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The synthesis and biological activity of a number of 4-hydroxy-3-nitro-2-quinolones are discussed and compared 
with their related hydroaromatic analogs. Antiallergic activity has been assessed by their ability to inhibit the homo-
cytotropic antibody-antigen induced passive cutaneous anaphylaxis reaction in the rat. 

In 1967 disodium cromoglycate (1) was in t roduced as a 
t r e a t m e n t for a s t h m a and it was shown t h a t it could inhibi t 
t he release of spasmogens induced by ant igen challenge of 
t issue sensit ized with immunoglobul in E . 1 Since t he in t ro­
duct ion of compound 1, a variety of compounds have been 
claimed to possess a similar activity. M a n y of these possess 
an acidic function a t t ached to a carbon a tom l inked by e th-
ylenic conjugation to a carbonyl group. T h i s acidic function 
is often a carboxyl group a l though th is can be replaced by 
the te trazolyl group. 2 We have descr ibed compounds which 
show a similar type of activity to d isodium cromoglycate 
and yet are of a somewhat different type in t h a t they pos­
sess t he a-nitro-/3-dicarbonyl moiety, a sys tem which again 
confers acidity.3 

Following t h e observat ion t h a t act ivi ty was shown by 2-
n i t ro - l ,3 - indand iones (2)3 , 4 and to a lesser ex ten t in the i r 
reduced derivat ives, 5 we have embarked on a p rogram of 
r ing-expanded sys tems of type 3. As p a r t of th is p rogram 
we have repor ted on the act ivi ty of 4-hydroxy-3-ni t ro-

XaO,C 

OH 

CH,CHCH; 

CO-.Na 

NO, 

coumar ins 6 (3, X = O) and current ly wish to repor t our 
work on the analogous ni t rogen compounds (3, X = N R ) . 

C o m p o u n d s have been compared wi th disodium cromo­
glycate for antial lergic act ivi ty by assessing their relative 
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Table I. Physical Properties of Substituted 4-Hydroxy-2-quinolones 

Compd R) 

R2 OH 

Lit. 
Mp, °C Formula Analyses m.p, °C Yield, % 

6a 
6b 
6c 
6d 
6e 
6f 
6g 
6h 
6i 
6] 
6k 
61 
6m 
6n 
6o 
6p 
6q 
6r 
6s 
6t 
6u 
6v 
6w 
6x 

H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
Me 
Et 
Ph 
Me 
Et 
Me 
Et 
Me 
Me 

H 
Me 
Me 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 

H 
H 
H 
Me 
Et 
Br 
CI 
Me 
Me 
Et 
H 
H 
H 
H 
H 
H 
H 
H 
Me 
Me 
CI 
CI 
Me 
H 

H 
Me 
H 
H 
H 
H 
H 
Me 
H 
Et 
Me 
Me 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
Me 
CI 

H 
H 
Me 
H 
H 
H 
H 
H 
Me 
H 
H 
Me 
Me 
Br 
CI 
H 
H 
H 
H 
H 
H 
H 
H 
H 

>320 
>365 
>340 
340-345 dec 
328 
>340 
>360 
>340 
342-350 
>300 
>330 
348 dec 
>330 
271 
305 
270-273 
273-275 
298-300 
290-298 
275-280 
317-318 
305-308 
300-305 dec 
308-309 

C9H7N02 

C u H u N0 2 

CuHnNOj 
C10H9NO2 

CnH u N0 2 

C9H6BrN02 

C9H6C1N02 

C1 (HnN02 

CuHnNOj 
C13H15N02 

C10H9NO2 

CnHnNOj 
C10H9NO2 

C9H6BrN02 

C9H6C1N02 

C10H9NO2 

CnH uN0 2 

C15HuN02 

C n H u N 0 2 

C12H13N02 

C10H8ClNO2 

CnHtoClNOj 
C12HI3N02 

C10H8ClNO2 

C,H, N 
C, H, N 
C, H, N 
H, N; C" 
C, H, Br; 

C, H, CI, 
C,H, N 
C.H, N 
C,H,N 
C, H, N 
C, H, N 
C,H, N 
C, H, Br. 
C,H, CI, 
C, H, N 
C, H, N 
H, N; Cf 

C,H, N 
C, H, N 
C, H, CI, 
C, H, CI, 
C, H, N 
C,H, CI, 

,N 
N 

,N 
N 

N 
N 

N 

360° 

342" 

