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expressed in terms of enzvme units and calculated from the
expression
- To =T
EU =2 7

where .U, represents enzyme units, 7% the time of the uncata-
lyzed reaction in sec., and 7' the time of the catalyzed reaction in
sec.  All reactions were carried out in a cold room maintained at
5 = 1°. The inhibitors were preincubated with the enzyme for
10 min. prior to the addition of substrate. This procedure al-
lowed for enzyvme-inhibitor equilibrium to take place. The
concentration required to inhibit 50¢, of the enzyme activity
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was determined graphically.  Approximately two units of en-
zyme activity were utilized in each experiment.

The in rire inhibition of brain carbonic anhydrase was ap-
proximated by diluting the tissue throughout a range of 1-10
to 1-200 and determining the enzyme activity of the inhibited
tissue relative to the untreated controls.
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An approach to the synthesis of some substituted m-benzenedisulfonamides, not readily available vie the usual

methods for preparing this class of compounds, is described.

ated.

Prior to 1957 there was little mention of substituted
m-benzenedisulfonamides in the organic chemical
literature. Lustig and Katscher,! in 1927, described a
convenient method for the preparation of amino sub-
stituted m-benzenedisulfonamides by the direct chloro-
sulfonation of a substituted aniline in the presence of
sodium chloride, then treatment of the resulting m-di-
sulfonyl chloride with ammonia. Davies and Poole?
prepared  4,6-dichloro-m-benzenedisulfonamide and
2,4,6-trichloro-m-benzenedisulfonamide by disulfona-
tion of the corresponding chlorobenzene and transforma-
tion of a salt of the disulfonic acid to the disulfonyl
chloride with phosphorus pentachloride and thence
into the disulfonamide.

With the discovery? that substituted m-benzene-
disulfonamides had pronounced diuretic activity, the
literature on such compounds has greatly expanded.
The procedure of Lustig and Katscher has been ex-
tensively applied to substituted anilines.?=? The
chlorosulfonation of a substituted 2-aminobenzenesul-
fonamide is a varient which has been used to advan-
tage.'® A reaction developed by Meerwein!! for con-
verting an amino group into a sulfonyl chloride was
employed by Petrow!? in the synthesis of benzenedi-
sulfonamides.
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The diuretic activity of the compounds was evalu-

We were interested in synthesizing m-benzenedi-
sulfonamides for their evaluation as diuretic agents
and also as intermediates for the synthesis of sub-
stituted  3,4-dihydro-2H-1,2,4-benzothiadiazine-7-sul:
fonamide-1,1-dioxides.'® During the course of this
work it becamne apparent that the methods reviewed
in the preceding paragraph were not adequate for the
convenient synthesis of eertain  m-benzenedisulfon-
amides and it is the purpose of this paper to discuss an
additional approach which we have found to be very
useful in the synthesis of these compounds.

The approach in question is dependent upon the
activating effect of sulfamoyl groups ortho and para
to a suitable leaving group (halogen or nitro) in the
benzene nuecleus.' Thus reaction of 4-amino-5,6-
dichloro-m-benzenedisulfonamide (I} with ammonia
in ethanol at 170-180° for 5 hr. furnished 3-chloro-4,6-
diamino-m-benzenedisulfonamide (II) in satisfactory
vield. This compound (II) also was obtained under
similar reaction conditions from 5,6-dichloro-2H-1,2 4-

