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0.38 g (34% yield) of product 9c, mp 141-143 OC. 
Compounds 9a,b were prepared by method E. Compound 8a 

was synthesized with a concentrated ammonium hydroxide so- 
lution instead of methylamine in the above procedure. 
3-[(Methylsulfonyl)methyl]quinoxaline 1-Oxide (Be). 

Method F. 2-Acetyl-3-[ (methylsulfonyl)methyl]quinoxaline 1- 
oxide (0.50 g, 18 mmol) was added to methylamine-water (40%, 
20 mL). The reaction mixture was heated under reflux for 5 min, 
and the mixture turned purple. While the mixture was cooled 
to room temperature, a solid formed, which was collected by 
suction filtration. The solid was washed with water and dried 
to afford 0.34 g (80%) of Be, mp 196-197 OC.16 

This method was used to prepare 9d. 
2-( Methylsulfony1)-3-[  (methylsulfonyl)methyl]- 

quinoxaline 1-Oxide (8f). Method G. 2-(Methylthio)-3- 
[(methylthio)methyl]quinoxaline 1-oxide (0.46 g, 1.8 mmol) was 
dissolved in methylene chloride (30 mL) and 85% m-chloroper- 
benzoic acid (1.57 g, 7.8 mmol) was added. The reaction mixture 
was allowed to stir a t  room temperature overnight. The reaction 
was worked up in the same manner as described above for 7a, 
which gave 0.51 g (89%) of 8f, mp 197-200 OC. 
2-Acetyl-3-[(methylsulfonyl)methyl]quinoxaline (17a). 

Method H. 2-Acetyl-3-[(methylsulfonyl)methyl]quinoxaline 
1-oxide (0.61 g, 2.2 mmol) was suspended in 1-propanol (10 mL) 
containing trimethyl phosphate (0.56 g, 4.8 mmol)! The reaction 
mixture was heated under reflux for 4 h. While the solution was 
cooled to room temperature, crystals formed. The solid was 
collected by suction filtration and washed with ether to afford 
0.39 g (69%) of 17a, mp 191-194 OC. 

Compounds lla-d and 17b were prepared by method H. 
Quinoxaline 1,d-dioxide precursors were synthesized by procedures 

(16) This deacylation procedure described herein was an outgrowth 
of a serendipitous result obtained with some substituted 2- 
acetylquinoxaline 1,4-dioxides and methylamine-water. It is 
assumed that deacylation is facilitated by the electron-with- 
drawing N-oxide functionality on the quinoxaline ring. 

similar to those described p r e v i ~ u s l y . ~ ~ ~  
2- [(Met hylt  hio)met hyl]quinoxaline-3-carboxylic Acid 

1-Oxide (12). Method I. Methyl 2-[(methylthio)methyl]- 
quinoxaline-3-carboxylate 1-oxide (2.00 g, 7.6 mmol) was treated 
with 1 N sodium hydroxide solution (30 mL) for 2 h at  room 
temperature. The reaction mixture was neutralized with 1 N 
hydrochloric acid solution, and the resulting solid was collected 
by suction filtration, washed with water, and dried to afford 1.22 
g (77%) of 12, mp 144-145 O C .  

24 (Methylthio)methyl]quinoxaline 1-Oxide (13). Method 
J. A solution of 2 4  (methylthio)meth~l]quinoxaline-3-carboxylic 
acid 1-oxide (1.00 g, 4.0 mmol) in toluene (20 mL) was heated 
under reflux for 1 h. The reaction mixture was cooled to room 
temperature and evaporated, leaving an amber oil. The oil was 
crystallized from benzene-hexane to yield 0.67 g (81%) of 13, mp 
74-75 OC. 
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A series of 9-hydrazono-4H-pyrido[ 1,2-a]pyrimidin-4-ones was prepared. The compounds were evaluated in the 
rat passive cutaneous anaphylaxis test for antiallergic activity. Structure-activity relationship studies revealed that 
the presence of a monosubstituted hydrazone moiety in position 9 and an unsubstituted 2-position are necessary 
for the intravenous activity. 

