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Diuretics. 4-Substitu ted 3- Sulfamoylbenzoic Acid Hydrazides 

A sei,ies of 4-siil)stitiited ;i-siilfanic,?.Il-)eiii..oic acid hydrazides \vas prepared ltt it l  eauiriitied fat, t l i i i w t i c .  acetivit).. 
(:hloriiie wits rhe preferred sitbstitueirt i r i  the 4 positiori, arid the 2,"-dialk!-lhydruzides were foiiiid t u  he the most 
potent diriretic agents i l l  this class. The corresponding beiizohydi,osamic. arid and methyl ester was fOlliid 1 1 )  kw 
eqitipoteiit with 4-chlol.o-:~-s!ilfamci!-lbennc)ic. acid hydr.:uide, 

.\ sei ies o f  hubs t i t t i t  ed :3->ulfaiiio? lbeiizoic acid 
h\-drazides \vas prepared arid the 4-halo coiiipourids 
(I, X = C1, Br) were fouiid to be particularly poteiit 
diuretic agent s. ' Subsequent I)., Jucker arid co\vorli- 
rrs? ' reported the preparation of various 11) drazides of 
this type aiid confiriiied the  diuretic activity. Iii thi- 
paper the variation of activity with different type- oi 
ring substituents and the ititroductioii of lower alk? I 
groups on both the hydrazide arid sulfainoyl functions i- 
discussed. 

Synthesis. 'l'ho desired 11) cirazide- \\ ere obtai~ied 
froiii tlic correspondirig acid chlo~ides or eit ers b? 
t reatiiieiil with a11 excehs of h? drazine. In geneid, it 
was found to bc iiiost convenient to  prepare the scti- 
vated cyanotiieth? 1 eqters n hich were then allowed to  
react with the hydrazine at rooiii teiiiperature. Thi- 
route avoided the for~iiat ion of the :E? kit ed hydrazitlei 
which were obtained as b\ -product- when the acid 
chlorides were used. 

When iiiorioniethyl h\.draziiie I V ~ .  used ;is a i*eact a ~ t ,  
the expected subitituted 1-iiiethylh~ drazides weie 
obtained, except iii the case of 2,4-dichloro-3-sulfaino\ 1- 
benzoic acid cyanomethyl ester (Ha) where 2,4-dichloro- 
,i-sulfaiiioylbrtizoic acid 2-met h! lhydrazide (111) ~ v a i  
isolated (Scheme I ) .  However, the additioii of 2,4- 
dichloro-~-sulfai~ioylbeiizoyl chloride IIIb) to  a chilled 
aqueous bolutiori of niorioriiet hylh? diazine yielded the 
expect ed 2,4-dichloro-3-sulfaiiio~lbenzoic acid 1-tiieth) 1- 
h? drazide IIV). The I t i ' uc t  ure of IT 
preparing the isopiopylidetie (lei ivat ive 

The hydrazide\ 111, IIT, :trid i-I1 diffeietl g r e a t l ~  i i i  

t h 4 i .  ease of' cvc1iz:tt io i i  @la clisplacciiieiit of I he c h l o ~ i ~ i e  
atom i n  thi> 2 poiition. W h c ~ t i  it solutioii of 111 in eth) 1 
C'ellosolv~~ was heated : i t  reflux for  15 i i i i i i ,  the expected 
ti-chloro- 1-iiiet h? 1-:3-oxo-.S-iiidazolilleiulfollaiiiide (1'1) 
w;i i  obtained. Thr saiiic product iva- also obtained 
M hen 2,~-dichloro-.S-sulf~iiio) lcarboxaiiiide (IIc) \va\ 
t reateci with monoineth-ylh-ydrazine in an autoclave at 
140". However, I V  waq recovered unchanged after 
heating at reflux in ethyl Cello5olve overnight. On 
the other hand, the cyclizat i o i i  of '2,l-dichloro-5-sul- 

1)  AI 1 HoeHe arid H \ I)?\\ d.111 I 7 k'dtellt $ 0 4  4.87 I , 1Bh2, 
liicher and \ Linrleninann tlrir Cli7m i i t r i  45) 2 i l b  I l Y O l i  
Iiirkw 1 I in<lenniann I *clienhcr 1 1 Iiichirer dnil \I I d (  

+chIer l r z i e i ? n  l o ~ \ c l ,  13, 2b!i [ I ! lbd  
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curves. The net increase in sodiuni excretion caused by 
the test compourids relative to that :aused by the refer- 
ence compound (1) was used as the basis of potency 
coniparison. The per cent activity relative to that of 1 
at the 5- arid 50-nig/kg doses is given in the last two 
colunins of Table I. ConipouIid 32 is included for 
coiiiparisori. 

