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Abstract 

Starting from 2,3-diaminoquinazoline 3, a series of  two isomers of new expected fluorescent  3- and 2-arylmethyl and arylacyl-

3H[1,2,4]triazino[3,2-b]quinazoline-2,6(1H)diones 6 and 7 have been synthesized via its condensation with each of aryl 

pyruvic acid 4 and ethyl aroylpyruvates 5 depending upon the pH of the reaction medium. The structure of products was 

elucidated on the basis of their spectral, elemental analyses and alternate synthesis. The products 6 and 7 obtained are tested 

for antimicrobial activity and reported. 
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Introduction 

In the broad class of heterocyclic compounds, the nitrogen 

heterocycles play an important role. Among them, quinazolines 

are most important class of compounds and have received much 

attention from synthetic as well as medicinal chemists, because 

of the diverse range of their pharmacological properties
1-5

. 

Moreover, quinazoline derivatives are reported to be used in 

several areas as materials in electronics, in electrochemistry as 

anticorrosive agents, as polymers or optical materials and 

fluorescent tags in DNA sequencing
6
. Fusedquinazolines are 

reported to be bioactive members, such as benzimidazo and 

benzothiazoloquinazoline derivatives as cytotoxic compounds 

with potential antitumoral
7
. Also, it was reported that 

benzimidazo[1,2-c]quinazoline derivatives show various 

therapeutic activities, such as anticancer
8
 and anticonvulsants

9
. 

Furthermore, fluorescence is a powerful and sensitive tool for 

studying the biochemistry of DNA and protein–DNA 

interactions. Because DNA is inherently only slightly 

fluorescent, for most studies, highly fluorescent probes with 

more favorable spectral characteristics, such as fluorescein, are 

attached to the DNA molecule through a carbon linker
10

. So 

quinazoline derivatives are reported to be good DNA 

fluorphores
11,12

. 

In the present work we wish to report our attempts to synthesize 

new two isomers of triazinoquinazolines as expected as  DNA 

fluorophores.. 

 

Material and Methods 

All chemicals were supplied by Sigma-Aldrich and Merck 

(Germany). IR spectra were recorded for KBr discs on Fourier 

Transform infrared and Pye Unicam SP 300 Infrared 

Spectrophotometers, 
1
H and 

13
C NMR spectra were recorded in 

DMSO-d6 using a Varian Gemini 200 NMR Spectrometer and 

Bruker AM-400 spectrometers. Mass spectra were recorded on a 

HP-5988A mass spectrometer at 70ev. Thin layer 

chromatography (TLC) was performed on silica gel sheets F 

1550 LS 254 of Schleicher & Schull and column 

chromatography on Merck silica gel 60 (particle size 0.063–0.20 

mm). Melting points were measured on Gallenkamp melting 

point apparatus (UK) and are uncorrected. Elemental analyses 

were carried out at Microanalytical Centre (Cairo University, 

Egypt). The starting materials, 2,3-diaminoquinazoline  3
13

, 

arylpyruvic acid 4a,b
14

, ethyl aroylpyruvate 5c-e
15

 were 

prepared as in the literature reported methods. 

 

3-Arylmethyl and arylacyl-(3H)[1,2,4]triazino-[3,2-

b]quinazoline-2,6(1H)diones (6a-e). General procedure: A 

mixture of 2,3-diamino-4(3H)quinazolinone 3 (10 mmole) and 

the appropriate arylpyruvic acid 4a,b or ethyl aroylpyruvate 5c-

e (10 mmole) was heated under reflux in 50 ml of dry pyridine 

or acetic acid for 3 hours and cooled . The solid precipitated was 

collected, washed with ethanol and crystallized from acetic acid 

to give pale yellow crystals of 2-arylacyl-(3H)[1,2,4]triazino-

[3,2-b]quinazoline-2,6(1H)diones (6a-e). 

