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The ethyl e s t e r  and amides  of 2H- 1,2,4-benzothiadiazine-  3- carboxyl ic  ac id  1,1-dioxide were  
obtained by reac t ion  of 2-aminobenzenesul fonamide  with diethyl oxalate o r  oxamic acid e s t e r s  
in the p r e s e n c e  of sodium methoxide.  The hydrolys is ,  amination,  and hydrazinolys is  of the 
e s t e r  were  studied. 

2H- 1,2,4-Benzothiadiazine 1 , I -d ioxide  der iva t ives  a re  obtained by cycl izat ion of N-acy l -2 -aminobenzene -  
sulfonamides  [1] o r  by reac t ion  of 2-aminobenzenesul fonamide  with aldehydes [2]. 

To synthes ize  2H-1,2,4~benzothiadiazine 1,1-dioxide der iva t ives  we used the reac t ion  of 2-aminoben-  
zenesulfonam[de (I) with diethyl oxalate  or  oxamic acid e s t e r s  in the p r e s e n c e  of sodium methoxide.  
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In con t ra s t  to its i s o m e r s  [3], Sulfonamide I does not reac t  with diethyl oxalate when sodium methoxide 
is absent,  even on prolonged heating; this is probably  assoc ia ted  with the p r e s e n c e  of a s t rong in t r amolecu la r  
hydrogen bond between the amino and sulfonamide groups  [4]. 

When sodium methoxide is p resen t ,  sulfonamide T is readi ly  acylated by e s t e r s  II to give sodium sal ts  
of e s t e r s  or  amides  of 2-aminophenylsul fonyloxamic  acids (IH), which can be isolated.  However,  when hydro-  
chlor ic  acid is added to them they a re  cycl ized to 2H-1,2,4-benzothiadiazine 1,1-dioxide der iva t ives  W, VT). 
We were  unable to isolate  in te rmedia te  IV. Cyclizat ion a lso  occu r r ed  during an a t tempt  to diazotize sa l t  TII. 

The s t ruc tu re  of e s t e r  V was proved  by a l te rna t ive  synthesis  by cycl iza t ion of ethyl 2-aminosulfonyl-  
oxanilate (VII) [5] under  the influence of acet ic  anhydride.  

E s t e r  V readi ly  r eac t s  with nucleoph[lic reagents .  It is sapon[fied by aqueous alkal is  to give 2H-1,2 ,4-  
benzo th iad taz ine-3-carboxyl ic  acid 1,1-dioxide {VIII). The l a t t e r  is readi ly  decarboxyla ted  On heating to give 
2H-1,2,4-benzothiadiazine 1,1-dioxide (IX), which was also synthesized f r o m  T and oxalic or  fo rmic  acids.  
Acid VIII has two ionization constants  [pK a (COOH) =7.66 and pK a (SO2NH) = 10.36] and r eac t s  with CH3ONa 
to give disodium sal t  X, aqueous solutions of which give c rys ta l i ine  p rec ip i t a t e s  with a number  of cations 
(Ba 2+ Cu 2+, Mn 2+, Cd 2+, Sr 2+, A1 s+, Fe 3+ and Bi3+). 
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TABLE 1. Substituted Amides of 2H-1,2 ,4-Benzoth iadiaz ine-3-car -  
bo~c4ic Acid 1,1-Dioxide (VI) 

"o 
0 

R '  mp, *C* 
formula ~ ,.qd -d l~ ~1 so~lso,, 

NH CO as'' S '  ~rl'='llge{~ 

18,7 18,6 3470 Via H 342 C'sHTN303S 

VIb CH3 334--336 CgHgN303S 17,7 17,5132603385 

VIc C3H7 280--281 CIIH13N~O3S 15,8115,71 -- 
VId C4H9 210--212 CI2HIzNaOzS 15,1115,01 -- 
Vie C~Hn 266--268 CI4HIrN30~S 13,7[ 13,7[- 
Vlf o-CH3OC~H4 304--305 CI~Ht3NsO4S 12,7[ 12,7]- 
vIg p-CH3OCsH4 287--289 CtsHI3NsO4S 12,81 12,71-- 
VIh p-CHsC6H4 332--334 CtsHIaN~O3S 13,41 13,313375 

