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Earlier communications1 '2 '3-4 from these laboratories have 
disclosed a new class of diuretic agents which are derivatives of 
l,2,4-benzothiadiazine-l,l-dioxide. The clinical utility of 6-chloro-
7-sulphamyl-l,2,4-benzothiadiazine-l,l-dioxide* (I) and its 3,4-
dihydro derivative^ (II) have prompted the synthesis of some of 

HaNOjSv/VSO^ HjNOsS^/X/SOsx 
NH 

(I) 

HjNOjS^/VSOtx 
1 NH N [J NH 

(III) (IV) 

the 'aza ' analogues of these compounds, i.e., analogues of (I) and 
(II) in which the benzene nucleus is replaced by the pyridine 
nucleus. Two of the four possible isomeric forms were studied. 
These included some substituted 7-sulphamylpyrido[2,3-e]-l,2,4-
thiadiazine-l,l'-dioxides (HI), 5-sulphamylpyrido[4,3-e]-l,2,4-
thiadiazine-1,1 -dioxides (IV), and their 3,4-dihydro derivatives. 

* Chlorothiazide, ' D I U R I L ' (Trademark of Merck and Company). 
f Hydrochlorothiazide, ' H y d r o D I U M L ' (Trademark of Merck and Company). 
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The required intermediates for the first series were 2-amino-
3,5-pyridinedisulphonamide (Via) and its 6-substituted deriva
tives. In the second series, 4-amino-3,5-pyridinedisulphonamide 
(XII) was the key compound. In each case these intermediates 
were then cyclized to the desired products. 

When this study was initiated, 3,5-pyridinedisulphonic acid5-6 

was the only disulphonated pyridine described in the literature; 
furthermore, the method of synthesis from piperidine was im
practical and the yield was poor. In a search for a better synthetic 
method, we tried refluxing both pyridine and pyridine-iV-oxide 
with chlorosulphonic acid for 100 h. In neither case was an 
appreciable amount of the corresponding 3,5-pyridinedisulphonyl 
chloride produced. 

However, an amino group in the 2- or 4-position of the pyridine 
ring greatly facilitated sulphonation. Thus, when 2-amino-
pyridine was heated with chlorosulphonic acid at 150° for 116 h 
followed by treatment with thionyl chloride, 2-amino-3,5-pyridine-
disulphonyl chloride (Va) was obtained in 79 per cent yield. One 
factor that doubtlessly contributed to the success of this synthesis 
was the high order of stability of 2-aminopyridine and its reaction 
products to the rigorous conditions of the reaction. 

A second activating group in the 6-position of the pyridine 
nucleus further facilitated sulphonation. After heating for only 
12 h under the conditions described, 2,6-diaminopyridine was 
converted to 2,6-diamino-3,5-pyridinedisulphonyl chloride (Vc) in 
74 per cent yield. Likewise, 2-amino-6-hydroxypyridine gave 
the corresponding 3,5-disulphonyl chloride (Vd) in 72 per cent 
yield after 12 h of heating. 

With 2-amino-6-methylpyridine, competing side reactions 
became a problem. In order to obtain optimum yields, it was 
necessary to terminate the reaction after 18 h even though there 
had been only a 28 per cent conversion to the desired disulphonyl 
chloride (Vb). Under similar reaction conditions, 2-amino-6-
methylpyridine-1-oxide7 also produced 2-amino-6-methyl-3,5-
pyridinedisulphonyl chloride (Vb). I t is not known whether the 
oxygen atom was lost before or after sulphonation but the yield 
was not improved when the IV-oxide was employed. 

The chlorosulphonation of 2-amino-4-methylpyridine or of 
2-amino-4,6-dimethylpyridine has yielded mixtures from which 
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no pure products have been isolated. Vigorous evolution of 
hydrogen chloride, indicating that reaction had taken place, 
occurred in each case. The products of the reaction, however, 
both before and after treatment with ammonia, consisted of in
tractable mixtures. 

