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The synthesis and properties of thirty new 3-cycloalkene and 3-cycloalkane-3,4dihydro-7-sultamoy1-1,2,Cbenzoth~di- 
azine 1,l-dioxides are described. Correlations between their structure and biological activity confirm previously 
proposed analogies between similarly 3-substituted 3,4unsaturated and 3,4-dihydro derivatives of the benzothiadiazine 
1,l-dioxide nucleus. 

This paper describes the synthesis of new cyclo- 
alkene and cycloalkane acetaldehydes and the 
condensation of these aldehydes and cycloalkene 
carboxaldehydes with 4-amino-6-halo- and 4- 
amino-6-trifluoromethylbeneene-1 ,Bdisulfonamides 
to yield 3-cycloalkene and 3-cycloalkane derivatives 
of 3,4-dihydro-l12,4-benzothiadiaaine 1 , ldioxide. 
The purpose of this investigation was to  confirm 
the premise of the preceding paper wherein the 
saluretic and diuretic activities of these 3,4- 
dihydro compounds could be anticipated. 

Cycloalkanones were allowed to react with cya- 
noacetic acid to yield 1-cycloalkenylacetonitriles. 
Catalytic hydrogenation of l-cycloalkenylaceto- 
nitriles gave cycloalkylacetonitriles. Acid hydroly- 
sis of cycloheptylacetonitrile, 3-methylcyclopentyl- 
acetonitrile, 1-cyclohexenylacetonitrile, and l-cyclo- 
pentenylacetonitrile furnished the corresponding 
acetic acids. Distillation of 1-cyclopentene acetic 
acid caused a partial conversion of the acid to the 
lactone 2-ketohexahydrocyclopenta [b] furan. Acid 
hydrolysis of 1-cycloheptenylacetonitrile and 2- 
methyl-1- or 5-cyclopentenyl-acetonitrile formed 
only the lactones, 2-ketooctahydrocyclohepta [b]- 
furan and 2-keto-4- or 6a-methylhexahydrocyclo- 
penta [blfuran. The Grignard reagent prepared from 
5-norbornylenylmethylbromide was carbonated to 
yield 5-norbornylenylacetic acid. Acid chlorides 
were obtained by thionyl chloride treatment of 
2-cyclopentene- ; 2-cyclohexene, and 3-cyclohexene- 
acetic acids. The mixture of 1-cyclopentaneacetic 
acid and its lactone gave a 40% yield of l-cyclo- 
pentenylacetyl chloride. N-Methylanilides (I. R1 
= COHO) of 2-cyclopentene-, cyclopentane-, 1- 
cyclohexene-, 2-cyclohexene-, 3-cyclohexene-, cy- 
clohexane-, 1-methylcyclohexane-, 3-methylcyclo- 
pentane-, cycloheptane-, and 5-norbornyleneacetic 
acids were reduced to the cycloalkene and cyclo- 
alkane acetaldehydes (11) with lithium aluminum 
hydride. N,N-Dimethylamides (I. R1 = CH3) 
of 2-cyclopentene- and 1-cyclohexeneacetic acids 
and lithium diethoxyaluminum hydride gave 2- 
cyclopentene- and 1-cyclohexeneacetaldehydes. 
Yields from the N,N-dimethylamide were lower 
than those obtained from the N-methylanilides. 
The aldehydes were characterized as semicarba- 
zones and 2,4dinitrophenylhydrazones. 5-Norbor- 

nylenylcarboxldehyde' and 6-methyl-5-norbornyl- 
enylcarboxaldehyde2 were obtained by the methods 
described in the literature. 

The cycloalkene and cycloalkane acetaldehydes 
and carboxaldehydes were allowed to react with 
4-amino-6-chlorobenzene-1 , 3-disulfonamide, 4- 
amino-6-bromobenzene-l13-disulfonamide, and 
with 4-amino-6-trifluoromethylbenzene-l13disul- 
fonamide in the presence of mineral acid to afford 
the 3,4-dihydro-3-substituted-6-sulfamoyl-1,2,4- 
benzothiadiazine-1,l-dioxides (I11 and IV) listed 
in Tables I11 and IV. Attempted catalytic reduction 
of 6-chloro-3-cyclohexyImethyl-7-sulfamoyl-l12,4- 
benzothiadiazine 1, ldioxide failed to saturate the 
3-4 double bond.3 