We recently reported2 the synthesis and pharmacological 
investigation of antiallergic 9-(phenylhydrazono)-6,7,8,9- 
tetrahydro-4H-pyrido[1,2-a]pyrimidin-4-ones of type 1 on 
rat reaginic passive cutaneous anaphylaxis (PCA). 
Structure-activity relationship studies revealed that the 
presence of a carboxy group in the 3-position was necessary 
for activity, the most potent derivatives bore a methyl 
group in the 6-position, and the biological effect was due 
to the 6-S enantiomers. The substituents on the phenyl 
group caused subtle differences in the potency: meta 

(1) Part 32. Hermecz, I.; Kajtlr, M.; Surjln, P. R.; Breining, T.; 
Simon, K.; Horvlth, G.; T6th, G.; Mbszlros, Z. J.  Chem. Soc. 
Perkin Trans. 2, in press. 

(2) Hermecz, I.; Breining, T.; Meszlros, Z.; Horvlth, A.; Vasviri- 
Debreczy, L.; Dessy, F.; DeVos, C.; Rodriquez, L. J.  Med. 
Chem. 1982 25, 1140. 
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Substituents and a hydroxy or carboxy group in the ortho 
position (compound 2) slightly enhanced the activity ob- 
served following intravenous injection. The orally active 
6-S enantiomer of 1 was selected for further development? 
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Detailed pharmacological studies, including cross-tachy- 
phylaxis testing, indicate that compounds of type 1 have 
a disodium cromoglycate (DSCG) like mechanism of ac- 
tion. 

Having found compounds 1 and 2 to be of interest, we 
designed, synthesized, and tested a series of derivatives 
with the aim of optimizing activity. Furthermore, since 
the 9-(phenylhydrazono) compounds I1 of type 1 may exist 
in different tautomeric forms,2 we synthesized and in- 
vestigated some analogues with ”fixed” tautomeric struc- 
tures. 

Pharmacological investigation of all these new deriva- 
tives was carried out on the racemic compounds. 

Chemistry. The 9-(ary1hydrazono)tetrahydropyrido- 
pyrimidines 11-33 and 35-40 were prepared from the 
tetrahydropyridopyrimidines 3-6 by diazonium coupling, 
under conditions (method A) reported earlier2 (Scheme I). 
With 5-aminotetrazole, the diazonium chloride was formed 
in situ4 (method A-2). 

The carboxylic acids 41 and 42 were obtained from the 
carboxamides 39 and 40 by hydrolysis in hot concentrated 
hydrochloric acid (method B). 

The 9-hydrazonotetrahydropyridopyrimidines 34 and 
43-45 were synthesized by reacting the appropriate hy- 
drazines with either the 9-bromotetrahydropyrido- 
pyrimidine (7) (method C) or with the 9-hydroxydi- 
hydropyridopyrimidine (8) (method D) (Scheme 11). 
Reaction of the 9-bromo derivative was accompanied by 
~xida t ion .~  

The analogues with “fiued” tautomeric structures, 46-49, 
were prepared from the tetrahydropyridopyrimidines (9 
or 10) by reaction with aryldiazonium chlorides (methods 
E and F) (Scheme 111). 

Biological Results and Structure-Activity 
Relationships 

The pharmacological data obtained on the new deriva- 
tives in the rat PCA test6 are presented in Table I. 

Since the antiallergic activity of some types of com- 
pounds showed a negative a dependence,’ i.e., the activity 

(3) DeVos, C.; Dessy, F.; Hermecz, I.; MBszfiros, Z.; Breining, T. 

(4) Caution: We have had a detonation when trying to prepare 

(5) Breining, T.; Hermecz, I., unpublished results. 
(6) The biological methods used are identical with that of ref 2. 

Znt. Arch. Allergy Appl. Immunol. 1982, 67, 352. 
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increased with decreasing a values, we synthesized and 
tested derivatives 11 and 12 where the carboxy group (a 
= -0.32)8 of 1 and 2 was replaced by a hydroxamic acid 
group (a = -1.87h8 The hydroxamic acids, however, did 
not have any antiallergic activity. 

Of the di- or trisubstituted phenyl compounds made in 
this study, only the 9-[(3,5-dimethoxyphenyl)hydrazono] 
derivative (27) retained some of the oral activity of 1. Di- 
and trisubstitution on the phenyl group lowered the sol- 
ubility of these compounds considerably. Consequently, 
of the 19 various derivatives (13-31), only 6 could be in- 
vestigated intravenously. Two of these compounds 27 and 
29, displayed higher activities than those of 1 or 2. 

