
Diuretics. 6-Substituted 3-Ketoalkyl-3,4-dihydro-2H-l,2,4- 
benzothiadiazine 1,l-Dioxides and Related Anils, Oximes, and Hydrazones' 

Condensation of :Lppropriat.e ketoaldehydeu with 5-substituted L',I-disulfan~ylanilirles under ac3id c%t:tlysia 
provided n group of B-substitut,ed 3,4-dihydro-2H-l,~,4-l,enzclthiadiazine-7-sulf1:~namide 1,l-dioxides containing 
:I-ketoalkyl substituents. When 0-ketoaldehydes were used arid the 2-sulfamgl group was at least monosnil- 
stituted, either the usual ring-closure products or isomeric enol-mils were isolated depending on reaction con- 
ditions. Evidence for t,he enol-ani1 structures included int,erc~onversioiis between isomeric pairs and spectral aiid 
tfegradative studies. Pharmacologic evaluation 
revealed several potent dillretic agents and othcr, ltvs mt~ic~ip:~ted. hinliigiral properties for the c:ompountls w- 
ported. 

Vnususl hydrazones and oximes were prepared arid studied. 

The pioneering work of Kovello arid Sprague, dc- 
Stevens and Werner arid their co-workers, as n-ell as 
iiiany other investigators, has led to an iiiiportaiit class 
of diuretic arid antihypertensive agents which contain 
:L 1,2,4benzothiadiazine ring system One especially 
potent iiiember of this group reported by Topliss, et ul.,l 

and others3 is G-chloro-3-dichloroiiiethyl-3,4-dihydro- 
~HH-1,2,4-benzothiadiazine-i-sulfo~iamide 1,l-dioxide (I 
tricl.iloriiiet,hiazide). The present authors speculated 
that the gem-dichloro nioiety present' iri this drug inight 
he rapidly hydrolyzed in ~ i a o  to afford the corresponding 
aldehyde 11. However, Sherlocks has shown that, tht, 
acid-catalyzed reactioris of glyoxaldehyde and phciiyl- 
glyoxal with o-sulfamylaniliiies gave tautoineric alcohols 
analogous to 111. This suggested that hydrolysis of I 
iiiight forin the alcohol rather than the isomeric al- 
dehyde (Chart I). 

( I )  l'rpsented before the Division of Ilrrlicinal Cliemistr 
AIeetiny of the hmeriran Cliemical Society, Atlantic City.  

( 2 )  C'entrsl Research Laboratories, l l innesots Xin iny  
ing Company, ,St. Paul, Minnesota. 

a recent review see E. Schlitrler, G. ileStevens, and L. Werner, 
e". In twn.  Ed.  E n y l . ,  1, 236 (1962). 
. T ~ g l i s s ,  11. €1. Plierlock. F. IT. Clarke, 11. C'. 1)nly. I I .  IT. P*,t 

t+-rspn. J. 1.ipski. : i r t< i  S.  Spprbpr, J .  O w .  f'hem., 26,  :(a13 (19fil). 
( 3 )  X I .  11. S l t e r l n r k ,  .J. G .  Topliss, and 

tiun:d I l r e t i n g  of t t r i .  . \ i ~ > < > r i r n n  C ' l i ~ r n i ( ~ : ~ l  
I!l5!1 ['. 1 4 - 0 .  

dperhrr.  Abstracts. 13titli S;I- 
ipty .\tl:intir ('its, S. . I . .  S v t  

I 11 

II! 

