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bath with excess acetic anhydride for 3 hr or with acetic anhydride 
in dioxane for 5 hr. The excess solvent and acetic acid were 
evaporated under reduced pressure. The solid residue was re- 
crystallized from ethyl acetate. 

34  5-Acetoxy-3-methyl-5-phenyl-2-pyrazolin-1 -yl)-l,2-benziso- 
thiazole 1,l-Dioxide. Table 111, 7.--3-( 5-Hydroxy-3-methyl-5- 
phenyl-2-pyrazolin-l-yl)-l,2-benzisothiazole 1,l-dioxide (7  g) and 
10 g of acetic anhydride in dioxane were heated under reflux for 
12 hr. The dioxane was removed under reduced pressure and the 
residue was dissolved in ethyl acetate. The product was crystal- 
lized by concentrating to a small volume and cooling. 

l,%-Bis( 1,2-benzisothiazol-3-yl 1,l-di0xide)hydrazine.- 
I (10 g) was dissolved in 200 ml of 1 iV HC1 by warming on the 
steam bath until solution occurred. The insoluble solid which 
separated after cooling was collected, yield 2 g (22%). The 
product was recrystallized from a large volume of hot alcohol; 
mp 305" dec. 

Anal.  Calcd for C14HdV404S2: C, 46.40; H, 2.78; N, 15.46. 
Found: C, 46.55; H, 3.08; N, 15.03. 

This was identical in melting point, infrared, and titration with 
the material obtained as a side product in the condensation of 
I with 1,3-diketones in Cellosolve; pK, (66% D I I F )  = 3.40, 
11.43; apparent molecular weight, 383. 

3 4  2-Ethoxyethoxy)-l,2-benzisothiazole 1,l -Dioxide.-When 
8 g (0.04 mole) of I was heated with 6 g (0.046 mole) of ethyl 
acetoacetate in 150 ml of Ethyl Cellosolve, the product, isolated 
by removal of the solvent under reduced prevsure and crystalliza- 
tion of the residue from ethanol, was identified from its nmr spec- 
tra as the Cellosolve derivative, mp log", yield 1 g (10%). 

Anal. Calcd for CllH13N04S: C, 5l.i:; H, 5.13; pu', *5.4!). 
Found: C, 31.17; H, 5.06; X, 5.41. 

Acknowledgment.--We wish to express our thanks 
to our colleagues in microanalysis, physical chemistry, 
and pharmacology, who obtained the data referred to 
in this paper. 
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3-Hydrazino-1,2-benzisothiszole 1,l-dioxides were prepared from 3-hydroxy-, 3-methoxy-, and 3-methyl- 
mercapto-1,2-benzisothiazole 1,l-dioxides. Hydrazone, carbamide, and sulfamide derivatives of the 3-hydra- 
zino-1,2-benzisothiazole 1,l-dioxides were evaluated for their hypotensive artivity in the Goldblstt rat prepara- 
tion. 

As an expansion of our int'erest in examining the 
biological activity of the 3-amino-l,2-bensisothiazole 
1,l-dioxide structure,' 3-hydrazino-1,2-kenzisothiazole 
1,l-dioxide (I)2 was prepared by a modification of t'he 
Schrader method. Compound I had Elood pressure 
lowering act,ivity exempt from ganglionic blocking or 
monoamine oxidase inhibition. Hydraz0n.e and amide 
derivatives of the substituted 3-hydrazino-l,2-benz- 
isothiazole 1 , 1-dioxides Tl-ere explored for their hypo- 
tensive activity. 

The permanganate oxidation of subdtuted o- 
methylbenzenesulfonamides usually gave mixtures of 
the desired 3-hydroxy-1 ,Zkenzisothiazole 1,1-dioxides, 
the o-sulfamoylbenzoic acids, and starting material. 
ilttempts to cyclize t'he o-sulfamoylbenzoic acids wit'h 
hot concentrated H2SOI were generally unsat'isfactory 
due to  incomplete cyclization and difficult recovery 
of material. The oxidation of 5-chloro-2-methyl- 
benzene~ulfonamide~ gave entirely 4-chloro-2-sulfam- 
oylbenzoic acid, which was alt'ernately cyclized to 
2-acetyl-6-chloro-3-keto-2H ,3H-1 ,Zbenzisothiazole 1,l- 
dioxide (11) with acetic anhydride (see Scheme I). 

The acid hydrolysis of I1 yielded a mixture of 6- 
chloro-3-hydroxy-1,2-benzisothiazole 1,l-dioxide and 
4-chloro-2-sulfamoylbenzoic acid. Mild alkaline hy- 
drolysis yielded 2-N-acetyl-4-chlorosulfamoylbenzoic 
acid. AIore vigorous alkaline hydrolysis yielded 4- 

(1) C. IT. \Vhitehead and J. J. Traverso, J .  Org.  Chem., 26 ,  413 (1960). 
( 2 )  E. Schrader, . I .  Pral:t. Chem., [a] 95, 312 (1917). 
(3) The pharmacology of compoiind I and details of the pharmacological 

methods are described in part  111: P. W. Willard, C .  W. FVhitehead, and d.  
J. Travarso, J .  Med. Chem., 10, 849 (1967). 

