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11 and pH 1 identical to that of 6-chloro-4,5-diaminopyrim- 
idine. . ..... . . 

Anal. Calcd. for CdH&&1: C, 33.3; H, 3.46. Found: C, 
33.7; H, 3.88. 
6-Methylamino-Q-(tetrahydro-%furyl)prine. 6-Chloro-9- 

(tetrahydro-2-fury1)purine (I)  (1.5 g.) was added to 75 ml. 
of 40% aqueous methylamine and the solution heated on a 
steam bath for 1 hr. The solution was then reduced to an oil 
under vacuum and the syrupy residue recrystallized from a 
mixture of petroleum ether (b.p. 60-110") and ethyl acetate 
to yield 0.9 g. of white crystals, m.p. 103-104". 

Anal. Calcd. for C1oH13NbO: C, 54.8; H, 5.94. Found: 
C ,  54.6; HI 5.79. 

6-Cyano-9-( tetruhydro-~-furyl)purine. 6-Cyanopurinelo (2.0 
g.) was stirred in 75 ml. of ethyl acetate with p-toluenesul- 
fonic acid (0.1 g.) present, while 1.0 g. of 2,3-dihydrofuran 
was added over a period of 30 min. a t  room temperature. 
After stirring for 2 hr. a t  50' the solution was treated with 
charcoal and filtered. The filtrate was washed once with 50 
ml. of saturated sodium carbonate and once with 75 ml. of 
water, then dried over anhydrous sodium sulfate. Upon 
removal of the ethyl acetate under reduced pressure, an 
oily residue remained which solidified upon standing. Re- 
crystallization from a mixture of petroleum ether (b.p. 
60-110') and ethyl acetate yielded 1.3 g. of crystalline 
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product. A second recrystallization from the same solvent 
mixture gave a product of m.p. 92-93'. 

Anal. Calcd. for CloH8Nb0: C, 55.8; H, 4.18; N, 32.6. 
Found: C, 55.8; H, 4.50; N, 32.4. 

Trimethyl [9-( tetrahydro-%furyl)-6-purinyl] ammonium chlo 
ride. To a solution of 3 g. of anhydrous trimethylamine, dis 
solved in 30 ml. of anhydrous benzene, was carefully added tt 
solution of 5.0 g. of 6-chloro-9-( tetrahydro-2-furyl)purine, 
dissolved in 50 ml. of anhydrous benzene. The solution was 
allowed to stand a t  room temperature for 30 min. Reaction 
took place almost immediately as evidenced by the formation 
of a white precipitate. This precipitate was removed by fil- 
tration and recrystallized from an absolute ethanol-ether 
mixture to yield 6.2 g., m.p. 148". 

Anal. Calcd. for CtzHlsN60C1: C, 50.8; H, 6.36. Found: 
C, 50.5; H, 6.54. 

AcknowEedgment. The authors are indebted to 
James J. Sims who prepared trimethyl [9-(tetra- 
hydro-2-furyl)-6-purinyl]ammonium chloride (VII) 
for this study. 
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A series of 3-substituted 3,4dihydro-l,2,4benzothiadiazine 1,l-dioxides has been synthesized by the condensation of sub- 
stituted orthanilamides with aldehydes and the compounds tested for their efficacy as diuretic agents. Some side products 
and unusual reactions which occurred in the application of the general synthetic method have been examined. 

The discovery of chlorothiazide, 6-chloro-7- 
sulfamyl-1,2,4-benzothiadiazine 1,l-dioxide (I. Y = 
R = H, X = CI), as an orally effective diuretic 
agent with a concomitant favorable effect on elec- 
trolyte excretion rates announced in 1957 by 
Novello and Sprague2 has led to a major advance 
in diuretic therapy. We have been engaged in pre- 
paring other compounds of the 1,2,4-benzothia- 
diazine type with the object of finding new agents 
with superior diuretic properties. Saturation of the 
3,4- double bond in I (Y = R = H, X = Cl) 
resulted in a compound with at  least ten times the 
potency of chlorothia~ide.~ Our research has re- 
sulted in the synthesis of a series of 3,4-dihydro- 

(1) Presented in part before the Division of Medicinal 
Chemistry, 136th Meeting of the American Chemical 
Society, Atlantic City, I%. J., September 1959. 

(2) F. C. Novello and J. M. Sprague, J .  -4m. Chem. Soc., 
79,2028 (1957). 

(3) While this work was in progress, G. de Stevens, L. H. 
Werner, A. Halamandaris, and S. Ricca, Jr., Ezperientia, 
14, 463 (1958) described the synthesis and diuretic activity 
of hydrochlorothiazide, 6-cliloro-3,4-dihydro-7-sulfamyl-2H- 
1,2,4-benzothiadiazine 1,l-dioxide (11. Y = R = H; X = 
Cl). 

1,2,4-benzothiadiazine 1,l-dioxides (11) with em- 
phasis placed on substituents a t  position 3. Re- 
cently other reports of work in this area have ap- 
peared.* 

From our studies, 6-chloro-3-dichloromethyl-7- 
sulfamyl-3,4-dihydro-1,2,4-benzothiadiazine 1,l-di- 