The rate of chloridc ion formation from I in very di- 
lute alkali was conipared to, and found much greater 
than, the rate of ring opening as determined by appear- 
ance of arylaniine. It was, therefore, postulated that 
the aldehyde I1 or tautomeric alcohol I11 might be the. 
active metabolite of trichlormethiazide. To study this, 
a series of 3,4-dihydro-l,2,4-berizothiadiazine-'i-sulfo~la- 
inide 1,l-dioxides substituted in the &position wit11 
cliloro, trifluoroniethyl, or nitro groups and in tlic i3- 
position with carhoii!.l-containina 1iioietic.s IWS prct- 
paivd. The well-lwowii avid-catalyzed ring-c1osui.o 
reactioiis (Chart IT) of ci-sulf:Lni;r.lniiilinPs (11') with al- 
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TABLE I 
ST-BSTITUTED 3,4-~IHYDRO-1,2,4-BENZOTHIADIAZINE 1,l-nIOXlDES 

n R1 R4 
b H CHI 
1 H CH3 
1 H CH3 
1 H CH3 
1 CHI CH3 
2 CH3 CH3 
2 CvHj CH3 
1 CH?CaH, CH3 
l? CH3 CH3 
1 CH3 C6Ha 

a 3Ielting points are corrected. 

RE 

e1 
c1 
CF3 
NO* 
CF3 
CF3 
C1 
CF3 
CI 
CF3 

1 Ko me 

--Calcd., %- 
h1.p.. 0c.a  Formula N S 

300-301 C9HioClS30jSz 12.37 18.86 
202-204 CioHi2ClX\;30& 11.88 18.12 
206-209 CiiH~zF3X;30& 10.86 16.53 
211-213 CioHizK40TS2 15.39 17.59 
l i 5 - l i i  C12H14F3?;30& 10.4 i  15.94 
177-179 C ~ ~ H I ~ F ~ N ~ O &  10.11 15.43 

145-149 Ci8Hi8F3iY305S~ 8 . i S  13.38 

213-223 Ci7HiaF3X30jSi 13.83 9.01 

215-216 C13HiBClN3OjS2 C1,8.96 16.19 

163-169 c1,9.29 16.81 

mthylene. e 7-S0*XHCH3. Trichlormethiazide = 1; 

TABLE I1 
HYDROXYLAMINE A N D  HYDRAZINE ADDUCTS O F  TYPE T‘I 

dehydes or aldehyde derivatives such as acetals gave 
compounds of type T’ which are listed in Table I. 
When pyruvaldehyde was used, the type V ketone mas 
isolated in poor yield rather than the tautomeric alcohol 
corresponding to 111. Some 3-ketoalkyl compounds 
closely related to those listed in Table I have sub- 
sequently appeared in the literature.6 

Disulf amylanilines were prepared by aminolysis of 
appropriate known disulfonyl chlorides or by selective 
alkylation of 3-oxo-6-substituted 3,4-dihydro-2H-l,2,4- 
benzothiadiazine-7-sulfonaniide 1,l-dioxides (T’III, 
Chart 111) followed by hydrolysis according to the 
method of Close, et aL7 Yale and Sheehan* demonstra- 
ted that some 4-alkylation of VI11 occurs. However, 
the small amount of aniline-nitrogen-substituted prod- 
uct which results after hydrolysis is adequately re- 
moved during recrystallization as these authors sug- 
gested. 

The 3-ketoalkyl group in type V compounds was 
utilized synthetically to provide new compound classes. 

(6) (a) R. l f .  Taylor and J. G .  Topliss, J .  Med. Pharm. Chem., 6, 312 
(1962), (b) F. J. Lund and W. Kobinger, Acta Pharmacol. Torieol., 16, 297 
(1960). 

(7) W. J. Close, L. R. S u e t t ,  L. E. R r a d j .  J. H. Short, and hl. l’ernsten, 
J .  A m .  Chem. Soc., 82, 1132 (1900). 

(8) 11. L. Yale and J. T. Sheehan, J .  07g. Chem., 26, 4316 (1961). 

----Found, %-- 

12.03 18.75 
11.77 18.27 
10.83 16.53 
15.16 17.66 
10.30 1 5 . i 1  
10.09 15.09 

C1,9.04 16.28 
8 .63  13.29 

C1,9,23 16.94 
1 3 . i 5  9.00 

K S 

see Pharmacology. 