Cl Cl
“ NH: cl Nxcm
i
H:NO;S SO:NH. H:NO.S SOQ/NH
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(13) J. G. Topliss, M, H. Sherlock, ¥. H. Clarke, M. C. Daly, B. Pettersen,
J. Lipski, and N, Sperber, J. Org. Chem., 26, 3842 (1961).
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benzothiadiazine-7-sulfonamide-1,1-dioxide (I11). The
structure of the product was confirmed by its conver-
sion with ethyl orthoformate into 5-chloro-2H,8H-
benzol[1,2-e:5,4-e’ |bis[1,2,4 thiadiazine-1,1,9,9-tetroxide
(IV). 1t is interesting to note that 4-amino-6-chloro-
m-benzenedisulfonamide did not react with ammonia
under the conditions which converted I into II. The
importance of the activating effect of the additional
halogen atom in I ortho to the leaving group is thereby
demonstrated. The possible synthesis of II by the
commonly used method would first require the
preparation of 2-chloro-m-phenylenediamine (not
readily available) and the application of the Lustig
and Katscher procedure to this compound. However,
in this eonnection it may be noted that in our hands
m-phenylenediamine gave a very low yield of 4,6-
diamino-m-benzenedisulfonamide.®
m-Benzenedisulfonamides can be obtained from sub-
stituted N-alkylanilines.*®* However, such substitu-
tion of the amine function in our hands significantly
reduced the yield in the chlorosulfonation reaction as
compared with that obtained from the parent aniline.
Moreover, the synthesis of N-substituted amino-m-
benzenedisulfonamides by this method is limited to
those N-substituents which are unreactive under chloro-
sulfonation conditions. A convenient method which
overcame these difficulties was devised by taking ad-
vantage of the activated nature of a chlorine atom in
4,6-dichloro-m-benzenedisulfonamide. Thus the latter
compound when refluxed with excess of benzylamine in
ethanol solution for 16 hr. furnished 4-N-benzylamino-
6-chloro-m-benzenedisulfonamide in good yield. With
methylamine under similar conditions 6-chloro-4-
methylamino-m-benzenedisulfonamide was obtained.!¢
The displacement of one chlorine atom in 24,6-
trichloro-m-benzenedisulfonamide (V) by an amino
group could give rise to two possible products, VI and
VII. The nonequivalent chlorine atoms are each
activated by the sulfamoyl groups making a prediction
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VII VIII
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Cl AOH
HNO,S SO,NH,
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IX

(15) Lustig and Katscher, ref. 1, report m.p. 187° for the compound ob-
tained by this procedure. The structure of our product, m.p. 258-259°, was
established by an independent synthesis involving the reduction of 4-
amino-6-nitro-m-benzenedisulfonamide.

{18) Also, when ammonia was used in ethanol at 130-160° for 4 hr., the
produet was 4-amino-6-chloro-m-benzenedisulfonamide.
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difficult concerning their relative reactivities. The
reaction with ammonia in ethanol for 3 hr. at 100° gave,
as the only insolable product, a compound whose ana-
lytical data were consistent with its formulation as a
monoamine VI or VII. Reduction of this product
in alkaline solution using a palladium charcoal catalyst
vielded an amino-m-benzenedisulfonamide identical
with that obtained by a similar reduction of 2-amino-5
chloro-m-benzenedisulfonamide (IX). The reduction
product was, therefore, 2-amino-m-benzenedisulfon-
amide (VIII), thus establishing the structure of the
ammonia reaction product as VII. It may be noted
that application of the Lustig and Katscher procedure
to 3,5-dichloroaniline, a likely path to VI or VII, does
not yield any recognizable produet.'”

Oxidation of the amino group in 4-amino-5,6-di-
chloro-m-benzenedisulfonamide (I) with 309, hydrogen
peroxide and fuming sulfuric acid afforded a good yield
of 4,5 dichloro-6-nitro-m-benzenedisulfonamide (X).
This compound is interesting in that all five substituents
on the benzene ring could be activated in some degree
toward attack by nucleophilic reagents. The action
on the compound of a large excess of sodium methoxide
in methanol solution at reflux temperature for a period
of 16 hr. was investigated. The main product of the
reaction was a compound of empirical formula C;HsCls-
N2043, whose infrared spectrum gave no evidence of
change in the meta-disulfonamide groups. It was ap-
parent from these considerations that the nitro group
had been displaced by methoxide and that the product
in question was 4,5-dichloro-6-methoxy-m-benzenedi-
sulfonamide (XI). An attempt to prepare compound

Cl Cl
cI NH,  gemo,  C NO,
fuming
HzNOzS SOQNHZ H.80, HgNOzS SOzNHz
I X

CI ﬁaOMe
MeOH
mjij[owle
H.NO,S SO,NH,
X1

XI by application of the Lustig and Katscher procedure
to 2,3-dichloroanisole afforded a monosulfamoyl de-
rivative of 2,3-dichlorophenol.