(4) R. De Roode, Am. Chem. J . ,  13, 217 (1891). 

chloro-2-sulfamoylbenzoic acid. At 125-130' hy- 
drazine and I1 reacted with opening of the benziso- 
thiazole ring and displacement of the  chloro group to 
produce 3,6-dihydrazino-l,2-benzisothiazole 1,l-dioxide 
(8). !Then hydrazinolysis was carried out in ethanol 
to avoid c'isplacement of the chloro group, a mixture of 
tF e hydrazine salt of I1 and 4-chloro-2-sulfamoyl- 
1 enzoic acid hydrazide was obtained. An attempt 
to prepare 5-chloro-3,6-dihydrazino-l,2-benzisotEiazole 
1,l-dioxide from 5,6-dichloro-3-hydroxy-1,2-kenzoiso- 
thiazole 1,l-dioxide and hydrazine gave an intractable 
product. The reaction of hydrazine 11-ith 3-hydroxy- 
6-sulfamoyl-1,2-benzisothiazole 1,l-dioxides gave a 
good yield of 3-hydrazino-6-sulfamo> 1-1,2-kenziso- 
thiazole 1,l-dioxide. 

Mixtures from the permanganate oxidations were 
converted directly to 3-mercapto-l,2-benzisothiazole 
Ill-dioxides in yields of 30-8070 by heating them nith 
P2S6 alone or preferably in Domtherm (see Scheme 
11). 4-Chloro-2-sulfamoylbenzoic acid and P2S6 gave 
the best yield of 6-chloro-3-mercapto-l,2-benziso- 
thiazole 1,l-dioxide. The 3-mercapto-l,2-benzisothia- 
zole 1,l-dioxides were converted to  the corresponding 
3-methylmercapto derivatives, which easily underwent 
hydrazinolysis to produce the desired substituted 3- 
hydrazino-l,2-benzisothiazole 1,l-dioxides. 

Large quantities of pure I were obtained by the hy- 
drazinolysis of 3-methoxy-l,2-benzisothiazole 1,l-di- 
oxide6 in methanol. The method of Aleadow and 
Reid could not be successfully scaled up, but large 

( 5 )  G 11 Hamor, J .  Pharm. Scz , 61, 1109 (1962). 
(6) J R. Meadon and E. E Reid, . I .  Am.  Chem SOC., 6 5 ,  457 (1943). 
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SCHEME I 
801NH, 

COOH 

SCHEME I1 TABLE I 

r 

COOH 

L 
60-10% 

R'q R2 R3 

IVa, R3=SH, 1-3,12,15 
b, R~=SCHB, 9-18,18 

BLOOD PRESSURE ILESPONSE I N  ILEX -IL IIYPEHI'EXSIVE It ITbCL 
Max Rlax May 

No. %* (lir)c No. %* (hrY No. R b  (hrY 
RIean 7c Mean % Mean 7r 

5 -21 -26(7) 35 -8 -15(5)  55 -5 - 7 ( 5 )  
7 -3  - 5 ( 7 )  37 -10 -15(5) 56 -6 -9(5)  - 8 -9 -12(7) 39 -8 - l 5 ( 6 )  57 -2 -4 (3 )  

15 + 2  +3(2 )  40 -9 -10(7) 59 -9 -15(5) 
17 +1 +2(3 )  41 -7 -11 (3) 61 -13 -22(5) 
18 -5 -6 (2 )  42 -4 -7(7)  62 -5 -lO(5) 

40-90% 19 -8 -12(7)  43 -9 -13(3)  65 -4 - 7 ( 5 )  
20 -13  -13(7) 44 -2 -5(5) 65 - G  -10(7)  
21 -11 -21(5) 45 -9 -15(5) 67 -14 -21 (7) 

p,s, 

R2 R1qnl 
22 -11 -17 (5) 46 -10 -17 ( 7 )  69 -12 -16(7)  - 
23 -3 -8 (6 )  47 -5 - 8 ( 7 )  70 -6 -13(5) 

IV b 

NBH, 

AHNH, 
4--6 

yuaritities of the pure 3-methoxybenzisothiazole 1,l- 
dioxide were obtained by the chlorine oxidation of 
3-methylmercapto-l,2-benzisothiazole 1,l-dioxide7 in 
methanol. 

The various 3-hydrazino-1,2-benzisothiaxole 1,l- 
dioxide derivatives were obtained by reactions with 
aldehydes, ketones, acid chlorides, acid anhydrides, 
isocyanates, and carbodiimides in inert solvents. 
Several of the 3-(2-arylsulfonylhydrazino)-l,2-benz- 
isothiazole 1,l-dioxides were alkylated to give active 
derivatives. 

