a new general 

route to polyfunct ional ly substi tuted benzoazines ut i l iz ing alky lazinylcarboni t r i les as bui lding 

blocks (5-7). Since, l i terature preparation of suitably subst i tuted a lky laz iny lcarboni t r i les are 

mul t is tageous and inef f ic ient , we have also developed eff ic ient syntheses of severa l alkyl 

pyr idaziny lcarboni t r i les and alkylpyr idinylcarbonitr i les(5). This article reports a new route to 

sp i rocyc lohexany lpyr imid ine and methylpyr imidinylcarboni t r i le der ivat ives. The potent ial uti l i ty of 

prepared compounds building-as blocks in heterocycl ic synthesis is also demonstrated. 

Thus, we have found that a mixture of cyclohexanone 1a or acetaldehyde 1b; malononi t r i le and 

thiourea reacts in ref luxing ethanol in presence of HCl to yield the d ihydropyr imid ines 2. It is 

assumed that the carbonyl compounds first condensed with malononi t r i le yield 

y l idenemalononi t r i le which undergoes Michael addit ion with thiourea fo l lowed by cyc l izat ion to 

yield 2. In the case of 2b air oxidation leads to 3 (8). Uti l i ty of in situ generated 

a lky l idenemalononi t r i le f rom reaction of aldehydes and or ketones with malononi t r i le in ethanol ic 

piper idene for synthesis of heterocycles has been reported earl ier by one of us(9-11) The 

structures of 2a. and 3 were conf i rmed by analyt ical and spectral data and their d iment ions and 

geometry is determined by molecular mechanics(12), MM2, (Figure 1 and Tables 1,2,3,4 and 5). 

In order to def ine the molecular geometr ic of 2a and 3 and molecular mechanica l ca lculat ion were 

made. Compound 3 undergoes further condensation with crotonaldehyde (generated in situ f rom 

acetaldehyde) to af ford 4 which reacted readily with sulfur to yield th ienopyr imid ine 6. 
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Cycl ic st ructure like 5 was ruled out based on 1 H NMR which revealed protons character is t ic for 

crotoal imine. Compound 6 undergoes 4+2 cycloaddit ion with maleic anhydr ide to yield the 

quinoxal ine 8 most l ikely via intermediacy of cycloadduct 7. Simi lar react ions of 

aminoth ienoazenes and aminothienobenzopyraneimines have recentyl been reported(5,13). 

Synthesis of pyr idopyr imid ine from methylpyr imidine and carbon disulphide could beachieved 

ut i l iz ing approach simi lar to that reported recently by us (14 ) 'Thus , compound 4 reacted with 

carbon d isulphide in the presence of sodium hydride fol lowed by methyl iodide t reatment , to 

afford the pyrido [4,3-d] pyr imidine 10. The reaction is bel ieved to proceed via the intermediate 9 

(cf. Chart 1) .Compound 4 reacts readily with benzyl idenemalononi t r i le to afford quinoxaline1_2. 

Compound 12 could be obtained via independent route involv ing the condensat ion of the 

pyr imid ine 4 with benzaldehyde, which afforded the styryl der ivat ive H fo l lowed by react ion with 

malononi t r i le .This f inds paral le l ism to reported format ion of benzoazines f rom react ion of 

a lky lazinyl carboni t r i les and aryl idenemalononitr i le(5). 

