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action of the nitro compounds is different from that of the
other compounds. The present NQR studies do not yield
information on which a unique explanation for the de-
viation can be based.

From Figures 1-3 it can be seen that there is a signif-
icant correlation between vy, which is a measure of the (oyy
- ows) electron density at the sulfamyl nitrogen (see eq 8),
and the in vitro carbonic anhvdrase inhibitory activity of
the benzenesulfonamides, with the exception of the nitro
compounds. It appears that an increase of gxy or a de-
crease of gyg (or both) results in increased activity.

It has been postulated® that the carbonic anhydrase
inhibitors attach themselves to the active site of the en-
zvme through hydrogen bonds formed by the N--H bonds
of the sulfamyl group. A hydrogen bond of the tvpe
N-H--X, where X is a proton acceptor, results in an in-
crease in the value of gxy. Thus, oyy can be taken to be
a measure of the strength of the hydrogen bond formed
by the N -H bond. The correlation between vy, which is
a measure of oy - 7yy electron density, and the carbonic
anhvdrase inhibitory activities of the benzenesulfonamides
suggests the possibility that the activities of the sulfon-
amides parallel the strength of the hvdrogen bonds tormed
between the N-H bonds of the sulfamyl group and the
active site of the enzvme.

Conclusion

Nitrogen-14 NQR studies of several benzenesulton-
amides In their solid state reveal significant correlations
between the oyy ~ oy electron density at the sulfamyl
nitrogen and the in vitro carbonic anhydrase inhibitory
activities of the sulfonamides. It appears that the activities
of the sulfonamides depend largely upon the electronic
property of the sultamyl group. The nitro compounds
show considerable deviation from the expected trend. This
cannot be explained by invoking the presence of hydrogen
bonds in these compounds. The deviations are probably
due to increased resonance conjugation between the nitro
group and the sulfamyl group or to a different mode of
action.

Notes
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A new series of 11-0x0-11H-pyrido[2,1-b]quinazolinecarboxylic acids and related analogues has bgeu synthesize'd
and evaluated as potential antiallergy agents. In the rat PCA test, 11-0x0-11H-pyrido[2,1-b]quinazoline-8-carboxylic
acid is orally active and more potent than cromolvn sodium or doxantrazole intravenously.

Some 11-oxo-L1H-pyrido[2,1-b]quinazolinecarboxylic
acids have been synthesized and evaluated as potential
antiallergy agents. Their activities were compared with
two clinically active agents, cromolvn sodium and dox-
antrazole. While cromolvn sodium is ineffective orally, it
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is useful when insuftlated as a powder. Doxantrazole was
reported to be orally active in early single-dose clinical
trials.'*

The reversible narrowing of bronchial airways and ac-
companying edema in bronchial mucosa observed in
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Table I. Inhibition of Rat PCA by Pyrido[2,1-b Jquinazoline Analogues

rat PCA test

a
% inhib, _IDs, mg/ke®
compd structure formula 0.5 mg/kg, iv v po
COCH
1 @:{j C,,H,N,0,? inactive
N
[¢]
N COOH
2 @;/\( C,.H,N,0, 21%
x NP
o]
N
3 Y \jﬁ\ C,,H,N,0,HCI® 45 0.5 2.5
A N COOH
E COOH
N\ R i .
4 OO N C,;H,,N,0, inactive
o]
N\ AN
5 OO L C,.H,.N,0, 100 0.1 inactived
COOH
Q
N\ AN . .
6 CEH/N A coom C,,H,,N,O, inactive
[¢]
HO N SN
7 [ C,H.N,0, 26% at 5 mg
N~ cook
[¢]
8 CHB\TNﬁ/\ C,.H;N,0, inactive
HTN\)\COOH
[¢]
0 OCHaCHOHCHa0 O
cromolyn sodium m dj\ 1-2 inactive
NaQ2C [¢] & [o] CO2Na
o]
F
doxantrazole b =N 1.5 5
NS \ I
O/ \0 N—NH

¢ Dose required to achieve 50% inhibition in PCA test. ® Compound cited in ref 3. ¢ Compound cited in ref 4 and 5,
2 The potency of analogue 5 was reported in ref 10 as ED,, = 0.015 mg/kg, iv, and <0.1 mg/kg, po. However, after further
evaluation, this potency was not consistent for all animals tested. The activity reported here is a more conservative value

obtained after additional biological evaluation.

asthma may be caused by a specific allergic response or
by a nonspecific irritant. 3-Adrenergic bronchodilators,
anticholinergics, theophylline, or steroids are used for
symptomatic relief. An alternate approach involves the
use of an antiallergy agent, such as cromolyn sodium, which
appears to act by preventing the release of histamine and
other possible allergic mediators resulting from anti-
body~-antigen interactions.!

We report here the synthesis and antiallergy activity of
11-0x0-11H-pyrido[2,1-b]quinazoline-8-carboxylic acid (3)
and related analogues.

