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one sulfide sulfur to triphenylphosphine forming the 
phosphine sulfide.8J' Other disulfides are reactive 
under conditions of photolysis or free radicals.7 

Recently Scott'O has observed the reaction of tri- 
ethyl phosphite with epoxides forming the corre- 
sponding olefin and triethyl phosphate. The reac- 
tion conditions were much more severe (three hours 
at 150-175") than those needed for the sulfur com- 
pounds (one to three days at 25"). Scott suggested 
a mechanism involving ring opening by the phos- 
phite at the carbon atom and then formation of a 
four membered l-oxa-2phosphacyclobutane ring 
(8) A. Sch6nberg and M. 2. Barakat, J. C h .  Soc., 892 

(9) A. Schonberg, Bet., 68, 163 (1935). 
(10) C. B. Scott, J.  Org. Chem., 22, 1118 (1957). 

(1949). 

which then decomposes to the phosphate and the 
olefin. Wittig" studied the reaction of triphenyl- 
phosphine with epoxides at, 160-180". A four center 
transition sbte wa8 postulated and the relationship 
to the Wittig reaction is obvious. Discussions con- 
cerning the reaction mechanism are speculative. 

Phosphines and phosphites appear t u  be well 
suited as reagents in the structure determination of 
various sulfur compounds. The conditions are mild; 
polysulfides, disulfides, thiiranes, thiols, and other 
functional groups can be easily degraded. Investi- 
gation of other functional groups containing sulfur 
is continuing with phosphorus-I11 compounds. 

CAMBRIDQE 38, Mass. 
(11) G. Wittig and W. Haag, Bet., 88, 1654 (1955). 
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Carbonic Anhydrase Inhibitors. I. Benzothiazole Derivatives 
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A number of aryI-aubetituted benzothiazole-%donamides have been prepared, all of which are potent csrbonic snhy- 
drase inhibitore. One of these, the ~thoxy~~othislole-2sulfonamide, produces a clinically usefd diuresis. 

Carbonic anhydrase inhibitors have become im- 
portant drugs for the treatment of conditions which 
are evidenced by edema.' The more important sub- 
stances are diuretics, which produce a beneficial 
loss of sodium and water with concurrent body 
weight loss, and ate characterized by a sulfonamide 
group in which the sulfonamide nitrogen is un- 
substituted.* Research in this field was prompted 
by the experiments of Schwartzo with sulfanil- 
amide in cases of congestive heart failure. Although 
diuresis occurred, low potency and the recognized 
toxic effects of sulfanilamide rendered it valueless 
for this purpose. 

In the search for a more active replacement, 
Roblin and Clapp' prepared a large number of 
heterocyclic sulfonamides, many of which were 
indeed powerful carbonic anhydrase inhibitors. 
Among these, benzothiazole-%sulfonamide, which 
appeared to be one of the most potent enzyme 

(1) C. K'. Friedberg, R. Taylor, M. Halpern, New EngZ. 
J. Mkd., 248, 883 (1953); W. M. Grant and R. R. Trotter, 
drch. Ophi?halnwl., SI, 735 (1954); S. Merlis, Neurology, 4, 
863 (1954); E. M. Latts, Minlr. Med., 38, 184 (1955); J. R. 
Ashe, B. Carter, W. L. Thomas, and W. R. Kerr, Obstet. and 

(2) T. Mann and D. Keilin, Nature, 146,164(1940), H. A. 

(3) W. E. Schwartz, New Engl. J. Med., 240, 173 (1949). 
(4) It. 0. Roblin and J. W. Clapp, J. Am. C h .  Soc., 72, 

Gynml. ,  7, 242 (1956). 

Krebs, Bi". J., 43, 525 (1948). 

4890 (1950). 

inhibitors, waa subsequently reported6 to be devoid 
of diuretic activity, a fact which was coniirmed in 
these laboratories. This apparent anomaly can be 
reasonably explained on the basis of insolubfity or 
an unfavorable rate of metabolism. Since diuretic 
activity in these compounds had been attributed to 
carbonic anhydrase inhibition,* it seemed of interest 
to prepare a series of substituted benzothiazole-2- 
sulfonamides and determine, firstly, the effect of the 
substituent and its position on carbonic anhydrase 
activity and, secondly, what effects, if any, these 
substituents might have upon such factors as 
solubility and metabolism. 