In contrast to this sodium borohydride did 
reduce this compound as well as 6-chloro-3-cyclo- 
pentylmethyl - 7 - ( N  - methylsulfamoyl) - 1,2,4- 
benzothiadiazine 1,ldioxidea and 6-chloro-3- 
cyclopentylmethyl - 7 - sulfamoyl - 1,2,4 - benzo- 
thiadiasine l, ldioxidea to yield 3,Pdihydro 
derivatives. The 3,4-dihydro-3-substituted 7- 
sulfamoyl - 1,2,4 - benzothiadiazine 1,l - dioxides 
are characterized by an intense absorption band in 

, 
RCH,('ON(('H > ) R i  

'\. LiAI(OC:H,),H2 
lit - C H I  

I R is shown 
in Table I1 

02 

I11 
O., 

(2) 0. Diels and K. Alder, Ann., 470,62 (1929). 
(3) C. W. Whitehead, J. J. Traverso, F. J. Marshall, and 

D. Morrison J .  078. C h a . ,  26, 2809 (1961). (1) 0. Diels and K. Alder, Ann., 460,98 (1928). 
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TABLE I 
RCH&ON(CHa)Ri 

Calcd. Found 
R R1 Formula Yield, % B.P. C H N  C H N  

ZCyclopentenyl CHa C O H ~ ~ N O  79 85 (0.25mm.) 70.55 9.87 9 .14  70.04 9.43 8.82 
1-Cyclohexenyl CHs CmHi7NO 75 95(0.4mm.) 71.81 10.25 8.38 71.32 9.58 8.19 
Cyclopentyl C a r  CvHioNO 80 130 (1 .O mm.) 6.45 6 .59  
1-Cy clohexenyl CaH, Ci&LoNO 80 130 (0.3 mm.) 6.11 6.22 
ZCyclohexenyl CeH5 ClsHloNO 82 130 (0,3 mm.) 6 . 1 1  6 .30  
3-Cyclohexenyl CSH~ C 1 & N O  90 132 (0.3mm.) 6 .11 6.20 
Cyclohexyl cas Ci6H&'O 95 136 (0.4 mm.) 6 .05 5.06 

77.48 9.12 SMethylcyclopentyl CsH6 CI&NO 88 104 (0.08 mm.) 77 ,88 9.15 
5Norbornylenyl CS& CMHIBNO 95 117 (0.08 mm.) 79.63 7 .94 79.71 8.02 
Cycloheptyl CsH6 CiaHtaNO 95 154 (1.Omm.) i8 .36  9 .45  5 .71  78.51' 9.56 B.00 
1-Methylcyclohexyl C a s  CleH23NO 98 151 (4.5 mm.) 78.32 9.45 5.71 78.45  9.09 5 .46  

~ -~ ~~~- .. 

the infrared a t  approximately 6.2 p and by two Cycloheptylacetic acid. Yield 57%, b.p. 146-147" at  10 

I-Cyclohezenylacetic acid. l-ield tXir;, n g  1.4852, b.1). 

I-Cyclopentenylacetic acid nnd 2-ke toherah~~droc~clo~rnln-  
[b]-furan. Yield 41yp, n'," 1.4i i1 .  The distillate \vas con- 
sidered to be a misture of almost q u a l  parts of l-ryrlo- 
pentenylacrtic arid 2nd the lactone 2-krtohc'x:ihydroc!.clo- 
penta [blfuran herniisc of the prearnrc of two rqually intrnsc 
carbonyl bands. Thr lartone cnrhonyl h i i d  n x s  :it 5.65 p 
and the rarbosylic otrhonyl b w d  n'ns at 5.84 p.  Thp w r -  
1)osglic grollp was : I ~ s o  ill cnvidrllcsc tllr cnrbosylic nrid 
OH dimer bands in the 3.0-3.2 p rcbgion. An intense C=(: 
band is present a t  6.05 p and a lactone ester hand nt 8.1 p .  

i lnd .  Calrd. for C7Hlo02: C, ti6.56; H, 7.98. Found: C, 

Sixty-four grams of the misture of rarbosylic arid and 
lactone was allowed to stand with an csr('ss of thionyl 
chloride. The mixture was distilled. Aftrr the esrws thionyl 
chloride was collected, thr  carboxylic. acid chloride tx4icvcd 
to be l-cyc~lo~)entenglarrt~l chloridcb boi1c.d at, 88-1 00' 
at 10 mm.; yield 25.6 g. or 407'. l'he l:ic-tonc hoilcd at  
118-120' a t  I O  nim.; yic,Id 35 g. or 55Cx. Thc lnrtorir w:is 
insoluble in cold sodium hydroside solution. 