ClOoS ! ° \ ,SO»Cl 

(Va) R = H 
(Vb) R = CH3 

R / \ T A N H 2 

(Vc) R = NH2 
(Vd) R = OH 

NH 
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H,NO lSN/>vS02NH l 
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(Via) R = H (VIo)R = NH2 
(VIb) R = CH3 (VId) R = OH 

(VIe)R = Cl 

/ 

(Villa) R = H 
(VHIb) R = CH3 

(VIIIc) R = NHa 
(VHId) R = OH 
(VHIe) R = C1 

H 2 N0 2 S v XvS0 2 X . 
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R / V \ N ^ ; 
(Vila) R = H 
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4-Aminopyridine was converted to 4-amino-3,5-pyridinedi-
sulphonyl chloride (XI) in 74 per cent yield by heating with 
chlorosulphonic acid for 115 h. The disulphonamides were 
readily produced by dissolving the disulphonyl chlorides in liquid 
ammonia. In each case, the conversion was rapid and the yield 
was usually excellent. 2-Amino-6-chloro-3,5-pyridinedisulphon-
amide (Vie) was prepared by the interaction of the corresponding 
6-hydroxy compound (VId) with a mixture of phosphorus penta-
chloride and phosphorus oxychloride followed by treatment of the 
reaction product with ammonia. 

Cyclization of the amino-3,5-pyridinedisulphonamides to the 
corresponding pyrido[2,3-e] or [4,3-e]-l,2,4-thiadiazine-l,l-dioxide 
was carried out by methods very similar to those described for the 
benzene analogues.1-2 In general, this involved interaction with 
a carboxylic acid or its derivative. In one case, the acyclic acyl 
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intermediate was isolated. I t was observed that cyclization in 
the benzene series generally proceeded more readily than in the 
pyridine series. Furthermore, the 2-amino-3,5-pyridinedisul-
phonamides cyclized with greater facility than 4-amino-3,5-
pyridinedisulphonamide. 

The pyrido[2,3-e]-l,2,4-thiadiazine-l,l-dioxides were prepared 
by refluxing the appropriate amino-3,5-pyridinedisulphonamide 
with 100 per cent formic acid. The reaction proceeded smoothly for 
the conversion of (Via) to (Vila) (R = H) and for the transforma
tion of (VIb) to (Vllb) (R = CH3) but with (VId) (where R = OH) 
the procedure failed. 

The interaction of 2,6-diamino-3,5-pyridinedisulphonamide 
(Vic) with formic acid appears to proceed stepwise since mixtures 
are formed in which the tricyclic product (IX) becomes more 
predominant as the reaction progresses. The best synthesis of 
(IX) consisted in boiling (Vic) with formamide for 5 min. Under 
these conditions, the yield was 95 per cent. 

HaNOaS^/X/SOjNHj 

^NH2 H a N ^ N / 

HN 

(Vic) 

NH 

\ 

H,Nolssy\/solS 
NH 

H 2 N / \ / \ N / 

H 
(VIIIc) 

HN /scv/vscv NH 

^ N / N N ^ / 
H H 

(X) 

Cyclization of 4-amino-3,5-pyridinedisulphonamide (XII) proved 
to be considerably more difficult than the corresponding 2-amino 
isomer (Via). Refluxing for long periods with 100 per cent formic 
acid gave no reaction. However, treatment with boiling form-
amide afforded a 38 per cent yield of 5-sulphamylpyrido[4,3-e]-
1,2,4-thiadiazine-1,1-dioxide (XIII). 
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3 - Benzylmer captomethyl - 6 - methyl - 7 - sulphamylpyrido [2,3 - e] -
l,2,4-thiadiazine-l,l-dioxide (XVI) was prepared by the conven
tional two-step process involving conversion of (VIb) to the corre
sponding 2-benzylmercaptoacetamido derivative (XV) followed 
by cyclization in alcoholic triethylamine. 

H2N02Sx 

(VIb) 
SO,NH, 

CH/V 
(XV) 

^NHCOCHaSCH,C„H, 

CH/\\ 

/S02 X 
NH 

CHaSCH2C6H3 'N' Ms / ' 
(XVI) 

The compounds in the '3,4-dihydro' series, i.e., the 3,4-dihydro-
pyrido[2,3-e] and [4,3-e]-l,2,4-thiadiazine-l,l-dioxides, were gen
erally prepared from the required amino-3,5-pyridinedisulphon-
amide and exactly one molar equivalent of formaldehyde. The 
oyclizations were carried out in aqueous solution, usually under 
weakly alkaline conditions. The yields were good and, by avoid
ing an excess of formaldehyde, the side reactions were minimized 
and the purification of the products simplified. 
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2-Amino-3,5-pyridinedisulphonamide (Via) was converted to 
3,4-dihydropyrido[2,3-e]-l,2J4-thiadiazine-l,l-dioxide (Villa) in 
85 per cent yield. The yield of the 6-methyl derivative (VHIb) 
was 71 per cent. 2-Amino-6-hydroxy-3,5-pyridinedisulphonamide 
(VId) was readily converted to the 6-hydroxy derivative (VHId) 
in 85 per cent yield in contrast with its failure to react with formic 
acid. The 6-chloro derivative (Vllle), which was prepared in 
59 per cent yield, is one of the two possible isomeric ' azahydro-
chlorothiazides'. 