 

3-Benzyl-(3H)[1,2,4]triazino-[3,2-b]quinazoline-2,6 (1H) 

dione (6a): Yield 65%,  mp 290-292
o
C. IR (KBr)  = 3363 (N–

H), 3060 (C–H aromatic), 1700, 1666 (2C= O). 
1
H NMR 

(DMSO-d6) δ = 4.00 (s, 2H, CH2), 7.20–7.80 (m, 9H, Ar-H), 

12.00 (s, 1H, N–H) (D2O exchangeable).  EIMS, m/z: 304 (M
+
), 
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Elemental analysis (C17H12N4O2); calcd. C, 67.11; H, 3.95; N, 

18.42; Found  C, 67.08; H, 3.83; N, 18.40%. 

 

3-(4-Chlorophenyl)methyl-(3H)[1,2,4]triazino-[3,2-

b]quinazoline-2,6 (1H)dione (6b) : Yield 65%,  mp 200-

202
o
C. IR (KBr)  = 3400 (N–H), 3060 (C–H aromatic), 1715, 

1655 (2C= O). 
1
H NMR (DMSO-d6) δ = 4.00 (s, 2H, CH2), 

7.20–8.00 (m, 8H, Ar-H), 12.01 (s, 1H, N–H) (D2O 

exchangeable).  EIMS, m/z: 339.5 (M
+
+1), Elemental analysis 

(C17H11N4O2Cl); calcd. C, 60.26; H, 3.25; N, 16.54; Found C, 

60.15; H, 3.10; N, 16.35%. 

 

3-Phenacyl-(3H)[1,2,4]triazino-[3,2-b]quinazoline-

2,6(1H)dione (6c): Yield 70%,  mp 305-307
o
C. IR (KBr)  = 

3350 (N–H), 3050 (C–H aromatic), 1670, 1600 (2C= O). 
1
H 

NMR (DMSO-d6): δ = 6.85 (s, 1H, =CH), 7.50–7.80 (m, 9H, 

Ar-H), 14.00 (s, 2H, 2N–H) (D2O exchangeable).
 13

C NMR 

(DMSO-d6): δ = 115, 122-134, 137, 145, 155, 160, 162, 164, 

181. EIMS, m/z: 332 (M
+
), Elemental analysis (C18H12N4O3); 

calcd. C, 61.45; H, 3.61; N, 16.87; Found  C, 61.38; H, 3.58; N, 

16.72%. 

 

3-(4-Methoxy)phenacyl-(3H)[1,2,4]triazino-[3,2-

b]quinazoline-2,6(1H)dione (6d): Yield 65%,  mp 290-291
o
C. 

IR (KBr)  = 3400 (N–H), 3100 (C–H aromatic), 1640, 1600 

(2C= O). 
1
H NMR (DMSO-d6) δ = 3.90 (s, 3H, OCH3), 6.80 (s, 

1H, =CH), 7.20–8.00 (m, 8H, Ar-H), 13.90 (s,2H, 2N–H) (D2O 

exchangeable).  EIMS, m/z: 362 (M
+
), Elemental analysis 

(C19H14N4O4); calcd. C, 62.98; H, 3.87; N, 15.47; Found  C, 

62.81; H, 3.76; N, 15.32%. 

 

3-(4-Bromo)phenacyl-(3H)[1,2,4]triazino-[3,2-b]quinazoline-

2,6(1H)dione (6e): Yield 65%,  mp 310-312
o
C. IR (KBr) = 

3420 (N–H), 3090 (C–H aromatic), 1680, 1595 (2C= O). 
1
H 

NMR (DMSO-d6) δ =  6.75 (s, 1H, =CH), 7.50–8.00 (m, 8H, 

Ar-H), 14.00 (s, 2H, 2N–H) (D2O exchangeable).  EIMS, m/z: 

412 (M
+
+1), Elemental analysis (C18H11N4O3Br); calcd. C, 

52.55; H, 2.68; N, 13.62; Found  C, 52.20; H, 2.53; N, 13.54%. 