Y-dlethylcyrlopenfylacetic arid.  Yield 58r;, b . p  120-124O 
at 10 "., 

Anal. Calcd. for CsH&: C, ( i i . 5 i ;  IT, 9.92; 0, 22.51. 
Found: c, 67.17; H, '3.38; 0. "2.58. 

b-Ketoocfah?/droellclnh~~ta [blfrtmn. Yicl(i io$;, b.p. 146- 
150" at  10 mni. 

2-Keto-&- or 6 ~ - ~ ~ ~ e t h ~ l h e x a h y d r o c . ? / c l n p o l l n  IblJztran. ~'it4ti 
i4<;, b.p. 111-112" st 10 nim., 

..jtlal, Cnl(bd. for C8HI2O2: (:, 68.53; H, 8.(i3. Found: C, 
68.58; H, 8.47. 

5 - . ~ ~ b o r ~ ~ ? ~ l ~ ~ ~ y ~ a c c l i c  acid.  A mixture of 17.2 8.  (0.505 
mole) of magnrsirim trtriiiiigs, 80 nil .  of dry cthrr, I O  g. of 
5-norl~orn~leiiyln1c.th?.l 1)roniidC,Io and a crystal of iodiiic, 
W R S  stirred in a thrcc-ll,.ckcd flask fittyd with :i colitlt,nsrr. 
Aftcr tilc re.ac.tion stnrt,.tl, 121.8 R. (0,705 molc tot i t i )  of 
5 - n o r ~ o r c l l y ~ c n y ~ I n c ~ t ~ ~ ~  bronlide dillltc(l with 250 ,,,I. of 
ether and sddt?ci drollwise at  a ratc that mttintainccl 
reflrlsing, Aftc,r complctc: atidition, the lnisture rrflllxed 
for 1 hr. and thrn pollrrd into a slurry of a I:irgc> t'scrss of nry lce in ctllrr, Thr tot:L1 \,.tLS then l,o,ir(,(l i l l to  
ice and concerltratc>d hydroc,hloric acid. The was 

and extr:lrtrd with 500 of sodillm hy- 
droxide. The aqllt~olls l:ivrr was roolrd aI,tl acidified with 
roncentrat,ed hydrorhloric wid. The Iibrratcd oil was ex- 
tracted into ethrr,  dried, filtrrcd, and thc ethcr evaporated. 

pKa's in aqueous 66% N,N-dimethylformamide of 
11.0-11.4 and13.0-13.3. These criteria were used to 150-1550 at 13 mni. b.p, 1 4 6 ~  at nlm.). 
confirm their structures. 

"* (reporteds b.p. lG5' at 19 "*)* 

Rz is shown in Table I11 and RB in Table IV. 

EXPERIMENTAL 

1-Cycloalkenylacefonitr~le~. The folloming 1-cycloalkenyl- 
acetonitriles were prepared according to the method de- 
scribed by Cope and co-~orkers .~  

I-CyclohePtenYlaceton~tTile. Yield SI%, b.P. 104' at 11 
n'," 1.4808 (reported5 b.p. 121-122' a t  23 mm., na. 1.4821). 

f-Cyclo~entenylacetonitm'le. Yield 64"1,, b.p. 72-73' 66.10. H, 7.94. 
a t  10 mm., n": 1.4672 (reported6 b.p. 172-1'75'). 

3-Methyl-I- OT 5-cyclopentenylacetonit7ile. Yield SO%, b.p. 
78" at 10 "., n'," 1.4488 (reported' b.P. 82' a t  10 mm.7 
nlz 1.45972). 

2-Methyl-I- or 5-cyclopentenylacetoni~r~~e Yield 79% b.p. 
83-84' at 11 mm., n'," 1.4672. 

Anal. Calcd. for C ~ H I I N :  C, 79.29; H, 9.15; N, 11.56- 
Found: C, 79.5'7; H, 9.15; N, 11.69. 

Cycloalklllacetonztriles. A solution of 0.8 mole of the 
I-cycloalkenylacetonitrile in 200 ml. of ethanol was hydro- 
genated over 2 g. of 5% palladium-on carbon with hydrogen 
a t  50 lbs. per sq. inch and at  room temperature. The catalyst 
was separated by filtration and the cycloalkylacetonitrile 
was distilled. 