H2NO aSx / \ /S02NH2 H a N0 2 S X / /v S °2 N H 2 H 2 N 0 2 S v / \ / S 0 2 \ 
> T ^ T NH 

H O ' V ^ N H , a A j ^ N H , C 1 / V \ N / 
H 

(VId) (Vie) (Vllle) 

With 2,6-diamino-3,5-pyridinedisulphonamide (Vic), it was 
possible to obtain predominantly either the dicyclic (VIIIc) or 
the tricyclic derivative (X) by employing either one or two molar 
equivalents of formaldehyde in the reaction. 

5 - Sulphamyl - 3,4 - dihydropyrido[4,3-e] -1,2,4 - thiadiazine-1,1-
dioxide (XIV) was produced in 80 per cent yield by the interaction 
of 4-amino-3,5-pyridinedisulphonamide (XII) and formaldehyde 
under the conditions employed for the 2-amino series. 

Since the completion of this study in our laboratories, some of 
the compounds of the ' azathiazide' class have been reported in the 
literature.8 '9 

Biological Results 

Each of the sulphonamides prepared in this study was assayed 
for its diuretic and saluretic activity in either dogs or rats, and 
in some instances in both species. Both oral and parenteral 
administration were employed. 

In general, the activity of each compound was comparable with, 
although somewhat less potent than, that of its 1,2,4-benzothia-
diazine analogue. Thus, the 'dihydro' series, i.e. sulphamyl-3,4-
dihydropyrido[2,3-e] and [4,3-e]-l,2,4-thiadiazine-l,l-dioxides, 
were more active than the corresponding 'aromatic ' series, i.e. 
sulphamylpyrido[2,3-e] and [4,3-e]-l,2,4-thiadiazine-l,l-dioxides, 
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which, in turn, were more active than the acyclic amino-3,5-
pyridinedisulphonamides. 

The introduction of either a 6-methyl group or a 3-benzylmer-
captomethyl group in the 7-sulphamylpyrido[2,3-e]-l,2,4-thiadia-
zine-1,1-dioxide molecule produced an increase in activity. 
Likewise, the introduction of either a methyl or a chloro-group in 
the 6-position of 7-sulphamyl-3,4-dihydropyrido[2,3-e]-l,2,4-thia-
diazine-1,1 -dioxide increased potency. 

The 6-chloro derivative was somewhat more active than the 
corresponding 6-methyl derivative. On the other hand, the 
introduction of a 6-hydroxyl group markedly reduced the activity. 

The number of the sulphamylpyrido[4,3-e]-l,2,4-thiadiazine-
1,1-dioxides studied was not adequate to permit a rigorous com
parison with the sulphamylpyrido[2,3-e]-l,2,4-thiadiazine series. 
However, the members of the [2,3-e] series were consistently more 
active than those of the [4,3-e] series. This relative activity of 
the two series is not surprising. In the 1,2,4-benzothiadiazine 
series, the location of the sulphamyl group in the 7-position is 
critical for optimal activity. In the [4,3-e] series, the location of 
this essential sulphamyl group in the 7-position is not possible since 
a nitrogen atom occupies this position. 

From the present preliminary study, no extensive data are 
available on potassium excretion. However, no marked dif
ferences were observed between the members of these pyrido 
analogues and the corresponding 1,2,4-benzothiadiazines. 