Tab le 1: P o s i t i o n a l Parameters of the A t o m s C o m p r o m i s i n g C o m p o u n d s 2a and 3 
A t o m X Y Ζ A t o m X Y Ζ 
C(1) 0.031 0.349 -0.160 C(1) 0.344 1.023 -0.020 
C(2) -1.266 -0.281 0.414 C(2) -0.769 0.322 -0.428 
C(3) -1.071 -1.753 0.707 C(3) -0.726 -1.122 -0.441 
Ν (4) -0.269 -2.460 -0.168 Ν (4) 0.408 -1.787 -0.051 
C(5) 0.400 -1.875 -1.123 C(5) 1.462 -1.105 0.337 
N(6) 0.489 -0.513 -1.245 N(6) 1.434 0.252 0.353 
C(7) 1.158 0.424 0.907 C(7) 0.402 2.529 0.030 
C(8) -2.451 -0.144 -0.464 C(8) -1.971 1.000 -0.843 
N(9) -1.684 -2.361 1.711 N(9) -1.818 -1.797 -0.842 
S(10) 1.172 -2.797 -2.151 S(10) 2.782 -1.843 0.792 
C(11) 2.451 1.088 0.386 N(11) -2.945 1.554 -1.179 
C(12) 2.171 2.495 -0.180 H(12) 2.295 0.764 0.668 
C(13) 1.071 2.452 -1.260 H(13) 0.638 2.863 1.040 
C(14) -0.214 1.766 -0.745 H(14) -0.525 3.022 -0.263 
N(15) -3.369 -0.010 -1.158 H(15) 1.187 2.897 -0.632 

H(16) -1.782 -2.846 -0.849 
H(17) -2.694 -1.302 -1.143 

Tab le 2: S te r i c Ene rgy Parameters of Comp o u n d s 2a and 3 
Stertch: 1.0420 0.2257 
Bend: 3.0069 1.2532 
Stretch-Bend: -0.2034 -0.0242 
Torsion: 6.1471 0.2812 
Non-1,4 V D W : -3.6072 -0.6923 
1,4 V D W : 7.6691 3.9149 
Dipole/Dipole: 3.5357 -1.0345 
Total : 17.5903 3.9239 

Tab le 3: B o n d L e n g t h s of C o m p o u n d s 2a and 3 
C(1)-C(2) 1.552 C(1)-C(2) 1.378 
C(1)-N(6) 1.459 C(1)-N(6) 1.386 
C(1)-C(7) 1.554 C(1)-C(7) 1.507 
C(1)-C(14) 1.552 C(2)-C(3) 1.444 
C(2)-C(3) 1.513 C(2)-C(8) 1.441 
C(2)-C(8) 1.481 C(3)-N(4) 1.371 
C(3)-N(4) 1.381 C(3)-N(9) 1.345 
C(3)-N(9) 1.325 N(4)-C(5) 1.314 
N(4)-C(5) 1.305 C(5)-N(6) 1.358 
C(5)-N(6) 1.370 C(5)-S(10) 1.579 
C(5)-S(10) 1.581 N(6)-H(12) 1.050 
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C(7)-C(11) 1 544 C(7)-H(13) 1.091 
C(8)-N(15) 1 159 C(7)-H(14) 1.090 
C(11)-C(12) 1 543 C(7)-H(15) 1.090 
C(12)-C(13) 1 543 C(8)-N(11) 1.170 
C(13)-C(14) 1 545 N(9)-H(16) 1.050 