I 13245 
VIi rn-CH~C~I-I4 315--317 C~sHl3NsOsS 13,6] 13,3[ -- 
vii C~Hs 316--317 CI~HI~N~QS 14,0[ 14,013342 

t3260 
VIk m-CH~OC~H4 284--285 C~H~N~O4S 13,0/12,713340 

/ 13230 
VIl p-CIC~H4 342--344 C~4HIoCIN~O~S 12,6[ 12,513335 

I /327o 
Vim[ p-BrCsH4 322--324 CI~H~oBrN~OsS 11,3] 113[ - -  
VIn I m-C1C,H4 316--318 C14H,0C1N,O,S 12,7 t 12,51333013220 

VIo m-NO~CsH4 330--331 CI4HIoN40~S 16,5[ 16,2|- 
16,2[ -- VIp p-NO~C~H4 354--356 CI~H~0N~O~S 16,4 l 

*All of the compounds were crys ta l l ized f rom aqueous DMF. 
CAccording to method B, the yields of amides VIa-e  with respect  
to method A are,  respect ively  85, 73, 56, 69, and 86%. 

735 30~ 170 3,75 8l 

705 31~ 170 3,74 76 

- -  - -  - -  68 
4~8 53 49 

57 
 16350 

67 
71o 58 

710 31( 160 4,50 74 

718 30~ 160 48 

~4 311 ~0 420 5944 

71 
63 

Amides VI a re  formed when e s t e r  V is heated with amines in dimethylformamide (DMF), andhy-  
drazide XI is formed when V is heated with hydrazine hydrate.  Hydrazide XI reacts  with acyl halides 
and carbonyl compounds to give acylhydrazide XII (Table 2) and aryl idenehydrazides XIII (Table 3), re -  
spectively. 

Amides VI (Table 1) have acidic proper t ies  (pK a 7.65-8.50) and are  t i t rated as monobasic acids in 
DMF in the p resence  of thymolphthalein. 

The IR spec t ra  of V-VIII and XI-XIII contain charac te r i s t i c  bands of s tretching vibrations of NH, 
CO, and SO S groups [6]. The VNH vibrations a re  charac te r ized  by one band at 3200-3500 cm -1 for  hydra-  
zides XIII and by two bands in this region for  amides VI and acylhydrazides XII. 

E X P E R I M E N T A L  M E T H O D  

The IR spect ra  of dioxane solutions of the compounds (c 2" 10-3-2 �9 10 .5 M) were recorded with an 
SF-4 spec t romete r .  The IR spect ra  of KBr pellets of the compounds (0.5% of the compound) were recorded 
with a UR-20 spec t romete r .  

Ethyl 2-Aminophenylsulfonyloxamate Sodium Salt (III). This compound was obtained by the method in 
[7]. At the end of the reaction, the precipi tated salt was removed by fi l trat ion and washed repeatedly with 
anhydrous methanol to give the product  in 51% yield. Found: Na 7.9%. C~0HIIN2NaOsS. Calculated: Na7.8%o 

Ethyl-2-Aminosulfonyloxanilate (VII). A 0.011-mole sample of ethoxalyl chloride was added to a 
solution of 0.01 mole of sulfonamide I in 15 ml of pyridine, and the mixture was allowed to stand for  1 h. 
It was then diluted with water  and acidified with HC1 (1 : 1), and the resulting precipi ta te  was removed by 
filtration, washed with water,  and dried to give a product with mp 183-184 ~ (from aqueous ethanol) in 53% 
yield. Found: N 10o4%. CliH12N20~S. Calculated: N 10.3%. IR spectrum, v, cm- l :  3320, 3225 (NH), 1715 
(CO), 1340 {SO 2, as), and 1165 (SOs, s). UV spectrum,  )~max, nm (log e): 292 (3.90). 