 

2-Arylmethyl and arylacyl-(3H)[1,2,4]triazino-[3,2-

b]quinazoline-2,6(1H)diones (7a-e). General procedure: A 

suspension of  2,3-diamino-4(3H)quinazolinone 3 (10 mmole) 

and the appropriate arylpyruvic acid 4a,b or ethyl aroylpyruvate 

5c-e (10 mmole) was heated under reflux in 100 mL 1N 

hydrochloric acid  for one hour and cooled . The solid 

precipitated was collected and purified by dissolving in 5% 

sodium carbonate and precipitated by addition of dilute 

hydrochloric acid. The purification process was repeated until a 

pure product of 7 (TLC) was obtained. 

 

2-Benzyl-(3H)[1,2,4]triazino-[3,2-b]quinazoline-

2,6(1H)dione (7a): Yield 65%,  mp 200-201
o
C. IR (KBr)  = 

3360 (N–H), 3060 (C–H aromatic), 1715, 1666 (2C= O). 
1
H 

NMR (DMSO-d6) δ = 4.05 (s, 2H, CH2), 7.50–7.80 (m, 9H, Ar-

H), 12.20 (s, 1H, N–H) (D2O exchangeable).  EIMS, m/z: 304 

(M
+
), Elemental analysis (C17H12N4O2); calcd. C, 67.11; H, 

3.95; N, 18.42; Found  C, 67.03; H, 3.13; N, 18.38%. 

 

2-(4-Chlorophenyl)methyl-(3H)[1,2,4]triazino-[3,2-

b]quinazoline-2,6(1H)dione (7b): Yield 60%, mp <300
o
C. IR 

(KBr)  = 3350 (N–H), 3060 (C–H aromatic), 1715, 1670 (2C= 

O). 
1
H NMR (DMSO-d6) δ = 4.00 (s, 2H, CH2), 7.40–7.89 (m, 

8H, Ar-H), 12.10 (s, 1H, N–H) (D2O exchangeable).  EIMS, 

m/z: 338 (M
+
), Elemental analysis (C17H11N4O2Cl); calcd. C, 

60.26; H, 3.25; N, 16.54; Found  C, 60.12; H, 3.15; N, 16.38%. 

 

2-Phenacyl-(3H)[1,2,4]triazino-[3,2-b]quinazoline-

2,6(1H)dione (7c): Yield 65%, mp 242-244
o
C. IR (KBr)  = 

3250 (N–H), 3050 (C–H aromatic), 1688, 1600 (2C= O). 
1
H 

NMR (DMSO-d6) δ = 6.90 (s, 1H, =CH), 7.40–8.10 (m, 9H, 

Ar-H), 14.00 (s, 2H, 2N–H) (D2O exchangeable). 
13

C NMR 

(DMSO-d6): δ = 115, 122-134, 137, 145, 155, 159, 161, 164, 

180. EIMS, m/z: 332 (M
+
), Elemental analysis (C18H12N4O3); 

calcd. C, 61.45; H, 3.61; N, 16.87; Found  C, 61.29; H, 3.50; N, 

16.70%. 

 

2-(4-Methoxy)phenacyl-(3H)[1,2,4]triazino-[3,2-

b]quinazoline-2,6(1H)dione (7d): Yield 65%, mp 290-291
o
C. 

IR (KBr)  = 3300 (N–H), 3100 (C–H aromatic), 1680, 1663 

(2C= O). 
1
H NMR (DMSO-d6) δ = 3.95 (s, 3H, OCH3), 6.85 (s, 

1H, =CH), 7.30–8.00 (m, 8H, Ar-H), 12.00 (s, 1H, 1N–H), 

13.50 (s,1H, 1N–H)  (D2O exchangeable).  EIMS, m/z: 362 

(M
+
), Elemental analysis (C19H14N4O4); calcd. C, 62.98; H, 

3.87; N, 15.47; Found  C, 62.76; H, 3.69; N, 15.36%. 