N(9)-H(17) 1.050 

Table 4: B o n d Ang le s of C o m p o u n d s 2a and 3 
C(2)-C(1)-N(6) 107.284 C(2)-C(1)-N(6) 115.586 
C(2)-C(1)-C(7) 111.789 C(2)-C(1)-C(7) 123.296 
C(2)-C(1)-C(14) 112.207 N(6)-C(1)-C(7) 121.121 
N(6)-C(1)-C(7) 108.157 C(1)-C(2)-C(3) 119.190 
N(6)-C(1)-C(14) 107.975 C(1)-C(2)-C(8) 121.351 
C(7)-C(1)-C(14) 109.267 C(3)-C(2)-C(8) 119.466 
C(1)-C(2)-C(3) 111.023 C(2)-C(3)-N(4) 120.449 
C(1)-C(2)-C(8) 114.289 C(2)-C(3)-N(9) 118.746 
C(3)-C(2)-C(8) 107.919 N(4)-C(3)-N(9) 120.811 
C(2)-C(3)-N(4) 116.775 C(3)-N(4)-C(5) 119.720 
C(2)-C(3)-N(9) 122.261 N(4)-C(5)-N(6) 120.393 
N(4)-C(3)-N(9) 120.891 N(4)-C(5)-S(10) 120.900 
C(3)-N(4)-C(5) 122.161 N(6)-C(5)-S(10) 118.715 
N(4)-C(5)-N(6) 122.885 C(1)-N(6)-C(5) 124.672 
N(4)-C(5)-S(10) 117.716 C(1)-N(6)-H(12) 117.003 
N(6)-C(5)-S(10) 119.381 C(5)-N(6)-H(12) 118.332 
C(1)-N(6)-C(5) 120.084 C(1)-C(7)-H(13) 110.185 
C(1)-C(7)-C(11) 113.320 C(1)-C(7)-H(14) 114.258 
C(2)-C(8)-N(15) 178.621 C(1)-C(7)-H(15) 110.171 
C(7)-C(11)-C(12) 111.367 H(13)-C(7)-H(14) 107.129 
C(11)-C(12)-C(13) 111.121 H(13)-C(7)-H(15) 107.608 
C(12)-C(13)-C(14) 111.857 H(14)-C(7)-H(15) 107.234 
C(1)-C(14)-C(13) 113.516 C(2)-C(8)-N(11) 180.000 

C(3)-N(9)-H(16) 118.466 
C(3)-N(9)-H(17) 121.691 
H(16)-N(9)-H(17) 119.849 

Table 5: Tors ional Ang le s of Compound s 2a and 3 

N(6)-C(1)-C(2)-C(3) 

N(6)-C(1 
C(7)-C(1 
C(7)-C(1 
C(14)-C( 
C(14)-C( 
C(2)-C(1 
C(7)-C(1 
C(14)-C( 
C(2)-C(1 
N(6)-C(1 
C(14)-C( 
C(2)-C(1 
N(6)-C(1 
C(7)-C(1 
C(1 )-C(2 
C(1)-C(2 
C(8)-C(2 
C(8)-C(2 
C(1)-C(2 
C(3)-C(2 
C(2)-C(3 
N(9)-C(3 
C(3)-N(4 

-C(2)-C(8) 
-C(2)-C(3) 
-C(2)-C(8) 
)-C(2)-C(3) 
)-C(2)-C(8) 
-N(6)-C(5) 
-N(6)-C(5) 
)-N(6)-C(5) 
-C(7)-C(11) 
-C(7)-C(11) 
)-N(7)-C(11) 
-C(14)-C(13) 
-C(14)-C(13) 
-C(14)-C(13) 
-C(3)-N(4) 
-C(3)-N(9) 
-C(3)-N(4) 
-C(3)-N(9) 
-C(8)-N(15) 
-C(8)-C(15) 
-N(4)-C(5) 
-N(4)-C(5) 
-C(5)-N(6) 