Biological Results and Discussion.-The chemical 
structure and relative natriuretic activity of the com- 
pounds prepared are shown in Table I. 4-Chloro-3- 
sulfamoylbenzoic acid 2,2-dimethylhydrazide (1) was 
used as the reference compound sirice it was selected 
for clinical studies.5 

A halogen substituent in the 4 position yielded the 
niost active compound with the activity decreasing in 
the order chloro > bromo (1, 15 and 2, 3). Reinoval of 
the 4-halogen substituent (5) or replacing it with an n- 
propylamino group (6) resulted in greatly decreased 
activity. Shifting the halogen from the 4 to  the 6 
position (8) also resulted in a decrease of activity. The 
4-methyl compound (4) proved to be quite active in 
rats, but this relatively high activity was not found in 
subsequent testing in dogs. The introduction of an 
additional chloro substituent in the G position (7) or 
ring closure of the hydrazide function to the G position 
also resulted in decreased activity. 

The introduction of an alkyl substituent on the nitro- 
gen atom adjacent to the carbonyl group of the hydra- 
zide function resulted in decreased activity (19, 21), 
whereas terminal substitution generally enhanced the 
activity (1,  15, 17). However, it appears that steric 
factors may also have soiiie effect since 4-chloro-S- 
morpholiiie-~3-sulfa1iio~lbenzaniide (18) showed de- 
creased activity. Siniilarl\-, 4-chloro-3-sulfamoyl- 
benzoic acid '2-(l-cyano-l-niethyl)ethylhydrazide (25) 
was more active than the arialogous compound where 
the cyano group was replaced by hydrogen (24). The 
presence of an electron-attracting group on the terminal 
nitrogen atom also decreased activity (13, 14). I n  the 
case of the isopropylidene derivatives (9, 11, 12, 20) it is 
believed that the variation of activity may have been 
due to differences in the rates of hydrolysis. Alkyl 
substitution on the sulfanioyl group clearly decreased 

CHJ 
V 

activity (26-29). The corresponding benzohydroxainic 
acid (30) arid methyl ester (31) had about the same 
activity as the parent 4-chloro-3-sulfamoylbenzoic acid 
hydrazide (2). 

Experimental Section6v7 
Intermediates (Table 11). A. Acid Chlorides-The desired 

acid chlorides were obtained by heating the required acid and 
SOC1, a t  reflux. I t  was found advisable to hold the reaction timn 
to 4 hr or less in order to minimize the formation of the corre- 
sponding N-sulfinylsulfonamides.8 Excess SOClz was removed 
by distillation under reduced pressure, and the crude acid chloride 
was used directly in the next step. 

B. Cyanomethyl Esters.-The cyanomethyl esters were 
prepared by the method of Schwyzer, et ~ 1 . ~  The esters were 
isolated as jolids and purified by recrystallization from Me2CO- 
H?O unless otherwise noted. 

General Procedure for the Preparation of 4-Substituted 3- 
Sulfamoylbenzoic Acid Hydrazides.-Footnote a in Table I 
indicates the methods by which the benzoic acid hydrazides 
were prepared. Representative examples of each of these methods 
follows. 

Method A. 2,4-Dichloro-5-sulfamoylbenzoic Acid 1-Methyl- 
hydrazide (IV).--A siispension of 10.7 g of 2,4dichloro-5-sulfam- 
oylhenzoyl chloride in 100 ml of E t 2 0  was added in portions to 
a stirred solution consisting of monomethylhydrazine in 100 ml 
of Et20. The reaction mixture was cooled during the addition 
and then stirred a t  room temperature for 0.3 hr. The Et20 was 
decant,ed, and the residue was triturated with warm H20 and 
filtered; yield 7.8 g, mp 230-234". Recrystallization from 
aqueous EtOH (1: 1) gave colorless crystals, mp 242-243". 