Relative 
diuretic 
potencv. 

oral. dogd 

<o.  05 
0 .05  

<0 .05  
< O .  05 

0 .8  
1 . 2  
0.05 
0 . 1  
0 . 7  
0 . 5  

Calrd., %-- r-- r o u n d ,  ’ %--- 
C TI S N o r  C1 C I1 9 N orC1 

15 .39  N, 13.46 15.00 N,  13 .25  
44.53 4 . 1 7  13 .97  C1, 7 . 7 3  44.72 4 . 0 5  1 4 . 0 3  Cl, 7 . 6 8  
46 .86  4 76 13 .17  CI, 7 . 2 8  46 .87  4 93 13 28 C1, 7.40  
43 .60  3 60 N, 19.27 43 .65  3 . 9 9  N, 19.27 

12 21 CI, 6 75 12 .00  C1, 6 66 

11 .79  X. 18 04 11.89 N. 18 .14  

3 8 . 3 3  3.88 1 6 . 1 5  38 .44  3 . 3 3  16.06 

Several carbonyl compounds (V) were condensed with 
hydroxylamine and 0-benzylhydroxylamine to afford 
the anticipated oximes of type VI which are listed in 
Table 11. Also listed in this table are adducts with cer- 
tain substituted hydrazines. 1-Hydrazinophthalazine 
is an established antihypertensive agentg which is 
judiciously administered concomitantly with a “thi- 
azide” diuretic for the treatment of hypertension. lo 

Drueyg indicated that simple hydrazones of l-hydra- 
zinophthalazine retain antihypertensive properties after 
apparent hydrolysis in vivo. It was felt that hydrazones 
of 1-hydrazinophthalazine and L‘3-ketoalkylthiazides” 
might have especially desirable antihypertensive prop- 
erties. Compounds of this class (VI) were prepared 
and are listed in Table 11. When 1,l-dimethylhydra- 
zine was used in an attempt to prepare a simple hydra- 
zone of IX as shown in Chart IV, chlorothiazide (X) was 
isolated in 60% yjeld via a route best interpreted as a 
reverse-aldol reaction. 
4-Hydrazino-2H-l,2,3-benzothiadiazine 1,l-dioxide 

(XI) was first prepared by Schrader” through treat- 
ment of o-cyanobenzenesulfonyl chloride with excess 

(9) J. Druey and A. Marxer, J .  I red .  Pharm. Chem., 1, 1 (1959). 
(10) E. D. Freis, J .  A m .  .Ired. Bssoc . ,  169, 105 (1959). 
(11) E. Schrader, J .  prakt .  Chem.. 96, 180 (1917. 
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I 

V I  

cyc l t r  strucxture for i ~ i o l  :iiiils is proposed to :iccoutit fo t  
the ohsc~rvcd stability. Siiicv cwol -:iiiils rould not 1 x 3  

foriiicd \vhcii tho 2-sulfaiiiyl group was urisiihstitutc.d, 
it i b  :Issuiiictl that :I ric factor plays :t vital rol(s i i i  

PI ioi -aid stability . 
Spectral Properties.-Infrared spectra oi tlic. cxiiol 

aiiils of Table 111 had a strong bard at (i.O3-(i.O9 
p attributablr. to C-=S ahsorptioii 15-hicli \v:w :~lbo 
prcwiit i n  the siiiiplc iiiodcl coiiipouiid S I I I ,  : i t i d  rliirh 
nas reported lor a ids  t)y l'opliss4 aiid ot1ic.i.s.' liitig- 
closcd cotiipouiids \ v ( w  readily distinguishcd froiii i h o -  
iiiwic elm-aids I ia solid-state infrared spc1etr:t. 'I'hv 
ring-closd 1ii:itwi:ils (Y, 13 = :~1ky1 or aryl) c.xhit)it :I 
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SOiN RI R2 
Relative 
diuretic 

l I . p . ,  --Calcd., YC---- -- Found ,  ?%-- activity, 
RI R? Ra R4 Ra Rb R; oC.a Formula C H N S C H S S i.v., dog" 