3-Melhylcyclopentyhcefonitrile. Yield 97% b.p. 79' a t  
10 mm., n'," 1.4411. 

Anal. Calcd. for CSHKN: C, 77.99; H, 10.63; NI 11.37. 
Found: C, 78.34; H, 10.86; X I  11.36. 

CycloheptyIacetonitrile. Yield 88%, b.p. 102" a t  10 nlm-, 
no: 1.4654. 

Anal. Calcd. for CsH,,N: N, 10.24. Found: N, 10.14. 
Acid hydrolysis of the c?lcloalk?llacetonilriles and C?/cl* 

alkenylacetonitriles. A solution of 0.8 mole of the cycloalkyl 
acetonitrile or cycloalkeiiylacetoIlitrile in 200 ml. of diosane 
and 400 ml. of conrd. hydrochloric acid was boiled under 
reflux for 24-48 hr. The dioxane was distilled under reduced 
pressure and the organic layer was extracted into ether. The 
ether solution was extracted with 2% sodium hydroside 
solution. Acidification of the basic aqueous layer yielded the 
carboxylic acid which was dried and distilled. The ether layer 
was evaporated and the residue was distilled to yidd the 
lactones of the 1-cycloalkenylacetic acids. 

(4) A. c. cope, A. A. pAddieco, D, E. \nyte, and s, A. 
Glickman, Org. Syntheses, 31, 25 (1951). 

(5) W. C. McCarthy and T. H. Brown, J. Am. Pharm. 
Assoc., 43,661 (1954). 

(6) E. Rohrmann, U.S. Patent 2,520,015 (Chem. Abstr., 
45,647h (1951). 

(7) R. D. Dessi, J. C h a .  Soc., 1931, 1216. 

1.4472, 

I . - K 3 j ,  

(S) 0. Wallach, Ann. ,  353,284 (1907). 
(9) J. Harding, W. N. Haworth, and E. ET. Perkin, Jr., 

(10) K. Alder and E. Windemuth, Ber., 71, 1839 (1838). 
J .  Chem. Soc., 93,1959 (1908). 
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TABLE I1 

0 

R C H 2 C H = N N H e N 0 2  and RCHrCH=NNH-h-NHr 

VOL. 26 

R Formula 

2-Cyclopentenyl 
3-Cyclohexenyl 
3-Methylcyclopentyl 
Cycloheptyl 
1-Methylcyclohexyl 
2-Cyclopentenyl 
Cy clopentyl 
2-Cyclohexenyl 
3-Methylcyclopentyl 
5Norbornylenyl 
Cycloheptyl 

Calcd. - 
M.P. C H N 

116-1 17 57.46 7.84 25.13 
142-144 59.64 8.34 23.19 
126-127 58.98 9.35 22.93 
160-161 60.88 9.71 21.30 
170-171 60.88 9.71 21.30 
98-99 53.79 4.86 19.29 

128-129 53.42 5.52 19.17 
97 55.25 5.30 18.41 
91-92 54.89 5.92 18.29 

124-125 56.95 5.09 17.71 
96-97 56.24 6.29 17.49 

TABLE I11 

Found 
C H N 

57.13 
59.80 
59. OS 
61.11 
61.04 
53.79 
53.43 
55.60 
54.73 
56.58 
56.49 

7.94 
8.62 
9.46 
9.77 
9.64 
4.84 
5.55 
5.35 
5.65 
5.30 
6.42 

25.22 
23.01 
23.02 
21.45 
20.91 
19.36 
19.36 
18.37 
18.20 
17.56 
17.43 

Yield, Calcd. Found 

.- 
Rl X Formula % M.P., C H N C H N 

PCyclopentenyl 
Cyclopentyl 
Cyclopentyl 
n-Hexyl 
2-Cyclopentenyl 
ZCyclohexenyl 
3-Cyclohexenyl 
3-Cyclohexenyl 
3-Cyclohexenyl 
Cyclopen tyl 
1-Cyclohexenyl 
3-Methy lcyclopentyl 
SMethylcyclopentyl 
Cyclohexyl 
Cyclohexyl 
5-Norbornylenyl 
ZCyclohexenyl 
3-Methylcyclopent yl 
Cycloheptyl 
Cyclohep tyl 
1-Methylcyclohexyl 
5Norbornylenyl 
Cycloheptyl 
1-Methvlcvclohexvl 

c 1  
c 1  
Br 
c1 
CFa 
c1 
Br 
c 1  
Br 
CFa 
c 1  
c 1  
Br 
c 1  
Br 
c1 
CF: 
CFs c1 
Br 
c1 
CE'8 
CFa 
CFI 