Experimental* 

2-Amino-3,5-pyridinedisulphonyl chloride (Va). Under an
hydrous conditions, 2-aminopyridine (Matheson, Coleman and 
Bell) (47 g, 0 • 5 mole) was added to a mechanically stirred flask 
containing chlorosulphonic acid (583 g, 5 moles), the temperature 
being kept below 15°. The mixture was stirred and gradually 
heated to 150° and then held at this temperature (reflux) for 116 h. 
The solution was cooled, thionyl chloride (146-6 ml, 2 mole) 
added, and the stirred solution gradually heated to 125° over a 
period of 2 h. The contents of the flask were cooled and added 
dropwise to a beaker of crushed ice (1-2 kg) which was cooled in a 

* All melting points are corrected. 
25 
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bath containing Dry Ice and 2-methoxyethanol. The solid that 
separated was removed by filtration. This material consisted 
of a mixture of (Va) and a salt thereof. The solid was extracted 
with boiling benzene to remove the (Va). The residue was 
converted to (Va) by warming with water and extracting with 
boiling benzene. The combined benzene extracts were filtered, 
concentrated to incipient precipitation and cooled. The yield of 
(Va) was 114 g (79 per cent). Several recrystallizations from 
benzene, with concomitant treatment with decolourizing charcoal, 
gave white crystalline material melting at 137-5-139° (d.).* 

Anal. Calcd. for C5H4C12N204S2: C, 20 • 63; H, 1 • 38; N, 9 • 62; 
S, 22-03. Found: C, 21-01; H, 1-38; N, 9.60; S, 21-92. 

2-Amino-3,5-pyridinedisulphonamide (Via). Liquid ammonia 
(154 g, 8 • 9 mole) was placed in a beaker cooled in a bath containing 
Dry Ice and 2-methoxyethanol. The liquid was stirred and (Va) 
(30 g, 0 • 103 mole) was added portionwise over a period of 30 min. 
Excess ammonia was removed by evaporation and the residue was 
crystallized from water. The yield of crystalline (Via) was 
24-2 g (93 per cent). After several more recrystallizations from 
water, the white, crystalline (Via) melted at 229-5-231° (d.).f 

Anal. Calcd. for C5H8N404S2: C, 23-80; H, 3-20; N, 22-21; S, 
25-42. Found: C, 23-93; H, 3-14; N, 22-15; S, 25-53. 

7-Sulphamylpyrido[2,3-e]-l,2,4-thiadiazine-1,1-dioxide (Vila). A 
solution of (Via) (7-57 g, 0-03 mole) in 99-100 per cent formic 
acid (50 ml) was refluxed under anhydrous conditions for 40 h. 
After several hours heating, a white solid began to separate. After 
cooling, this was removed by filtration and the filtrate concen
trated and cooled to obtain more product. The combined yield 
was 6 • 9 g (89 per cent). After two recrystallizations from formic 
acid, the white crystalline (Vila) melted at 319-320° (d.),J 
p K a 6 - 4 , 8-8. 

Anal. Calcd. for C6H6N404S2 : C, 27-48; H, 2-31; N, 21-36. 
Found: C, 27-68; H, 2-37; N, 21-23. 

7 - Sulphamyl - 3,4 - dihydropyrido[2,3 -e] -1,2,4 - thiadiazine -1,1-
dioxide (Villa). A solution of (Via) (7 • 57 g, 0 • 03 mole), ethanol 
(90 ml), sodium hydroxide (430 mg,0-0107 mole), water (10 ml) and 

* A m.p. of 137-139° has been reported.9 

f M.p.'s of 222-223° (unoorr.) and 232-234° have been reported. 8 '9 

t M.p.'s of 332-334° (uncorr.)8 and 323-32509 have been reported. 
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aqueous formaldehyde (3-04 g, 0-0375 mole) was stirred mechani
cally and heated on a steam bath for 2-5 h. The solution was 
acidified with 2N hydrochloric acid (2 ml) and concentrated to 
dryness at reduced pressure. The residue was suspended in 
water (ca 20 ml), filtered, and washed with a little water. The 
yield was 6-7 g (85 per cent). The solid was dissolved in 28 
per cent ammonium hydroxide, filtered, and the filtrate was 
heated to remove the ammonia, whereby (Villa) separated. 
Further purification can be effected by crystallization from water, 
or, better, by repeatedly dissolving in cold dilute aqueous sodium 
hydroxide and precipitating with dilute hydrochloric acid. The 
purified (Villa) melted at 289-5-291° (d.),* pKa 7-6, 9-3. 

Anal. Calcd. for C6H8N404S2: C, 27-27; H, 3-05; N, 21-20. 
Found: C, 27-72; H, 3-35;N, 20-92. 