Pharmacological Evaluation.—The compounds were
assayed for diuretic activity®® in the rat (oral route)
by a previously deseribed procedure!® with the excep-
tion that the urine collection period was 6 hr. instead of
4 hr. The standard compound was chlorothiazide and
the activity of the compounds tested was determined
for urine, sodium, potassium and chloride excretion.
Compound 2 was included for comparative purposes.?
The results are presented in Table 1.

Compound 7 was significantly more potent, and com-
pound 6 significantly less potent, than chlorothiazide
in terms of sodium and urine excretion. The other

(17) Short and Biermacher (ref. 8) using chlorosulfonic acid alone, were
also unable to obtain a disulfonamide from 3,5-dichloroaniline. However,
under milder conditions they obtained a monosulfonamide.

(18) We are indebted to Dr. R. M. Taylor of the Department of General
Pharmacology, Biological Research Division, Schering Corporation, for
these results.

(19) R. M. Taylor and J. G. Topliss, J. Med. Pharm. Chem., §, 312 (1962).

(20) Electrolyte excretion data for this compound were reported by F. J.
Lund and W. Kobinger, Acta Pharm. Tox., Kbh.. 16, 297 (1960).
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TaBLi 1 to be the sunie as that obtained in () (mixture m.p. and infrared
R. spectrun),

o 5-Chloro-2H,8H-Benzo!1,2-e: 5,4-¢'|bis[1,2,4] thiadiazine-1,1,-
R, Rs 9,9- tetraoxide AV -—5-Chloro-4,6-diamino-m-henzenedisulfon-
amlde (7.1 g was dissolved ina hot mixture of ethyl orthoformate
H,NO.S S0,NH, 25 mI B nnl Jometboxyethanot (75 mib and the solution refliused
for 12 hr. Solid separated ot during the reflux perviod.  The
R: (t()nl;d reaction nn\mu was {iltered and the solid product washed
Urine with methano! and e drieds vield 3.3 g, map. > 360°0 Re-
Com- vol- crystathzation wuas ceffected from o nacture of dimethyHorme-
pound  Rs R Ri Re  ume Na K amide-water “chareonlr affording o white crvstalline, highly
1 Chlorothiazide ] 1.0 1.0 1.0 1.0 insoluble solid, nep. 3> 3607, No N=H absorptions correspending

3 i NiL I Lo 1’): 0.9t 35 o un aromatic amine were present in the infrared spectrum,
SO et S U P Al Caled. for CHLCINGRO 0 O UL06; 22000, Found:

3 11 Nik ClONIL  1.7¢ 1.8 0.8 o CLDTS: 5, 2042, . . .
G NI Cl — 6% 01 005 5o 4,6-Diamino-m-benzenedisulfonamide,~4-Amino-G6-nitro-me-
- I 1 CL ONOy 2.4 190 0.2 178 benzenedisulfonamide (40440 g) was dissolved i 807, ethanol
N i ol ¢l OCH: 2.8 1.4 0.02¢ 15.6¢ (NLO bl g iron filings (4004 ¢y were added and the mixture was

2 A rough estimate of potency. There is evidence of non-
parallelism. ? Significant difference between standard and test
drug at p. 0.05. ¢ Assay invalid.

compounds appeared to show a slightly higher potency
than chlorothiazide with respect to these parameters.
However, only compound 4 approached the activity of
chlorothiazide with regard to chloride excretion and
resembled compound 2 in this respeet. There was a
marked tendency for the compounds to exhibit a much
greater effect on potassium excretion than with chlovo-
thiazide.

The diuretic activity of chlovothiazide and the
m-benzenedisulfonamides may be considered to result
from an intrinsic saluretic effect, in addition to an
inhibitory action of the compound on carbonic an-
hydrase.  With chlorothiazide the desirable saluretic
effeet is mueh the larger component.  In the case of the
m-benzenedisulfonamides, compounds 2 and 4 appear
‘ro have a moderate saluretic effect®' but probably dervive

a higher proportion of their total urine and sodium
o.\metmg effects from the inhibition of carbonie an-
hydrase than does chlorothiazide. The low chloride
and high potassium excreting properties of compounds
3, 5, 7 and 8 indicate that the carbonic anhydrase in-
hibition mechanism probably plays a more important
role in their diuretic activity.