Pharmac~logy.~-The compounds were tested in 
renal hypertensive rats. Following the control blood 
pressure determinations the compounds were adminis- 
tered by niouth to groups of three rats. Blood pressure 
readings were recorded hourly for 7 hr. Each figure 
(Table I) represents the mean change in blood pressure 
for three animals resulting from an oral dose of 20 
mg/kg. From past experience in these laboratories 
with saline administration, blood pressure lowerings 
greater than 6% are considered to be significant.8 

( 7 )  J. R. Meadow and J. C. Cavaanol, J .  Org. Chtm., 16, 1582 (1951). 
( 8 )  1'. TV. Willard, C. E. Pon-ell, and F. Q. Henderson, Proc .  SOC. Ezptl. 

B id .  N e d . ,  115, 785 (1964). 

25 -4 -6 (7 )  48 -11 -18(6) 71 -5 -9(5) 
27 -3 - 5 ( 5 )  49 -10 - l5(5)  72 -1 - lO(5 )  

30 -11 -16(6) 51 -6 -8 (7 )  74 +2  +4(3)  
28 -14 -30(5) 50 -13 -19(5) 73 -10 -15(6) 

31 -9 -13(7) 52 -15 -19(5) 75 -5 -10(7) 
32 -1 - 9 ( 7 )  53 -6 - 8 ( 7 )  76 -5 -11 (5) 
33 -1 - 4 ( 5 )  54 -8 -13(6)  77 + I  + 2 ( 1 )  

Q All doses are 20 mg/kg. * hlean value for per cent decreabd 
of blood presmre from control over a 7-hr period for three hyper- 
tenbive rats. c Maximum per cent depression of blood pressure 
dwing a 7-hr ceriod and hour a t  w-hich maximum occurred. 

Twenty-five (or 45%) of the 54 compounds reported 
in Table I have better than minimal activity. Two 
hydrazine compounds (5, 8) , seven alkylaldehyde 
derivatives (19-22, 28, 30, 31) ,tn-o ketone derivatives 
(35, 37), ten benzaldehyde derivatives (39-41, 43, 
45, 46, 48-50, 52), and four amide derivatives (61, 67, 
69, 73) have significant blood pressure lowering activ- 
ity. Thirteen per cent of the compounds (5, 14, 
20, 50, 52, 61, 67) show a very good blood pressure 
lowering ranging from 13 to 21% desrease. 

Experimental Sectiong 
Permanganate Oxidation of o-Methylbenzenesu1fonamides.- 

The appropriate o-methylbenzenesdfonamide (0.30 mole) was 

(9) T h e  melting points are corrected. All melting points were determined 
on hot stage apparatus (Rlel-Temp and Culatti) which were calibrated 
against standard reference samples of specified meltin:: ranges in accordance 
with the  U. S. Pharmacopeia. 
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tliasolvecl i i i  1.2 1. of  !vatel, routaiiiiug 36 g of SaOII. 'Tl i r  ;;tii,rcvl 
solution w:ts heated to nil'. A saturated ulrieous solut ioii of 106 
g (().ti mole) of KXiiO4 was added dropwise over a period of 4 hi.. 
The hot. solution was filtered, arid the filtrate was acidified 
(II?SOr). First-crop material was obtairied by allowiiig the solii- 
t ioii to ytaiid overnight. The oxidatioii product was collected, 
aiid the filtrate was evaporated to dryness under rediiced pie+- 
SWP. The residiie was extracted with hot ethaiiol, arid the mi- 
terial obtained by coiicentratioii of the ethanol filtrate was added 
to the first crop. The oxidation products iisiially coiiuisted of 

of the srihstitiited 3-hydroxy-1,"beirzipo- 
aiid 40-90';; of the correspondiiig 2-sulfani- 

oylhenzoic acitl. The rrlative aiiioiiiit s neie determined ki j -  I iti,:i- 
tiou. 'The :~-hytlroxy-I,%-henzi~iittiinzcile I,l-dioxideb w e  strciiig 

. i t  11 pK:sss below 3, anti the "siilfarrio!-l1)eii~iii(, wrida have 
t 4 - 6  fot. 1 he c::lrhoxyl pii111) and ittiother :i 1 : i k x i i L t  1:; for 
foiianiidc groiip. Yields o f  3.i-30' n w e  o1)iaiiietl frcini 

.i-iiitro- nl id  ~ ~ , ~ ~ - d i m c ~ h c ~ ~ ~ - ~ - r ~ i e ~ ~ i y ~ i . ~ e i i z e i ~ r u i ~ ~ f ~ ~ i i ~ i n i i d e ~  : i i t i i  

.-IO -SOi yield> froni t he chltii,ii- :itid iricthiixy-~rilistiliitetl 2- 
ntc~thylhei izeiiesri1fiiii:rniidej. 