+1 CzHs 
CzHa H H CtiHs C1 H H 253-254 Ci;HlsClSaOnSz 45.98 4 .09  S . 4 6  46.00 4.10 9 31 
CHI  H H CHI Cl CHB H 188-190 Ci?Hid21NaOaSz 37.74 4 .23  11.01 37.95 4 . 1 2  11.06 + 2  
CHI  CHa H CH3 C1 CH3 CHI  1-14-146 CirHzoClNiOsAn 41 .03  4 92 C1, 1 5 . 6 4  41.15 4 92 C1, 15.65  d 

CHzCH=CH? H H CHI C1 H H 208-207 CiaHieClWiOsSn C1, 10 67 16 .27  9.0.5 10.79 1 6 . 3 2  +4 

CII?CH=CHn H H C6Hs C1 H H 233-231 ClsHlsCISaOaSn 47 .50  3 .98  C1, 1 4 . 0 7  47 45 3 .78  C1, 14.08 +3 

C H I  H -(CHdd-- CFa H H 215-217 CiaHisF1NaOsS2 9 .52 11 5 2  9 . 4 2  14 .40  +1 

H H CHI  C1 H H 236-237 CuHiaClNsOsSz 37.74 4 23 37 .98  4 . 1 7  
e 

8 .75  8 76 

9 . 0 0  9.05 

7.78 7.88 

CH?CH=CH! H -(CHz)a- C1 H H 198-200 CiaH?iiClXaOaSz 44 .28  4.6.5 44 .32  4 . 6 4  +3 
CHI  CHI  c e Cl CH.< CHI  198-200 C3;H1~C1nNiOsSz 42..;4 3 99 C1, 13.35 12.60 8 81 C1, 13 37 0 

14.7.5 14 89 

Llelting points are corrected. Trichlormethiazide = +4; See Pharmacology. c S o t  tested by this method, hut less active than 
hydrochlorthiazide in oral test. Too insoluble to  test by this method. e Ani1 from 5-chlorosalicylaldehyde. 

normal, strong keto-carbonyl band at 5.81-5.88 p while 
the enol-anils show no absorption in this region. 

5-Chloro- and 5-trifluoroniethyl-2,4-disulfaniylani- 
lines and corresponding benzothiadiazines have three 
ultraviolet maxima appearing at  225 mp ( e  35,000- 
40,000), 265-27.7 (15,000-20,000), and 310-330 (3500- 
4000). Enol-anils listed in Table I11 did not show the 
270-nip maximum. The principal maximum for this 
compound class appears a t  335-365 nip with enol-anils 
from 2-formylcyclohexanone absorbing at  about 365 
nip, while those from 3-ketopropionaldehyde and 3- 
phenyl-3-ketopropionaldehyde absorb at  335-345 nip. 
The benzaldehyde-type anils which were reported by 
Topliss4 and of m-hich one example from 5-chlorosali- 
cylaldehyde was prepared, absorb less strongly at  250- 
300 nip ( E  10,000-25,000). Compound XI11 shows a 
maximum at  356 nip ( e  30,100). Since small amounts 
of dimethylformaniide were used to aid in dissolving 
the enol-anils, data below 254 m p  were not obtained. 

As mentioned before, 2,6-disubstituted 3-oxoalkyl- 
1,2,4-benzothiadiazine-7-sulfonaniide 1,l-dioxides could 
be converted to isoiiieric enol-anils by treatment with 
base, and ring closure of enol-anils to isomeric 1,2,4- 
benzothiadiazines could be effected by acid treatment 
or by heating insolution. The experiment to be de- 
scribed started with 3,4-dihydro-2-niethyl-3-(2-oxopro- 
py1)-6- trifluoro- 1,2,4-benzothiadiazine-7 -sulfonamide 
1,l-dioxide (V, R1 and R, = CH3; R6 = CF3; R6and 
R, = H) but is typical of several similar interconversions 
studied. In this instance, a 3.5 X 31  stock solu- 
tion of the 1,2,4-benzothiadiazine in ethanol was pre- 
pared. A portion of this solution was adjusted to 3.5 
X 10-5 M and an ultraviolet spectrum mas taken which 
was typical for this compound class. A portion of 
stock solution containing 0.30 nig. of compound was 
treated with 1.0 ml. of 0.1 N aqueous SaOH and, after 
2 niin., with 2.0 nil. of 0.1 N aqueous HCl and then di- 
luted. The final solution was 3.5 x JI in 
treated conipound, 4 x JI in SaC1, and 4 x 1O-'j 