2-Amino-6-methyl-3,5-pyridinedisulphonyl chloride (Vb). 
2-Amino-6-methylpyridine (Reilly Tar and Chemical) (108-1 g, 
1 mole) and chlorosulphonic acid (1165- 3 g, 10 mole) were refiuxed 
for 18 h as described for (Via). After cooling and addition of 
thionyl chloride (476 g, 4 mole), the mixture was gradually heated 
to reflux over a period of 3 h. After cooling and pouring on to 
crushed ice, the product was extracted with benzene. The ben
zene extract was dried over sodium sulphate and the solvent 
removed by distillation at reduced pressure. The yield of crude 
(Vb) was 86-2 g (28 per cent). After several recrystallizations 
from methylcyclohexane, pure (Vb) melted at 132-133° (d.)."j-

Anal. Calcd. for C6H6C12N204S2: C, 23 • 61; H, 1 • 98; N, 9 • 18. 
Found: C, 23-91; H, 2-10; N, 9-09. 

2-Amino-6-methyl-3,5-pyridinedisulphonamide (VIb). Com
pound (Vb) (85-2 g, 0-279 mole) was added to liquid ammonia 
(309 g, 18-2 mole) as described for the preparation of (Via). 
After evaporation of the excess ammonia, the resulting solid was 
recrystallized from water (800 ml) with concomitant treatment 
with decolourizing charcoal. The yield of VIb was 47 • 2 g (64 per 
cent). After several recrystallizations from water, the product 
melted at 245-5-247° (d.).J 

Anal. Calcd. for CeH10N4O4S2: C, 27-06; H, 3-79; N, 21-04. 
Found: C, 27-52; H, 3-56; N, 20-89. 

* Reported m.p.,8 269-270° (uncorr.). f Reported m.p.,9 132-133°. 
J Reported m.p.'s, 235-236° (uncorr.),8 and 249-2510 .9 
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6-Methyl-7-sulphamylpyrido[2,3-e]-l,2,4-thiadiazine-l,l-dioxide 
(Vllb). Compound VIb (14-65 g, 0-055 mole) in 99-100 per 
cent formic acid (120 ml) was refiuxed under anhydrous conditions 
for 40 h. The yield was 12 • 5 g (82 per cent). After recrystalliza-
tion from formic acid and then acetic acid, the product melted at 
322-323° (d.).* 

Anal. Calcd. for C7H8N404S2: C, 30-42; H, 2-92; N, 20-28. 
Found: C, 30-52; H, 2-73; N, 20-12. 

6-Methyl-7-sulphamyl-3,4-dihydropyrido[2,3-e]-l,2,4-thiadiazine-
1,1-dioxide (VHIb). Compound (VIb) (14-65 g, 0-055 mole), 
2 • 48 per cent aqueous formaldehyde (66 • 5 g, 0 • 055 mole), 0 • 8 8 3 N 

aqueous ammonia (3-1 ml, 0-00275 mole) and water (61 ml) were 
refiuxed for 2-5 h. After addition of 10-78N aqueous ammonia 
(4-85 g, 0-052 mole) and water (329 ml), refluxing was continued 
for another hour. The yield of product which separated upon 
cooling was 10-9 g (71 per cent). The product was purified as 
described for (Villa), m.p. 277-278° (d.).f 

Anal. Calcd. for C7H30N4O4S2: C, 30-21; H, 3-62; N, 20-13. 
Found: C, 30-07; N, 3-90; N, 20-01. 

3-Benzylmercaptomethyl-6-methyl-7-sulphamylpyrido[2,3-e]-thia-
diazine-1,1-dioxide (XVI). Compound (VIb) (12- 8 g, 0-048 mole), 
benzylmercaptoacetyl chloride10 '11 (9-65 g, 0-048 mole) and dry 
dioxane (225 ml) were stirred and refiuxed under anhydrous con
ditions for 20 h. The (VIb) slowly dissolved and 2-benzylmercapto-
acetamido-6-methyl-3,5-pyridinedisulphonamide (XV) gradually 
separated. The mixture was cooled and filtered, and the solid 
washed with dioxane. The crude (XV), 6-9 g. (34 per cent), 
m.p. 237-239° (uncorr.), was used in the next step without 
purification. 