Experimental®:

5-Chloro-4,6-diamino-m-benzenedisulfonamide (ILl.—ia) A
mixture of 4-amino-5,6-dichloro-m-benzenedisulfonamide® (9.45
g.), ethanol (250 ml.) and ammonia (50 g.) was heated in an auto-
clave for 5 hr. at 170-180°.  The solvent and excess of ammonia
were evaporated and water was added to the residual material.
The crude product was collected by filtration, washed with
water and air dried affording a discolored solid (6.05 g.). Re-
crystallization from methanol (charcoal) yielded the desired
produet (4.3 g.), m.p. 255-256°; Amax 230 mu (e 57,500); 262 my
(€ 12,900); 300 mg (e2,100) (broad).

Anal. Caled. for CH,CIN, O, Ol 1LTY;
1, 12.03; N, 18.20.

(h '),b Dichloro-2H-1,2 4-benzothiadinzine-7-sulfonamide-1, L-
dioxide® (5 g.) was hmt,ed with ammonia (10 g.) and ethanol
(100 ml) in an autoclave at 175° for 5 hr.  The solvent and
excess of ammonia were evaporated and dilute hydrochlorie acid
was added to the residue. The crude product was collected by
filtration, washed with water and air dried; yield 3.25 g., m.p.
249-250°, Recrystallization  from 039 ethanol (chamoal‘)

N, 18.63. Found:

raised the melting point to be 255-256°,  The product was shown
¢21) This has been reported for compound 2 by J. M. Sprague, dnn. N. ¥,

Acad. Sci., T1, 328 (1958;.

(22) Ultraviolet absorption speetr: were measured in methanol solution
and infrared absorption spectra as Nujol mulls unless otherwise stated.
Melting points were determined on a Thomas-Hoover capillary melting
point apparatus.

brought to refluy with stirving,  To the stirred refluxing reaction
nixture 107, hydrochlorie acid C105 1wl was added, dropwise,
wid relluxing then eontinued for 3 Lo The hot inpixture was
filtered and the asoluble matertal extracted with boiling water,
The filtrate and the aqueous extract were combined, concen-
trated and then cooled, affording crude product (233 g0, np.
2402429 Reervstallization from water ulumml guve 10.) g,
of pure product, nug ’)\ 2597 [reported iy, INT?; 20612627 %

Awpal. Cualed, tor .,”5(,"1.\;\()“";3 (BN l'_’.HI N.OHTH N
22000 Jound: CLo222: N, LETL 8, 2254

The same produet, wp. 235-2597 wus obtained 1 very low
vield from s-phenyvlenedizanine hydrochloride by the procedure
of Lustig and Natscher

4-N-Benzylamino-6-chloro-m-benzenedisulfonamide.-—A solit-
tion of 4.G=dichloro-m-benzenedisulfonamide® (1.0 g5, benzyl-
amnine (177 g0 and othanol (20 ml) was refluxed for 16.5 hr.
The solvent wus evaporated on the steam-bath, the viscous resi-
due triturared with 107 0 hydrochlorie acid (e, 20 bl and the
crude product eollected by filtration, washed with wuater and
air dried,  Reervstallization from agueous methanol Cehareont)
ave 0 @ of product mop, 212-213°, Further recrystullization
from the same solvent vielded white crvstals, mp. 2032147

creported B . 200700 A 225 mg fe 370000 270 g
Le 23,4007 320 g e A"u.'){}H .