2-Acetyl-6-chloro-3-keto-ZH,3H-1,2-benzisot 
oxide.--A 176-g mistut,e of 60$1 6-chloro-S-hydr 
thiiizcile I ~ I-dioxide a n t i  40r; l-chloro-2-,~ulfam 
W:IS heated under reflux i i i  I I .  acetic anhydride for 1 hi,. 
The  rriixtui,e w:w cooled aiid the ( 
: ~ i i d  crystallized from ethyl aceta 

Foiiiitl: C', 41.7.5: 11: 2.42: S, .5.42. 
Hydrolysis of 2-Acetyl-6-chloro-3-keto-2H,3H-l,Z-benziso- 

thiazol el,l-Dioxide.-%-Aceiyl-6-chlo~~i-3-keto-~H,31~-1,2-be~iz- 
1,l-dioxide (1.5 g)  i i i  10 rill of I12P01 was heated oii the 
i for 4 111.. was poured cjtito i re  
produc~l VAS ctillecteri. It howi i  by titratioii t ~ i  

he :I mixture of Ci-c~hlorii-:',-h!-tIl.o heiiziiothinzole 1 :1- 
diohitle ; i i i i l  4-c,hlori)-2-~ulfa~i 

!;;.(I g )  w:i> 1itS:ited i i i  )L . iO:>O 
i i t i t i l  so l i i t  i o i i  cic>c.rirrcd. Tho c~tti:tiiol \va> i,c,nicived iititler retliicecl 

IWJIIS i,e,.itlue wiih :iciclifiecl with I IC1. ?;- 
rniciylhctiizciic~ :rc*itl I %  g) w a s  olitaitictl, 

%--.~c~etyl-(i-chlorci-: ' , -keti i-2~~,:~l~-l ,2-beii~~soth~~~ole I,]-dioxide 
(:<,I) g )  was heated at) 100" for .i h r  in 1 S NaOIl. I'poii acidifica- 
t i o i i  with IfCl, l..i g of 4-chlot~ci-2-siilfamoylbeii~i~ic acitl, ph',, = 
4.40 :sild 1;3.40, was obtaitietl. 

Reaction of Hydrazine with 2-Acetyl-6-chloro-3-keto-ZH,3H- 
1,Z-benzisothiazole 1,l-Dioxide.- ~2-Acetyl-6-chloro-3-kelo-2,:3- 

ieiixisothiamle 1,l-diIiside (liJ.5 g ' ~  a,itd 27.0 g of mhydi,iiiis 
itie were he:tted at 130" for 8 1.11. i i i  i i  healed tube. The, 
hytlraziiie \ v a s  i~c~niciveti from the c*ooled mix1ui.e u i i i l t ~ i ~  

i~ t : t l i i cw l  pix!>si i i~(~,  :iiitl t l i v  rchitlue v :I. iLctuti,:ilizeci \villi :ict)tic. 

.l nu/.  Chlcd for C31-I&1X\'o S :  

The cooled so  

2-A v e l  yl-f;-chl< II ' l  l-::-kctll-2 I I 
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TABLE I11 
8- [2-(sLBbrT11LTED ALKYLIUENE)HYDR.'iZINO] -1,2-BENZIYO rIII.iZOLE 1,l-L)IOXIL)ES 

h - U .  R 

19 CH2-C (CH,) 
20 CH,CI-I=CH 
21 CH3CH2CHy 
22 2-Thienyl 
23 2-Fury1 

25 4-Pyridyl 
26 2-Furpl-CH=CH 
27 6-3Iethyl-Z-pyridyl 
2s A3-Cy clohesenyl 

30 5-Norborneii-2-yl 

24 CHaCH=C (CH,) 

29 CH,CH=C (CH3 ) 

31 3-I1idolyl 
3 2 CsHjCH=CH 
6-Chloro. 5,6-Dimethoxy. 

I ield, 
LIP, " C  % 
223 dec 51 
196 dec 5.3 
100 40 
279 96 
260 80 
265 <5 0 
260dec 87 
254 60 
263 dec 75 
220 S3 
230 '7 3 
15.5 81 
327 70 
259 65 

NHN=CHR 
Carbon, !& 

Formula Calcd Found 

CiiHiiK302S 52.99 53.32 
CllHll1\;302S 5 2 .  79 
CiiHi~Na03S H20 
CnH91\;302S& 49.47 49.62 
Ci2H~N303S 52.35 32.36 

Ci3HioX4025: 53.76 53.53 
C ~ ~ H I ~ K ; ~ O ~ S  35.80 56.50 
Ci4H12x402S 55.98 56.19 
CirHijXsOnS 58.11 38.10 
Ci4Hi;N30&' 52.00 51.84 
CijHijNsOnS 59.78 59.97 
CieHinNaOyS 59.24 59.19 
Ci6Hi3S~02S 61.72 61.43 

Ci2II12ClN,@2Sa 48.40 48.43 

Hydrogen, 'h 
Calcd Found 

4.44 4 .72  
4 75 

3.11 3 .15  
3.29 3.26 
4.06 4.28 
4 .01  3.52 
3.67 3.80 
4.03 4.23 
5 . 2 2  5.33 
5.30 3.44 
3.01 j . 3 0  
3 . X  3.92 
4.20 4.17 