 

2-(4-Bromo)phenacyl-(3H)[1,2,4]triazino-[3,2-b]quinazoline-

2,6(1H)dione (7e): Yield 60%, mp 235-236
o
C. IR (KBr)  = 

3350 (N–H), 3055 (C–H aromatic), 1690, 1650 (2C= O). 
1
H 

NMR (DMSO-d6) δ =  6.90 (s, 1H, =CH), 7.30–8.10 (m, 8H, 

Ar-H), 14.00 (s, 2H, 2N–H) (D2O exchangeable).  EIMS, m/z: 

412 (M
+
+1), Elemental analysis (C18H11N4O3Br); calcd. C, 

52.55; H, 2.68; N, 13.62; Found  C, 52.31; H, 2.50; N, 13.50%. 

 

Results and Discussion 

The nature of the products obtained from the condensation of 

1,2-diaminoheterocycles with β–ketoacids or β–ketoesters was 

reported to be dependent on the acidity of the reaction
13,16-20 

.  

Since, it has been reported
21-24 

that the reaction of 2,3-

diaminopyridine with ethyl benzoylpyruvate 5a afforded two 

isomers 8 and 9  (chart 1) when carried out in aqueous sulfuric 

acid and acetic acid solution respectively. 
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It was considered of interest to examine the reaction products of 

2, 3-diaminoquinazoline 3 with arylpyruvic acid 4a,b and ethyl 

aroylpyruvate 5c-e. The starting , 2,3-diaminoquinazoline 3
13

 

required  in this study was prepared as reported in scheme 1 by 

reaction of methyl anthranilate 1 with cyanogen bromide to give 

2 and followed by heating in hydrazine hydrate. In our hands the 

condensation of 2,3-diaminoquinazoline 3 with each of 4a,b and 

5c-e gave the product isomers 6 when it was carried out in 

pyridine. On the other hand, isomers 7 were obtained when the 

reaction was carried out in 1N hydrochloric acid solution 

(scheme 1).  

 

It might that this finding is dependent upon the difference in 

acidity of amino groups at positions 2 and 3
25

 hence the 3-amino 

group is more basic than 2-amino group. So in basic medium the 

condensation occurred with the 3-amino group to give 6. While 

in acidic medium the 3-amino group is protonated and the 

condensation occurred with the 2-mino group to afford the other 

isomers 7. 
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The structures of the products 6 and 7, were confirmed by 

comparison of 6a with an authentic sample prepared by reaction 

of 3-methylthio-6-benzyl-1,2,4-triazin-5(2H)-one with 

anthranilic acid
26

. Both samples of 6a were found to be identical 

in all respects (mp., mixed mp., ir, 
1
H nmr). On the other hand, 

the authentic substance 6a was not identical in all respects (mp., 

mixed mp., ir, 
1
H nmr) with the other isomer 2-benzyl-3H-

[1,2,4]triazino[3,2-b]quinazolin-3,6-dione 7a (See 

Experimental). According to 
1
H nmr study of the products 6a-e 

and 7a-e we have found that the products 6a,b and 7a,b are 

present in their imine forms as their spectra revealed the 

presence of CH2 proton signal at  δ = 4.00 and the absence of 

=CH protons in their 
1
H nmr. The products 6c-e and 7c-e are 

present in their enamine forms (Chart 2), however. This is 

because the spectra of the products 6c-e and 7c-e have no 

signals of CH2 protons while exhibit signals of =CH protons at δ 

=  6.75-6.90 and signals of the 2-NH protons. The latter signals 

disappeared upon exchange with deuterium oxide. As shown in 

experimental the signals of =CH and NH protons of enamine 

structures of 6c-e and 7c-e appeared at down field. Furthermore, 

the 
13

C NMR in DMSO-d6 of 6c revealed no peak 

corresponding to CH2, while the observed peaks at δ = 115, 122-

134, 137, 145, 155, 160, 162, 164, 181 correspond the structure 

6c. This indicates the products 6c-e and 7c-e have the chelated 

Z-configurations. Such findings are similar to those reported for 

the products of the reaction of 2,3-diaminopyridine with 

dicarbonyl compounds
24

. 