Crude (XV) (6-9 g, 0-0157 mole) was dissolved in a solution of 
25 per cent triethylamine in methanol (100 ml). After standing 
at room temperature overnight, the solvent was removed by 
distillation at reduced pressure and the residue was recrystallized 
three times from a 3:1 ethanol-water mixture. The yield was 
4-5 g (70 per cent), m.p. 255-256-5° (d.). 

Anal. Calcd. for C1 5H1 6N404S3 : C, 43-67; H, 3-91; N, 13-58. 
Found: C, 43-71; H, 4 -12 ;N, 13-51. 

* Reported m.p.'s 309-310° (uncorr.),8 and 316° (deo).9 

t Reported m.p. 265-267 °.9 
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2,6-Diamino-3,5-pyridinedisulphonyl chloride (Vc). 2,6-Diamino-
pyridine (Reilly Tar and Chemical) (36 g, 0-33 mole) and chloro-
sulphonic acid (583 g, 5 moles) were renuxed for 12 h. The 
mixture was cooled and treated with thionyl chloride (96-6 g, 
1-32 mole) and gradually heated to 120° over a period of 8 h. 
The cooled reaction mixture was poured on to crushed ice (1 kg) 
as described for (Va) and the light brown product was collected 
on a filter, washed with water and dried. The yield was 74-8 g 
(74 per cent). After several recrystallizations from acetonitrile, 
(Vc) melted at 213-214-5° (d.). 

Anal. Calcd.forC5H5Cl2N304S2:C, 19-62; H, 1-65; Cl, 23-16; 
N, 13-72; S, 20-95. Found: C, 19-90; H, 1-89; Cl, 22-96; 
N, 13-68; S, 21-20. 

2,6-Diamino-3,5-pyridinedisulphonamide (Vic). Compound 
(Vc) (9-74 g, 0-0317 mole) was added to liquid ammonia (468 g, 
2-75 mole) as described for (Via). After recrystallization of the 
crude product from water, the yield was 7-73 g (91 per cent). 
Further recrystallization from water gave (Vic) melting at 
246-5-248° (d.). 

Anal. Calcd. for C5H9N504S2: C, 22-47; H, 3-40; N, 26-20; 
S, 23-99. Found: C, 22-90; H, 3-35; N, 26-19; S, 23-89. 

6-Amino-7-sulphamyl-3,4-dihydro[2,3-e]-l,2,4-thiadiazine-l,l-
dioxide (VIIIc). Compound (Vic) (5 g, 0-0186 mole), 2-48 per 
cent aqueous formaldehyde (22 • 5 g, 0 • 0186 mole), 0 • 8 8 3 N aqueous 
ammonia (0-75 ml, 0-00066 mole) and water (20-8 ml) were 
stirred and renuxed for 2 h. Then 1 0 - 7 8 N aqueous ammonia 
(1-52 ml, 0-0164 mole) and water (145 ml) were added and 
refluxing continued for 40 min. The mixture was filtered to 
remove some solid material (910 mg). Upon cooling the nitrate, 
(VIIIc) separated. The yield was 3-62 g (70 per cent). Purifi
cation was carried out as described for (Villa), m.p. 244-245°. 

Anal. Calcd. for C6H9N504S2 : C, 25-80; H, 3-25; N, 25-08. 
Found: C, 25-55; H, 3-46; N, 24-91. 

The 910 mg of insoluble material was recrystallized by dissolving 
in cone, ammonium hydroxide, concentrating and cooling, m.p. 
274-275° (d.). This material was shown to be (X) by mixed 
m.p. and analysis. 

Anal. Calcd. for C7H9N504S: C, 28-86; H, 3-11; N, 24-05. 
Found: C, 28-56; H, 3-22; N", 24-19. 



380 E. J. CRAGOE ET AL. 

Pyrido[2,3-e,6,5-e]bis[l,2,4]thiadiazine-l,l,9,9-tetroxide (IX). 
Compound (Vic) (5-35 g, 0-02 mole) was dissolved in boiling 
formamide (20 ml) and the boiling solution filtered. The total 
heating time was 5 min. The filtrate was quickly cooled, whereby 
4 • 5 g (95 per cent) of crystalline (IX) separated. The product was 
purified by recrystallization from formamide, then by dissolving 
in aqueous ammonia and reprecipitating with dilute hydrochloric 
acid, and finally by recrystallization from dimethylformamide. 
The pure crystalline (IX) did not melt below 360°. 