Ethyl 2H-1,2 ,4-Benzothiadiaztne-3:carboxyla te  1,1-Dioxide (V).* A) This compound, with mp 265-. 
266 ~ (from aqueous DMF), was obtained in 84% yield by the method in [7]. 

B) A mixture of 0.01 mole of e s t e r  VII and 5 ml of acetic anhydride was heated for 3 h, af ter  which 
i t  was cooled, diluted with water,  and worked up to give a product with mp 265-266 ~ (from aqueous DMF) 

�9 Obtained with the par t ic ipat ion of I. I. Bondarchuk. 

403 



d~
 

T
A

B
L

E
 2

. 
A

cy
lh

yd
ra

zi
d

es
 o

f 
2

H
-1

,2
,4

-B
en

zo
th

ia
d

ia
zi

n
e-

3
-c

a
rb

o
x

y
li

c 
A

ci
d

 
1,

1-
D

io
xi

d
e 

(X
II

) 

C
om

- 
po

un
d 

X
II

a 
X

Il
b 

X
Il

c 
X

II
d 

X
II

 e
 

X
II

f 
X

II
 g

 

X
II

h 
X

II
i 

X
II

j 

A
cy

l 

C
O

C
nH

s 
C

O
C

sH
aN

O
2-

p 
SO

2C
6H

s 
SO

2C
nH

4N
O

2-
p 

SO
2C

6H
4C

I-
p 

SO
2C

~H
~B

r-
p 

SO
2C

~H
4O

C
H

z-
p 

SO
zC

6H
4C

H
s-

p 
SO

2C
6H

~'
SO

2N
H

2-
p 

SO
2C

6H
4S

O
2N

H
2-

m
 

ra
p,

 *
C

* 

32
4T

 
32

8~
 

25
6-

-2
59

 
27

6-
-2

78
 

25
8-

-2
59

 
25

8-
-2

60
 

27
7-

-2
80

 

27
2-

-2
73

 
29

0-
-2

94
 

27
0-

-2
74

 

E
m

pi
ri

ca
l 

fo
rm

u
la

 I
 

C
Is

H
I2

N
40

4S
 

C
.Is

H
nN

sO
6S

 
C

I4
H

12
N

40
~S

2 
C

t4
H

uN
sO

TS
2 

C
I4

H
II

C
IN

40
~S

~ 
C

I4
H

uB
rN

4O
sS

2 
C

Is
H

I4
N

40
6S

= 

fo
un

d 

C
15

H
14

N
4O

sS
2 

C
14

H
t3

N
sO

7S
a 

C
I4

H
13

N
sO

TS
s 

ca
lc

. 

IR
 s

pe
ct

ra
, 

u,
 c

m
 -1

 

16
,5

 
18

,2
 

14
,9

 
16

,7
 

13
,6

 
12

,5
 

13
,9

 

14
,1

 
15

,3
 

15
,5

 N
,%

 

16
,3

 
18

,0
 

14
,7

 
16

,5
 

13
,5

 
12

,2
 

13
,7

 

14
,2

 
15

,2
 

15
,2

 

32
50

 
32

45
 

32
60

 
32

50
 

32
50

 
31

90
 

32
29

 
33

40
 

32
35

 
30

50
 

SO
-., 

s 

1]
~5

 
11

80
 

11
76

 
11

75
 

11
60

 

11
80

 

11
85

 

U
V

 s
pe

ct
ra

�9
 

~'
rn

ax
o 

nm
 

27
0 

29
0 

29
0 

24
1 

28
8 

*A
ll

 o
f 

th
e 

co
m

p
ou

n
d

s 
w

er
e 

cr
ys

ta
ll

iz
ed

 f
ro

m
 a

q
u

eo
u

s 
D

M
F

. 
t 

W
it

h 
d

ec
om

p
os

it
io

n
. 