49.573 Ν (6 -C(1)-C(2 -C(3) 0.000 
-72.774 Ν (6 -C(1)-C(2 -C(8) -180.000 
-68.840 C(7 -C(1)-C(2 -C(3) -180.000 
168.815 C(7 -C(1)-C(2 -C(8) 0.000 
168.006 C(2 -C(1)-N(6 -C(5) 0.000 
45.654 C(2 -C(1)-N(6 -H(12) -180.000 
-39.361 C(7 -C(1)-N(6 -C(5) 180.000 
81.378 C(7 -C(1)-N(6 -H(12) 0.000 
-160.497 C(2 -C(1)-C(7 -H(13) 122.075 
-178.154 C(2 -C(1)-C(7 -H(14) 1.416 
63.973 C(2 -C(1)-C(7 -H(15) -119.351 
-53.325 Ν (6 -C(1)-C(7 -H(13) -57.906 
177.065 Ν (6 -C(1)-C(7 -H(14) -178.584 
-64.925 N(6 -C(1)-C(7 -H(15) 60.672 
52.489 C(1 -C(2)-C(3 -N(4) 0.000 
-36.139 C(1 -C(2)-C(3 -N(9) -180.000 
147.056 C(8 -C(2)-C(3 -N(4) 180.000 
89.832 C(8 -C(2)-C(3 -N(9) 0.000 
-86.974 C(1 -C(2)-C(8 -N(11) 0.000 
-39.503 C(3 -C(2)-C(8 -N(11) 180.000 
163.944 C(2 -C(3)-N(4 -C(5) 0.000 
6.748 N(9 -C(3)-N(4 -C(5) 180.000 
-176.420 C(2 -C(3)-N(9 -H(16) -180.000 
7.667 C(2 -C(3)-N(9 -H(17) 0.000 
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C(3)-N(4)-C(5)-S(10) -174.110 N(4)-C(3)-N(9)-H(16) 0.000 
N(4)-C(5)-N(6)-C(1) 11.254 N(4)-C(3)-N(9)-H(17) 180.000 
S(10)-C(5)-N(6)-C(1) -166.953 C(3)-N(4)-C(5)-N(6) 0.000 
C(1)-C(7)-C(11)-C(12) 55.538 C(3)-N(4)-C(5)-S(10) -180.000 
C(7)-C(11)-C(12)-C(13) -54.530 N(4)-C(5)-N(6)-C(1) 0.000 
C(11 )-C(12)-C(13)-C(14) 53.874 N(4)-C(5)-N(6)-H(12) 180.000 
C(12)-C(13)-C(14)-C(1) -54.057 S(10)-C(5)-N(6)-C(1) -180.000 

S(1 0)-C(5)-N(6)-H(1 2) 0.000 

EXPERIMENAL 
All melt ing points are uncorrected. IR spectra (KBr) were recorded on a Pye Unicam SP- 100 

spectrophotometer. 1 H NMR spectra (dg - DMSO as the solvent) were obtained on a Varian A -90 

spectrometer using TMS as internal standard; chemical shifts are expressed as δ (ppm) values. 

Mass spectra were recorded on a LKB 9000 S spectrophotometer. Analyt ical data were obtained 

from the microanalyt ical data unit at Cairo University, Egypt. 

Preparation of 4-Amino-1,2,5,6-tetrahydro-2-thioxo-6-spirocyclohexaneyl-pyrimidine-5-

carbo-nitri le 2a; 4-Amino-1-hydro-2-thioxo-6-methyl-pyrimidine -5-carbonitri le 3 and 1,2-

Dihydro-4-crotylamino-6-methyl-2-thioxo-pyrimidine-5-carbonitri le 4. General Procedure : 

A mixture of malononitr i le (0.01 mol); Thiourea (0.01 mol) and acetaldehyde or cyclohexanone 

(0.01 mol) and (50 ml) ethanol containing (10) drops of concentrated HCl was ref luxed for 3hours. 

The solut ion was allowed to stand for two hours .The precipitated solid product was col lected and 

recrystal l ized. 

4-Amino-1,2,5,6-tetrahydro-2-thioxo-6-Spirocyclohexaneyl-Pyrimidine-5-Carbonitri le 2a: 

Formed pale brown crystals From ethanol; m.p. 186°C, yield 1.2 gm (55%). Ir ( Cm 1 ); 3450-

3300 (NH 2 ,NH) , 2210(CN); 1 H nmr : 5 (ppm); 7.21-7.71 (m,11 H.Cyclohexane, NH); 4.6 

(s,1 H.Pyr imidine); 3.41 (s,2H,NH2) .Anal. Calcd. for C 1 0 H 1 4 N 4 S (222.34) (M/e = 222) . C, 54.01 

; Η, 6.3 5 ;N, 25.20 ; S , 14.41. Found: C, 54.31 ; H, 6.29 ; N, 25.31 ; S 14.20. 