Anal. Calcd. for C7H5NB04S2: C, 29-27; H, 1-75; N, 24-38. 
Found: C, 29-32; H, 2-05; N, 24-19. pKa = 5-6, 7-6. 

3,4,6,7 - Tetrahydropyrido[2,3-e,6,5-e] - bis[l,2,4]thiadiazine -
1,1,9,9-tetroxide (X). Compound (Vic) (5 g, 0-0186 mole), 
2-48 per cent aqueous formaldehyde (45 g, 0-0186 mole), 0-883N 
ammonium hydroxide (0-75 ml, 0 • 00066 mole) and water (20-8 ml) 
were stirred and refluxed for 7 h. Then 10 • 78N aqueous ammonia 
(3 • 04 ml, 0 • 0328 mole) and water (237 ml) were added and stirring 
and refluxing continued for 1 • 25 h. The yield of white solid that 
separated during the reaction was 2-98 g (55 per cent). The 
product was purified as described for (Villa), and melted at 
274-5-275° (d.). 

Anal. Calcd. for C7H8N504S2: C, 28-86; H, 3-11; N, 24-05. 
Found: C, 28-94; H, 3-46; N, 24-00. 

2-Amino-6-hydroxy-3,5-pyridinedisulphonamide (VId). 2-Amino-
6-hydroxypyridine (Aldrich Chemical Company material purified 
by recrystallization from isopropyl alcohol, m.p. 209-210°) 
(72-7 g, 0-66 mole) and chlorosulphonic acid (654 ml, 10 moles) 
were refluxed for 12 h. After cooling and addition of thionyl 
chloride (194 ml, 2-63 mole), the mixture was gradually heated 
to reflux over 3 • 5 h. 

After pouring on to crushed ice (4 kg) as described for (Va), the 
cold aqueous mixture was extracted with ethyl acetate (3 x 400 ml). 
The combined filtrates were treated with decolourizing charcoal, 
dried over anhydrous sodium sulphate, and filtered, and the sol
vent was removed by distillation under reduced pressure. The 
light grey solid residue weighed 145-6 g (72 per cent) and repre
sented crude 2-amino-6-hydroxy-3,5-pyridinedisulphonyl chloride 
(Vd). This material was not purified before use in the next 
step. 
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Crude (Vd) (145-6 g, 0-474 mole) was added to liquid ammonia 
(450 ml) and isolated as described for (Via). The yield was 106 g 
(83 per cent). The crude product was purified by dissolving it in 
cone, aqueous ammonia, treating the solution with decolourizing 
charcoal, filtering, concentrating and cooling. After a final re-
crystallization from water, the m.p. was 282-283-5° (d.). 

Anal. Calcd. for C5H8N405S2: C, 22-39; H, 3-01; N, 20-88. 
Found: C, 22-73; H, 3-23; N, 20-83. 

6-Hydroxy-7-sulphamyl-3,4-dihydropyrido[2,3-e]-l,2,4-thiadia-
zine-1,1-dioxide (VHId) was prepared from (VId) (4-5 g, 0-0167 
mole) as described for (Vlllb). The yield was 4 g (85 per cent). 
After repeated dissolution in cold dilute sodium hydroxide and 
precipitation with dilute acetic acid, the m.p. was 273-274° (d.). 

Anal. Calcd. for C6H8N405S2: C, 25-70; H, 2-88; N, 19-98. 
Found: C, 25-86; H, 3-09; N, 19-85. 

2-Amino-6-chloro-3,5-pyridinedisulphonamide (Vie). Compound 
(VId) (57-7 g, 0-215 mole) and phosphorus oxychloride (625 ml) 
was stirred and refluxed under anhydrous conditions for 30 h. 
At various intervals, phosphorus pentachloride was added to the 
reaction mixture. After 2 h, 194 g was added and after 7-5 h, 
44 • 9 g, and after 15 • 5 h, a final addition of 8 • 3 g was made. The 
reaction mixture was concentrated to dryness at reduced pressure 
and the residue added to liquid ammonia as described for (Via). 
Trituration of the crude product with water gave 7 • 6 g; another 
4-1 g was obtained by concentration of the aqueous mother 
liquor. The yield of crude product from the two steps was 11 • 7 g 
(19 per cent). After several recrystallizations from a 2:1 ethanol-
water mixture, m.p. 275° (d.). 