Aol Cabed, Y':H'(".” CINGO S CLOE NoTas Found:
CLOB9 NS

4- (hloro 6-N- me[hwlammo-m benzenedisulionamide.~ - A mix-
ture of 4.0-dichloro-mi-henzenedisulfonamide® (5.0 g3, wmethyl-

amine (21 g and 93, ethanol (200 1)) was refluxed for 16 hr
The reaction misture was concentrated almost to dryness and
100, hiydrochlorie acid added. The crude product was col-
lected, wushed with water and air dried: (L33 @0 nop. 2017
Recrvstallization from 507, ethanol gave -LO6 g mp. 2517
(reported,t nnp. 25249770 N 227 me (e 3560000 270 o
e TOR00%; 320 11 e 16007

Anal, Caled for CHHCINGS
CLTEGY T N0,

4-Amino-6-chlore-/-henzenedisulfonamide. ~A  mixture  of
+6-dichloro-m-henzenedisulfonamide (5 ), anmumonie (20 g0
and ethanol 108 bl was heated in s antoclave for bl ot
1I50-160° The solvent was evaporated, water added to the
residiue and the erude product colleeted by fltration, washed with
water and air dried (2.8 go. Crystallization fron methanol
{eharconl’ guve the pure prodact: (14 @) mop. 2602617, iden-
tieal with o ssuuple prepared from pe-chloroaniline® Gmixture nup.
aind infrarved speciram ™,

2-Amino--tenzenedisulfonamide (VI - 2-Amino-3-chiore-
w-benzenedisulforanide’ (1.0 g) was dissolved In 57, sodium
hydroxide solution (100 ml) and rednetion effected ar room
temperature and 40 psio in the presence of 57 palladium-on-
carbon (0.2 @5 over a period of 16 hr. The caralyst was filtered
off, the filtraie nemradized with hvdroehlorie acid, coneentrated
and chilled overnight.  The solid which separated was collected
and recrystallized front acetone-water, uip. 212-213° (reported?
L. 2062070 Nas 212 i (e 32,500); 250 mu (e 7,7003; 310
g (e 53000

O CoV N2 N HL20 Found:

nads Caled, Tor ColLyNO S N, 16,720 %, 20500 Found:
N, 16.80; 3, 25,706, '
2.Amino-4,6-dichloro-m-benzenedisulfonamide (V). ~A mix-

ture of 2.1.6-trichloro-m-henzenedisulfonamide® (10 g.), ammoniy
(30 .3 and ethanol (300 ml) was heated in an autoclave for 3 hr.
af 1002, The reaction mixture was concentrated almost to dry-
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ness and dilute hydrochloric acid added. The crude solid prod-
uct was collected by filtration, washed with water and recrystal-
lized from methanol-chloroform {charcoal) giving white crystals
(2.0 g.), m.p. 248-250°. Further recrystallization from 509,
ethanol gave the compound, m.p. 255°; Amax 229 mpu (e 23,500);
236 mu (e 23,000); 257 mp (e 5,400); 263 my (e 4,600); 318 my
(7,200).

Anal.  Caled. for CeH:CLN;0.8.: Cl,22.16; N, 13.13. Found:
Cl, 21.96; N, 12.99.

Catalytic reduction of the compound in alkaline solution under
conditions similar to those employed for the reduction of 2-amino-
5-chloro-m-benzenedisulfonamide yielded 2-amino-m-benzenedi-
sulfonamide as shown by comparison with the sample previously
obtained.

4,5-Dichloro-6-nitro-m-benzenedisulfonamide (X).—4-Amino-
5,6-dichloro-m-benzenedisulfonamide (1.0 g.) was dissolved in
sulfurie acid (5 ml.) and the solution added to a mixture of 209,
fuming sulfuric acid (20 ml.) and 309, hydrogen peroxide solution
(10 ml.}, cooled in an ice-bath. After 2 hr. at ice-bath tempera-
ture and 4 hr. at room temperature, the reaction mixture was
diluted with water (200 ml.) and then allowed to stand overnight.
The crude product was collected by filtration, washed with water
and air dried; yield, 0.38 g. m.p. 237-242°,  Recrystallization
was effected from dilute ethanol yielding the pure product, m.p.
248-249°; Amax 214 mpu (e 41,400); plateau 286-290 mpu (e 1,900);
295 mu (€2,200); Amax 6.50 u (8).