71 
84 
80 
40 
70 
85 
80 
35 
32 
70 
65 
80 
80 
85 
80 
40 
86 
85 
93 
76 
35 
76 
60 
32 

222 
230 
228 
172" 
148" 
221 
215 
215 
202 
156" 
225 
198. 
1000 
232 
214 
210 
202 
1850 
215 
214 
245 
228 
178 
190" 

41.32 
41.10 
36.84 

40.87 
42.92 

42.91 
38.54 
40.67 
42.95 
42.75 
38.32 
42.75 
38.32 
45.38' 
42.47 
42.47 

39.82 
44.16 
43.93 
44.45b 
43 I 52 

4.27 
4.78 
4.24 

3.92 
4.63 

4.60 
4.16 
4.39 
4.53 
5.12 
4.59 
5.12 
4.59 
5.37 
4.72 
4.72 

4.92 
5.44 
4.15 
5 .82  
5.02 

11.33 
11.06 
9.93 

11.00 
10.21 
10.72 
9 .61  

9.64 
10.16 
10.75 
10.69 
9.61 

10.71 
9.61 
9 .34  
9.86 
9.8G 

10.31 
9.28 

10.30 
9.61 
8 . 6 7  
9.52 

41.35 
41.04 
36.80 

40.15 
43.10 

43.18 
38.74 
40.91 
42.48 
42.23 
38.21 
42.49 
38.27 
45.33 
42.82 
42.52 

40.19 
44.34 
44.44 
44.43 
43 I 77 

4.17 
4.60 
4.27 

4.41 
4.70 

4.66 
4.31 
4.00 
4.70 
5.29 
4.68 
5.13 
4.61 
5.27 
4.47 
5.05 

5.08 
5.68 
4.40 
5.09 
5 .13  

11.25 
11 .OO 
10.19 
10.82 
10.18 
10.37 
9 . m  

9.68 
10.24 
10.70 
IO. 74 
9.70 

10.80 
0.77 
9 .78  
9.97 
9.91 

10.02 
9.12 

10 29 
9.31 
8 89 
9.82 " "  

a The compounds melting below 200" were shown, by elemental analysis, to be solvated and could not be dried free of 
solvent when heated a t  moderate temperatures in a vacuum. A flash drying technique was used whereby a sample was 
heated at 180' for 1-5 min. Reasonably good elemental analysis could be obtained after this drying procedure. * Values in- 
clude one molecule of solvated ethanol. 

The oil, 65.5 E., was distilled a t  139' and 12 mm., n'," . -  
1.4878, yield 5 8 3  g. (55%). 

Anal. Calcd. for CQHIZO~: C. 71.02: H. 7.95: 0. 21.03. 
I ,  . ,  

Found: C, 70.67; H, 7192-0, 20.'60. 
N-methyl-N-phenyl- and N,N-dimeth ylcycloalkyl- and 

cycloalkenylacetamides, Table I. Cycloalkyl- and cvcloalkenyl- 
acetic acids11 were converted to acid chlorides with thionyl 
chloride. The amides were prepared in the usual way by 

(11) See the preceding paper for the source of some of 
these acids. 

treating the acid chlorides with N-methylaniline or N , N -  
dimethylamine and pyridine in benzene solution. The ben- 
zene solution was washed with water and dricd over anhy- 
drous magnesium sulfate. The benzene waa removed under 
reduced pressure on the steam bath. The amides were dis- 
tilled under reduced pressure. 