I 
NHN=R 

I-ield, Carbon, YG 
NO. R nip,  o c  70 Formula Calcd Found 

33 Isopropylidene 213 58 CioHllS302S 50.61 50.41 
34 Cyclopentylideiie 230 dec 75 C12Hlar\1302S 54.73 54.43 

36 =C(CH,)CH?COrC,II: 228 dec 55 Cl3H1,N30rS 50.47 50.57 
3,5 Cyclohexylidene 178 70 C13Hijg302S 56.29 55.96 

-- 37 CsH&03a 232 i n  CijHijNgOjS 49.58 49.76 
3s C-HnOb 270 71 CljHliN303S 56.41 56.21 

a 4-~:thoxycarbony1-2-oxo-3-piperidylidene. b 5,5-Dimethyl-3-oxocyclohexylideiie, 

H ~ d r o g e n ,  % 
Calcd Found 

4.67 4.77 
4.97 5 28 
5.45 5.68 
4.88 4.97 
4.16 4.04 
5 .36  5.64 

s17 

Nitrogen, 
Calcd Found 

16.SS 17.10 
16.83 

15.60 15.24 
14.42 14.23 
15.26 15.22 
14.11 13.99 
18.58 18.37 
13.95 13.81 
18.65 18.63 
14.52 14.26 
13 . 00 12. 74 
13.94 K . 8 5  
17.27 17.04 
13.30 13.43 

Nitrogen, Yo 
Calcd Found 

17.71 17.49 

1,5.15 14 79 
13.58 13.28 
15.42 15.62 
13.15 12.92 

teniperatrire rose to 60", and gentle reflux of the methanol oc- 
cnrred while HC1 was given off. The passage of C1, was continued 
rintil the yellow color of both the solid and the solution was 
discharged. The reaction flask was cooled in an ice bath while 
air was passed through the mixture to expel excess C12. The solid 
was collected and the methanol filtrate was concentrated t o  yield 
32 g (835;) of product, mp 180" (like 182"). X mixture melting 
point with an authentic sample was not depressed. The ir and 
nmr spectra were ideirtical with those of ail authentic reference 
sample. 

3-Hydrazino-1,2-benzisothiazoIe 1,l-Dioxide (I).-Thirty 
grams (0.5 mole) of 855& hydrazine hydrate was added dropwise 
with stirring to 98 g (0.50 mole) of 3-methoxy-1,2-benzisothiazole 
1,l-dioxide in 2 1. of methanol under reflux. The reflux was 
continued for 1 hr after completion of the hydrazine addition. 
The mixture was cooled, and the product was collected by filtra- 
tion. The yield of first crop material was i5yc or better in sub- 
sequent runs. Some second-crop material was obtained by 
concentrating the filtrate. Purification was effected by crystal- 
lization from hot water (1 g/100 ml) after treatment with carbon, 
nip 249'' dec (lit.* 2.57" dec), pK, ( 6 6 5  Dl IF )  = 7.8. 

.$nul. Calcd for CiHiN302S: C, 42.63; H, 3.58; N, 21.31. 
Found: C, 42.37; 11, 3.50; 5, 21.35. 

Comporunds 16, 19, and 20 (Table I )  were prepared by a modifi- 
catioii of this method. Benzene was used as a solvent with the 
appr opriat ely sribst i t lit ed hydrazine. 

Hydrazones of 3-Hydrazino-1,2-benzisothiazoIe 1,l-Dioxides 
(Tables 111-V).-The 3-h?.drazino-1,2-belizisothia~ole l , l - d i o d e  
(0.1 mole) atid 0.1 mole of t'he appropriate aldehyde o r  ketoue 
were heated under reflux in dioxane for 2 hr. The dioxane was 
removed under reduced pressure. The residue was taken up in 
hot ethanol or ethyl acetate and the product was obtained by 

concentratiori of the solvent. The hydrazones were recrl-btallized 
from ethanol or ethyl acetate. 

3- [ 1-Acetyl-%( 2-methyl-Z-butylidene)hydrazino] -1,2-benziso- 
thiazole 1 , l  -Dioxide.-3- 1%-( 2-~Ieth~-l-2-butylidene)h2-draziiio] - 
1,-2-benzisothiazole 1,l-dioxide (5 g, 0.02 mole) 1.6 g (0.02 mole) 
of pyridine, and excesz acetic anhj-dride were allowed to starid at 
room temperature for 2 clays. The acetic anhydride was removed 
under reduced pres-ure atid ethaiiol was added to the resulting 
syrup. The ethaiiol ,solutioii was treated with carbon, filtered, 
and concentrated to give the product; yield S55;, mp 159'. 

Anal. Calcd for C1AII1:N30aS: C, 55.06: IT, 4.95; S, 13.76. 
Found: C,  55.41; 11, 5.24: K, 13.37. 

Amides of 3-Hydrazino-1,2-benzisothiazoIe 1,l-Dioxide 
(Table VI).-Compound I (10 g, 0.05 mole) was added to excehs 
formic acid, excess acetic anhydride, ur 0.05 mole of the ap- 
propriate acid anhydride in dioxane. The mixture wa:, heated 
under reflux for 2 hr. 