Prior to the report of R o b h  and Clapp, very 
few heterocyclic sulfonamides had been prepared. 
Chlorosulfonation, which works admirably with 
aromatic compounds to produce a sulfonyl chloride, 
fails generally with heterocyclic systems. Although a 
few such reactions have been reported,'J the yields 
are poor, and the usual product is one in which 
nuclear chlorination haa taken place. Similarly the 
reaction involving conversion of the salt of a sul- 
fonic acid into the acid chloride results either in 
chlorination or replacement of the rdonic acid 

(5) J. M. Sprague, New York Acaday  of Seiw, Biology 

(6) H. J. Backer and J. A. Keverling Buisman, Rec. trav. 

(7) G. R. .Barker, N. G. Lur hy, and M. M. Dhar, J. C h .  

Seetion, November 8, 1957. 

claim., 63, 228 (1944). 

Soc., 4206 (1954). 
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group by chlorine.* -lo The oxidative chlorination of 
heterocyclic mercaptans to give the sulfonyl 
chloride, which was used so successfully in previous 
studies for the preparation of benzothiamle-2- 
sulfonamide, we found to be unsatidactory with 
other members of this series. One experiment with 
Gethoxy-Zmercaptobenzothiazole gave a very low 
yield of impure sulfonamide, and another method 
was sought. 

Among the processes reported for the preparation 
of N1-substituted sulfanilamides is one involving 
an intermediate aryl sulfenamide, which is oxidized 
to a donamide.ll The sulfemmide was prepared 
from the sulfenyl chloride by treatment with the 
appropriate amine according to the scheme: 

L -J2 

R=NOZ, Cf4CONH 

This same procedure was found applicable to the 
preparation of benzothiazole-2-sulfenyl chloride12 
and benzothiazole-2-sulfenamides, references to 
which appear in the patent literature.18 These latter 
compounds have found wide application as ac- 
celerators in the rubber processing industry. Al- 
ternate methods for the direct preparation of 
sulfemmides have also been described.'* In these 
cases the sodium salt of a mercaptan is treated with 
a solution of chloramine, as such, or which is pre- 
pared in sicu. Since we had found by experience 
that chlorine was an unsatisfactory reagent, we 
used the last method for the preparation of our 
sulfenamides. The scope of the reaction has been 
thoroughly covered in an excellent article by Carr, 
Smith, and Alliger.16 Various substituted 2- 
mercaptobenzothiazoles in aqueous solution as the 
sodium salt were added simultaneously with a solu- 

(8) C. M. Suter, The Organic Chem.i-stry of Sulfur, John 
Wiley and Sons, Inc., New York, N. Y., 1944, pp. 459, 500. 

(9) R. Fomyth, J. A. Moore, and F. L. Pyman, J. Chem. 
Sw., 919 (1924); G. R. Barnes and F. L. Pvman, J. C h m .  - .  
SW.; nii (1927). 

(10) S. B. Greenbaum, J. Am. Chem. Soe., 76,6052 (1954). 
(11) E. H. Northev. The Sul fmmida  and Relaled Com- 

&&, Reinhold Pulkhing Cirp., New York, N. Y., 1948, 
pp. 258, 309, and 310. 

(12) W. E. Messer, U. S. Patent 2,257,974 (1941). 
(13) W. H. Ebelke, U. S. Patents 2,343,538 (1944) and 

2,351,496 (1944). 
(14) Ger. Patent 586,351 (1933); R. S. Hanalick, U. S. 

Patent 2,304,568 (1942); R. H. Cooper, U. S. Patent 
(1944); 2,339,002 G. E. P. Smith, Jr., U. 8. Patent 2,560,021 
(1951). 