Reduction of the N-methylcyclwlkyl- and N-methylcyclo- 
alkenyhcetunilides. Tetrahydrofuran was dried by distilla- 
tion over calcium hydride. One mole of the N-methylcyclo- 
alkyl- or N-methylcycloalkenylacetanilide was dissolved in 
220 ml. of dry tetrahydrofuran and added to a 3-1. three- 
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TABLE I V  

02 
HzNOzS 

X 
~~ ~ ~ ~ ~ _ _ _ _ _ ~  _____ ~ 

Calcd. Found 
R3 X Formula Yield, '% M.P. C H N C H N 

2,3-Dihydro-%y-pyranyl C1 C I ~ H ~ J N ~ O ~ S Z  30 235 37.94 3.72 37.94 4.02 
5Norbornylenyl C1 Ci~HisClN,O& 46 234 43.13 4.14 10.78 43.13 3.89 10.69 
ZNorbornyP C1 CwH&INaO& 80 263 42.80 4.60 10.75 42.89 4.35 10.79 
6Methylcyclohexenyl C1 ClrHisClNaO& 75 230 42.80 4.60 10.75 43.03 4.50 10.58 

6Methyl-5norbornylenyl C1 CiiHi&lNaO& 40 235 44.60 4.49 10.40 44.58 4.72 10.22 
6Methylcyclohexenyl Br ClrHlsBrNaOJ3z 78 230 9.64 9.45 

This was prepared by the catalytic reduction of the above compound. 

necked flask. The flask waa fitted with a condenser, a 250-ml. 
dropping funnel, and a mechanical stirrer. Lithium aluminum 
hydride, 12.5 g. (0.33 mole), waa crushed to a powder in a 
glasa mortar, Caution waa taken during this operation to 
prevent ignition of the hydride and 6.25-g. portions were 
crushed a t  one time. The powdered lithium aluminum hy- 
dride was immediately placed in a 500-ml. flask, slurried 
with 150-200 ml. of cold dry tetrahydrofuran, then cooled in 
ice. Small portions of the lithium aluminum hydride were 
added to the stirred solution of the N-methylacetanilide 
through the dropping funnel. The addition required 2 hr. 
The mixture waa stirred overnight. During this time the 
ice in the bath was allowed to melt. The fhak WBB again 
cooled in ice and 500 ml. of 6 N  hydrochloric acid waa added 
cautiously in small portions. Ether was added and the alde- 
hyde waa extracted, then washed with water until the wash 
water was neutral. The ether layer was dried over magnesium 
sulfate and filtered. The ether solution WBB then distilled. 
Ether and tetrahydrofuran distilled below 45" at 17 mm. 
and the aldehyde waa collected above 45'. Semicarbazonea 
and 2,Pdinitrophenylhydrazonea were prepared of the 
aldehydes for their characterization, Table 11. Unchanged 
N-methylanilides boiled a t  temperatures higher than the 
boiling points of the aldehydes. The yields reported in paren- 
theaes are based on the amount of anilide actually used in the 
reactions. 

2-C yclopenten ylacetaldeh yde. Yield 46.5% ( 75 %), b. p. 
53-56" at 12 mm., n y  1.4604. 

Cyclopentylacetaldehyde. Yield 55% (95%), b.p. 53" at 
12 mm., 156" a t  760 mm. 

Cycloherylacetaldehyde. Yield &yo (78%), b.p. 68-70' 
a t  15 mm., ny 1.4615. 

fCyclohexenylacetaldehyde. Yield 33% (GO%), b.p. 65' a t  
13 mm. 

3-Cyclohexenylacetaldehyde. Yield 2770 (60%), b.p. 87- 
127' a t  10 mm. 

P3-Methylcyclopen,tylacetaldehldehyde. Yield 44% (53%), b.p. 
03-66' a t  12 mm., n y  1.4421. 

1-Methyleyclohexylucetaldehyde. Yield 39% (55%), b.p. 
82-85' a t  11 mm., n y  1.4619. 

CycloheptylacefaZdehyde. Yield 33% (56%), b.p. 98-103' at 
19 mm., n y  1.4652. 

6-hrorb.bornylenylacetaldehyde. Yield 32% (92%), b.p. 
iG-78' at 8 mm., ny 1.4851. 

Reduction of N,N-dimethylcycloalkenylacetamidea. An ether 
solution of lithium diethoxyaluminum hydride (0.156 mole) 
waa prepared from lithium aluminum hydride and ethyl 
acetate by the method of Brown and Tsukamoto.l* Thia 
reagent was added over a period of 30 min. to a well stirred 
solution (0.26 mole) of the N,N-dimethylcycloalkenyl- 
acetamide in 200 ml. of ether a t  0-5". The mixture waa then 
stirred at room temperature for 12 hr. and hydrolyzed with 

(12) H. C. Brown and A. Tsukamoto, J .  Am. Chem. Soc., 
81,502 (1959). 