370° 
345° 

388° 

360° 

252-262e 

291-305" 

70 
67 
90 
68 
64 
94 
78 

100° 
84 
38* 
69" 
74 
99 

100 
100 
46 
49 
15 
47 
34 
37 
39 
67 
37 

"G. H. Patel and C. M. Mehta, J. Sci. Ind. Res., Sect. B, 436 (1960). 6C: calcd, 69.84; found, 68.94. ̂ Mixture of 5,6 and 6,7 isomers with 
the latter predominating. dA mixture of 5 and 7 isomers with the latter predominating. CR. E. Lutz, J.F. Codington, R.J. Rowlett, A.J. Dei-
net, and P. S. Bailey, J. Am. Chem. Soc, 68, 1810 (1946). 'C: calcd, 75.94; found, 75.40. 

abilities to inhibit the rat passive cutaneous anaphylaxis 
reaction mediated by the rat IgE or rat PCA test. 

Scheme I 

R- a l. CH2(CO,Et)g, R U_ fl 

NH, ^ NHCOCH2COjH 
5 

PPA 

«r 
CO,H 

NHR1 

Ac 2 Q > 

AcOH 

RL= H, alkyl, or aryl 

Chemistry. A variety of routes for the synthesis of 4-
hydroxy-2-quinolones (6) are known, most of which utilize 
readily available anilines or anthranilic acids. We have cho­
sen two procedures (Scheme I) depending on the nature of 
the nitrogen substituent. Acylation of the appropriate ani­
line 4 with diethyl malonate and hydrolysis afforded the 
malonic acid monoanilides 5,7 which cyclized in poiyphos-
phoric acid (PPA) to give the quinolones 6 (R = H) in high 
yield. For those derivatives substituted at nitrogen (6, R = 
alkyl or aryl) the synthesis was effected by acetylation and 
concomitant cyclization of the appropriate anthranilic acid 
7 using a mixture of acetic acid and anhydride.8 Alterna­
tively, lower N- alkyl homologs of 6 may be prepared by 
taking advantage of the preferential attack on nitrogen 
using alkaline dialkyl sulfate.9 Nitration of 6 with a mix­
ture of nitric and acetic acids was accomplished at 100° in 
good yield. As expected, for asymmetric anilines the con­
version of 5 to 6 resulted in the formation of two isomers 
when possible. In our hands these were inseparable as the 
hydroxy quinolones 6 but the major isomers were readily 
isolable by fractional recrystallization after nitration. In 
general, the product derived by the least sterically hin­
dered route was preferentially formed (Table I). 

The 4-hydroxy-3-nitronaphthyridines or azanitro-2-
quinolones l l a - d were prepared as shown in Scheme II. 
Condensation of the appropriate aminopyridine carboxyl-
ate (9) with ethyl acetate10 followed by nitration of the re­
sulting naphthyridine 10 gave l l a - d . The bridgehead de-
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Scheme II 

I N | + CH.co.Et 

9, R = Me. Et 

NaH 

rivative l i e , which is not a true member of this class, was 
obtained by nitration of the condensation product from 2-
aminopyridine and diethyl malonate.11 

Synthesis of the hydroaromatic derivatives 16 was ac­
complished as shown in Scheme III. The requisite 2-amino 

Scheme III 

£0-B> 

"NHR 

CHiCCXEt). 

NaOEt 

CO,Et 

(CE 

12 

(R=alkv l ) 

CO.R1 

NCOCH, 

NaOMe, 

riioxane 

15, R'= ethyl, methyl 

cycloalkenoate 12 (R = H) gave the 2-pyridone esters 13 on 
reaction with diethyl malonate which were quantitatively 
decarboxylated to the 4-hydroxy-2-pyridones (14, R = H) 
in refluxing acid.12 Derivatives bearing iV-alkyl substitu-
ents (14, R = alkyl) were prepared by acetylation of the 
amino esters 12 (R = alkyl) followed by ring closure of the 
resulting amides 15 with sodium methoxide in dioxane.13 

Nitration as before afforded the 3-nitro derivatives 16. 