(15) E. L. Carr, G. E. P. Smith, Jr., and G. Alliger, J. 
078. Ch., 14, 921 (1949). 

tion of sodium hydrochlorite to concentrated 
ammonium hydroxide. The resulting sulfenamides 
were oxidized to the sulfonamides with potassium 
permangana'te in aqueous acetone solution (Table 
I) :le 

1. KMnO, 
2. H+ 

TABLE I 

- 
1. 

2 .  

3 .  

4 .  

5 .  

6 .  

7. 

Compound 

Bemothi- 
azole-% 
sulfonamide 

%Methyl- 
bemothi- 
azole2 
d o n -  
amideb 

6Methyl- 
bemothi- 
mole-2 
d o n -  
amideb 

BChlorobenzi 
othiazole- 
Zsulfon- 
amidec 

4Methoxy- 
bemothi- 
azole-% 
d o n -  
amided 

6 E t h 0 ~ -  
bemothi- 
azole-2 
sulfon- 
amidee 

&Acetamid+ 
bemothi- 
azole-2 
sulfonamide 

M.p. 

175.5- 
176" 

182.5- 
184.5" 

196- 
198.5" 

205.5- 
208" 

195-199" 

188- 
190.5" 

233-235 O 

Analvsis 
N S 

Calcd. Found Calcd. Found 
a a a a 

12.27 12.50 28.09 27.88 

12.27 12.64 28.09 28.13 

11.27 11.94 25.78 25.68 

11.47 11.70 26.26 26.52 

10.85 10.72 24.82 24.74 

15.49 15.58 23.6.. 23.51 

a Identical with that repared by the method of Roblin 

pared by the method of L. B. Sebrell and C. E. Boord, J. 
Am. C h .  Soc., 45, 2390 (1923). The starting mercaptan 
was prepared by the method of J. Teppema and L. B. 
Sebrell, J.  Am. Chem. Soc., 49, 1748 (1927). The starting 
mercaptan waa prepared by a modification of the method of 
H. Erlenmeyer, H. Ueberwamer, and H. M. Weber, Helu. 
Chim. Acta, 21,709 (1938). e The starting mercaptan waa ob- 
tained from duPont. It was purified by precipitation from a 
solution of the sodium salt with exceea acid followed by re- 
crystalli&ation from 95% ethyl alcohol. 

When one considers the number of reactions 
which may occur in a mixture of mercaptan, hy- 
pochlorite, and ammonium hydroxide, it is surpris- 

and Clapp (cf. ref. 4). B The starting mercaptan waa pre- 

(16) Shortly after the culmination of our work the 
preparation of BUracilmlfonamide by this procedure was re- 
ported (cj. ref. 10). 
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ing that any of the desired product cm be isolated. 
For example, hypochlorite and ammonia may react 
in the following ways:17 

(a) NH, + NaOCl-+ NHn + NaOH 

(b) 2NHa + 3NaOC1+ N: + 3H:O + 3NaCI 

Any free chlorine in the hypochlorite may also 
react with excess ammonia to produce nitrogen and 
ammonium ch10ride.l~ Reaction (b) is an accepted 
analytical method for the quantitative determina- 
tion of ammonia. In addition the hypochlorite m y  
react with the mercaptan to produce a disulfide or 
the salt of a sulfonic acid:16 

(c) 2RSNa + RSSR 

(d) RSNa + RSOJVa 

Despite the fact that some of these side reactions 
are most certainly taking place, we have been able 
to prepare sulfenamides of high purity in satis- 
factory yields. Although they appear to be stable 
when dry and free from alkali, it has been found 
advantageous to convert the crude material directly 
into the sulfonamide without further treatment. 

The real simplicity of the process lies in the fact 
that the course of both oxidative steps may be fol- 
lowed potentiometrically. In later experiments the 
end-point of sulfenamide formation was determined 
with an antimony us. standard calomel electrode 
system,* and the permanganate oxidation with a 
platinum us. calomel system. Excellent results were 
obtained with a Beckman "Model G" pH Meter 
which reads in millivolts. Since the potentiometer 
indicates the presence of excess oxidizing agents, 
exact concentrations of solutions are relatively 
unimportant. This is a decided advantage when 
one works with commercial sodium hypochlorite 
solution, the concentration of which varies from 
about 9 to 16 per cent during shipment and storage. 