4-Amino-1-hydro-2-thioxo-6-methyl -pyr imid ine -5-Carbonitr i le Formed yellow crystals from 

DimethylSul foxide; m.p.201°C, Yield 0.49 g.(30%). lr(Cm~1); 3400-3350 (NH 2 a n c j NH); 2210 

(CN). 1 H nmr : δ (ppm); 12.2 (s,1H, NH) ; 4.5 (s, 2H, NH 2 ) ; 1.5 (s,3H,CH3) . Anal. Calcd.for 

C 6 H 6 N 4 S (166.22). C, 43.35; H, 3.64; N.33.71; S, 19.28. Found : C, 43.20 ; H, 3.50 ; Ν , 33.60 ; 

S , 19 .30. 

1 ,2-Dihydro-4-Crotylamino-6methyl-2-thioxo-Pyrimidine-5-Carbonitri l 4: Formed Yellow 

Crystals form ethanol; m.p.130°C, Yield 1.59 g.(73%).lr (Cm"1 ) , 3300 (NH), 2950 (CH3 ) , 

2210(CN). 1 H nmr : δ (ppm); 12.1 (s,1H, NH) ; 2.6,2.1,1.9 (d, t,q respect ively;3-CH= ) ; 1.45 ; 

1.55 (2s,6H,2CH3 ) . Anal. Calcd.for C 1 0 H 1 0 N 4 S (218.30) (m/e=218.3).C, 55.01; H.4.62; N.25.67; 

S, 14.68. Found : C, 55.10 ; H, 4.59 ; Ν , 25.70 ; S , 14.70. 

Preparation of 5-Amino-4-crotylamino-1,2- dihydrothieno [3,4-d] pyrimidine-2-thione 6: 

Equimolar amount of 4(0.01 mol) and elemental Sulfur(0.01 mol) in ethanol (20 ml) were treated 

with few drops of piperidin. The reaction mixture was refluxed for three hours. The product so 

formed is col lected and recrystall ized. 
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5-Amino-4-crotylamino-1,2-Dihydrothieno[3Ad]-Pyrimidine-2-thione 6: Formed pale brown 

crystals f rom ethanol; m.p..295°C, Yield 1,6g.(66%).lr (Cm" 1 ) , 3450-3200 (NH 2 ) ; 1 H nmr : δ 

(ppm); 3.41 (s,2H, NH 2 ) ,6.4(s,1 H.Pyrimidine) 2.6,2.1,1.9 (d, t.q respect ively;3-CH= ) ; 1.4 

(S,3H,CH3) . Anal. Calcd.for C 1 0 H 1 0 N 4 S (250.36) .C, 47.97 ; H, 4.03 ; N.22.38 ; S, 25.61.Found : 

C, 48.01 ; H, 4.10 ; Ν , 22.50 ; S , 25.70. 

Preparation of 5-Amino-4-crotylamino-1,2-dihydro-2-thioxo-quinoxaline-6,7-dicarboxylate 8: 

To a suspension of 5 (0.01 mol) in dioxan/acetic acid mixture (50 ml) maleic anhydride (0.01 

mol) were added. The reaction mixture was refluxed for three hours, then poured on ice cold 

water, the solid product, so formed, was collected and recrystall ized. 

5-Amino-4-crotylamion-1,2-dihydro-2-thioxo-quinoxaline-6,7-dicarboxylate 8: Formed brown 

crystals from dimethyl sulfoxide ; m.p.>.300°C, Yield 2.15g.(69%).lr (Cm" 1 ) , 3500 (OH) ;3450-

3300 ( N H 2 ) 1680 ; 1700 (CO) . 1 H n m r : δ ( p p m ) ; 1 0 . 1 2 10 .23 ( 2 s , 2 H , 2 0 H ) ,6 .6 -

7.1(m,2H,aromat ic, Pyrimidine); 4.5, (s, 2H, NH2) 2.6,2.1,1.19 (d,t,q respectively, 3-CH = ), 1.16 

( S , 3 H , C H 3 ) . A n a l . C a l c d . f o r C 1 4 H 1 2 N 4 0 4 S (332 .36) .C, 50 .58 ; H, 3 .64 ; N, 16 .86 ; S .9 .64 . 