Results and Discussion 

Within the 2-nitroindandione system 2 the adverse bio­
logical effects encountered on modification of the 2-nitro-
1,3-dicarbonyl moiety have been noted, as too has the need 
to retain this unit within a cyclic system.3'4 Following these 
observations we have expanded the functional ring to in­
corporate both oxygen6 and nitrogen atoms (3, X = 0 or 
NR, respectively) and have observed a retention of activity. 
Apparently neither the electronic effects of the heteroatom 

nor the increase in size of the functional ring seriously af­
fect the biological efficacy of this system. To some extent 
this result may be reflected in the preferred tautomeric 
forms of these systems, which from physical evidence ap­
pear to be similar. Both the nitroindandiones 2 and nitro-
quinolones 3 (X = NR) are strong acids (pKa ~ 1 for 2-ni­
troindandione) and from the ir spectrum of the parent ni-
troquinolone 8a strong bands in the region 1670-1680 cm""1 

indicate carbonyl absorption. A broad band at 2800 cm^1 

suggests the presence of a hydrogen bonded hydroxyl 
group. On this evidence alone the existence of the dihy-
droxy quinoline tautomer I in the solid phase may be re­
jected. From 13C NMR a similar conclusion may be drawn 
but differentiation between II and III is difficult. 

uNO.H 

III 

Evidence for t au tomer ic forms akin to II and III has 
been found in t he n i t ro indand ione series. A similar resul t 
has been found in t he N- alkyl derivat ives 8 which cannot 
genera te t he d ihydroxyquinol ine t au tomer I and it is p rob­
ably on account of th is s imilari ty of preferred t au tomer ic 
forms t h a t the biological proper t ies of the iV-methyl deriv­
atives compare favorably with their nonalkyla ted analogs. 
W i t h t he larger N- e thyl subs t i tuen t , however, and more 
especially with iV-phenyl, a more noticeable d rop in activi­
ty occurs. Possibly the reduc t ion in these cases is a result of 
steric crowding a t the active site. 

Wi th in t he group as a whole (Table II) grea tes t activity 
is found wi th alkyl groups at bo th C-6 and C-7 (8j and 81) 
which are of t h e same order of act ivi ty as d isodium cromo-
glycate (ED50 6.7 mg/kg) . Subs t i tu t ion a t C-8 with ei ther 
alkyl or halogeno groups also results in favorable activity 
(ED50 7-15 mg/kg) b u t o ther subs t i tu t ions in general give a 
d iminished activity. 

Rep lacemen t of t he carbocyclic suppo r t ring by pyr idine 
residues (Table III) resul ts in good activity only when ni­
t rogen is a t posi t ion 7 ( l i e ) , t he compound then being as 
active as t he p a r e n t 8a. T h e br idgehead ni t rogen derivative 
l i e is inactive. 

Finally we s tudied a selection of hydroaromat ic 3-nitro-
2-quinolones (Table VI) in which p lanar i ty a t t he r ing 
junc t ion was preserved. Wi th in the n i t ro indandione system 
reduced forms having a cis-fused ring junct ion were mark­
edly less active t h a n the i r a romat ic coun te rpa r t s 5 and it 
was therefore of in teres t to note a similar level of activity in 
t he hydroaromat ic 2-quinolones not a lkylated a t ni trogen 
(16a-d) to . tha t of the i r a romat ic analogs. Th i s would 
suggest t h a t it is indeed p lanar i ty a t the ring junct ion 
which is of impor tance with regard to biological efficacy 
and no t some function of t he aromat ic suppor t ring. Wi th 
increasing size of t he N-subs t i t uen t s in t he hydroaromat ic 
2-quinolones P C A activity was found to fall off rapidly, a 
resu l t which parallels t h a t found in the a romat ic series. 
F u r t h e r m o r e , biological activity was influenced by varia­
t ion of t he suppor t r ing size (Table VI, 16i-k) . Although 
act ivi ty is maximal in t he cyclohexyl derivat ive 16a, it is 
p resen t in b o t h t he cycloheptyl and cyclooctyl homologs, 
16j and 16k, respectively. T h e cyclopentyl derivat ive 16i, 
however, was inact ive in doses up to 100 mg/kg. These dif­
ferences are probably best rat ionalized in t e rms of the high 
angular s t ra in in 16i in which the in terna l angles m a d e by 
the cyclopentyl r ing a t the ring junc t ion are ca. 108° com-