I (10 g, 0.05 mole) was dissolved iii diosaiie with .i g (0 .05 mole) 
of triethylamine. The appropriate acid chloride, alkylsiilfoiiyl 
chloride, or ethyl chloroformate was added with stirring. The 
mixture was warmed on the steam bath for 2 hr. hlternately, I 
(10 g, 0.00 mole) was dissolved iii water contaiiiing 2 g (0.03 
mole) of SaOH. The arylsiilforiyl chloride was added with 
stirring arid the mixture was warmed 0 1 1  the steam bath for 2 hr.  
The soliit,ioiis were evaporated uiidei, redllced pres;.iire itlid the 
residual products crystallized from et hanol. The arylsi~lfc~t~yl 
derivatives were collechted from the aqiieolw h o l t i t i o i i s  a i d  ( 
lizeti from ethnncil. 

Alkylation of 3 4  2-Arylsulfonylhydrazino )-1,2-benzisothiazole 
1,l-Dioxide.-The 3-(2-arylsulfoiiylhydraziiio)-l,%-beiizisothia- 
zole 1,l-dioxide (0.05 mole) r a s  dissolved iii water coiitaiiiing 2-4 
g (0.05-0.10 mole) of NaOH. Ally1 bromide (12 g, 0.1 mole), 
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No. R 
33 3, PClz 
40 2-c1 
41 3-C1 
42 4-c1 
43 2-F 
44 3-F 
45 4-F 
46 H 
47 2-OH 
48 3-OH 
49 4-CH3 
50 3-OCH3 
51 4-OCH3 
52 2,3-(OCHa)z 
53 2,4-(OCHa)z 
54 2,5-(OCHs)z 
55 3,4-(OC&)z 
56 3,4,5-(OCH3 )3 

0 Lit.2 287'. Lit.2 270". 

hlp, O C  

327 
290 
307 
315 
297 
319 
301 
290 deca 
358 
300 dec 
295 
264 
285b 
274 
280 
275 
269 
311 

Yield, 
% 
71 
75 
89 
80 
92 
87 
93 
80 
85 
69 
79 
92 
78 
85 
98 
71 
89 
75 

I 
NHN=CH- 

TABLE VI 

Carbon, % 
Calcd Found 

47.47 47.63 
52.58 52.70 

52.71 
52.59 

55.44 55.54 
55.61 
55.74 

58.93 58.76 
55.80 55.70 

55.98 
60.18 60.03 
57.13 57.28 

57.14 
55.64 55.60 
55.64 55.82 

55.48 
55.53 

54.39 54.42 

Hydrogen, o/c 
Calcd 

2.56 
3 .15  

3.32 

3 .88  
3.67 

4.38 
4 .15  

4.37 
4.37 

4.56 

3-(2-sUBSTITUTED HYDRAZINO)-1,2-BENZISOrTHIAZOLE 1,l-I)IOXIUES 

I 
NHNHR 

M p ,  OC 

211 dec 
270 
272 
274 
265 dec 
211 
207 
206 
110 
222 
210 
125 
237 dec 
134 

Yield, 
% 
25 
23 
29 
51 
82 
67 
27 
95 
45 
58 
85 
90 
71 
92 

2 8 3  54 Ci4HiiNaOaS 
164 69 CiaHi2N403S 
178 71 CiaHiaNaOaSz 
232 76 CisHuN303S 
239 30 CisHi3XaOaS 
211 67 Ci7HuN304Sz 

77 3,4,5-(CH3O)aCsHzCO 223 49 Ci7HnN30&3 
a 6-Chloro. b Cyclopropyl. c Lit.2 287'. d Naphthyl. 

Carbon, Yo 
Calcd Found 

42.66 42.38 
31.02 31.71 
34.91 34.90 
39.49 39.81 
45.18 45.20 
47.42 47.08 
44.60 44.97 
49.80 50.02 
49.42 49.63 
38.43 38.8.5 
37.51 37.68 
41.99 41.45 
40.83 41.19 
44.00 44.12 
55.80 56.19 
53.15 53.07 
47.83 47.60 

d4,37 54.23 
52.70 32.78 
52.16 52.37 

Found 

2.85 
3.22 
3.40 
3.32 
3.54 
3 .51  
3.64 
3 .96  
3.81 
3.81 
4.73 
4.23 
4.17 
4.67 
4.50 
4 .41  
4.36 
4.56 

Calcd 

3.15 
2.60 
3 .29  
2.94 
3.79 
4.37 
4.11 
4.17 
4.90 
2.23 
2.42 
2 .71  
2.63 
3.69 
3.67 
3 .82  
3.72 

3 .95  
3 .38  
4.51 

Hvdrogen, % 
Found 

3.52 
2.98 
3 .35  
3.27 
4.12 
4.84 
4.22 
4.26 
5.19 
2.21 
2.52 
2.99 
2.82 
3 .75  
4 .03  
4.02 
3 .75  