Chemistry. The synthesis of 11-ox0-11H-pyrido-
[2,1-b]quinazoline-7-carboxylic acid (2) was accomplished
through the fusion® of methyl anthranilate with 2-
chloropyridine-4-carboxylic acid at 175-195 °C. The 8-
carboxylic isomer*? 3, as well as 6-oxo-6H-benzo[g]-
pyrido[2,1-b]quinazoline-1-carboxylic acid (4), was ob-
tained by refluxing anthranilic or 3-amino-2-naphthoic acid
with 2-chloronicotinic acid in ethanol containing hydro-

chloric acid. Heating 6-aminonicotinic acid in glacial acetic
acid with ethyl 2-oxocyclohexanecarboxylate or ethyl
acetoacetate gave 6 and 8, respectively.® Analogue 7 was
obtained by heating diethyl malonate and 6-aminonicotinic
acid in diphenyl ether.

Discussion

Compounds 1-8 were evaluated for their antiallergy
activity by their ability to inhibit passive cutaneous
anaphylaxis (PCA) in rats (see Table I), as described in
the Experimental Section.” Those agents which showed
an inhibition greater than 50% at 0.5 mg/kg iv were
studied further for their IDy; iv and oral efficacy compared
with cromolyn sodium and doxantrazole.

The analogues possessing significant inhibitory activity
in the PCA test were 3 and 5, while those remaining had
little activity. Histamine-induced contractions of the
guinea pig ileum were not antagonized by 3 or 5 in con-
centrations up to 10* M,? indicating that neither com-
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pound was acting as a histamine antagonist.

The presence of benzo or naphtho substitution in the
4,5 positions of the pyrimidine ring imparted significant
antiallergy potency. The optimal position for the car-
boxylic acid was the 8 isomer in the pyrido[2,1-b]-
quinazoline, compound 3, and the corresponding 3 isomer
for the benzo{g]pyrido[2,1-b]quinazoline ring system of 3.
Intravenously, 5 was 10-20 times more potent than cro-
molyn sodium or doxantrazole. Compound 3 was five to
ten times more potent than cromolyn and doxantrazole
intravenously and possessed oral activity as well. Because
of its oral activity, the synthesis and biological evaluation
of additional analogues of 3 are in progress.

Experimental Section

Rat Reaginic Passive Cutaneous Anaphylaxis (PCA). The
PCA test’ involved immunization of rats with 1 mg of ovalbumin
intramuscularly and approximately 10 B. pertussis organisms
as pertussis vaccine, intraperitoneally. Fourteen days later, the
rats were bled and the serum was prepared. Suitable dilutions
of antiserum were injected intradermally at various sites on the
back of rats 48 h before an intravenous injection of 1 mg of
ovalbumin in 1 mL of physiological saline and 0.25% Evans Blue.
Thirty minutes later the animals were killed in ether, the dorsal
skin was reflected, and the mean orthogonal diameter was
measured. For oral dosing, the drugs were suspended in 1% gum
tragacanth in physiological saline and given 10-15 min before
intravenous antigen challenge. For intravenous dosing, the
compounds were dissolved in the saline/ovalbumin/Evans Blue
solution and given with the antigen. If necessary, the compounds
were first dissolved in a slight molar excess of sodium bicarbouate
and then diluted into the antigen solution. Groups of five animals
were used for all dose levels and control groups.

To quantitate the PCA test, the mean diameter of each spot
was graphed as a function of the relative antiserum concentration.
The line, fitted by the least-squares equation, was extrapolated
to the value at “zero™ antiserum concentration (base value). The
following equation was then used to calculate the percent in-
hibition:

% inhibition =

diameter of drug -- base value
1- - X 100
diameter of control - base value

The statistical significance of the results was determined by
Student’s ¢ test {(p < 0.05). An inhibition of 15% was significant.

Melting points were taken in open capillary tubes on a Mel-
Temp and are uncorrected. Each analytical sample was ho-
mogenous by TLC and had IR, UV, and NMR spectra compatible
with its structure. Combustion analysis for C, H, N, and Cl gave
results within 0.4% of theory.

11-Oxo-11 H-pyrido[2,1-b]quinazoline-§-carboxylic Acid
(1). A mixture of 9.00 g (57.0 mmol) of 2-chloronicotinic acid,
23.0 g (139 mmol) of ethyl anthranilate, and 0.1 g (0.6 mmol) of
KI was heated at 160 °C for 1.5 h with loss of EtOH.> The
resultant orange cake was heated in hot EtOH (600 mL) and
filtered. The cooled filtrate yielded 3.10 g (22.3%) of the ana-
lytically pure product, mp 222-223 °C.2 Anal. (CsH:N,0;) C,
H, N.