Table II . 4-Hydroxy-3-nitro-2-quinolones 

R, OH 

Compd R Rr, Mp, °C 

NO, 

Ana lyse s 
Yield, Act . in r a t PCA tes t , T 

Lit . mp, °C % ED 5 0 , 0 m g / k g s c a t T m a x 6 m a x ' 

1 
8a 
8b 
8c 
8d 
8e 
8f 
8g 
8h 
8i 

8] 
8k 
81 
8m 
8n 
8o 
8p 

8q 
8r 
8s 
8t 
8u 
8v 
8w 
8x 
8y 
8z 

Disodium 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
Me 
Et 
Ph 
Me 
Et 
Me 
Et 
Me 
Me 

c romog lyca t e 
H 
Me 
Me 
Me 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 

H 
H 
H 
H 
Me 
Et 
B r 
CI 
N 0 2 

Me 
Me 
Et 
H 
H 
H 
H 
H 
H 
H 
H 
Me 
Me 
CI 
CI 
Me 
H 

H 
H 
Me 
H 
H 
H 
H 
H 
H 
Me 
H 
Et 
Me 
Me 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
Me 
CI 

H 
H 
H 
Me 
H 
H 
H 
H 
H 
H 
Me 
H 
H 
Me 
Me 
B r 
CI 
H 
H 
H 
H 
H 
H 
H 
H 
H 

216 dec 
231-233 dec 
226 dec 
270-272 dec 
245 dec 
220-222 dec 
213-214 dec 
200 dec 
199-200 dec 
275-277 
290 dec 
248-250 dec 
224-227 dec 
284-285 dec 
260 

191 d e c 
204-205 dec 
159-161 
154-155 dec 
167-169 
185 
192-194 
171 dec 
205-206 dec 
220-224 dec 
164-165 dec 

C 9H 6N 20 4 

C,0H8N2O4 

C U H M N A 

C„H 1 0 N 2 O 4 

C10H8N2O4 

C„H 1 0 N 2 O 4 

C 9 H 5 BrN 2 0 4 

C9H5C1N204 

C 9H 5N 30 6 

Ci,H1 0N2O4 

C1(H10N2O4 

C13H14N2C-4 

C10H8N2O4 

C ( 1H1 0N2O4 

C10HgN2O4 

C 9 H 5 BrN 2 0 4 

C9H5C1N204 

C,0H8N2O4 

C n H 1 0 N 2 O 4 

C15H10N2O4 

C„H 1 0 N 2 O 4 

C1 2H1 2N204 

C10H7ClN2O4 

C n H 3 C l N 2 0 4 

C1 2H1 2N204 

C10H7ClN2O4 

C, 
C, 
C, 
C, 
C, 
C, 

C, H, N 
C, H, N 
C , H , N 
C, H, N 
C, H, N 

H, N 
, H, B r , N 
H, CI, N 
H, N 
H , N 
H , N 

C , H , N 
C, H, N 
C , H , N 
C , H , N 
C, H, B r , N 
C, H, CI, N 
C , H , N 
C , H , N 
C , H , N 
C , H , N 
C , H , N 
C, H, CI, N 
H, C 1 ; C / N " 
C, H, N 
C, H, CI, N 

216-218 c 

200 d e c ' 

89 
94 
100 
97 
75 
63 
76 
68 
60 
60 
64 
98 
94 
97 
64 
84 
97 
65 
88 
38 
80 
93 
58 
69 
34 
90 

6.7(4.9-9.3,14.7,56) 
17 (e, 41, 18) 
d 
38 (e, 40, 12) 
50 (e, 59,30) 
78 (e, 54, 18) 

14 (e, 50, 30) 

MOO 
50 (e, 46, 36) 
>50 
3.8(1.0-14,68,60) 
d 
1.5(0.5-1.0,63,24) 

d 
4.9(1.7-15.7,97,18) 

8.8(4.5-17.3,105,18) 
13(5.6-31,86,24) 

10(1.3-95,73,18) 

23 (e, 52, 17) 
27(12-64,134,17) 
MOO 
19(8.0^5,84,22) 
d 
90 (e, 38, 18) 
MOO 
9.3(4.5-19,87, 17) 
56 (e, 33, 23) 

10 
10 

30 
30 
30 
10 

45 

10 

10 

10 
10 
10 
20 
10 
20 

10 

60 

10 
45 

"Figures in parentheses are 95% confidence limits, slope of inhibition/log dose line, number of 
animals used. "T max is the time between sc administration of the drug and challenge to give 
maximum activity. CS. Gabriel, Chem. Ber., 51, 1500 (1918). ^Insufficient data for complete 

analysis. "Insufficient data to calculate confidence limits. ' J . N. Ashley, W. H. Perkin, and R. 
Robinson, J. Chem. Soc, 382 (1930). *C: calcd, 49.18; found, 49.91. "N: calcd, 10.43; found, 9.79. 