Found : C, 50 .55 ; H, 3 .82; N, 16.83 ; S , 9.90. 

Preparation of 5,7-Dimethylmercapto - 4-crotylamino - 1,2 - dihydro- 2-thioxopyrido[4,3-d]-

pyrimidine 10: 

To a solution of 4 (0.01 mol) in benzene (20 ml) containing sodium hydride (0.01 mol), carbon 

disulphide (0.01 mol) was added. The reaction mixture was heated under reflux for two 

hours.After cooling to room temperature methyl iodide (0.01 mol) was added and heated under 

reflux for 30 min. The solid product formed on evaportion under vacuum, was neutral ized with 

HCl, then col lected and recrystall ized. 

5,7-Dimethylmercapto-4-Crotylamino-1,2-dihydro-2-thioxo-pyridio[4,3-d]Pyrimidine1_0: 

Formed yel low crystals form ethanol/dimethyi formamide;m.p.>300°C;Yield 2.22g (69%). l r (Cm 1 ) , 

2210 (CN).. 1 Η nmr: δ (PPm); 6.2,5.3 (2s,2H, pyridine) ; 2.7,2.2,1.19 (d, t,q respect ively;3-CH= ) ; 

1.6 ; 1.8 , 1.5 (3s,9H,3CH3) . Anal. Calcd.for C 1 3 H 1 4 N 4 S 3 (322.49) (m/e=322).C, 48.41; H,4.38; 

N.17.37; S, 29.82. Found : C, 48.10 ; H, 4.21 ; Ν , 17.40 ; S , 30.05. 

Preparation of 4-crotylamino- 1,2- dihydro-thioxo-6-styryl-pyrimidine-5- carbonitrile JM and 
5-Amino-4-crotylamino-1,2-dihydro-2-thioxo-7-phenyl-quinoxaline-6-carbonitri le 1_2: 
Method A: 

To a solution of 4 (0.01 mol) in dioxane (20 ml) containing piperidine (5 drops) benzylde-

nemalononitr i le (0.01 mol) was added. The reaction mixture was heated under reflux for three 

hour. The solid product formed upon dilution with water was collected by f i l t rat ion. 

Method B: 

To a solut ion of 4 (0.01 mol) in dioxane (30 ml) containing piperdine (5 drops), benzaldehyde 

(0.01 mol) was added. The reaction mixture was heated under reflux for three hours. The solid 

product formed is col lected by fi ltration. 

To a solut ion of 10 (0.01 mol) in dioxane (30 ml) containing piperidine (5 drops) malononitr i le 

(0.01 mol) was added. The reaction mixture was heated under reflux for three hours. The solid 

product formed upon dilution by water, was collected by fi l tration and crystal l ized from ethanol to 

give compound X2 identical in all respects (m.p., mixed m.p. and Ir spectrum). 
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4-Crotylamino-1,2-dihydro-thioxo-6-styryl-Pyrimidine-5-Carbonitr i le1_1_: Formed yellow 

crystals form ethanol m.p .215°C, Yield 2.17 g.(71%). I r (Cm"1 ) , 2950 (NH al iphat ic) , 2210 (CN). 
1 H nmr : δ (ppm); 7 . 2 1 - 7 . 3 1 ( m , 5 H , C 6 H 5 ) ; 2 . 5 , 2 . 2 , 1 . 1 4 (d, t .q 3H , 3 - C H = ) , 1 . 5 4 ( s , 3 H , C H 3 ) . 

A n a l . C a l c d . f o r C I 7 H 1 4 N 4 S ( 3 0 6 . 4 1 ) . C , 6 6 . 6 3 ; H . 4 . 6 1 ; N . 1 8 . 2 8 ; S , 1 0 . 4 6 . F o u n d : C , 6 6 . 8 0 ; H , 

4 . 4 1 ; Ν , 1 8 . 2 2 ; S , 1 0 . 4 1 . 