(4)(a) &'I. E. Goldberg and K. Hwang, Federation Meet- 
ing, Atlantic City, N. d., September 1959. (b) J. M. Mc- 
Manus, A. Scriabine, S. Y. Pan, W. M. McLamore, and 
G. D. Laubach, American Chemical Society Meeting, 
Atlantic City, N. J., September 1959. (c) R. M. Taylor and 
M. M. Winbury, Pharmacologist, 1, 53, Fall 1959, No. 2 ;  
(d)  C. T. Holdrege, R. B. Babel, and Lee C. Cheney, J .  
Am. Chem. SOC., 81, 4807 (1959). (e) W. J. Close, L. R. 
Swett, L. E. Brady, J. H. Short, and M. Vesusten, J .  Am. 
Chem. SOC., 82, 1132 (1960). ( f )  J. H. Short and U. Bier- 
macher, J .  Am. Ghem. SOC., 82, 1135 (1960). ( 9 )  L H. Wer- 
ner, A. Halamandaris, S. Ricca, Jr., L. Dorfman, and G. de 
Stevens, J. Am. Chem. SOC., 82, 1161 (1960). (h) H. L. 
Yale, K. Losee and J. Bernstein, J .  Am. Chem. SOC., 82, 
2042 (1960). (i) F. C. Novello, S. C. Bell, E. L. A. Abrams, 
C. Ziegler, and J. M. Sprague, J .  Org. Chem., 25, 965 
(1960). ( j )  F. C. Novello, S. C. Bell, E. L. A. Abrams, C. 
Ziegler and J. M. Sprague, J .  Org. Chem., 25, 970 (1960). 
(k) C. Pelayo, J. Iriarte, and H. J. Ringold, J .  Org. Chem., 
25, 1067 (1960). (1) F. J. Lund and W. Kobinger, Acta 
Pharmacol. Tozicol., 16, 297 (1960). 
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oxide5 was one of the compounds selected for 
clinical trial. Pharmacological6 and clinical testing' 
have shown that this drug is approximately ten 
to fifteen times more potent than hydrochlor- 
thiazide and possesses a more favorable electrolyte 
excretion pattern. 

V XI 

I I1 

Compounds of type I1 were prepared by conden- 
sation of a substituted orthanilamide such as 
111 with the appropriate aldehyde or its acetal. 
Conditions for the reaction varied depending on 
the particular aldehyde involved. In some cases, 
notably the lower aliphatic aldehydes, refluxing 
I11 with a substantial excess of aldehyde in a suit- 
able solvent such as acetonitrile was successful. 
In other cases the presence of an acid catalyst 
such as hydrogen chloride was necessary. With 
aromatic aldehydes, fusion of the two components 
at  temperatures in the region of 200' often effected 
the desired conversion. 

HsNOzS C 1 a ; t N H ,  Ei 
I11 

1 

It is of interest to note that in a number of in- 
stances, chiefly involving aromatic aldehydes, the 
anil (V) was obtained, the yield being dependent, 
both on the reaction conditions and the structure 
of the aldehyde. The nature of the reaction product, 
anil or dihydrobenzothiadiazine, was determined 

(5) (a )  This compound has the generic name of tri- 
chlormethiazide and is marketed by Schering Corp. as 
Naqua. (b)  hl. H. Sherlock, N. Sperber, and J. Topliss, 
Experientia, 16, 184 (1960). (c)  G. de Stevens, L. H. Werner, 
W. E. Barrett, J. J. Chart, and A. H. Renzi, Experientia, 
16,114 (1960). 

(6)(a) R. M. Taylor, J. S. hiershon, and 31. M. Win- 
bury, Federatzon Proc., 19, 364 (htarch) 1960, Part 1. (b)  
R. M. Taylor and M. M. Winbury, Nature, 187, 603 (1960). 

~- 

( 7 )  R. V. Ford, Am. J .  Cardiol., 5, 407 (1960). 

from a study of its ultraviolet and infrared absorp- 
tion spectra. 

When R was ethoxymethyl, either the dihydro- 
benzothiadiazine (VI) or the anil (V) could be ob- 
tained. Condensation with ethoxyacetaldehyde 
diethyl acetal and hydrogen chloride in tetrahydro- 
furan a t  room temperature yielded the anil while 
reaction with the acetal in the presence of hydrogen 
chloride in ethanol a t  steam bath temperature gave 
the dihydrobenzothiadiazine. 

When p-chlorobenzaldehyde was fused with I11 
either the anil or the cyclized product was ob- 
tained under apparently identical conditions. 

With 3,4,5-trimethoxybenzaldehyde only an 
anil [I7. R = 3,4,5-(CH30)3CsH2] was isolated from 
the reaction carried out using the fusion method. 
The cyclized compound [VI. R = 3,4,5-(CH30)3- 
CsHz] was prepared by condensation of the substi- 
tuted orthanilamide (111) with 3,4,5-trimethoxy- 
benzaldehyde in ethanol in the presence of hydro- 
gen chloride. This compound was found to be un- 
stable when heated with hydroxylic solvents in the 
absence of acid. On attempted recrystallization 
from methanol the compound gradually reverted 
to 111. This behavior was not characteristic of 
other compounds bearing 3-aryl substituents. 

ortho- and para-Carboxybenzaldehydes reacted 
differently when condensed with 5-chloro-2,4- 
disulfamylaniline (111) under the same conditions. 
On fusion at  200' with the ortho-carboxyaldehyde 
the anil (V. R = o-COOHC6H4) was obtained 
whereas the para isomer yielded the cyclized prod- 
uct (VI. R = p-COOHC6H4). Condensation of I11 
with o-carboxybenzaldehyde in ethanol in the 
presence of hydrogen chloride also afforded the 
anil rather than the cyclized compound, whereas 
under these conditions the para isomer gave the 
cyclized product (VI. R = p-COOHC6H4) and the 
corresponding ethyl ester (VI. R = p-COzC2H6- 
C&). These results indicate that the orientation 
of the carboxyl group is of prime importance 
in determining the course of the reaction. 

When the substituted orthanilamide (111) was 
heated with a large excess of benzaldehyde the 
condensation product was shown by its elemental 
analysis to have been formed from two molecules 
of benzaldehyde and one molecule of 111. Since 
spectral evidence indicated the presence of the 3,4- 
dihydro-1,2,4-benzothiadiazine 1,l-dioxide system 
the product was assigned structure VII. This 
structure was supported by the observation that in 
its infrared spectrum a marked change in the 
asymmetric stretching SO2 absorption was noted 
in contrast to the corresponding compound lacking 

VI1 
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benzylidene substitution of the 7-sulfamyl group. 
The condensation of glycidaldehyde with the 

substituted orthanilamide (111) in acetonitrile 
and in the absence of acid afforded the cyclized 
epoxyethyl compound (VI. R = CH-CHJ. 