730 Journal of Medicinal Chemistry, 1975, Vol. 18, No. 7 Buckle, Cantello, Smith, Spicer 

Table III. Azanitro-2-quinolones 

Compd 

11a 
l i b 
l i e 
l i d 
H e 

Pos i t ion 
of N 

5 
6 
7 
8 

5 

8 

OH 

H 

l la -d 

Mp, °C 

>350 dec 
>370 
Dec at 344 
288-289 dec 
293 dec 

- N 0 2 

* 0 

F o r m u l a 

C8H5N304 

C8H5N304 

C8H5N304 

C8H5N304 

C,H 5 N s 0 4 

Analyses 

c, 
c, 
c, 
c, 
c, 

H, 
H, 

H, 
H, 
H, 

N 
N 
N 
N 
N 

Yield 

% 

30 
44 
78 
99 
81 

0 

,NiyN02 

^ N - % H 
l ie 

Act. in r a t PCA tes t , 
EDgo," m g / k g sc at T max" 

>100 c 

MOO1 

7 .2 (5 .7 -232 , 52, 30) 
MOO* 
Inac t ive 0 

T 
max* 

10 

"Figures in parentheses are 95% confidence limits, slope of inhibition/log dose line, number of animals used. T max is the time between 
sc administration of the drug and challenge to give maximum activity. c24 rats. 

Table IV. 3-Carboethoxy-4-hydroxy-2-pyridones 

Compd 

13a 
13b 
13c 
13d 
13e 
13f 

13g 

Ri 

H 
Me 
H 
H 

R2N. 

Ra"' 

R2 

H 
H 
Me 
H 

R, 

R 

OH 

VT 

H 
1 

13a-d 

R3 

H 
Me 
H 
Me 

^C02Et 

* 0 

R4 

H 
H 
H 
H 

n 

3 
5 
6 

(CH,)„ 

Mp, °C 

236-237 dec" 
264 
214-216 dec 
247-248 dec 
227-229 dec" 
213-216 
232-234 

OH 

v^S^-CO.Et 

^ > K ^ O 
H 

13e-g 

F o r m u l a 

C1 2H1 5N04 

C1 4H1 9N04 

C1 3H1 7N04 

C1 3H1 7N04 

C u H 1 3 N 0 4 

C 1 3 H „ N 0 4 

C1 4H1 9N04 

Analyses 

C ,H, N 
C, H, N 
C ,H, N 
C ,H, N 
C , H , N 
C , H , N 
C, H, N 

Yield, 
'i 

35 
30 
45 
33 
48 
46 
23 

"V. Prelog and S. Szpilfogel, Helv. Chim. Acta. 28, 1684 (1945), quote mp 234° dec. "V. Prelog and S. Szpilfogel, ibid., 28, 1684 (1945), 
quote mp221° dec. 

Table V. 4-Hydroxy-2-pyridones 

R2 OH 

(CH2)„ 
• > K ^ O 

Compd 

14a 
14b 
14c 
14d 
14e 
14f 
14g 
14h 
14i 

14j 
14k 

Ri 

H 
H 
H 
H 
Et 
Et 
) !-Pr 
7 -Pr 
H 
H 
H 

R2 

H 
Me 
H 
H 
H 
H 
H 
H 

rs 

14a-h 

R3 

H 
H 
Me 
H 
H 
H 
H 
H 

•l 

R4 

H 
Me 
H 
Me 
H 
Me 
H 
H 

R5 

H 
H 
H 
H 
H 
H 
H 
H 

n 

3 
5 
6 

Mp, °C 

>300 
>300 
>300 
>360 
355-358 dec 
335-338 
277-278 
304-307 dec 
>310 
>355 
>300 