The isopropylidene derivative (1') of the above product was 
prepared by boiling a small sample in Me2C0 for several minutes. 
H 2 0  was added and the solution was concentrated by heating on 
the steam bath for an additional 5 min. After cooling a white 
solid separated which ~ipori recrystallization from aqueous X e 2 C 0  
melted at 194-193". .-1nal. (C,IH,,C12N303S) C, H, N. 
4-Chloro-3-sulfamoylbenzohydroxamic Acid (30).--A solution 

of 22.0 g of 4-chloro-:'J-sirlfamoylbenzo~~l chloride in 40 ml of 
T H F  was added dropwise to a chilled solution of HOXH? (pre- 
pared by dissolving 17 g of SaOH in 70 ml of H2O and t,hen adding 
10.5 g of HOKH,+Cl-). The reaction mixture was kept a t  0-5' 
for 0.5 hr following this addition, and it was then allowed to stand 

Anal. (C,HsClJT,OsS) C, H, N. 

(ti) .ill melting points mere determined on a Thomas-Hoover capillary 
melting point apparatus and  are corrected. 

( 7 )  IVhere analyses are indicated by symbols of the  elements, analytical 
results obtained for these elements were within +0.4% of t h e  theoretical 
values. 

(8) G. Kresze. A. hlaschke, R .  .ilbrecht. K. Bederke, H .  P. Patzschke, 
H. Smalla. and .I, Trede, A n g e w .  Ckem.  Intern.  Ed.  Engl., 1, 89 (1962). 

(9) R.  Xchnyzer, B. Iselin, \V. Rittel, and P. Sieber, Helu.  Chim. Acta, 89 
872 (1956). 
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a t  room temperatiire for O..i hr. The THF was removed inider 
rediicaed pressure and the resiilting solution w.as treated with char- 
voal and then acidified with concentrated HC1. BaClz.2H20 
(12.0 g)  was added aiid the solution was treated with concen- 
trated IVII,OH niitil the resulting suspension was slightly basic. 
The barium salt was collect,ed by filtration and after drying at 
60" in a vaciiiim oven weighed 22.85 g. It was recrystallized 
from H?C'. Anal. (CI4H12N4OSS2Ba) C, H. 

The bariiim salt was treated with 6 S HCI, and a solid sepa- 
rated, mp 1.51'. Two recrystallizations from H20 raised the 
rneltiiig point i o  1.i.i-157". However, this material had a low 
~ i r b o i i  analysiy even af' el. pi~ilonged drying at 100' and it was 
:isiinned t ha l  this w-iih tliie t o  iighlly boinid HnO. 

Method E. 2,4-DicI1Ioro-5-sulfamoylbenzoic Acid %Methyl- 
hydrazide (KII~.--L',4-1~ic.hlo1~o-.i-sr1lfam1~y1~~enzoic acid cyan!)- 
niethj.1 ester (13.4 g i  \vas mixed with 100 ml of monomethyl- 
hydrazine anti the re.*iilting soliition was allowed to stand at  
i ~ o o i n  temperarive f o r  18 hr .  The i.eaction mixtiire was concen- 
trated i o  r,ire-half o f  its original voliime by heating on a steam 
tiiith, I O 0  nil c ~ f  lIrO was atltletl, and t,he soliition was neiitralized 
wilh c o n ~ ~ e n t ~ x i ~ ~ l  FIC1. ITpon cooling the wlid was removed by 
f i l i ~ ~ ~ t i o t i  and w:tnhed with cold H20; yield 6.8 g, mp 220-22;i". 
One rec~rys~alliz~~'ioir fmni I i 2 0  raised the melting point to 238- 

6-ChIoro-l-methyl-3-oxo-5-indazoIinesuIfonamide (VI).--A so- 
Irit ion of .7.0 g of 2,4-t~ic.hloio-5-sii~famoy~beii~o~r acid 2-methyl- 
hydi~izitie in 30 nil of ethyl Cellosolve was heated a t  reflux for 
4 hr. The reaction mixtiire was cooled and the prodiict was 
removed tij- filtratioii; yield 2..X g, mp 314-31.5". The analytical 
bunple was i,ecrystallized from aqueous EtOH (1  : l),  mp 313". 

The same prodiict w::s obtained when a solution of 10.0 g of 
2,4-dic~hloro-.i-siilfamoylbenzamide and 10 ml of monomet hyl- 
hj,drazine in 50 ml of EtOH was heated i n  an autoclave at 140' 
for  4 hr; J ield 5.8 g, mp 314-315'. 