Anal. Calcd. for C5H7C1N404S2: C, 20-94; H, 2-46; CI, 12-37. 
N, 19-54; Found: C, 21-64;H, 2-68; CI, 11-88;N, 19-65. 

6-CMoro-7-sulpharnyl-3,4-dihydropyrido[2,3-e]-l,2,4-thiadiazine-
1,1-dioxide (VHIe) was prepared from (Vie) (4-79 g, 0-016 mole) 
as described for (Vlllb). The crude yield was 2-95 g (59 per 
cent). Purification was carried out by repeatedly dissolving in 
dilute sodium hydroxide and precipitating with dilute acetic acid. 
Finally, the product was crystallized from a 2:1 ethanol-water 
mixture. The yellow crystalline (Vllle) melted at 280° (d.). 

Anal. Calcd. for C6H7C1N404S2: C, 24-13; H, 2-36; CI, 11-87; 
N, 18-76. Found: C, 24-36; H, 2-50; CI, 11-55; N, 19-23. 
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4-Amino-3,5-pyridinedisulphonyl chloride (XI). 4-Aminopyri-
dine (Aldrich Chemical Company material recrystallized from 
benzene, m.p. 155-157°) (33-3 g, 0-35 mole) and chlorosulphonic 
acid (229 ml, 3-5 mole) were refiuxed for 115 h, then treated with 
thionyl chloride (103-2 ml, 1-2 mole) and gradually heated to 
120° over 3 h. The mixture was cooled, poured on to ice (1 • 3 kg) 
and then diluted (to 3 1.) with ice water. The solid was removed 
by nitration and the mother liquor extracted with benzene. The 
extract was dried and the solvent removed by distillation under 
reduced pressure. The combined yield was 75-6 g (74 per cent). 
After several recrystallizations from methylcyclohexane, the 
product melted at 123-125°. 

Anal. Calcd. for C5H4C12N204S2: C, 20-63; H, 1-38; N, 9-62. 
Found: C, 20-88; H, 1-37; N, 9-58. 

4-Amino-3,5-pyridinedisulphonamide (XII) was prepared from 
(XI) and liquid ammonia as described for (VIb). The yield was 
91 per cent. After several recrystallizations from water, the pro
duct melted at 284-5-285-5° (d.). 

Anal. Calcd. for C5H8N404S2: C, 23-80; H, 3-20; N, 22-21; 
S, 25-42. Found: C, 24-02; H, 3-27; N, 22-33; S, 25-31. 

5-8ulphamylpyrido[4,3-e]-l,2,4-thiadiazine-l,l-dioxide (XIII). 
Compound (XII) (12- 93 g, 0-05 mole) was slowly added to boiling 
formamide (40 ml). After boiling for 15 min, the solution was 
cooled in ice and water (60 ml) added. The solid that separated 
along with that recovered from the mother liquors weighed 6 g 
(38 per cent). The product was dissolved in cold dimethyl-
formamide and gradually treated with water, whereby the product 
crystallized. Repetition of this process gave (XIII), melting at 
330-331° (d.). 

Anal. Calcd. for C6H6N404S2 : C, 27-48; H, 2-31; N, 21-36. 
Found: C, 27-80; H, 2-51;N, 21-44. 

5 -Sulphamyl-3,4-dihydropyrido[4,3-e]-l,2,4-thiadiazine-1,1 -di
oxide (XIV) was prepared from (XII) (5 g, 0-0197 mole) as des
cribed for (Vlllb). The yield was 4-16 g (80 per cent). After 
purification as described for (Villa), the product melted at 269-
270° (d.). 

Anal. Calcd. for C6H8N404S2: C, 27-27; H, 3-05; N, 21-20; 
S, 24-27. Found C, 26-82; H, 3-24; N, 21-22; S, 24-52. 
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Summary. A number of 7-sulphamylpyrido[2,3-e]-l,2,4-thiadiazine-
1,1-dioxides including those containing substituents at the 3- or 6-position 
as well as their 3,4-dihydro derivatives were synthesized. 5-Sulphamyl-
pyrido[4,3-e]-l,2,4-thiadiazine-l,l-dioxide a n c j its 3,4-dihydro derivative 
were prepared. The compounds were assayed for their diuretic and 
saluretic activity and found to be comparable to although somewhat less 
potent than the corresponding 1,2,4-benzothiadiazine analogues. 
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