However, when the reaction was carried out in 
ethanol in the presence of hydrogen chloride the 
product was 6-chloro-3-~-hydroxyethyl-7-sulfamyl- 
1,2,4-benzothiadiazine 1,ldioxide (VIII). The 
latter compound was also formed when the 3- 
epoxyethyl-3,4dihydrobenzothiadizine (VI. R = 
CH-CH2) was treated with ethanolic hydrogen 

chloride. Thus the formation of VI11 by condensa- 
tion of glycidaldehyde with the substituted orthanil- 
amide (111) in ethanolic hydrogen chloride probably 
takes place via the epoxyethyl compound as inter- 
mediate. The probable pathway for the conversion 
of the epoxyethyl compound into VI11 is protona- 
tion of the epoxide oxygen followed by opening of 
the epoxide ring. Isomerization of the resulting 

v 
0 

v 
0 

H ,H 

H' -7 J. 

r H 1 

J 

VI11 

double bond into conjugation with the aromatic 
ring then would give 6-chloro-3-/3-hydroxyethyl- 
7-sulfamyl-1,2,4benzothiadiazine (VIII). 

The condensation of dihydroxyacetone or glycer- 
aldehyde under acidic conditions with I11 also 
yielded VI11 as the only product. Since dihydroxy- 
acetone and glyceraldehyde possess a common 
tautomeric enetriol it would seem probable that 
the 3-(a,/3dihydroxyethyl)dihydrobenzothiadiazine 
is the intermediate in both cases. The protonated 
form (IX) can eliminate water as indicated with 

IX 

subsequent isomerization of the resulting double 
bond furnishing VIII. 

Condensation of a substituted orthanilamide 
(X) with glyoxal gave XI1 instead of the dihydro- 
benzothiadiazine (XI. R = H, X = Y = Cl). 
This was readily apparent on examination of the 
ultraviolet absorption spectrum which resembled 
that of chlorothiazide and the infrared spectrum 
which had a band attributable to a hydroxyl group 
but no carbonyl band. Phenylglyoxal gave a 
similar result affording XII. (R = CsHs, X = C1, 
Y = H) rather than a 3-benzoyl-3,4-dihydro- 
henzothiadiazine. It is likely that the 3-substituted 
3,4dihydrobenzothiadiazine (XI) is first formed 

OH Y 

H2KO2S O//\O 

XI1 
11 

1 
I RC-CHO C2H,0H, HCl 

r 

R = H ,  X = Y = C l  
K=C,H,, X=CI, Y = H  

followed by enolization of the carbonyl group 
and migration of the double bond to the 3,4- 
position. The powerful driving force influencing 
the migration of the double bond into the benzo- 
thiadiazine nucleus is evident from the case of 
phenylglyoxal where in order for this migration to 
take place conjugation of the double bond (or 
carbonyl) with the phenyl nucleus in the side chain 
is lost. 

The condensation of u-chlorophenylacetaldehyde 
dimethyl acetal with I11 in the presence of ethanolic 
hydrogen chloride yielded the desired 3-a-chloro- 
benzyldihydrobenzothiadiazine. However, in an 
attempt to prepare the corresponding 3-a-bromo- 
benzyl compound from a-bromophenylacetalde- 
hyde dimethyl acetal under the same conditions, 
halogen interchange occurred and the product 
obtained was identical with VI (R = CHClCsHs). 

Another route to the compounds under study 
involved the preparation of the 3-substituted 
benzothiadiazines followed by reduction with 
sodium borohydride to the corresponding, 3,4- 
dihydro derivatives.8 
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By application of the foregoing methods many 
3-substituted dihydrobenzothiadiazine 1,l-dioxides 
were prepared and a representative number of 
these are listed in Table I. 

In  order to assess the effect on diuretic activity 
of additional substitution in position 5 of the benzo- 
thiadiazine nucleus some compounds of this type 
were prepared. The necessary substituted disulf- 
amylanilines were synthesized from the appropriate 
2,3-disubstituted aniline by chlorosulfonation fol- 
lowed by amination according to the method 
already described for certain monosubstituted 
anilines.8 

Infrared absorption ~ p e c t r a . ~  The infrared absorp- 
tion spectra which were obtained from Nujol 
mulls because of the poor solubility properties of the 
compounds were very useful in monitoring the 
reactions and in structural elucidation. 

Some characteristic features of the infrared 
spectra of the substituted 2,4-disulfamylanilines 
(X) include a band a t  2.95-3.15 p attributed to the 
N-H stretching vibration of the sulfonamide 
(which appeared consistently a t  a higher wave 
length than that of the aromatic amine) and an 
intense band a t  6.12 p assigned to aromatic NH2 
deformation. A band a t  7.5 p was associated with 
the asymmetric S-0 stretching vibration of the 
aromatic sulfonamide and was easily distinguished 
from the corresponding band of the aromatic 
sulfonyl chloride which appeared a t  a lower wave 
length. Bands due to the symmetric S-0 stretch- 
ing vibrations of the sulfonamide groups appeared 
in the vicinity of 8.6 p .  

The infrared absorption spectra of the cyclized 
dihydro compounds of structure I1 possess sharp 
bands in the vicinity of 6.20 p which are easily 
distinguished from the bands due to the C - N  
stretching vibrations of the uncyclized anils of 
structure V. The latter have bands of medium to 
high intensity at  6.08 p when R is alkyl or a broad 
summation absorption when R is aromatic. The 
C = K stretching absorption is also clearly evident 
in the spectra of 1,2,4-benzothiadiazine 1,l-dioxides 
of stivcture I. 