 

Antimicrobial Activity: Ten products, 6a-e and 7a-e were 

evaluated for their antibacterial and antifungal activities against 

three bacteria species namely Escherichia coli EC, 

Pseudomonas aeruginosa PA and Staphylococcus aureus SA as 

well as three fungal species, namely Aspergillus fumigatus AF, 

Aspergillus niger AN and Candida albicans CA. 

 

The antibacterial and antifungal activity were carried out in the 

Microbiology Division of Microanalytical Center of Cairo 

university, using the diffusion plate method
27,28

 a bottomless 

cylinder containing a measured quantity (1mI, mg/mL) of the 

sample is placed on (9 cm diameter) containing a solid bacterial 

medium (nutrient agar broth) or fungal medium (Dox`s 

medium) which has been heavily seeded with the spore 

suspension of the test organism. After incubation (24 h for 

bacteria and 5 days for fungi), the diameter of the clear zone of 

inhibition surrounding the sample is taken as measure of the 

inhibitory power of the sample against the particular test 

organism. 

 

Most of the compounds were tested in vitro against gram 

negative bacteria [Escherichia coli (EC) and  Pseudomonas 

aeruginosa (PA)], gram positive bacteria [Staphylococcus 

aureus (SA)] and antifungal activity against Aspergillus 

fumigatus (AF), Aspergillus niger (AN) and Candida albicans 

(CA). The reference antibiotics Ampicillin and Tetracycline 

were used as references to evaluate the potency of the tested 

compounds under the same condition. The test results are 

depicted in table 1 on the following basis: The solvent used was 

dimethylsulfoxide and concentration of the sample in 100 

µg/ml. 

 

The results indicate that compounds tested have moderate 

degree of inhibition against the bacteria species and exhibited 

no activity against fungal species. 
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Conclusion 

In this report, a simple method for the synthesis of a series 3- & 

2- arylmethyl and arylacyl-3H[1,2,4]triazino[3,2-b]quinazoline-

2,6(1H)diones depending upon pH value of the reaction 

medium. The structure of products was elucidated on the basis 

of their spectral, elemental analyses and alternate synthesis. 

Their spectral data indicate 3- and 2- arylmethyl-

3H[1,2,4]triazino[3,2-b]quinazoline-2,6(1H)diones exist 

predominantly in the imine  forms 6a,b and 7a,b, while 3- and 

2-arylacyl-3H[1,2,4]triazino[3,2-b]quinazoline-2,6(1H) diones 

exist in enamine forms 6c-e and 7c-e. In addition, the 

antimicrobial activity of some of the products showed moderate 

activities against the bacteria species. 

 

 



Research Journal of Chemical Sciences __________________________________________________________ ISSN 2231-606X  

Vol. 2(5), 23-28, May (2012)   Res.J.Chem.Sci 

International Science Congress Association  27 

 
 

References 

1. El-Hashash M.A., Guirguis D.B.  and El-Badry Y.A., 

Synthesis and evaluation of new 2,3- and 2,4-disubstituted 

quinazoline derivatives as potential antibacterial and 

antifungal agents, Der Pharma Chemica,  3, 147 (2011) 

2. Kaur R., Bansal M., Kaur B., Synthesis of Some New 

Quinazoline Derivatives and Theoretical Studies of their 

Geometries, Chemical Sciences Journal, CSJ-18 (2011) 

3. Rohini R., Shanker K., Reddy P. M. and Vadde V., 

Synthesis and Antimicrobial Activities of a New Class of 

6-Arylbenzimidazo[1,2- c]quinazolines, J. Braz. Chem. 

