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and the filtrate was acidified. The isomeric acids were separated, 
washed with water, and dried (8.5 g, 51%), mp 215-230°. 

Separation of 6,x-Dichloro Acid. The above crude mixture 
was refluxed with 100 ml of ethanol and refrigerated. Almost pure 
title acid separated. It was recrystallized (twice) from boiling 
dioxane to give 3.6 g (41%) of 6,x-acid, mp 302-306° dec. Anal. 
(Ci6H10Cl2O2S) C, H. 

Separation of the 6,y-Dichloro Acid. The ethanolic mother 
liquor, after separation of the previous isomeric acid, was 
evaporated to dryness. The residue was recrystallized from a 
mixture of ethanol-benzene (three times) to give 2.6 g (32%) of 
the 6,y-acid, mp 240-242° dec. Anal. (CieHioChO^S-H.O) C, 
H. 
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Communications to the Editor 

A N e w Class of Diuret ics w i th the 
l,4-Dioxino[2,3-g]quinolone Structure 

Sir: 

We have synthesized a number of new 2,3,6,9-tetra-
hydro-9-oxo-l,4-dioxino[2,3-g]quinoline-8-carboxylic acid 
derivatives. Surprisingly, some of these compounds proved 

Table I. Oral Diuretic Activity in Rats'2 and Physical Properties 

to possess an extremely high diuretic activity. The syn
thesis of the compounds started with 2-(hydroxy-
methy^-T-nitrobenzo-l^-dioxane,1 which was successively 
alkylated with diethyl sulfate, reduced with hydrogen 
(Pd/C) to the amine, condensed with diethyl ethoxy-
methylenemalonate, and cyclized to the tricyclic ester 1. 
The isomeric compound 11 and the 10-substituted de
rivatives 2, 3, and 4 were obtained similarly. Reaction of 

C00R8 

R2, Rs = H; R, = EtOCH2;R„ = Et; R„ ---- O6 

No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

Rio 

H 
CI 
Br 
C F , 
N O , 
H 
CI 
CI 
H 
CI 
CI 

Deviations R 2 - R , 

R5 = CI 
R, = CI 
R„ = H 
R, ---= S 
R, = NH 
R, = E t O C H , : R , = H 

Furosemide 0 

Chlorothiazide^ 

ED2I]0,C mg/kg po 

3.8 
0.08 

- 0 . 4 
- 0 . 5 
- 3 

na' ! 

na* 
0.14 

13 
2 
2.5 

28 
30 

Formula 

C 1 7 H „ N O , 
C,.,H18ClNO. 
C,,H1 8BrNO, 
C„H 1 B F.NO, 
C i 7 H l b N , 0 . 
C,-H ISClNO, 
C ^ H . X l . N O , 
C^H^CINO, 
C1 7H1 9NO sS 
C,7H1 9C1N,0, 
C,,H I 8ClNO, 

Analyses" 

C, H, N 
C, H, N, CI 
C, H, N 
H, N, F ; C ' 
H; C, N g 

H, C 1 ; C 
H, N ; C 
C, H, N, CI 
H, N, S;Cfc 

C, H, N, CI 
H, N ; C " 

Mp, e C 

2 6 6 - 2 6 8 
2 9 3 - 2 9 5 
2 5 8 - 2 6 3 
2 5 0 - 2 5 1 
3 0 1 - 3 0 3 
1 9 6 . 5 - 1 9 8 
212-214 
266-267 
1 9 9 - 2 0 2 ' 
1 7 4 - 1 7 6 m 

250-260 

a Male albino rats (strain Wistar-TNO; 160 ± 20 g). 6 Unless otherwise indicated (in the column "deviations R,-Rv"). 
c The dose inducing a 100% increase of the urinary volume over the control value, measured over a 5-h period. d Unless 
otherwise indicated, the analyses were within ±0.4% of the theoretical values. The NMR spectra of all compounds were in 
agreement with the assigned structures. Most compounds were recrystallized from DMF. e Uncorrected; with decompo-

calcd, 7.41; found, 6.96. 
h Inactive at 

l 
sition. f C: calcd, 53.87; found, 53.31. g C: calcd, 53.96; found, 53.47. N: 
50 mg/kg. ' C: calcd, 55.51; found, 55.97. ' C: calcd, 50.76; found, 49.93. k C: calcd, 58.43; found, 57.85. 'F rom 
i-PrOH. m Hydrochloride salt (from Me2CO-hexane). " C: calcd, 55.51; found, 53.42. ° 4-Chloro-JV-furfuryl-5-
sulfamoylanthranilic acid. p 6-Chloro-2H-l,2,4-benzothiazine-7-sulfonamide 1,1-dioxide. 
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volume ( p o o l e d ) 