Ultraviolet absorption spectra. The ultraviolet ab- 
sorption spectra were routinely determined in 
methanol solution. They were found to be particu- 
larly useful in distinguishing 3,4-dihydro-1 ,2,4- 
benzothiadiazine 1 , l-dioxide8 from the correspond- 
ing anils and also in identifying 1,2,4-benzothia- 
diazine 1,l-dioxides of the chlorothiazide type. 
3,4 - Dihydro - 1,2,4 - benzothiadiazine - 1,l- 
dioxides were found to have three absorption bands 
at  223-228 mp (e 35,000-50,000), 266-275 mp 
(e  19,000-28,000) and 310-320 mp (e 2000-8000). 
The ani1 compounds differed in having only two 

(8) F. C. Novello, U. S. Patent 2,809,194, Oct. 8, 1957. 
(9) We are indebted to Mr. R. Wayne of the Physical 

and Analytical Chemical Research Department, Schering 
Corp., for the interpretation of the infrared absorption 
spectra. 

major bands a t  210-220 mp (e 30,000-50,000) and 
250-300 mp ( E  10,000-25,000) (broad). 1,2,4- 
Benzothiadiazines of the chlorothiazide type showed 
a strong absorption band at  223-227 mp ( E  

25,000-30,000) and a broad band in the 275-285 
mp region (e  8000-12,000) with inflections a t  about 
290 and 320 mp. 

Structure-actioity relationships. Particularly in- 
teresting from an activity standpoint was the 3- 
haloalkyl series. The dihalomethyl compounds were 
found to be far more active than their mono- or 
trihalomethyl counterparts as determined by oral 
studies in rats and dogs. Thus the activities of the 
monochloromethyl, di~hloromethyl~ (compound 
21), and trichloromethyl compounds mere found 
to be approximately two, fifteen, and one-half 
times as active as hydrochlorothiazide, respectively. 
The 3-benzyl series also had high activity, com- 
pound 50 having five to ten times the activity of 
hydrochlorothiazide. With an aryl group at posi- 
tion 3 activity in most cases dropped below that of 
hydrochlorothiazide. A comparison of the effect,s 
of the chloro, bromo, fluoro, and trifluoromethyl 
substituents a t  position 6 indicated that generally 
the chloro compounds had the highest activity 
and the fluoro compounds the lowest. Additional 
substitution at position 5 produced unfavorable 
results. The activities of a number of 3-substituted 
chlorothiazides were compared with the correspond- 
ing 3,4-dihydro compounds. The latter were found 
to have about ten times the activity of the former. 
An exception appears to be the 3-benzylthiomethyl 
compounds in which saturation of the 3,4-double 
bond does not seem to appreciably change the 

Full details of the biological activities of these 
compounds mill be published elsewhere. 

EXPERIMENTAL 

Inlemediute acetals. The following acetals were prepared 
according to procedures found in the literature: the diethyl 
acetals of bromochloroacetaldehyde,10 iodoacetaldehyde,ll 
dibromoacetaldehyde,'* a-bromoisovaler a1 de  h y de,  l a  a- 
brom~propionaldehyde,~~ a-bromo-a-methylbutyralde- 
hyde,lb phenylglyoxal116 methylthioacetaldehyde,l' benzy!- 
thioacetaldehyde,l7 phenylthioacetaldehyde,lB phcnoxy- 
acetaldehyde,l* p-chloro-p-methyl- and p-methoxyphenyl 

(10) G. T. Newbold, J. Chem. SOC., 3346 (1950). 
(11) S. Akiyoshi and K. Okuno, J. Am. Chem. SOC., 74, 

(12) F. Beyerstedt and S. M. McElvain, J .  Am. Chem. 

(13) S.  M. McElvain, R. L. Clarke, and G. D. Jones, 

(14) R. A. Baxter, G. T. Newbold, and F. S. Spring, J. 

(15) W. H. Hartung and H. Adkins, J. Am. Chem. SOC., 

(16) J. V. P. Torrey, J. A. Kuck, and R. C. Elderfield, 

(17) G. Nadeau and R. Gaudry, Can. J. Research, 27B, 

(18) W. Autenrieth, Ber., 24, 159 (1891). 

5759 (1952). 

SOC., 59,2266 (1937). 

J .  Am. Chem. SOC., 64, 1966 (1942). 

Chem. SOC., 370 (1947). 

49,2520 (1927). 

J. Org. Chem., 6, 289 (1941). 

421 (1949). 
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acetaldehydes (from the appropriately substituted Gri- 
gnard reagent and ethyl orthoformate),'Q and carbethoxy- 
acetaldehydem; the dimethylacetals of a-bromophenyl- 
acetaldehyde and a-chlorophenylacetaldehyde*l; and the 
dipropyl acetal of a,a-dichloropropionaldehyde.~~ 

Intermediate aldehydes. With the exception of p-isopro- 
pylphenyl- and 2,4,6-trimethylphenylacetaldehydes,23 the 
requisite aldehydes were commercially available. 

The following general methods were employed in the con- 
densation of the substituted orthanilamide (111) with various 
aldehydes. The yields varied from 30-90% and optimum 
conditions were not determined. 

Method A .  The substituted orthanilamide (111) (0.01 
mole) and the aldehyde component (0.20 mole) were re- 
fluxed for 12 hr. in acetonitrile (25-50 ml.). The solvent 
and excess of aldehyde were then removed by evaporation 
on the steam bath and the residue crystallized. 

Method B. A solution of the orthanilamide (111) and two 
molar equivalents of t,he aldehyde (or its acetal) in ethanolic 
hydrogen chloride was refluxed (1-2 hr.), concentrated, 
diluted with chloroform, and again concentrated until 
solid just began to separate. The mixture was cooled and 
the product collected, washed with chloroform, and puri- 
fied by recrystallization. 

Method C. A solution of 5 g. of 111, the acetal (15-30 
ml.) and enough 18% ethsnolic hydrogen chloride to  render 
the reaction mixture acidic was heated a t  110-150' with 
stirring for 30-60 min. allowing the alcohol formed to distill. 
The reaction mixture was cooled and the solid product 
filtered and washed with ether. In instances where the 
product did not crystallize from the reaction mixture the 
excess solvent waa evaporated and the residue triturated 
with ether. 

Method D. A mixture of the substituted orthanilamide 
(111) and the aldehyde (1.1 equivalents) was heated a t  
ca. 200' for 1 hr. After cooling, the resultant crude product 
was purified by recrystallization from a suitable solvent. 