Soc., 21, 49 (2010)    

4. Laddha S.S. and  Bhatnagar S.P., Novel fused 

quinazolinones: further studies on the       anticonvulsant 

activity of 1,2,9,11- tetrasubstituted-7H-thieno [2´,3´:4,5] 

pyrimido [6,1-b]-       quinazolin-7-one and 1,3,10,12-

tetrasubstituted-8H-pyrido[2´,3´:4,5]-pyrimido[6,1-

b]quinazolin-8-one, Future  Medicinal Chemistry, 2, 565 

(2010) 

5. Zhang Y., Chen  Z., Lou Y. and Yu Y., 2,3-Disubstituted 

8-arylamino-3H-imidazo[4,5-        g]quinazolines: A novel 

class of antitumor  agents, Eur. J. Med. Chem., 44, 448 

(2009) 

6. Herget T., Freitag M., Morbitzer M., Kupfer R., 

Stamminger T. and Marschall M., Novel chemical      class 



Research Journal of Chemical Sciences __________________________________________________________ ISSN 2231-606X  

Vol. 2(5), 23-28, May (2012)   Res.J.Chem.Sci 

International Science Congress Association  28 

of pUL97 protein kinase-specific inhibitors with strong 

anticytomegaloviral activity, Antimicrob. Agents 

Chemother., 48, 4154 (2004) 

7. Galarcei G.D., Foncea R.E., Edwards A.M., Pessoamahana 

H., Mahana C.D.P. and         Ebenspergeri R.A., Biological 

evaluation of novel 6-Arylbenzimidazo [1,2-c]quinazoline 

derivatives as inhibitors of LPS-induced TNF-alpha 

secretion, Biol. Res., 41, 43 (2008)  

8. Insuasty B. A., Torres H., Quiroga J., Abonia R., Rodriguez 

R., Nogueras M., Sanchez A., Saitz C., Alvarez S.L. and 

Zacchino, S.A., Synthesis, characterization and in vitro 

antifungal evaluation of  novel benzimidazol[1,2-

c]quinazolines, J. Chil. Chem. Soc., 51, 927 (2006) 

9. Vostrova L.N., Voronina T.A., Karaseva T.L., Gernega 

S.A., Ivanov E.I., Kirichenko A.M. and Totrova Yu.M., 

Synthesis and anticonvulsant activity of benzimidazo[1, 2-

c]quinazolines, Pharma. Chem. J., 20, 404 (1986) 

10. Hawkins M.E., Pfleiderer W., Jungmann O. and Balis, 

F.M.,  Synthesis and Fluorescence Characterization of 

Pteridine Adenosine  Nucleoside Analogs for DNA 

Incorporation, Analytical Biochemistry, 298, 231 (2001)      

11. Nakamura M.Y., Fukunaga Y., Sasa K., Ohtoshi Y., 

Kanaori K., Hayashi H., Nakano H. and Yamana K., Pyrene 

is highly emissive when attached to the RNA duplex but 

not to the DNA duplex: the structural basis of this 

difference, Nucleic Acids Res., 33, 5887 (2005)  

12. Luo H.-Y., Zhang, X.-B., Hea C.-L., Shen G.-L. and Yu  

R.-Q., Synthesis of dipicolylamino substituted quinazoline 

as chemosensor  for cobalt(II) recognition based on excited-

state Intramolecular  proton transfer,  Spectrochimica Acta 

Part A, 70, 337 (2008) 

13. Bowie R.A., Edwards P.N., Nicholson S., Taylor P.J. and 

Thomson, D.A., Covalent hydrates as intermediates in 

heterocyclic rearrangements. Part 3. The alkali-catalysed 

transformations of 1,5- diamino-1H-s-triazolo[1,5-

c]quinazolinium bromide,  J. Chem. Soc. Perkin Trans. 2, 

1708 (1979) 

14. Vogel’s textbook of Practical Organic Chemistry, longman, 

4
th

 Ed., 540 and 884 (1978)  

15. Freri M., Synthesis of novel derivatives of ,  diketo 

esters,  Gazz. Chim. Ital., 68, 612 (1939) 

16. Hlavka J.J., Bitha P., Lim Y.I. and T. Stromeyer T., 

Reactions of 2,3-diamino-4(3H)- pyrimidinones, J. 