The crude sulfonamides were usually purified by 
r e c e a t i o n  from a suitable solvent. In some 
cases, however, the product was always contami- 
nated with a second substance which could best be 
separated by chromatography. This wa,s subse- 
quently shown by its infrared absorption spectrum 
and elementary analysis to be an aryl substituted 
%hydroxy-bemothiasole (I), which displayed a 
ketoenol system: The formation of this impurity 

appeared to be dependent both upon the type of 
aryl substituent and its position. Generally the 
stronger electron donating groups stabilized the 
sulfonamide, whereas an increased amount of 

(17) C. A. Jacobson, Enqebpedia of C h i d  Readimrs, 
Reinhold Publishing Corp., New York, N. Y., 1955, pp. 
143,144. 

(18) P. T. Paul and B. D. Hunter, U. 5. Pat. 2,419,283 
(1947). 

cleavage was observed with the weaker donors. The 
substituent at position 6 tended to impart greater 
stability than did that in position 4 or 5. Electron 
attracting groups, on the other hand, contributed 
to extensive decomposition. For example, &nitro- 
benzothiazole-2-sulfonamide was not isolated by 
this procedure. The only product obtained was 2- 
hydroxy-6-nitrobenzothiazole. The order of &a- 
bility in the series under discussion, then, appeared 
to be as follows: H > GHsO > CHsCONH > CH3 
> c1> NO,. 

The acid-catalyzed nucleophilic displacement of 
6-uracilsulfonic acid to give barbituric acid was 
recently reported by Greenbaum and Holmes.19 
Similarly Roblin and Clapp4 described the cleavage 
of a number of their heterocyclic sulfonamides 
including benzothiazole-2-sulfonamide, which took 
place upon warming with 6N hydrochloric acid. 
The products obtained were the hydroxy com- 
pounds. Except for the acidification of the h a 1  
solution of the potassium salt of the sulfonamide, 
the conditions for our procedure dictate basic 
solutions. We believe that a base-catalyzed nucleo- 
philic displacement of the sulfonamide group ade- 
quately accounts for the observed results. In those 
cases where hydrolysis occurred a noticeable odor of 
sulfur dioxide was detected when the final solution 
was acidified. It does not seem reasonable to expect 
the cleavage to be instantaneous, and we conclude 
that the by-product is formed during the perman- 
ganate oxidation, when the pH increases to approxi- 
mately 10. 

B i o l ~ g W  activity. (Table 11). AU of the com- 
pounds prepared were foupd to be potent carbonic 
anhydrase inhibitors when tested by the method of 
Philpot and Philpot.% Of the three compounds 
which possessed signiscant diuretic activity in the 

the most potent, Gethoxybemothiseole-2- 
sulfonamide (Cardrase),22 has received extensive 
clinical study in cases of congestive heart failure 
and glaucoma.2a Published clinical studies showed 
this compound to possess two to four times the 
diuretic activity of 2-acetamidu-l,3-4-thiadiazole- 
&sulfonamide (Diamox)*' on a milligram basis. 
Pharmacological activities are shown in Table 11. 
More complete pharmacological data will be pub- 
lished elsewhere. 

(19) S. B. Greenbaum and W. L. Holmes, J. Am. C h .  

(20) F. J. Philuot and J. S. L. Philpat. Biochem. J., 30, 
Soc., 76, 2899 (1954). 

-~ ~. 
21jl (1936). 

(21) The asaav method is a modification of the ~rocedure 
of k. L. Lipschi& Z. Hadidian, and A. Kerpcaar, J- Pharma- 
col. and Ezptl. Therap., 79, 97 (1943). 
(22) CARDRASE is the Upjohn trademaik for ethoxyol- 

amide. 
(23) (a) J. Moyer, S. Kinard, and R. Serscherger, Anti- 

biotic Med. & CZin. Thetapy, 3,179 (1956). (b) H. Gold, T. H. 
Greiner, L. Wamhaw, N. T. Kwit, and A. Gam, J .  Am. 
Md. Assoc., 167, 814 (1958). 