6-Chloro-8,~-dihydro7~u~amyl-I,8,~-benzothiadiazine 1,l 
dioxide. Aqueous (36-38%) formaldehyde solution (1.2 g.) 
was added to a solution of 5-chloro-2,4disulfamylaniline 
(2.94 9.) in methanol (6 ml.) and the mixture refluxed for 
1 hr. The methanol was removed by evaporation on the 
steam bath, the sticky residue was then dissolved in boiling 
water (150 ml.), cooled, and the crystalline product col- 
lected 2.05 g., m.p. 269-270". Concentration of the filtrate 
under vacuum a t  room temperature afforded a further 0.55 
g. of product, m.p. 266.5-267.5'. A,= 222 mfi ( E  37,800), 
269 mG ( 6  19,100), 315 mp ( E  7800). 

Essentially the same procedure was employed in the prepa- 
ration of 5,6-dichloro-3,Pdihydro-7-sdfamyl-l,2,4benzo- 
thiadiazine 1,l-dioxide (reaction time 4 hr.) and 6-chloro- 
3,4dihydro-5-n~ethyl-7-sulfamyl-1,2,4benzothiadiazine 1, l -  
dioxide. 

6-Chloro-3--diehloromethy~3,~--dihydro-7-suIfamyl-l,8,4- 
benzothiadiazine 1,l-dioxide. A mixture of 5-chloro-2,4- 
disulfamylaniline (2.5 g.), dichloroacetal (3.0 g.), 18% 
ethanolic hydrogen chloride (25 nil.), and water (0.25 ml.) 
was heated under reflux with stirring. In ea. 4 hr. complete 
solution of the reactants was effected and after one further 
hour under reflux the alcohol was allowed to evaporate until 
the internal temperature reached 100'. The reaction mix- 
ture was cooled, twice its volume of chloroform added and 
the solution refrigerated overnight. The crude product which 
separated was collected by filtration and recrystallized 
from methanol-chloroform (charcoal), (2 g.) map. 230-281 ' 
 de^.^^ 

(19) 0. Bryant, Bachman, Org. Smtheses, Coll. Vol. 11, 

(20) F. Straus and W. Voss, Ber., 59, 1681 (1926). 
(21) P. Z. Bedoukian, J .  Am. Chem. Soc., 66,1325 (1944). 
(22) L. Moelants, Bull. SOC. Chim. Belg., 52,53 (1943). 
(23) P. Chuit and J. Bolle, Bull .  SOC. Chim., 35, 200 

323 (1943). 

(1924). 

6-Chloro-8-diJEuorometh~~3,~-dihydro-7-~~am~~l,2,4- 
bazothiadiazine 1,l-diom.de. Difluoroacetaldehyde. A mix- 
ture of difluoroacetic acid (17.9 g.) and benzotrichloride (31 
ml.), to which a small crystal of gianular zinc chloride had 
been added, was heated cautiously to reflux until hydrogen 
chloride evolution had ceased and the mixture was homo- 
geneous. The difluoroacetyl chloride was then distilled 
through a short column and condensed in a Dry Ice-acetone 
bath. The condensate was dissolved in anhydrous ether 
and the solution cooled and treated with an excess of an- 
hydrous dimethylamine. After filtration and evaporation, 
the residue was distilled to give difluoro-N,N-dimethyl- 
acetamide (15.6 g,), b.p. 101-102"/12.0 mm. 

Anal.  Calcd. for C4H7FgNO: C, 39.03; H, 5.73 Found: 
C, 38.78; H, 5.66. 

A solution of lithium diethoxyaluminohydride*s (prepared 
from 0.63 g. of lithium aluminum hydride) in anhydrous 
ether (30 ml.) was added over a 15-min. interval to a stirred, 
ice-cooled solution of difluoro-N,N-dimethylacetamide (3.1 
g.) in 150 ml. of anhydrous ether, and stirring continued 
overnight a t  room temperature. Following the addition of 
a saturated aqueous solution of sodium sulfate (5 ml.) and 
then of anhydrous sodium sulfate (70 g.), the reaction mix- 
ture was filtered, the solids washed well with anhydrous 
ether and the ethereal filtrate containing the difluoroacetal- 
dehyde used in the next step. 

To the ethereal solution containing difluoroacetttldehyde 
was added a 4y0 solution of ethanolic hydrogen chloride 
(25 ml.), the solution decanted from a small volume of a 
second layer and most of the ether removed by distillation 
through a column of glass helices. The remaining solution 
wm treated with 5-chloro-2,4disulfamylaniline (1.0 g.) 
and the reaction carried out according to Method C to give 
0.83 g. of product, m.p. 297-298' dec. Recrystallization 
from methanol-chloroform did not raise the melting point. 

B-Chloro-3,4-dih ydro-3-piperidinonaeth yl-7-sulfana yl-llS,4- 
benzothiadiuzine Ill-dioxide. The crude hydrochloride (2.2 
9.) prepared according to Method C was dissolved in hot 
dilute acetic acid (100 ml., cn. 0.002M), the solution filtered, 
cooled, and brought to pH 8.0 with dilute aqueous potassium 
hydroxide. Cooling in ice gave colorless crystals (1.1 g.), 
m.p. 160-163" dec. Recrystallization from ethyl acetate- 
cyclohexane gave the free base, m.p. 173-175' dec. 

When the free base was recrystallized from acbetone- 
pentane a solvate was obtained containing one mole of 
acetone of crystallization. (The infrared spectrum showed 
carbonyl absorption a t  5.84 p . )  

Anal. Calcd. for Cl~Hi&lNaOaSz. CsHeO: N, 12.37. 
Found: N, 12.34. 

S-Aminomethyl-3,~-dihydro-B-chloro-7-sulf;2.myl-l ,S,/t- 
benzothiadiazine 1,l-dioxzde. The crude hydrochloride 
prepared according to Method B was dissolved in hot water 
and the solution cooled. -4fter the addition of one equivalelit 
of aqueous potassium hydroxide the solution was treated 
quickly with charcoal without heating and then allowed to 
stand in an ice bath until colorless crystals of the free base 
separated. The product was collected and recrystallized 
from acetone-pentane to give the acetone solvate, m.p. 
177.5-178' dec. 