Anal.  Caled. for CsH;CLN;0,8:: Cl,20.25; N, 12.00. Found:
Cl,20.56; N, 11.96.
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4,5-Dichloro-6-methoxy-m-benzenedisulfonamide (XI).—A
mixture of 4,5-dichloro-6-nitro-m-benzenedisulfonamide (1.0 g.),
sodium methoxide (2.0 g.) and methanol (20 ml.) was refluxed for
16 hr. The cooled reaction mixture was diluted with water,
acidified with dilute hydrochloric acid, and the crude product
collected by filtration, washed with water and air dried. Re-
crystallization was effected from water yielding product of m.p.
240~242°; Amax 222 mpu (e 17,500); sh. 245 mu (e 8,600); 269
mu (€4,400%; 299 mu (e 3,200).

Anal. Caled. for C;HyCLN:0.8;:
21.08.

Monosulfonamide of 2,3-Dichlorophenol.—2,3-Dichloroanisole
was chlorosulfonated and the resulting product treated with
ammonia according to the procedure of Lustig and Katscher.!
The product obtained had m.p. 252-253°; Amax 241 mu (e 8,600);
272 my (€ 3,200); sh. 279 mu (2,800); 291 mu (e 2,500).

Anal.  Caled. for CsH:CLNOsS: N, 5.79; Cl, 29.29.
N, 5.90; Cl, 29.08.

The same product was obtained when 2,3-dichlorophenol
was used instead of 2,3-dichloroanisole.

Cl, 21.15. Found: Ci},

Found:

Acknowledgments.—The authors are indebted to
Mr. R. Wayne for the infrared spectral data, Mr. E.
Connor for the microanalytical results, and Mr. W.
Boraczek for the preparation of certain of the com-
pounds described.
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Tremetone (I), the principal levorotatory ketonic constituent of “tremetol,”” the erude toxin of Eupatorium
urticaefolium, has been synthesized. The synthetic sequence involved: coumarilic acid—(NaHg)— hydrocou-
marilic acid —(EtOH, H*)— ethvl hydrocoumarilate —(MeMgBr)— 2-(2,3-dihydro-2-benzofuryl)-2-propanol

—(Ac:0, SnCly)— 2-(2,3-dihydro-5-acetyl-2-benzofuryl)-2-propyl acetate —(pyrolysis)— 1.

Optical resolution

was accomplished at the hydrocoumarilic acid stage, and the synthetic enantiomer (—)-I proved identical in all

respects with natural levorotatory tremetone.

cussed, as applied to goldfish, several species of insects, mice, rabbits, sheep and chickens.

Preliminary toxicity data for tremetone and tremetol are dis-

Crude tremetol

proved toxic to chickens, whereas tremetone was harmless, suggesting that the ketone may not be the active
toxin in tremetol responsible for “trembles’ in cattle and “milk sickness’” in humans.

White snakeroot (Eupatorium wurticaefolium) is a
toxic weed which grows extensively in damp areas of
the central United States. Its ingestion by cattle
causes the veterinary disease ‘‘trembles,’’#* while
human consumption of dairy products from infected
cattle engenders the fatal malady known as ‘“milk
sickness,””® an incurable illness which periodically
ravished early pioneer communities of the central
west. In 1929 J. F. Couch isolated from white snake-
root a straw-colored oil, “tremetol,” which produced the
symptoms of trembles in sheep and which was con-
sidered to be the homogeneous active toxin of this
weed.?® No subsequent confirmation of Couch’s ob-

(1) National Science Foundation Faculty Fellow, 1961-1962.

(2) The authors are indebted to the National Institutes of Health for a
research grant (RG-6232) which supported this and its preceding investiga-
tions.

(38) J. F. Couch, J. Agr. Res., 85, 547 (1927); see this article for an exten-
sive review of the earlier literature.

(4) L. R, Tehon, C. C. Morrill, and R. Graham, “‘Illinois Plants Poisonous
to Livestock,’”” Circular 599, University of Illinois, College of Agriculture,
Extensions Service in Agriculture and Home Economics, 1946, p. 43 ff.

(5) J. ¥. Couch, J. Am. Med. Assoc., 91, 234 (1928).

(6) J. F. Couch, J. Am. Chem. Soc., 81, 3617 (1929).
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