(24) DIAMOX is the trademark for acetazolamide. 
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TABLE I1 
~~ __ ~ 

Carbonic 
Anhydrase Diuretic 

Commund Inhibitiona Activitd 

1 3 . 2  X 10- Inactive 
2 6 .5  X 10" Inactive 
3 2 . 8  x 10" Active 
4 4 .8  X 10- Inactive 
5 1.04 x 10-7 Inactive 
6 2 . 7  X 10-8 Active 
7 7 .3  x 10-8 Active 

The concentration required to produce 50% inhibition. 
Indicates at least a 25% increased urine excretion in rats in 

excess of the controls, at  doses of 5, 10, and 20 mg./kg. 

EXPERIMENTAL% 

The procedure used was essentially the same in all c~eee 
and is illustrated by the preparation of 6-ethoxybenzothi- 
azole-%sulfonamide. The apparatus consisted of a small 
battery jar fitted with a clear plastic (Lucite) cover. Holea 
were drilled in the cover to accommodatk a stirrer, thermom- 
eter, two dropping funnels, and the two electrodes (calo- 
mel and either antimony or platinum). An additional small 
opening served aa a vent. The same container waa used for 
both reactions. 

A. 6 - E t h o x y b e n z .  A solution of 21 g 
(0.1 mole) of 6-ethoxy-Zmercaptobenzothiazole and 4 g. of 
sodium hydroxide in 75 ml. of water, and a solution of sodium 
hypochlorite (approximately 10~o) were added dropwise 
simultaneously to 300 ml. of concentrated ammonium hy- 
droxide which waa cooled to 7-10' and vigorously stirred. 
The initial reading of the potentiometer waa -530 mv; 
the h a 1  reading, indicating a slight excess of hypochlorite, 
was -430 mv. The material, which began to precipitate 
almost immediately, waa filtered and thoroughly washed 
with ice water to remove ammonia. 

B. 6 - E t h o y l ~ t h i a z o l ~ f ~ m ~ .  The crude, damp 
sulfenamide waa suspended in 250 ml. of acetone and 450 ml. 

(25 )  Melting points are uncorrected. 

of water. With stirring there was added 440 ml. of 5% potse 
sium permanganate solution at such a rate that the tempera- 
ture was maintained at about 35' and the potentiometer 
showed no great excem of oxidizing agent at any time. The 
initial reading waa usually less that +50 mv; the h a 1  PO- 
tential waa +440 mv. The mixture was filtered from the pre- 
cipitated mangan- dioxide, and the latter washed with 100 
ml. of 5% sodium hydroxide solution and then with 200 ml. 
of water. The combined filtrates were concentrated under 
reduced pressure at 40" to remove moat of the acetone. 
Acidification with concentrated hydrochloric acid gave the 
sulfonamide as a light tan solid. There waa obtained 17.6 g. 
of material which melted at  175-188'. Recrystabation from 
ethyl acetate-petroleum ether gave 12.3 g. of colorlem 
product, m.p. 188-190.5". 

When it was necesssry to separate the sulfonamide from 
the Zhydroxybenzothiazole, the crude mixture waa d i s  
solved in methylene chloride and chromatographed over 
Florid (80 g. of adsorbent for each gram of material). 
Elution with 5% acetone in Skellplve B gave the  cleavage^ 
product. The sulfonamide could be recovered with 20% ace- 
tone in Skellysolve B. The compounds which were identified 
are: (a) 5Chloro-!&hydmxybemothiazole, m.p. 235-237". 
Anal. Calcd. for GEWlNOS: N, 7.55; S, 17.27; C1, 19.10. 
Found: N, 7.88; S, 17.36: Cl, 19.24. 

(b) 6-Nitro-%hydroxybenzothiazole, m.p. 252-256". 
A d .  Calcd. for C7H+N20tS: N, 14.28; S, 16.34. Found: N, 
14.44; S, 16.88. 
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