R 

14i-k 

F o r m u l a 

C 9 H n N 0 2 

C n H 1 5 N 0 2 

C10H13NO2 

Ci0H13NO2 

C1 1H1 5N02 

C,2H1 7N02 

C1 2H1 7N02 

C1 2H1 7N02 

C 8H 9N0 2 

C10H13NO2 

C„H1 BNOj 

Ana lyses 

C,H, N 
C . H . N 
C ,H, N 
C , H , N 
C ,H, N 
C;H,° N6 

C , H , N 
C ^ H * 
C ,H, N 
C, H, N 
C , H , N 

Yield, 
(l 

100 
94 

100 
98 
67 
47 
52 
44 

100 
100 
100 

aH: calcd, 8.27; found, 8.70. "N; calcd, 6.76; found, 7.21. CH: calcd, 8.27; found, 8.92. 
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Table VI. 4-Hydroxy-3-nitro-2-pyridones 

R3V 

R ^ 

Rj OH 

rVS 
** R, 

16a-h 

-N0 2 

* 0 

OH 

NO, 

Compd R4 R, Rs Mp, °C Formula 

R 
16i-k 

Act. in 
Yield, rat PCA test, ED50,3 

Analyses % mg/kg sc at T max6 

16a H 
16b H 

16c H 
16d H 

H H 
Me H 

H H 
Me H 

10 

H 
H 

Me H 
H 

H 

16e Et H 

16f Et H 

16g w-Pr H 

16h 2-Pr H 
161 H 
16j H 

16k H 

H 

H 

H 

H 

Me H 

H H 

Me H 

H H 

241 dec" C9H10N2O4 C, H, N 61 23(9.9-53,114,18) 
235-236 CuH14N204 C, H, N 86 9.1(4.7-17.6,111,17) 10 

dec 
C10H12N2O4 C, H, N 91 23(16-33,140,17) 
C10H12N2O4 C, H, N 64 14(4.1-46,64,24) 

H H 

243-244 
239-240 
dec 

152-154 
dec 

137-140 
dec 

139-141 
dec 

171-173 
3 243 dec 
5 233-235 

dec 
6 221 dec CnHi4N204 C, H, N 74 >100 

10 
10 

CuH14N204 C, H, N 51 >50 

C12HlsN204 C, H, N 69 >50 

C12HleN204 C,H, N 82 ~100 

C12H16N204 C, H, N 75 >100 
C8H8N204 C, H, N 63 Inactive 
C10H12N2O4 C, H, N 70 MOO 

"Figures in parentheses are 95% confidence limits, slope of inhibition/log dose line, number of animals used. bT max is the time between 
sc administration of the drug and challenge to give maximum activity. CF. 1,369,634 (1963) quote mp 244° dec. 

pared to 120° in strain-free SP2 hybridized carbon atoms 
and the cyclohexyl derivative 16a. The cycloheptyl and cy-
clooctyl homologs, and all larger ring systems, can easily 
accommodate the ring junction olefin without strain by 
folding of the carbon structure. A less likely alternative is 
the decreased partition coefficient, ir, in the cyclopentyl 
homolog 16i. Although this would undoubtedly influence 
activity to some extent, the variation of 0.5 between 16a 
and 16i would be insufficient to explain the pronounced re­
duction noted. 

Experimental Section 

The melting points were determined on a Buchi apparatus and 
are recorded uncorrected. All compounds had spectral data consis­
tent with the assigned structures, ir spectra being measured either 
as liquid films or as suspensions in Nujol and NMR spectra as so­
lutions in CDCI3, DMSO-de, or CF3CO2H. Elemental analyses 
where represented by symbols fall within ±0.4% of the theoretical 
values. 

Malonic Acid Monoanilides. These were prepared using 
known procedures7 from readily available anilines and where docu­
mented had melting points in agreement with cited values. 

4-Hydroxy-2-quinolones. The 4-hydroxy-2-quinolones were 
synthesized by two distinct procedures; those having no substitu-
ent on nitrogen (6a-o) were prepared by polyphosphoric acid 
(PPA) cyclization of their respective malonic acid monoanilides7 

whereas those bearing nitrogen substituents (6p-x) were prepared 
by acylation and cyclization of the appropriate anthranilic acid.8 

The yields and physical data of each are listed in Table I. Typical 
reaction conditions are outlined below. 