A soliition of 5.0 g of 2,4-dichloro-5-siilfamoylbenzoic arid 
I-nietliylhydrazide in 50 nil of ethyl Cellosolve was heated at  
refliix for 8 hr. The soliition was concentrated under redriced 
presswe and 1 1 2 0  was added to the residiie. The solid was 
collected by filtration; yield 4.3 g, mp 234-236". There was no 
tnixrrire melting point depression of this prodiict and t'he starting 
material. 

4-Chloro-3-sulfamoylbenzoic Acid 2-Isopropylhydrazide (24). 
-The isopropylidene derivative of 4-chloro-3-siilfamoylbenzoic 
arid hydrazide was prepared by dissolving 3.0 g of the hydrazide 
in 50 ml of 31e2C0. The reaction mixture was heated on a steam 
hath for 5 min, and prodiict, which had separated was removed 
I)y fill i'ation: yield 3 . 0  g, mp 250-252'. This prodirct, wan re- 

240". Anal. CC,H,Cl2S,O,S) C, H, N. 

.ins/. (C,HiClS,0;3S) c, H, x. 

diired by the method of Kollonitsch, el a/.'" Three grams was 
dissolved in 200 ml of T H F  containing 4.0 g of CaI? and then 
1.4 g of XaRH, was added. The clear solution was stirred a t  
room temperatiire overnight diiring which time a solid separated. 
The reacticin mixtiwe was evapoi,ated t o  dryness iinder retiiiced 
pressure, and the residue was dissolved in a mixtiii.e of  20 in1 of 
H20 and 20 ml of 7 -V methanolic HC1. The snliiiioti was again 
evaporated to dryness under rediiced pressrire, arid i he residiie 
was dissolved in 40 ml of H,O. A small amornit of insoluble ma- 
terial was removed by filtration and the pH of the filtrate was 
adjirsted to 7.5. The solid which precipitated was collected 
tiy filtration and weighed 3 .5  g, mp ca. 190". The solid was 
iritiirated with 15 ml of 1 S NaOH and the mixture was filtered. 
Seiitr:ilizatiori of the filtrate with HOAc yielded 1.7 g of prodiict 
a s  tan needles, nip 183-183". The analytical sample was pre- 
pared by recrystallization from H20 yielditig colorless needles 
nieliing at  18i-189". 

4-Chloro-3-sulfamoylbenzoic Acid 2 4  1-Cyano-1-methy1)ethyl- 
hydrazide (%).--A mixture of 10.0 g of 4-chloro-3-siilfamoyl- 
benzoic. acid hydrazide and 3.4 g of acetone cyanohydrin was 
heated at  reflrix for 0.5 hr. The mixtiire was cooled and poiired 
int,o 100 ml of Et,O. The gi roduct slowly solidified upon 
standing; mp 154-160O. K lization from aqiieoiis EtOH 
(1  : 1)  yielded 3.61 g of prod 166-167". 
4-(n-Propylamino)-3-sulfamoylbenzoic Acid 2,2-Dimethylhy- 

drazide (Is).-A soliition of 4-chloro-3-aiilfami)ylhenzoic acid 
2,2-dimethylhydrazide (5.0 g) in 3 0  ml of n-pro 
heated in an aiitoclave at  1:30° for 4 hr. The esc 
removed by distillation iinder rediiced preasiire and .io ml of 
H,O was added. The viscoiis oil that separated was dissolved in 
1 S HC1, treated with charcoal, and filtered. The filtrate was 
made slightly basic with concentrnied ?iH?OH and a solid was 
ohtained and recrystallized (H20):  >kid 2.55 g, mp 176-177". 
4-Chloro-3-sulfamoylbenzohydroxamic Acid Methyl Ester (31 1. 

-4-Chloro-3-siilfamoylbenzoyl chloi,ide ( 10.0 g) was added in 
small portions to a chilled d i i t i o n  of 6.3 g of methoxyamine 
hydrochloride in 31) ml of H20 containing 3.0 g of XaOH. Follow- 
ing t,his addition, the reaction mixtiire was allowed to stand at  
room temperatiire for 1.5 hr. The crude prodiict was collected 
by filtration and recrystallized (1 :  1 H?O-EtOH): yield 5.4 g, 
nip 232-234". 
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