(24) de Stevens et al. (ref. 5c) report a m.p. of 248-250' 
dec. Two polymorphic modifications have been obtained by 
us but both have a m.p. of 280-281' dec. We have recrys- 
tallized a sample of our product, m.p. 280-281' dec., from 
the solvent mixture (methano1:acetone:water 1: 1 : 1)  em- 
ployed by de Stevens et al., and have obtained material, 
m.p. 248-250' dec. which, however, can be shown by infra- 
red spectroscopy and paper chromatographic analysis to 
contain 10-20y0 of 5-chloro-2,4disdfamylaniline. The latter 
compound can be shown to be absent from the sample, m.p. 
280-281 ' and is presumably formed during crystallization 
from methanol: acetone: water by hydrolysis. 

(25) H. C. Brown and A. Tsukamoto, J. Am. Chem. SOC., 
81,502 (1950). 
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6-Chloro-S,~-dihydro-7-suljamyl-S-triehloromethyl-l,8,4- 
benzothzadiazine 1,l-dioxide. 5Chloro-2,4disulfamylaniline 
(5 g.), chloral (25 ml.), and concd. sulfuric acid (5 drops) 
were heated together under reflux with stirring for 2 hr. 
The cooled reaction mixture was diluted with chloroform 
and the crude product collected by filtration and crystal- 
lized from methanol affording 2.8 g. of product, m.p. 294- 
295" dec. Recrystallization from methanol-chloroform 
afforded 6-chloro-3,4dihydro-7-sulfamyl-3-trichloromethyl- 
1,2,4benzothiadiazine 1,l-dioxide, m.p. 301-302' dec. 

6-Chloro-~,4-disuljam yl-1- (2'-ethoxyeth ylideneanzino) ben- 
zene. A mixture of 5-chlo~o-2,4disulfamylaniline(5.0 g.), 
ethoxyacetal (25 ml.), tetrahydrofuran (100 ml.), and 18% 
ethanolic hydrogen chloride (1 ml.) was kept a t  room 
temperature for 12 hr. The reaction mixture was poured 
into hexane and the precipitated product collected by fil- 
tration and air dried (5.81 g.). Crystallization from tetra- 
hydrofuran furnished 1 7 3  g., m.p. 321'. Further recrystal- 
lization from the same solvent afforded 0.77 g. of pure 
product, m.p. 350". A,, 221 mp (e 31,800); 255 mp (e 
9300); shoulder 294 mp. (E 2320). A,,, 6.06 p (strong), 
attributable to -C=N-. 

Anal .  Calcd. for C10H1AClN306S2: N, 11.81; C1, 9.96. 
Found: N, 11.84; C1,9.83. 

Reaction of 6-chloro-2,Q-disuljamylaniline with p-chloro- 
benzaldehyde. An intimate mixture of 5-chloro-2,4disulf- 
amylaniline (2.0 g., 0.007 mole) and p-chlorobenzaldehyde 
(1.98 g., 0.014 mole) was heated in an oil bath a t  230-240" 
(bath temperature) for 0.5 hr. Upon cooling, the crude prod- 
uct was crystallized from methanol-chloroform. Either of 
two products could be obtained from the reaction, com- 
pound (A) m.p. 257-258" and compound (B) m.p. 360". 
In any given run one of the two products seemed always 
to predominate. The factors controlling these results were 
not elucidated. 

Compound A. X,, 225 mp (E 48,700); 272 mp (e 24,800); 
316 mp (e 3900). 

Anal .  Calcd. for C13HtlC12N304&: N, 10.29; C1, 17.37. 
Found: N, 10.17, C1, 17.48. 

Cmpound  R. hmx 213 mp (e 39,800); shoulder 230 mp 
(e 24,500); 263 mp ( e  23,100); 340 mp (e 4200). 

Anal .  Calcd. for C13HllC12iY304S2: N, 10.29; C1, 17.37. 
Found: N, 10.59; C1, 17.34. 

On the basis of these data compound A was assigned the 
structure 6-chloro-3-(p-chlorophenyl)-3,4-dihydro-7-sulf- 
amyl-l,2,4benxothiadiazine 1,l-dioxide and compound B 
the structure 5-chloro-l-(p-chlorobenzylideneamino)-2,4 
disulfamylbenzene. Both structures were also supported by 
infrared evidence. 

Reaction of 6-chloro-2,4-disulfamylaniline with 5,4,6- 
trimethoxybenzaldehyde. (a) An intimate mixture of 5- 
chloroS,4disulfamylaniline (5.0 g., 0.0175 mole) and 3,4,5- 
trimethoxybenzaldehyde (5.15 g., 0.0262 mole) was heated 
in an oil bath a t  220-225' (bath temperature) for 0.5 hr. 
After cooling, the reaction product was boiled with methanol 
(1 1.) and the insoluble material removed by filtration. The 
filtrate was treated with charcoal, concentrated and cooled, 
affording 5-chloro-2,4disulfamyl-1-(3',4',5'-trimethoxy- 
benzylideneamin0)benzene (1.75 g.), m.p. 300' (sintering at  
238"). Recrystallization from methanol and then from 
acetonitrile did not change the melting point. X,,, 218 
m l  (E 50,800); 300 mp (€22,500). 

Anal. Calcd. for Cl~H,,ClN~07S2: N, 9.05; C1, 7.64. 
Found: N, 8.85; Cl, 7.50. 

(b) A mixture of 5-chloro-2,Pdisulfamylaniline (4.0 6.) 
0.014 mole), 3,4,5-trimethoxybenzaldehyde (5.48 g., 0.028 
mole) and 2% ethanolic hydrogen chloride (40 ml.) was 
heated on the steam bath. Solution occurred within 15 min. 
and the reaction mixture was heated for 45 min. longer 
and then cooled. On standing overnight a t  room tempera- 
ture crystals formed which were collected by filtration and 
dried, 4.8 g., m.p. 247-249'. Recrystallization from acetone- 
chloroform gave 6-chloro-3,4-dihydro-7-sii1famyl-3-(3',- 
4',5'-trimethoxypheny1)-1,2,4-benzothiadiazine 1,l-dioxide, 

m.p. 244-246'. A, 224 mp (e 49,200); 272 mp (e 28,000); 
315 mp ( E  3200). On attempted crystallization of the prod- 
uct from methanol-chloroform, a high yield of 5-chloro-2,4 
disulfamylaniline was obtained. 