• i A g / 5 n 
80 

<— ' ' ' ^ m g / k g / o r a l 
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Figure 1. Dose-response relations in male albino rats 
(strain Wistar-TNO, 160 ± 20 g), six animals per dose 
group: (•-•) quincarbate, (X-X) compound 8, (*-*) 
furosemide, (•••) chlorothiazide, (- - -) control level. 

2-chloro- and of 2-bromo-6-benzyloxy-4-nitrophenol2 with 
epichlorohydrin, followed by acid debenzylation and cy-
clization under basic conditions, resulted in the appro
priately substituted starting benzodioxanes for 2 and 3, 
whereas the 2-ethoxymethyl-5-trifluoromethyl-7-nitro-
benzo-l,4-dioxane was obtained by reaction of the cor
responding 5-bromo compound with CF3I.3 

Reaction of 1 with POCI3 resulted in the 9-chloro 
compound, which by treatment with NaSH was converted 
to 9; nitration and additional acid hydrolysis of the 9-chloro 
compound gave 5. Reaction of the 9-chloro derivatives of 
2 with NH3 resulted in 10. The 5-chloro compounds 6 and 
7 were obtained by direct chlorination of 1. 

The diuretic activity was estimated in saline-loaded rats 
after oral administration of the compounds according to 
a modification of the method of Lipschitz.4 The excreted 
volume of urine as well as the electrolyte contents was 
measured over a 5-h period. The activity was expressed 
as an ED200 value, the dose which is giving a 100% increase 
in the urinary volume over the control value. Furosemide 
and chlorothiazide were used as reference compounds. An 
SAR study showed that the activity was limited to a rather 
small group of compounds. Representatives are included 
in Table I. Substitution with chlorine at position 5 of the 
tricyclic compound resulted in a strong decrease of activity 
(6 and 7). The substituents at positions 3 and 9 could be 
modified in a limited way without serious loss of activity 
(9,10, and 11). Substitution at position 10 with lipophilic 
electronegative substituents, however, raised the activity 
considerably (2, 3, and 4). Compounds 2 and 8, with ED200 
values 200 times smaller than that of furosemide, were 
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selected for further pharmacological evaluation. In the rat 
a steady increase of response with increasing doses was 
found and the designated compounds were classifiable as 
"high ceiling" diuretics (Figure 1). The onset of action 
was rapid; the duration of action was about 8 h. The 
compounds had a very potent natriuretic activity and 
Na/K ratios were comparable to those obtained with 
furosemide. Uric acid excretion was affected only very 
slightly. In rats with experimentally induced alkalosis and 
acidosis,5 or edema,6 2 and S gave rise to a very effective 
diuretic response. After chronic administration of the 
compounds, no decline in diuretic response occurred. 
Chronic toxicity studies with doses up to 50 times the 
diuretic effective dose revealed no major side effects.7 The 
site and mechanism of action are still under study, but 
inhibition of carbonic anhydrase and antagonism of al
dosterone can be excluded. The diuretic activity appeared 
to be highly species-dependent. Activity was absent in the 
mouse and hamster, slight in the rhesus monkey. In 
nonloaded beagles the natriuretic effect was at least 
comparable to furosemide. Compound 2 (quincarbate)8 

is currently under clinical investigation.9 Preliminary 
results indicate quincarbate to have marked diuretic and 
natriuretic effects in oral dosages as low as 5 mg. Further 
details of the chemistry and SAR will be submitted soon 
for publication. Reports of the pharmacological and 
preliminary clinical studies of quincarbate are in prepa
ration and will be published elsewhere. 
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