Heterocycl. Chem., 22,  1317 (1985) 

17. Elion G.B., Hitchings G.H., and Russbl P.B., The 

Formation of 6-Hydroxy- and 7- Hydroxypteridines from 

4,5-Diaminopyrimidines and α-Ketoacids and Esters, J. 

Amm. Chem. Soc., 72, 78 (1950) 

18. Abdel-Hady S.A.L., Badway M.A., Mosselhi M.A.N. and 

Ibrahim Y.A., Synthesis and structure of 6- and 7-

(Acylmethyl)-pteridines, J. Heterocycl. Chem., 22, 801 

(1985) 

19. Abdel-Hady S.A.L., Badway M.A., Kadry A.M. and 

Mosselhi M.A.N., Synthesis and structure of 6- and 7-

(Acylvinyl)pteridines, J. Heterocycl. Chem., 24, 1587 

(1987) 

20. Abasolo M.I., Bianchi D., Atlasovich F., Goazza C. and 

Fernandez B.M., Kinetic study on the anelation of 

heterocycles. 2. Pyrido [2,3- b] pyrazine and pyrido [3,4-

b]pyrazine derivatives synthesized by the hinsberg reaction,  

J. Heterocycl. Chem., 27, 157 (1990) 

21. Seki T. and Iwanami Y., Intramolecularly hydrogen-bonded 

3- phenacyl-lH-pyrido[3,4-b]- pyrazin-2-one and 2-

Phenacyl-4H-pyrido[3,4-b]pyrazin-3-one, J. Heterocycl. 

Chem., 31, 1065         (1994) 

22. Seki T., and Iwanami Y., Reaction products of dialkyl 

acetylenedicarboxylates with 2,3- diaminopyridine, J. 

Heterocycl. Chem., 32, 1071 (1995) 

23. (a) Seki T., Sakata T. and Iwanami Y., 3-Phenacylidene-

3,4-dihydro-1H-pyrido[2,3-b]pyrazin-2- ones and 2-

Phenacylidene-1,2-dihydro-4H-pyrido[2,3-b]pyrazin-3-

ones, J. Heterocycl. Chem., 32, 347 (1995); (b) Seki T., 

Sakata T. and Iwanami Y., Unambiguously confirmed 

structure of 2- phenacylidene-1,2-dihydro-4H-pyrido[2,3- 

b]pyrazin-3-one and 3-phenacylidene-3,4-dihydro-1H- 

pyrido[2,3- b]pyrazin-2-one,  J. Heterocycl. Chem., 32,  

703 (1995)  

24. Seki T., Iwanami Y., Kuwatani Y. and Iyoda M., 

Heterocycles structurally influenced by a side chain. X. 

Effect of temperature and side chain on the imine-enamine 

tautomerism in the quinoxalinone and pyridopyrazinone 

systems, J. Heterocycl. Chem., 34, 773 (1997)  

25. Pfleiderer W., Recent Developments in the Chemistry of 

Pteridines, Angew. Chem., Int. Ed. Engl., 3, 114 (1964)      

26. Abdel-Hady S.A.L., Badway M.A., Ibrahim Y.A., and 

Pfleiderer W., Synthesis and Structures of as-

Triazinoquinazolines, Chem. Ber., 117, 1077 (1984) 

27. Pfaller M.A., Burmeister L., Bartlett M.A. and Rinaldi, 

M.G., Multicenter evaluation of four methods of yeast 

inoculum  preparation, J. Clin. Microbiol., 26, 1437 (1988) 

28. Matar M.J., Ostrosky-Zeichner L., Paetznick V.L., 

Rodriguez J.R., Chen E. and Rex J.H., Correlation between 

E-Test, Disk  Diffusion, and Microdilution Methods for 

Antifungal Susceptibility Testing of Fluconazole and 

Voriconazole,  Antimicrob. Agents Chemother, 47, 1647 

(2003) 

 

 