2N sulfuric acid at 0". The aldehyde-ether solution \YEW 

washed with water, dried over magnesium sulfate, and d i s  
tilled under reduced pressure. 

9Xyclopentaylacetaldehyde. Yield 23%, b.p. 53' a t  12 

I-Cyclohexenyloceialhyde. Yield 170/00, b.p. 53-64' at 
2.5-3.5 mm. 

S,4-Dihydro-S-substituted Y-suljamoyl-l,8,4-benzothiadia- 
zine 2,l-diozides. Tables 111 and IV. The following BUS- 
pensions were prepared: Onetenth mole (28.5 9.) of 4- 
amin&chlorobenzenel ,&disulfonamide in 400 ml. of 
warm 50% 6N hydrochloric acid and ethanol, 0.1 mole 
(31.9 9.) of Pamino-6-trifluoromethylbenzeno-l,3-disulfon- 
amide in 200 ml. of warm 50y0 6N hydrochloric acid and 
ethanol, and 0.1 mole (33 g.) of 4amino-6-bromobenzene- 
l,%disulfonamide in 300 ml. of warm 50% 6N hydrochloric 
acid and ethanol. Onetenth mole of the appropriate alde- 
hyde was added to each suspension and the mixture shaken 
for 0.5 hr. The mixturea were cooled in ice after standing a t  
room temperature for 12 hr. The precipitated-product was 
collected and washed with water until i t  was free of mineral 
acid. If the product had not completely separated, water 
waa added which caused further precipitation. The 34-  
dihydro - 3 - substituted 7 - sulfamoyl - 1,2,4 - benzothia- 
diazine 1,l-dioxides were dissolved in a minimum amount 
of warm alcohol and then diluted with water to incipient 
turbidity. The crystalline products were further purified 
by repeated crystallization from dilute alcohol. 

Sodium borohydride reduction. To 75 ml. of dry tetrahydro- 
furan in a threenecked flask waa added 0.1 mole of the 6- 
chloro-3-substituted 7-sulfamoyl-1,2,4-benzothiadiaaine 1,l- 
dioxide. See the preceding paper. The mixture was stirred 
and 1.5 g. (0.04 mole) of sodium borohydride was added 
portionwise. There waa evolution of heat and the solids 
dissolved. Anhydrous aluminum trichloride, 1.5 g. or 0.015 
mole, dissolved in 50 ml. of tetrahydrofuran, was added 
dropwise. After the evolution of the hydrogen was completr, 
the mixture ww heated to boiling for 2 hr. and allowed to 
stand overnight. The cooled mixture was stirred and 15 ml. 
of water added dropwise, followed by addition of dilute acid. 
Solids were separated by filtration and the filtrate evaporated 
under reduced pressure to yield the product which was 
recrystallized from ethyl acetate-petroleum ether and then 
from dilute alcohol. 

6-Chlor~3-cyclopentylmethyl-S,4-dih ydro-Y-( N-meth yl- 
sulfamoyl)-l,9,4-benzothiadiazine-l ,I-dioxide. Yield 12y0, 
m.p. 17&175". 

Anal. Calcd. for C14HwlC1N,04&: C, 42.68; H, 5.12; N, 
10.66. Found: C, 41.60; H, 5.28; N, 10.92. 

6Chloro-3-cyclohexylmethyl-3,4dihydro-7-sulf amoyl- 
1,2,4-bemothiadiazine 1,l-dioxide waa obtained in 6OY0 
yield and 6-chloro-3-cyclopentylmethyl-3,4-dihydro-7-sulf~ 
moyl-l,2,Pbenzothiadiazine 1,l-dioxide in 40% yield. 

Diuretic activity. The saluretic and diuretic activities of 
the compounds listed in Tablea I11 and IV were determined 

mm. 
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by a modified method of Lipschitz.'a They were found to be AcknowLedgment. The authors thank W. L. 
more active than the parent compound 6-chloro-3,4- R. M, dihydro - 7 - sulfamoyl - 1,2,4 - benzothiadiazine 1,l- 
dioxide. The most active compounds (200-300 times the Hughes for the and H* and 
parent compound) were similar in structure to the most 
active compounds listed in the preceding paper. 
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8-Chloroalloxaaine, a new diuretic, can be obtained in good yield and purity by the condensation of alloxan with 4-ChlOrO- 
2-aminoaniline ( l,Z-diamino-4chlorobenzene) in strongly acidic aqueous solutions or in glacial acetic acid in the presence of 
boric acid. When the same condensation is carried out in weakly acidic aqueous solution or neutral solvents, 2-hydroxy-6- 
chloroquinoxaline-3-carboxyureide is the main or exclusive product. Evidence for the structure of these compounds is derived 
from degradation studies, physical properties, and a comparison of these with the products formed when alloxan and 1,2- 
diaminobenzene are condensed, the latter reaction giving well characterized compounds. 