Replacement of the N-phenyl group of 1 by a 2-naphthyl 
or 3-pyridyl group (in compounds 33 and 35, respectively) 
did not affect the intravenous potency, whereas replace- 
ment by a tetrazolyl group led to an inactive compound, 
36. Neither of these compounds, however, had the potency 
of 1 when administered orally. 

The slight activity observed for the ester 37 may be a 
consequence of partial enzymatic hydrolysis and the for- 
mation of the carboxylic acid 38. 

(7) Cramer 111, R. D.; Snader, K. M.; Willis, C. R.; Charkin, L. W.; 
Thomas, J.; Sutton, B. M. J.  Med. Chem. 1979, 22, 714. 

(8) Hansch, C.; Leo, A. J. “Substituent Constants for Correlation 
Analysis in Chemistry and Biology”; Willey: New York, 1979; 
pp 82 and 84. 
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When the phenyl group of the 9-(phenylhydrazono) 
moiety of 1 was replaced by a hydrogen atom or a methyl 
group, the resulting compounds (43 and 44, respectively) 
exhibited only l/,&h and l/&h of the intravenous activity 
of 1. 

Introduction of an alkyl group into the 2-position of the 
pyridopyrimidine ring resulted in completely inactive 
compounds 41 and 42. We have already concluded2 that 
the 3-carboxy group is essential for the activity. The 
substituent at the 2-position presumably sterically prevents 
the biofunctional3-carboxylic acid moiety from interacting 
with the active site of the receptor. 

The decreased potencies of the “fixed structure models 
45-49 indicate that the NH group of the 9-hydrazono 
moiety plays an important role in the biological activity. 
It may either take part directly in the binding to the re- 
ceptor, or, by forming an intramolecular hydrogen bond 
to the N1 atom, it may stabilize the aryl group and the 
pyridopyrimidine ring in an arrangement that is optimum 
for the biological activity. Hydrogen bonding has similarly 
been described as an essential structural factor in an- 
tiallergic compounds by other  authors.'^^^^ 
Experimental Section 

Melting points were not corrected. Combustion analyses for 
C, H, N, and halogen gave results within 0.4% of theory. The 
procedures for the preparation of the reported compounds, 
methods A-F, may be considered as general methods. Yields were 
not maximized. 
2-Alkyl-6-methyl-4-oxo-6,7,8,9-tetrahydro-4~-pyrido[ 1,2- 

a ]pyrimidine-3-carboxamides (5 and 6). 2-Alkyl-6-methyl- 
4-oxo-4H-pyrido[ 1,2-a]pyrimidine-3-carbo~amrnide~~ (20 mmol) in 
acetic acid (120 mL) was hydrogenated over 10% Pd/C (1 g) a t  
ambient temperature under atmospheric pressure. After ab- 
sorption of the theoretical amount of hydrogen (2 mol equiv), the 
catalyst was filtered off, and the filtrate was evaporated in vacuo 
to give the crude product. Compound 5 (2.9 g, 66%) was re- 
crystallized from EtOH, mp 191-192 OC. Anal. (Cl1Hl6N3O2) C, 
H, N. Compund 6 (4.0 g, 85%) was recrystallized from H20, mp 
147-148 OC. Anal. (Cl2HI7N3O2) C, H, N. 
6,9-Dimethy1-4-0~0-6,7,8,9-tetrahydro-4N-pyrido[ 1,2-a 1- 