11-Oxo-11 H-pyrido[2,1-b]lquinazoline-7-carboxylic Acid
(2). A mixture of methyl anthranilate (12.9 g, 85.4 mmol) and
2-chloropyridine-4-carboxylic acid® {4.74 g, 30 mmol) was heated
at 175-195 °C for 1.5 h. The melt was cooled and triturated with
MeOH, giving a yellow insoluble powder, mp 265-275 °C dec,
which was recrystallized from pyridine and gave 1.55 g (21.5%)
of a yellow crystalline material, mp 316-320 °C dec. Further
recrystallizations of this material from pyridine gave 0.73 g (10.1%)
of the analytical sample, mp 346-349 °C dec. Anal. (C;3HgN,QO5)
C, H, N.

11-Oxo0-11 H-pyrido[2,1-b]quinazoline-8-carboxylic Acid
Hydrochloride (3). A reaction mixture of 4.35 g (31.8 mmol)
of anthranilic acid, 4.96 g (31.8 mmol) of 6-chloronicotinic acid,
3 mL (26.3 mmol) of concentrated HCl and 80 mL of EtOH was
heated at reflux for 21 h. The mixture was cooled and filtered
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to give 3.40 g (38.9%) of the expected product, mp 323-325 °C
dec. The analytical sample was obtained by recrystallization from
MeOH-Et,0, mp 323-325 °C dec.*® The mp 318-319 °C was
reported for the free acid.** Anal. (C;3HgN,05-HCl C, H, N,
Cl

6-Oxo0-6 H-Benzo[ g]pyrido[2,1- b]quinazoline-1-carboxylic
Acid (4). An ethanolic mixture (180 mL) containing 5.00 g (26.8
mmol) of 3-amino-2-naphthoic acid, 4.21 g (26.8 mmol) of 2-
chloronicotinic acid, and 2.1 mL (18.4 mmol) of concentrated HCl
was heated at reflux for 72 h. The resultant suspension was cooled
and yielded an orange-red powder upon filtration: vield 3.1 g
(40.0%); mp 285-288 °C dec. Recrystallization of the crude
product from DMF gave 2.21 g of the analytical sample, mp
284285 °C dEC. Anal. (C”HloNQOg) C, H, N

6-Ox0-6 H-benzo[g]pyrido[2,1-b]quinazoline-3-carboxylic
Acid (5). A reaction mixture of 68.0 g (364 mmol) of 3-
amino-2-naphthoic acid, 57.4 g (364 mmol) of 6-chloronicotinic
acid, and 900 mL of glacial acetic acid was heated at reflux for
16 h. The reaction mixture was cooled to 25 °C and the precipitate
which formed was collected to give 70.0 g (66.2%) of a vellow
powder, mp 270-282 °C dec. The crude product was recrystallized
twice from pyridine to give 29.1 g (27.6%) of vellow crvstalline
product in analytical purity. mp 375-384 °C dec. Anal. (Cy--
HoN,0O3) C, H. N,

1,2,3,4-Tetrahydro-11-0x0-11 H-pyrido[2,]- b]quinazo-
line-8-carboxylic Acid (6). Ethyl 2-oxocvclohexanecarboxylate
(4.94 g. 29.0 mmol) and 6-aminonicotinic acid (4.00 g, 29.0 mmol)
were heated in refluxing glacial acetic acid (25 mL) for 72 h. The
mixture was allowed to cool to room temperature, and the re-
sultant precipitate was collected, giving 3.20 g (45.3%) of crude
product, mp 240-244 °C dec. The crude 6 was recrystallized twice
from pyridine, and the analytical sample was obtained: vield 1.10
g (15.6%); mp 259-261 °C dec. Anal. (C;3H;,N,0, C, H. N,

3,4-Dihydro-2,4-dioxo-2 H-pyrido[1,2-a ]Jpyrimidine-7-
carboxylic Acid (7). A mixture of 1.00 g (7.25 mmol) of 5-
aminonicotinic acid and 1.16 g (7.25 mmol) of diethy] malonate
dissolved in diphenyl ether (25 mL) was heated at reflux for 1.5
h. The mixture was cooled and diluted with 30 ml. of heptane,
yielding a tan precipitate, yvield 1.35 g (90.6%): mp 295-302 °C
dec. The crude 7 was recrystallized from pyridine. and 0.71 g
(47.7%) of the analytically pure sample of 7 was obtained, mp
339-343 °C dec. Anal. (CgHgN,0,) C. H. N.

2-Methyl-4-0x0-4 H-pyrido[1,2- a Jpyrimidine-7-carboxylic
Acid (8). A mixture of 5.00 g (36.2 mmol) of 6-aminonicotinic
acid and 9.36 g (72.0 mmol) of ethyl acetoacetate was heated iu
100 mL of refluxing glacial acetic acid for 30 h. EtOH (200 ml)
was added to the mixture and cooled. The resultant precipitate
was collected by filtration to yield 2.80 g (37.8%) of crude 8. mp
259-280 °C dec. Recrystallization of this material from pyridine
gave 0.8) g (11.5%) of the analytical sample. mp 278 282 °C dec.
Anal. (CmHgI\‘gOg) C. H. N.
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