ill in HC1, all in 88% aqueous ethanol. The spectrum 
of this material showed the typical enol-ani1 maximum 
at  35% nip. hfter 30 hr. a t  room temperature, rescan- 

ning gave a spectrum virtually superimposable with the 
spectrum obtained from the diluted stock solution. 
This is good evidence for lack of hydrolysis during the 
manipulations since the spectrum of the aniline which 
would result from hydrolysis is significantly different. 
Also, acid-catalyzed ring closures of enol-ani1 followed 
by base-catalyzed reopenings mere executed in an 
analogous manner. 

Pharmacology' 
All of the compounds listed in Tables 1-111 mere 

evaluated for diuretic activity. Two testing methods, 
oral and intravenous, were used although not all coni- 
pounds were evaluated in each test. In the first, coni- 
pounds were administered intravenously to pentobarbi- 
tal-anesthetized dogs at  doses of 1 and 10 y/kg. Total 
urine was collected every 10 min. from cannulated 
ureters according to the classical procedure and ana- 
lyzed for Xa+, K+,  and C1-. In the second method, 
the compounds were administered orally a t  varying 
doses to groups of 5 or 6 trained unanesthetized female 
dogs. Control experiments were conducted with the 
same groups of animals which received either no drug 
or trichlormethiazide. Urine was collected at  0.5-hr. 
intervals by catheterization and analyzed for elec- 
trolyte concentration. 

The compounds listed in Table I were evaluated by 
the second (oral) method only. Relative diuretic po- 
tency is given in the table with trichlormethiazide = l. 
The diuretic activity of the first four compounds sug- 
gests that incorporation of 3-lietoalkyl groups was not 
desirable. The data for the 2-substituted materials indi- 
cate the remarkable increase in diuretic activity with 2- 
methylation noted already by other  worker^.^^^ Also, 
extension of the alkylene chain between carbonyl and 
ring was beneficial in terms of potency. 

The hydrazones listed in Table I1 exhibited little or 
no diuretic activity when evaluated orally by the method 
outlined above. However, Ross and Cafruny found 

(15) The data reported here were supplied by Dr. Murray Finkelstein and 
A h .  Patrick Pl'ufer, Pharmaculogy Department,  Lakeside Laboratories. 
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Behavioral Stimulants. 4-Oxazolidinones 

Merck Sharp and Dohme Research Laboratories, Diz~zaaon of Merck and Company,  Inc. ,  Wes t  Point, Pennsylvania 

Receiued June 9, 1964 

FOxazolidinones were SJ nthesized by the acid-catalyzed condensation of a-hydroxyamides with acetone and 
A number were found to have stimulant activity in animal operant be- 

One of the most active compounds, 2,2-dimethyl-5-styryl-4-oxazolidinone, has undergone ex- 
other low molecular weight ketones. 
havior tests. 
tensive pharmacological and clinical testing. 

Although central nervous system (CNS) depressant 
activity is ordinarily associated with compounds which 
may be classed as cyclic amides (barbiturates, hydan- 
toins, oxazolidinediones), stimulant and convulsant 
activity have been found in a number of compounds of 
this class. 2-Imino-5-phenyl-4-oxazolidinone has re- 
cently been introduced into therapy as a CNS stimu- 
lant. 

Certain 4-oxazolidinones of the type I were found in 
these laboratories to possess stimulant properties of a 
magnitude and type that prompted us to prepare a 
series of these compounds for study. 