pyrimidine-3-carboxylic Acid (10). Ethyl 9-formyl-6- 
methyl-4-oxo-l,6,7,8-tetrahydro-4H-pyrido[ 1,2-a]pyrimidine-3- 
carboxylate14 (15.8 g, 60 mmol) was hydrogenated in a mixture 
of ethanol (150 mL) and concentrated hydrochloric acid (6 mL) 
over 10% Pd/C (1 g) a t  ambient temperature under atmospheric 
pressure. After the absorption of the theoretical amount of hy- 
drogen (2 mol equiv), the catalyst was filtered off. The filtrate 
was diluted with water (150 mL), and the pH was adjusted to 7 
with 10% Na2C03 solution. The aqueous layer was extracted with 
chloroform. The organic phase was dried (Na2S04) and evapo- 
rated. To  the crude ethyl 6,9-dimethyl-4-0~0-6,7,8,9-tetra- 
hydro-4H-pyrido[l,2-a]pyrimidine-3-carboxylate (14.8 g), water 
(50 mL) and sodium hydroxide (7.0 g) were added, and the re- 
action mixture was stirred for 1 h. The pH was adjusted to 3 with 
10% hydrochloric acid. The precipitated acid 10 (10.6 g) was 
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Broughton, B. J.; Chaplen, P.; Knowles, P.; Lunt, E.; Marshall, 
S. M.; Pain, D. L.; Wooldridge, K. R. H. J. Med. Chem. 1975, 
18, 1117. 
Vitolo, M. J.; Marquez, V. E.; Hurtado, I. J. Med. Chem. 1978, 
21, 692. 
(a) Juby, P. F.; Hudyma, T. W.; Brown, M.; Essery, J. M.; 
Partyka, R. A. J. Med. Chem. 1979,22, 263. (b) Borea, P. A. 
Arzneim.-Forsch. 1982, 32, 325. 
(a) Klaubert, D. H.; Sellstedt, J. H.; Guinosso, C. J.; Capetola, 
R. J.; Bell, S. C. J. Med. Chem. 1981, 24, 742. (b) Kalubert, 
D. H.; Sellstedt, J. H.; Guinosso, C. J.; Bell, S. C.; Capetola, R. 
J. Ibid. 1981, 24, 748. 
Schmidt, H. W.; Junek, H. Monatsh. Chem. 1977, 108, 517. 
Horv6th, A; Hermecz, I.; Vasvlri-Debreczy, L.; Simon, K.; 
Pongor-Cslkvfiri, M.; MBszlros, Z.; Tbth, G. J. Chem. Soc., 
Perkin Trans. 1, 1983, 369. 
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fiitered off and recrystallized from ethanol, mp 126-127 "C. Anal. 
(CiiHuNzOd C, H, N. 

Method A-1. Diazonium coupling was carried out as described 
earlier? Compounds 5 and 6 were dissolved in dimethyl sulfoxide. 
The tendency of the 9-hydrazonopyridopyrimidines to form stable 
hydrates is reflected in some of the elemental analyses. 

Method A-2. A solution of sodium 6,7,8,94etrahydropyrido- 
pyrimidinecarboxylatels (4; 2.3 g, 10 mmol) and sodium nitrite 
(0.69 g, 10 mmol) in water (10 mL) was added dropwise in a period 
of 1.5 h to a stirred, chilled (-5 "C) solution of 5-aminotetrazole 
hydrate (1.03 g, 10 mmol) in 1:l diluted hydrochloric acid (5 mL). 
The reaction mixture was stirred a t  0 "C for 4 h and allowed to 
stand overnight in a refrigerator. 

The precipitated crystals were filtered and washed with water. 
The crude product was dissolved in 5% NaOH solution, the 
solution was decolorized with active charcoal and filtered, and 
the fitrate was acidified with acetic acid. The precipitated product 
36 was collected by filtration. 

A solution of 2-alkyl-6-methyl-9-(phenyl- 
hydrazin0)-4-0~0-6,7,8,9-tetrahydro-4H-pyrido[ 1,2-a]pyrimi- 
dine-3-carboxamide (39 or 40) (20 mmol) in concentrated hy- 
drochloric acid (10 mL) was gently refluxed for 5 h. After cooling 
to room temperature, the mixture was diluted with water (10 mL). 
For dissolution, 10% NaOH solution was added to the reaction 
mixture. The aqueous solution was decolorized with active 
charcoal and filtered, and the filtrate was acidified with acetic 
acid. The precipitated product (41 or 42) was collected by fil- 
tration. 

Method C. To a suspension of 9-bromotetrahydropyrido- 
pyrimidinecarboxylic acid16 (7; 2.87 g, 10 mmol) in methanol (30 
mL) was added hydrazinehydrate or methylhydrazine (22 mmol). 
The reaction mixture was gently warmed up and stirred a t  am- 
bient temperature for 24 h. The precipitated crystalline substance 
(43) was filtered off and dissolved in water (15 mL). The pH of 
the solution was adjusted to 6-6.5 with acetic acid. The pre- 
cipitated product was filtered off, washed with water, dried, and 
recrystallized. 