Method A (Compounds 6a-o). The malonic acid monoanilide 
(0.1 mol) and 85% PPA (200 g) were stirred for 3 hr at 140° and 
cooled and the clear solution was poured onto 1 N HC1 (300 ml). 
After adjustment to pH 4 with 2.5 N NaOH (ca. 1 1.) the hydroxy-
quinolone separated as a white solid which was filtered, washed 
well with water, and recrystallized from glacial AcOH. 

Method B (Compounds 6p-x). A solution of the A'-alky Ian-

thranilic acid (0.1 mol) in a mixture of glacial AcOH (55 ml) and 
AC2O (55 ml) was refluxed 4-12 hr, cooled, and poured onto 
crushed ice. After bringing to pH 14 with 5 N NaOH the solution 
was filtered free of insoluble material and the filtrate adjusted to 
pH 4-5. Separation of the precipitated solid followed by charcoali-
zation from glacial AcOH gave the product. 

Derivatives by both procedures were dried over both P2O5 and 
NaOH; analytical samples often required elevated temperatures 
(ca. 100-120°) to remove residual AcOH. 

Aza-4-hydroxy-2-quinolones. Aminopyridinecarboxylic 
acids14,16 were esterified with ethanolic HC1 and cyclized according 
to the procedure outlined below. 

A solution of the amino ester (0.1 mol) in EtOAc (100 ml) was 
added to a 50% dispersion of NaH in mineral oil (9.5 g, 0.2 mol) 
and after the initial vigorous reaction ceased the mixture was heat­
ed for 2 hr at 100°. After cooling the precipitated solid was taken 
up in water and extracted once with Et20, and the aqueous phase 
was acidified with AcOH. The' azaquinolones separated as white 
solids which were purified by recrystallisation from glacial AcOH. 
All had mp >300° and were characterized by ir and NMR spec­
troscopy and elemental analysis. 

3-Carboethoxy-4-hydroxy-2-pyridones (Compounds 13a-g, 
Table IV). 2-Carboalkyloxycycloalkanones (commercially avail­
able or prepared by acylation of the appropriate enamines16 or cy-
cloalkanones17) were converted with gaseous NH3 in the presence 
of NH4NO3 to their enamines 12 (R = H) according to the proce­
dure of Prelog and Szpilfogel.12 The unpurified enamines on con­
densation with diethyl malonate at 110° in the presence of ethano­
lic NaOEt then gave the corresponding 3-carboethoxy-4-hydroxy-
2-pyridones (13). A typical procedure is given below. 

A mixture of the enamine 12 (R = H, 0.1 mol), diethyl malonate 
(16 g, 0.1 mol), and ethanolic NaOEt [from Na (2.4 g) and EtOH 
(50 ml)] was stirred at 110° in a glass-lined autoclave for 30 hr and 
cooled and the white suspension acidified to pH 4 with 5 N HC1. 
After dilution with water the white precipitate was filtered off, 
washed well with water, and recrystallized from EtOH in the pres­
ence of charcoal to yield pure 13. 

4-Hydroxy-2-pyridones (Table V). Method A (14a-d,i-k). A 
suspension of the 3-carboethoxypyridone 13 (0.03 mol) in 2 TV HC1 
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(100-200 ml) was refluxed until the solution cleared (2-3 days) and 
evaporated to dryness under reduced pressure. Dissolution or sus­
pension of the residual white hydrochloride in water (100 ml) fol­
lowed by adjustment to pH 4 with 2 N NaOH gave 14 as a white 
solid in high purity. Analytical samples were recrystallized from 
glacial AcOH. 

Method B (14e-h). A mixture of the amine 12 (R = alkyl,18 0.24 
mol) and acetyl chloride (0.25 mol) was heated to 150° for 10 min, 
cooled, poured into water, and extracted into CHCI3. The dried 
(MgSOi) extracts were evaporated and the residual amide 15 was 
distilled. Without further purification a solution of 15 (0.1 mol) in 
dry dioxane (250 ml) was added to dry NaOMe (6.3 g, 0.117 mol) 
and heated to 100° for 2-6 hr. The precipitated solid was filtered, 
dissolved in a minimum of water, and brought to pH 4 with con­
centrated HC1. The product separated as a white crystalline solid 
which after filtration was recrystallized from glacial AcOH. 