6-Chloro- (S'-earboxybenzylideneamino)-~,~-disulfamyl- 
benzene. (a) A mixture of 5-chloro-2,Cdisulfamylaniline 
(1.0 g., 0.0035 mole) and o-carboxybenzaldehyde (0.68 g., 
0.0047 mole) was fused in an oil bath a t  a bath temperature 
of 200-205° for 1 hr. The residue was crystallized from ace- 
tonitrile-tetrahydrofuran and then tetrahydrofuran- 
chloroform affording 5chloro-l-(2'-carboxybenzylidene- 
amino)-2,4disulfamylbenzene (0.6 g.), m.p. 354'. A,, 
222 mp (e 30,300); 286 mp ( E  20,200); inflections at  300 mp 
(E 15,200) and307nip ( E  11,400). 

Anal .  Calcd. for CIIHIXIN~OfiS~: N. 10.06: C1. 8.49. , ,  - _ _  , 
Found: N, 10.04; C1,8.55. -- 

(b) 5Chloro-2,4disulfamylaniline (1.0 g., 0.0035 mole), 
o-carboxybenaaldehyde (0.68 g., 0.0047 mole), and 2% 
ethanolic hydrogen chloride (10 ml.) were warmed on the 
steam bath for 1 hr. The crystalline product was collected 
by filtration of the warm reaction mixture, 1.35 g., n1.p. 
356-357' dec., shown to be identical with the product ob- 
tained in (a) bb the usual criteria. 

7-Benz ylidenesulfam yl-6-chloro-3,4-dihydro-S-phenyG1,2,4- 
benzothiadiazine 1,l-dioxide. 5Chloro-2,4disulfamylaniline 
(5 9.) was heated with benzaldehyde (15 ml.) until the distil- 
late was clear and its boiling point the same as that of bena- 
aldehyde. At this point the reaction mixture was allowed to 
cool and the residue triturated with chloroform-cyclohexane 
affording crude product (7.6 g.). Crystallization from tetra- 
hydrofuran-cyclohexane and then from acetone-pentane 
furnished 7-benzylidenesulfamyl-6-chloro-3,4dihydro-3- 
phenyl-l,2,Pbenzothiadiazine 1,l-dioxide, m.p. 241-242'. 
Amax 222 mp (e 39,200); 273 m* (e 25,200); shoulder 308 mp 
(E 7100). 

Anal .  Calcd. for C20H1&1N,O4S2: C, 52.00; H, 3.49; N, 
9.10. Found: C, 52.06; H, 3.64; N, 9.27. 

6-Chloro-3-j3-hydroxyethyl-7-sulfamyl-l,2,~-benzothiadia- 
zine 1 ,I-dioxide. (a) 5-Chloro-2,Cdisulfamylaniline (5.0 g., 
0 0175 mole), glycidaldehyde (3.78 g., 0.0525 mole), and 50 
ml. of 20y0 ethanolic hydrogen chloride were heated on the 
steam bath, complete solution being effected in 5-10 min. 
The reaction mixture was refluxed gently for an additional 
20 min. when a solid separated. Cooling followed by filtra- 
tion afforded 5.62 g. of crude product m.p. 312-314' dec. 
Recrystallization from ethanol afforded 6-chloro-3-fi- 
hydroxyethyl-7-sulfamyl-1,2,Pbenzothiadiazine 1,l-dioxide 
(3.17 g.) m.p. 320-321 dec. Amax 225 nip ( E  30,800); 278 mp 
(E 11,500); shoulder 303 mp (E 3500); 321 mp (e 1500). 

Anal .  Calcd. for C~HloC1N30sSz: N, 12.37; C1, 10.43. 
Found: N, 12.31; C1, 10.56. 

(b) 6-Chloro-3-epoxyethyl-3,4-dihydro- 7-wlfamyl- 1,2,4 
benzothiadiazine 1,l-dioxide (0.5 g.) was heated on the 
steam bath in 20% ethanolic hydrogen chloride for 15 min. 
The reaction mixture was then cooled and the solid product 
collected by filtration, 0.42 g., m.p. 326-327' dec. Recrystal- 
lization from ethanol afforded 6-chloro-3-p-hydroxyethyl-7- 
sulfamyl-1,2,~benzothiadiazine 1,l-dioxide, m.p. 327-328' 
dec. as shown by standard criteria. 

(c) A mixture of 5-chloro-2,4disulfamylaniline (10 g.) 
and dihydroxyacetone (15 g.) was suspended in ethanol 
(50 ml.) and 18% ethanolic hydrogen chloride (50 ml.) and 
allowed to reflux for 6 hr. The resulting suspension was 
cooled, triturated with ether and the solid filtered, yield 
12 g ,  m.p. 230' dec. After recrystallization from ethanol 
the colorless solid melted a t  327-328' and did not depress 
the melting point of the previously prepared compound. 

(d) A mixture of 5-chloro-2,4disulfamylaniline (2.8 g,), 
glyceraldehyde (1.0 g.), absolute ethanol (18 ml.), and 30y0 
ethanolic hydrogen chloride (12 ml.) was refluxed for 15 min. 
On cooling, 1.6 g. of a colorless solid separated, which 
melted a t  325' dec. On admixture with a sample prepared 
from dihydroxyacetone there was no melting point depression 
and the infrared spectra of the two products were identical. 
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6-Chloro-S- (a-h ydrox ybenz yl)-7-suljam y L-1 ,d,Q-benzothia- 
diazine 1 ,I-dioxide. 5-Chloro-2,4-disulfamylaniline (4.5 g.), 
phenylglyoxal diethyl acetal (9.0 g.), and 8% ethanolic 
hydrogen chloride (70 ml.) were heated on the steam bath 
for 2 hr. Chloroform (100 ml.) was then added and the solu- 
tion chilled. The solid which separated was collected by 
filtration; 2.8 g., m.p. 276-277' dec. Recrystallization from 
methanol-water gave 6-chloro-3-(a-hydroxybenzyl)-7-sulf- 
amyl-l,2,4-benzothiadiazine 1,l-dioxide (2.42 g.), m.p. 
282-283" dec. A,,, 224 mp (e 30,700); 278 mp (e 12,700). 