When preparing 44, the reaction mixture was evaporated to 
dryness. The residue was dissolved in water (10 mL), and the 
pH was adjusted to 3.5 with 10% hydrochloric acid. The pre- 
cipitated product was filtered off, washed with water, dried, and 
recrystallized. 

Method D. A mixture of 9-hydroxy-6,7-dihydropyrido- 
pyrimidinecarboxylic acid" (8; 4.44 g, 20 mmol) and naphthyl- 
or phenylhydrazine (22 mmol) in ethanol (50 mL) was refluxed 
for 2 h. After the mixture was cooled to 0 "C, the precipitated 
product 34 or 45 was filtered off and recrystallized. 

Method E. Sodium acetate (6 g) was added to a chilled (-5 
"C) solution of phenyldiazonium chloride, preparedi8 from 10 

(15) MBsziiros, Z.; Knoll, J.; Szentmikldsi, P.; Divid, A.; Horvith, 

(16) Hermecz, I.; Breining, T.; MBsziiros, Z.; TBth, G.; Bitter, I. 

(17) Chinoin, Belgian Patent 873140; Chem. Abstr. 1979,91,7464. 
(18) Vogel, A. I. "Practical Organic Chemistry"; Longman Group 

Method B. 

G.; Hermecz, I. Arzneim.-Forsch. 1982,22, 815. 

Heterocycles 1980, 14, 1953. 

Ltd.: London, 1974; pp 590-619. 
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mmol of aniline, in 1:l diluted hydrochloric (5 mL), and a solution 
of sodium 1,6-dimethyl-1,6,7,8-tetrahydropyridopyrimidine- 
carboxylateig (9; 2.11 g, 10 mmol) in water (5 mL) was added 
dropwise over 1 h. The reaction mixture was allowed to stand 
overnight in a refrigerator. The precipitated product was filtered 
off, washed with boiling water and then with boiling ethanol, and 
recrystallized. 

Method F. The procedure is similar to method E, but sodium 
6,9-dimethyl-6,7,8,9-tetrahydropyridopyrimidinecarboxylate (10) 
was applied instead of 1,6-dimethy-l,6,7&tetrahydropyrido- 
pyrimidinecarboxylic acid (9). The reaction mixture was stirred 
at  -5 "C for 3 h and allowed to stand overnight in a refrigerator. 
The crystalline product was filtered off, washed with water, and 
recrystallized. 
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phenylhydrazine, 100-63-0; 1-naphthyldiazonium, 15511-25-8; 
2-naphthyldiazonium, 36097-38-8; 3-pyridyldiazonium, 35332-74-2; 
1,5-dimethyl-2-phenyl-4-diazonio-1H-pyrazol-3-one, 14051-47-9; 
5-aminotetrazole, 4418-61-5; PhNzt, 2684-02-8; 2-H02CC6H4N2+, 
17333-86-7; 2,3-MezC6H3Nzt, 45751-65-3; 3,4-Me2C6H3N2+, 
45804-40-8; 3,5-MezC6H3Nz+, 45798-36-5; 2,6-Me2C6H3N2+, 
45739-17-1; 2,4,6-Me3C6HzN2+, 45860-24-0; 2,4,5-Me3C6H2N2+, 

2-C1-4-BrC6H3Nz+, 6081 1-26-9; 2-Cl-6-MeC6H3Nzf, 85070-45-7; 
4-Br-3-MeC6H3Nz+, 85762-68-1; 5-C1-2-HOC6H3N2+, 45762-72-9; 
3,5-(MeO)zC6H3N2+, 72470-94-1; 2,4-(Me0)z-5-C1C6HzN2+, 

85762-67-0; 2,4-C12C&N2+, 27165-13-5; 3,4-C12CeH3N2+, 30930- 
66-6; 3,5-C1&H3Nz+, 40529-17-7; 2,6-C12C6H3Nz+, 45739-20-6; 

57432-47-0; ~,~-(OCH~O)CGH~N~' ,  45891-56-3; 3,5-(NOz)zC&N2+, 
46331-60-6; 3,5-(CF3)2C&Nz+, 29684-26-2. 
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A.; Vasvgri-Debreczy, L.; Szuts, T.; German Patent 2 729 721; 
Chem. Abstr. 1978,88, 212239. 