5-Amino-4 -croty lamino-1 ,2 -d ihydro-2 - th ioxo-7 -pheny l -qu inoxa l ine -6 -Carboni t r i le 1_2: Formed 

brown crystals f rom d imethy l fo rmamide/e thano l . m.p. 281°C, y ie ld 2 .48g . (72%) . l r (Cm 1 ) : 3450-

3300 ( N H 2 ) , 2 2 1 0 (CN). 1 H nmr: δ (ppm);6.18 - 7.20 (m,5H,Aromat ic Proton); 2 .41,2.1, 1.2 (d,t ,q 

3H .3CH =); 3.41 ( s ,2H ,NH 2 ) ; 1.16 (s ,34 ,CH 3 ) . Anal. Calcd. for C 1 4 H 1 5 N 5 S (285.40) .C, 58.91 ; 

H, 5 .30 ; N, 24.45 ; S.11.23. Found : C, 58.81 ; H, 5.31 ; Ν , 24.21 ; S , 11.30.. 

A C K N O W I E D G E M E N T S 

The authors thank Dr. T.M. Madkour, Chemistry Depar tment , Facul ty of Sc ience, Helwan 

Un ivers i ty , for the molecu lar mechan ics calculat ion. 

REFERENCES 

(1) K. We l l i nga , A.C. Grosscur t , and R. van Hes, J.Agric. Food Chem. 988, 1977 A.C. 

Grosscur t , R. van Hes and K. Wel l inga, Ibid 27, 406 (1979) 

(2) S.M. Fahmy , M. E l -Hosami , S. El -Gawal and M.H. Elnagdi, J. Chem. Tech. and Biotech 32, 

1042 (1982); S.M. Fahmy, A H. Badran, and M.H. Elnagdi, Ibid 30, 390, (1980) 

(3) A .G. G i lman and L.S. Goodman; "The Pharmaceut ica l Basis of Therapeut ics" p. 1109, 

Macmi l l an , New Yourk (1985) 

(4) M.H. E lnagdi and A. W. Er ian, Ann. 1215 (1990) 

(5) M.H. E lnagdi , A .N. Negm, K.U. Sadek, Synlet. 1 (1994) and references there in 

(6) M. Mubaroaka and T. Yamamoto , J.Heterocycl. Chem. 2±, 1445 (1984) 

(7) M. Uher, D. L lavasky, J. Ffolot in and K. Shvaren inova, Collect. Czech. Chem. Commun. 

4545, 2804 (1980) 

(8) M.H. E lnagdi , A.H.H. Elghandour, M.K.A. Ibrahim and I.S.A. Haf iz, 2. Naturforsch. 47j3, 572 

(1992) 

(9) N.S. Ibrah im, M.H. Mohamed, Y.Mahfouz and M.H. Elnagdi, Prakt. Chem. 331, 375 (1989) 

(10) M.H. E lnagd i , S.A.S. Ghaz lan, F.M. Abdel Razek and M.A. Se l im, J.Chem. Res.(S) 116. 

1991; Chem. Res. (m) 1010 (1991) 

(11) M.H. E lnagdi , A .A.Harb, Α.Η.Η. Elghandour, A.M. Hussien and S.A. Metwal ly , Gazz. Chim 

Ital. 122, 299 (1992) 

(12) L.N. A l l inger , J.Am. Chem. Soc. 99, 8127 (1977) 

(13) E.N. Bonguen, E.S. Fodjo, Ζ. T. Fmum and D. Dopp, J. Chem. Soc. Perkin Trans., 1, 2191 

(1994) 

(14) A. W. Er ian, S.M. Sheri f , A. A. Elassar and Y.M. Elkholy, Tetrahedron 50, 1877 (1994) 

Received on January 20, 1997 

158 