4.20 
3 .69  
4.70 

Calcd 

11.86 
13.14 

13.85 

14.73 
13.95 

14.04 
13.33 

12.16 
12.16 

11.19 

Nitrogen, % 

Nitrogen, Yo 
Found Calcd 

18.66 
13.56 
15.26 
15.35 
17.56 
16.59 
15.60 
15.84 
15.72 
10.34 
10.09 
11.30 
14.65 
11.84 
13.95 
17.71 
11.96 
13.32 
12.68 
10.85 

Found 

11.75 
12. .53 
13.09 
12.85 
114.09 
13.60 
13.96 
14.99 
13.80 
13.86 
13.94 
13. Oe5 
13.04 
12.08 
12.03 
11.91 
12.06 
10.99 

18.68 
13.21 
15.40 
14.95 
17.24 
16.55 
15.60 
15.76 
15.99 
10.73 
9.70 

11.04 
14.78 
11.89 
13.69 
17.88 
11.81 
13.04 
12.33 
11.12 

methyl iodide (14.2 g, 0.10 mole), or dimethyl sulfate (6.3 g, 0.05 
mole) was added dropwise to the stirred mixture. The mixture 
was heated to 60' when the alkyl halides were used, and the 
dimethyl sulfate alkylation was run a t  room temperature. After 
2 hr the following products were collected and crystallized from 
ethanol. 

3- [2-( 2-Methylbeneenesulfonyl)hydrazino]-1,2-benzisothiazole 
1,l-dioxide, yield 91.5%, mp 188". Anal.  Calcd for C M H I ~ N ~ O ~ S Z :  
C, 47.85; H, 3.72; N, 11.96. Found: C, 47.60; H, 3.75; N, 
11.81. 

3- [2-(Methyltosyl)hydrazino] -1,2-benzisothiazole l,l-dioxide, 
yield 68.57& mp 211'. Anal. Calcd for C1bH1sN304S2: C, 49.30; 
H, 4.14; N, 11.50. Found: C, 49.46 H, 4.44; N, 11.71. 

3-[2-(2-Allylbenzenesulfonyl)hydrazino] -1,2-benzisothiazole 
1,l-dioxide, yield 457c, mp 122-126'. Anal. Calcd for CI&S- 
N304S2.C2H50H: C, 51.04; H, 5.00; N, 9.92; 8, 15.14. Found: 
C, 50.97; H, 5.00; N, 9.82; S, 15.08. 

3- [3,4-Di( p-dimethylaminopheny1)-2-iminosemicarbazido] -1,2- 
benzisothiazole 1,l-Dioxide.-Compound I (3  g, 0.015 mole) was 
suspended in dioxane with 1.5 g (0.015 mole) of bis(pdimethy1- 
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nniiiioplieii~l)carl)(~diimide aiid heated for 2 hr. The dioxaiie was Anal. Calcd for C201T2gXj02S: C, 5!).52; 11, 7.21; N, 17.33. 
removed under reduced pressure. The residue was crystallized Yourid: C, 60.21; li ,  7.71; N, 16.7Y. 
from dilute ethanol; yield 850 mg (38()&), mp 242' dec. 

Anal. Calcd for C ~ ~ I I ~ ~ N \ T ~ O ~ Y :  C, 60.35; 11, 5.69. Found: Acknowledgment.--We wish to express our thanks 
to our colleagues in microanalysis, physical chemistry, C, 60.62; H, .5.%. 

3-( 3,4-Dicyclohexyliminosemicarbazido)-l,2-benzisothiazole 
1,l-dioxide was prepared by the procedure above; yield 467,, 
1np 238". in this paper. 

and pharmacology, who obtained the data referred to 

Hypotensive 1,2-Benzisothiazole 1, l  -Dioxides. 111. 
3-[2-(2-ILlethyl-2-butylidene)hydrazino]-l,2-benzis~thiazole 1,l-Dioxide 

and Related Analogs 

P A U L  w. W I L L A R D ,  C A L V E R T  w. W H I T E H E A D ,  AND JOHN J. TRAVERSO 

The Lilly Research Laboratories, Eli Lilly and Company, Indianapolis, Indiana 
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A series of 1,2-benzisothiazole 1, I-dioxides have been prepared, some of which produce significant hypotensive 
ctctivity. One of the members of this series, ~-[2-(2-methyl-2-butylidene)hydrazino]-l,2-benzisothia~o~e 1,1- 
dioxide (III), prodiires significant hypotensive activity in unanesthetized animals. A consistent observation 
for active members of the series has been the erratic hypotensive activity in renal hypertensive rats. I n  vivo and 
in  vitro activity indicates a mechanism of action other than a direct effect on the nervous systems or the vascular 
smooth muscle. 

I n  the preceding papers a series of 1,2-benzisothi- 
azole 1,l-dioxides has been reported.',* ;\Iany of 
the compounds in the series exhibited significant hy- 
potensive activity; however, 3-[2-(2-methyl-2-butyli- 
dene) hydrnzino]-1,2-benzisothiazole 1,l-dioxide (111) 
was given preference for extensive pharmacological 
study primarily because of its potent and relatively re- 
producible activity in a large number of pharmacological 
test preparations. 