In  Table I are listed 2,2-dimethyl-4-oxazolidinoiies 
prepared by the acid-catalyzed condensation of a- 
hydroxyamides with acetone, following the method 
described by Fischer, et aZ.3 Chemica13p4 and infrared4r5 
spectral evidence for the cyclic (oxazolidinone) struc- 

ture of the condensation products of ketones and alde- 
hydes with a-hydroxyamides has been presented. 

The three methods used for the preparation of the 
required a-hydroxyamides are outlined in Chart I. 
Method A consisted of the preparation of aldehyde 
cyanohydrins by either of two methods and the 
hydrolysis of these, directly, without purification, to 
the a-hydroxyamides which are listed in Table 11. 
Method B involved the ammonolysis of methyl esters 
of a-hydroxy acids. In  method C, a-hydroxy acids 
were condensed with acetone to give 2,2-dimethyl-ll3- 
dioxolan-4-ones which were converted by ammonolysis 
to the a-hydroxyamides. 

(1) P. K. Knoefel [ J .  Pharmacol. Erpll .  Therap. ,  84, 26 (1945)l has  re- 

( 2 )  (a) L. Schmidt, Arznezmzttel-Forsch., 6, 423 (1956); (b) G. -4. Lienart 

(3) H. 0. L. Fischer. G. Dangschat, and H. Stettiner, Ber., 65, 1032 

(4) W. Dai ies ,  T. H. Ramsay, and  E. R. Stone, J .  Chem.  SOC., 2633 
(1 949). 

( 5 )  K. Eichenberrer. E. G a m ,  and J. Druey, Heh. Chzm. Bc ta ,  38, 284 
(1955). 

viewed the  stimulant and  Convulsant barbituric acids. 

and W. Janke,zbzd., 7, 436 (1957). 

(1932). 

CHART I 
hlethod A: ltRICHO ---+ ItRiCHOHCN 

Method B: B1tiCHOHCO2CH3 RRlCHOHCONHl 

RIethud C: 1LRICHOHC02H + RK,q’OxC’CH’ 
I ‘CH, co-0 

When 2,2-diniethyl-5-styryl-4-oxazolidino1ie (IIb) 
was found to have outstanding stimulant activity, 
the condensation of the intermediate 2-hydroxy-4- 
phenyl-3-butenamide (IIa)617 with ketones other than 
acetone and with benzaldehyde was studied. The 
resulting 4-oxazolidinones are listed in Table 111. 
Ethyl methyl ketone was not markedly less reactive 
than acetone. Only one of the two possible racemates 
was obtained crystalline from the reaction mixture. 
Diethyl ketone reacted sluggishly to give the oxazolidi- 
none in low yield. Fractional crystallization of the 
product from the condensation of I Ia  with acetylacetone 
gave the two racemic fornis of 2-acetonyl-2-methyl-5- 
styryl-4-oxazolidinone. 

The 4-oxazolidinones are colorless, crystalline com- 
pounds with a high degree of thermal stability, several 
having been purified by vacuum distillation. Their 
infrared spectra exhibit the characteristic5 carbonyl 
absorption band in the range 1708-1722 cm.-‘ (KBr 
pellet). The oxazolidinones in contact with hot dilute 
mineral acids are rapidly hydrolyzed to the component 
a-hydroxy amides. 

The expected derivatives of I Ib  were obtained by 
hydrogenation and bromination of the double bond. 
The S-methyl derivative, 2,2,3-trimethyl-htyryl-4- 
oxazolidinone, was obtained by reaction of the sodio 
derivative of IIb with niethyl iodide and was readily 
characterized by its infrared carbonyl absorption band 
a t  1710 cni.-’. The low-melting 0-methyl derivative, 
obtained by the reaction of I Ib  with methyl iodide in 
the presence of silver oxide, was unstable and an en- 
tirely satisfactory analysis could not be obtained. 

(6) R. Fittig and 11. Ginsburg. Bnn., 299, 23 (1898). 
(7) Each a-hydroxyamide is designated by a Roman numeral followed 

b y  the letter a ;  the  derived 2,2-dimethyl-l-oxazolidinone is designated by 
the same numeral followed b y  b. 