Ni t ro Products. Apart from l i e , the preparation of which is 
given below, all nitro products were prepared by the direct nitra­
tion of a suspension of the ketoamide in glacial AcOH using HNO3 
(d 1.42-1.52). Compounds 6a-x and 14a-k were nitrated with 
HNO3 of d 1.42, whereas the aza derivatives 10 required fuming 
HNO3 (d 1.52). 

General Procedure . Nitric acid (2.5 ml, d 1.42) was added in 
one portion to a suspension of the ketoamide (0.009 mol) in glacial 
AcOH (10 ml) and the mixture heated on a steam bath until the 
vigorous reaction ensued (2-7 min). After rapidly cooling, water 
(40 ml) was added and the precipitated yellow product filtered off, 
washed well with water, and recrystallized from AcOH-EtOH 
(8a-z, l l a - d ) or EtOH (IGa-k) (Table VI). All were dried in vacuo 
over both P 2 0 5 and NaOH. 

2 - H y d r o x y - 3 - n i t r o - 4 - o x o - 2 H - p y r i d o [ l , 2 - a ] p y r i m i d i n e 
( l i e ) . Fuming HNO3 (1.43 ml, d 1.52) was cooled in ice and stirred 
during the portionwise addition of 2-hydroxy-4-oxo-2H-pyrido[l,2-
ajpyrimidine (1.00 g, 0.0061 mol) over 2 hr. After a further 1 hr at 
0° the 3-nitro derivative separated. Water (10 ml) was added and 
the off-white solid filtered, washed well with water, and recrystal­
lized from DMSO to give 1.02 g (81%), mp 293° dec. Anal. 
(C8H6N304) C, H, N. 

Passive Cutaneous Anaphylaxis. Serum containing heat-labile 
homocytotropic antibody was raised in rats to crystallized ovalbu­
min XOA by the method of Mota19 using Bordettela pertussis vac­
cine as adjuvant. 

Passive cutaneous anaphylaxis (PCA) was carried out by a 
method based on that of Ovary and Bier20 as modified by Goose 
and Blair.21 

Male Wistar rats of 250-300 g were given 0.1 ml of each of six 
twofold serial dilutions of pooled antiserum in 0.9% saline injected 
intradermally into separate sites on their shaved backs. Later (72 
hr) the animals were challenged by intravenous injection of 0.3 ml 
of a 1% solution of ovalbumin in PBS mixed with 0.2 ml of a 5% so­
lution of Pontamine Sky Blue (6 BX. C.I. 24410, Raymond A. 
Lamb, London) in isotonic saline. The rats were killed after 20 min 
and the diameter of the blue wheals at the antibody injection sites 
was measured on the outer surface of the skin. The starting dilu­
tion of the serum was adjusted so that there was no response, after 
challenge, at the injection site of the highest dilution and a maxi­
mum response at the lowest dilutions. Typically six twofold serial 
dilutions of the serum from V4 to %28 were used. 

Compounds were tested for their ability to reduce the diameter 
of the wheals at those intradermal sites which in control animals 
gave less than maximum response. Each dose of the compound was 
administered to an animal at a measured time prior to intravenous 
challenge with ovalbumin. Control groups of six animals were 
given the same volume of carrier fluid at the same time. 

The results were calculated as follows. % inhibition of PCA = 
100 (1 — alb) where a = the sum of the diameters of the wheals 
produced in the test animal at the sites of antibody dilutions as 
used in control groups and b = the mean sum of the diameters of 
the wheals produced in the control group of animals at those anti­
body sites where at least five out of six of the animals gave less 
than maximum response. A typical variation in the control group 
of animals was SEM ± 6%. 

T max was the time between sc administration of a compound 
and iv challenge at which the compound showed maximum activi­
ty. It was determined by injecting sc into rats the approximate 
ED50 of the compound, when given just prior to iv challenge, and 
challenging the rats in groups of six after 0, 10, 20, 30, 60, and 120 
min. The line of best fit for the log dose-response curve and the 
95% confidence limits were calculated as described in ref 22. 

A c k n o w l e d g m e n t . T h e au tho r s express the i r apprecia­
t ion to Mr . N. J . Morgan for his ass is tance wi th some of t he 
syntheses . 
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