Diuretic activity of clinical significance is a 
pharmacodynamic property shown by a limited 
number of structures, and the recent discovery of 
such activity in several new types of compounds, 
including sulfonamyl derivatives and carbonic 
anhydrase inhibitors,2 has led to a renewed interest 
in this aspect, of medicinal chemistry. Therefore, 
the finding by Grahama of diuretic activity in rats 
and dogs when a chloroalloxazine of unknown struc- 
ture was administered orally seemed to be of suffi- 
cient importance to warrant expending consider- 
able effort to determine the chemical nature of the 
compound responsible for the biological activity. 
In this paper are described the studies which es- 
tablished the structure of the diuretic and led to 
unequivocal methods for it3 preparation. 

A compound designated as i(8)-chloroalloxazinr 
was one of a series of alloxazines and isoalloxazines 
prepared for the invebtigatioii of the possible anti- 
tumor activity of riboflavin inhihitors. Thih com- 
pound was prepared according to the method de- 
scribed by Wolf et al.,4 which involves the conden- 
sation of alloxan and the appropriate ortho-phen- 
ylenediamine. The purity of the 7 (8)-rhloroalloxa- 
sine mentioned by Wolf et al. was never established 
but work presented here indicates the reaction of 
4-chloro-2-aminoaniline (I) and alloxan (11) (cf .  
Fig. 1) leads to the formation either of 8-chloroal- 

(1) For a review of the mercurial, xanthine, and isocyto- 
sine diuretics, the reader is referred to R. F. Pitts, The 
Physiological Basis of Diuretic Therapy, Charles C Thomas, 
Springfield, Ill., 1959. 
(2) Carroll A. Handley and John H. Moyer, The Pharma- 

cology and Clinical Use of Diuretics, Charles C Thomas, 
Springfield, Ill., 1959. 

(3) B. E. Graham, unpublished communication. 
(4) F. J. Wolf, R. H. Beutel, and J. R. Stevens, J. Am. 

Chem Sac., 70,2572 (1948). 

loxazine (111) or of 2-hydroxy-6-chloroquinoxaline- 
3-carboxyureide (IV) and that there is no evidence 
of the formation of 7-chloroalloxazine under any 
conditions studied by either Wolf et al. or us. 2- 
Hydroxy - 6 - chloroquinoxaline - 3 - carboxyureide 
(IV) has no diuretic activity, but its presence in 
some preparations for a time obscured the biological 
results. 

The conditions leading to the formation of 8- 
chloroalloxazine alone involve the condensation of 
4-chloro-2-aminoaniline (I) and alloxan (11) in 
glacial acetic acid in the presence of boric acid a t  
room temperature or the condensation of these 
reactants in 1-5N hydrochloric acid with heat. If 
aqueous acetic acid is used even in the presence of 
boric acid, 2-hydroxy-6-chloroquinoxaline-3-car- 
boxyureide (IV) is formed. If boric acid is elimi- 
nated from the glacial acetic acid reaction medium 
or is present below 003 molar equivalents, T V  is 
formed along with III. Similarly, if the hydrochloric 
wid medium is at an acidity lower than IN, IV is 
formed as an impurity along with 111. It is there- 
fore apparent that 8-chloroalloxazine (111) is 
formed only under limited conditions of reaction, 
these being the subject matter of rniich of this 
prpsentation. 

m'heii I and I1 are condensed in neutral solveiil W, 
such as ethanol or cellosolve, or neutral or slightly 
acidic aqueous media, only IV is formed. This is in 
harmony with the findings of King and Clark-Lewis6 
and Barlow, Ing, and Lewis,6 who showed that the 
reaction of alloxan and o-phenylenediamine in 
neutral solutions yielded 2-hydroxyquinoxaline-3- 
(5) F. E. King and J. W. Clark-Lewis, J .  Chem. Sac., 

(6) R. B. Bsrlov, H. It. Ing, and I. hf. Lewis, J. Chpm. 
3379 (1951). 

Sac., 3242 (1951). 