Anal. Calcd. for C14H12C1Na05S2: N, 10.44; C1, 8.83. 
Found: N, 10.44; C1,8.67. 

5,6-Dichloro-3-hydroxymethyl-~-sulfamyl-l,2,4-benzothia- 
dzazine 1,l-dioxide. 2,3-Dichloro-4,6-disulfamylaniline ( 1 G  
9.) was dissolved in 95% ethanol (800 ml.) and refluxed over- 
night with 307, aqueous glyoxal (23 g.). The solvent was 
evaporated on a steam bath leaving a gummy residue which 
was dissolved in a water-alcohol mixture affording after 
concentration and cooling, a product (5.7 g.), m.p. 267- 
269' dec. Recrystallization from acetone furnished 5,6- 
dichloro-3- hydroxymethyl - 7 - sulfamy 1- 1,2,4 - benzothiadi- 
azine 1,l-dioxide (2.95 g.) m.p. 278-280" dec. Amax 231 mp 
(e30,OOO); 278mp (E 10,500). 
Anal. Calcd. for CBH7C12N305S2: N, 11.66; C1, 19.68. 

Found: N, 11.43; C1, 19.56. 
6-Chloro-S ,~-dzhydro-~-~-hy~roxye thy l -~-su l famy~l  #,d- 

benzothiadzazine 1,l-dioxide. Sodium borohydride (5.90 9.)  
was added to a solution of 6-chloro-3-~-hydroxyethyl-7- 
sulfamyl-1,2,4benzothiadiazine 1,l-dioxide (5.90 9.) dis- 
solved in tetrahydrofuran (250 ml.) and the mixture re- 
fluxed for 21 hr. The solvent was evaporated on the steam 
bath, the residue chilled in an ice bath and then acidified 
to pH 5 with 5% hydrochloric acid. The gum which first 
separated solidified when the mixture was allowed to m r m  
to room temperature. The solid product was collected by 
filtration (4.69 g.), m.p. ca. 150" dec. Crystallization from 
methanol-chloroform afforded 6-chloro-3,4dihydro-3-8-hy- 
droxyethyl-7-sulfamyl-l,2,Pbenzothiadiazine 1,l-dioxide 
(1.72 g.), m.p. 234" dec. A,,, 226 mp ( e  36,700); 271 mp 
(e20,200);316 mp (€3000). 

An analogous procedure was used for the preparation of 
5,6-dichloro-3,4-dihydro-3-hydroxymethyl-7-s~1lf amyl -1,2,4- 
benzothiadiazine 1,l-dioxide. 

6-Chloro-5-a-chlorobenzyl-3,~-dihydro-~-szL2fanlyl-l,2,4- 
benzothiadiazine 1,l-dzoxade. (a) A mixture of 5-chloro-2,P 
disulfamylaniline (2 g.), a-chlorophenylacetaldehyde di- 
methyl acetallg (2.8 g.), absolute ethanol (100 ml,), 23% 
ethanolic hydrogen chloride (40 ml.), and 3 drops of water 
was refluxed for 1 hr. The excess ethanol was distilled and 
the residue triturated with hexane to give 3.7 g. of a tacky 
solid. After two recrystallizations from ethyl acetate- 
hexane the solid melted at 182-184' dec. and after drying 
under high vacuum melted a t  198-205' dec. The infrared 
spectrum showed a strong carbonyl absorption due t o  
solvation with ethyl acetate. 

Anal. Calcd. for C14H13C12N304SZ.1/2 CH3COOC2H,: 
C, 41.20; H, 3.68; C1, 15.21; N, 9.01; Found: C, 41.54; 
H, 3.76; C1, 15.30; N, 9.30. 

(b) A mixture of 5-chloro-2,4-disulfemylaniline (2 g.), 
a-bromophenylacetaldehyde dimethyl acetal (3.4 g,), 
absolute ethanol (100 ml.), 23y0 ethanolic hydrogen chlo- 
ride (40 ml.), and 3 drops of water was treated in the same 
manner as above. There was obtained 1.4 g. of a solid 
melting at 184185.5" dec. which did not depress the 
melting point of the sample prepared in (a). The infrared 
spectra of the materials obtained in (a) and (b) were identi- 
cal. 

ilnal. Calcd. for C14H&1~N304S2.1/2 CH3COOC2Hb: 
C1, 15.21; N, 9.01; S, 13.75. Found: C1, 15.28; N, 8.92; 
S, 13.91. 
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The preparations of several thyroformic acids variously substituted with methyl groups in the 3,5,3',5'- positions are re- 
ported. The unusual dchromination of 4-(4'-methoxy-3',5'-dimethylphenox~)-3,5-dimethylphenylbromide (XIII) and 
decarboxylation of the carboxylic acid (XIV) derived from bromide (XIII) were observed in 57*/0 hydriodic acid in glucid 
acetic acid. 

-1 greater separation of the hypocholesterolemic 
and metabolic effects was observed in the thyroxine 
analog, tetraiodothyroformic acid I, than in thyrox- 
ine, itself.' The effect of replacing the iodines of 
compound I with other groups was therefore in- 
vestigated. The syntheses of compounds in which 
methyl group(s) or hydrogen(s) replace iodine(s) 
are reported in this paper.2 

I' I' 
I 

The general method used for preparing three 
methylated thyroformic acids is shown in Fig. I .  

(1) h l ,  h1. Rest, C. H. Duncan, and E.  Van Heyningen, 
Endocrinology, 60, 161 (1957). 

(2) The pharmacological results obtained with these com- 
pounds will be reported elsewhere. 