I I 
NHNH, NHNH=CHC=CHCH3 

1 
I .  K-H 

11, R=CI  

I 

CH3 

111, R=H 
IV. R=CI 

Experimental Section 
Pharmacological Methods. Hypertensive Rats.-Conipound 

111 wi~s administered orally (20 mg/kg) to groups of three 
renal3 and three steroid ( DOCA)4 hypertensive rats. Blood 
pressures were determined during the day by the method of 
Friedman and Freed5 before and a t  1, 2,  3, 5, 6, and 7 hr follow- 
ing drug administration. Recaiise of the increased activity of 
111 with daily administration, the drug was given, and blood 
pressures were determilied, oii a t  least 5 consecutive days. The 
hypotensive response to 111 was also measured during 19 days 
o f  continuous administration of the driig. The blood pressures 
from the three rats in each group were averaged a t  each hour and 
over the 7-hr interval. The results were expressed as a per cent 
decrease from control a t  the hour of maximum decrease and for 
the 7-hr period. Other compounds from the series evaluated in 
the same animal preparation include 3-hydrazino-1,2-benziso- 

(1) J. J .  Traverso, C. \V. IVhitehesd, J. F. Bell, H. Boaz, and P. W. \Vi l -  

(2)  C. \V. LVhitehead, J .  J. Traverao. J. F. Bell, and  P. \V. Willard, ibid., 

( 3 )  G. I<'. Kemph  and I. 1I Paae. J .  Lab. Clin. Med., 2 T ,  1192 (1942). 
(4) H. Selye. J .  Clin. Endocrinol..  6, 117 (1946). 
( 5 )  A I .  Friedman and  Y. C. I'rced, I'roc. SOC. Ezpll. Biol. .&led., TO, G70 

(19.19). 

lard, J .  Med. Chem.. 10, 840 (1967). 

10, 844 (1967). 

thiazole I,l-dioxide ( I ) ,  which is the starting material for prepara- 
tion of 111, 6-chloro-3-hydrazino-1,2-benzisothiazole 1, I-dioxide 
(II) ,  and 6-chloro-3-[2-(2-methyl-2-butylidene)hydrazino]-l,P- 
beiizisothiazole 1, I-dioxide (I\ ' ) .  

Hypertensive Dogs.-Two dogs were selected from a colony of 
renal hyperteiisive dogs made hyperterisive by a modification of 
the methods of Goldblatt, et arid Page.' In  dog ZH-114 the 
left kidney was removed arid the right kidney was wrapped in 
silk. About six moriths later the right renal artery was constricted 
by a Goldblatt clamp. In  dog ZH-124 both renal arteries were 
partially occluded with a Goldblatt clamp. These clamps were 
tightened eight moriths following the initial surgery. Followiing 
femoral arterial puncture blood pressure observations were made 
before and a t  1, 3, and 6 hr after oral drug admiiiistration. Each 
dog received 10 mg/kg of I11 for 5 consecutive days followed by a 
rest period of 9 days a t  the end of which time medicatioii was 
was resiimed at  a dose of 20 mg/kg for 5 days. Postmedicaticiii 
pressures were taken to measure the extent of delnyed activity. 

Hemodynamic Studies.-Two normotensive dogs were aries- 
thetized with sodium phenobarbital (150 mg/kg) intrxveiiously. 
The trachea was intubated for artificial re4piriitiori aiid the 
thoracic cavity was opened for exposure of the aweriding aorta. 
A probe from an electromagiietic blood flow meter was positioned 
on the aorta for cardiac output measurement. The carotid 
artery was cannulated and pressure was determined by traris- 
ducer measurement. Lead I1 of the electrocardiogram was 
monitored for heart rate. Stroke volume was calculated from the 
cardiac output and heart rate. Peripheral vascular resistance 
(PL'lt) was derived by the followiiig formula. These valiies were 

arterial blood pressure (mm) X 100 
PVR = cardiac output (ml/min) 

measured arid calculated before aiid a t  30-min intervals fullowiiiy 
intravenous administration of 10 mg/kg of 111. 

Sympathetic Postganglionic Nerve Stimulation.--In three 
normotensive phenobarbital-aiiesthetized (150 mg/kg) dogs the 
thoracic cavity was opened and the cardiac-accelerator nerve 
originating from the stellate gaiigliuii was dissected free. Control 
stimulation (14 v, 20 cps with a 0.5-1iisec duration for 30 sec) of 
the sympathetic postganglioriic nerve fibers produced cardiac 
acceleration that was compared to postdrug rieriral-induced 
tachycardia.* In addition, the per ceiit change in  heart rate was 

(6) 11. Goldblatt, J .  Lsnch. R. K. Hanzal, and \V. \V. Summerville. J .  

(7) I. H. Page, Science, 89, 2 i 3  (1939). 
( 8 )  D. C. llarrison. C. A. Cliidsey, and E. Draunnald. h o c .  SOC. L'xpf l .  

E z p f l .  Med., 69, 347 (1934). 

Btol. M e d . ,  111, 37 (1963). 