CO
 

SO
~,

 o
s 

17
25

 
13

03
 

17
30

 
13

00
 

17
25

 
13

04
 

17
20

 
13

03
 

17
30

 
13

20
 

17
34

 
13

0/
} 

17
20

 
13

10
 

28
6 

3,
87

 
.t

.i
8 

3,
85

 
3.

87
 

4.
26

 
3,

47
 

3,
88

 

TA
B

LE
 3

, 
A

lk
yl

 (a
ry

l-
, 

he
te

ry
l-

)i
de

ne
hy

dr
az

id
es

 o
f 

2H
-1

,2
,4

-B
en

zo
- 

th
ia

di
az

in
e-

3-
ca

rb
ox

yl
ic

 A
ci

d 
1,

1-
D

io
xi

d
e 

(X
II

I)
 

C
om

 - 
po

uu
d 

X
ll

la
 

X
ll

lb
 

X
Il

Ic
 

X
II

ld
 

X
ll

le
 

X
II

It
 

R
 g

ro
up

 

Is
op

ro
- 

py
li

de
ne

 
B

en
zy

li
de

ne
 

V
an

il
lv

l-
 

id
en

d 
Fu

rf
ur

yl
 - 

id
en

e 
o-

N
it

ro
- 

fu
r f

ur
vl

 - 
id

en
e"

 
1-

M
et

hy
l-

 
in

do
li

n 
-2

 - 
on

 -3
 - 

id
en

e 

m
p 

!d
ec

. )
. 

C
* 

29
4-

-2
96

 

34
0-

-3
42

 
32

2-
-3

24
 

33
8-

-3
40

 

33
4-

-3
36

 

35
2-

-3
54

 

i 
N

 
'E

m
pi

ri
ca

l 
fo

rm
 u

la
 

.~
 

C
uH

t2
N

40
3S

 

C
Is

H
I2

N
4O

aS
 

C
I6

H
I4

N
4O

sS
 

C
~s

H
t0

N
40

r 

!C
t3

H
gN

sO
6S

 

CI
71

 t~
3N

sO
4S

 

20
,2

 

19
,4

 

18
,5

 

/ 
%

 
/I

R
 s

pe
ct

ra
, 

y,
 c

m
 -g

 

/ 
~

[ 
so

~,
 

so
0.

 
NH

 
CO

 
a

s 
s 

20
.0

 
-

-
 

-
-

 

17
.1

 3
21

fi
 1

71
0 

[3
10

 
11

65
 

15
,0

 

17
,6

 3
20

5 
17

05
 [

31
0 

11
70

 

19
,3

 3
2!

5 
17

15
 1

31
0 

11
70

 

18
13

 3
22

5 
17

10
 1

33
0 

11
85

 

U
V

 
sp

ec
 :r

a 

m
a

x"
 

lg
 e

 
.~

 
m

 
]~

 

..
..

 
48

 

30
5 

4.
17

 4
5 75

 

32
0 

4,
17

 5
0 

35
9 

3.
96

 5
8-

 

27
8 

4,
10

 
74

 
32

9 
4,

15
 

* 
C

om
p

ou
n

d
 X

II
Ie

 w
as

 c
ry

st
al

li
ze

d
 f

ro
m

 D
M

F
--

m
et

h
an

ol
, 

an
d 

th
e 

re
- 

m
ai

n
ir

ig
 c

om
p

ou
n

d
s 

w
er

e 
cr

ys
ta

ll
iz

ed
 f

ro
m

 a
q

u
eo

u
s 

D
M

F
. 

Y
ie

ld
, %

 

63
 

44
 

59
 

62
 

51
 

73
 

48
 

54
 

78
 

80
 



in 32% yield.  Found: N 10.1~. CIoHIoN204S. Calculated: N 10.0g0. IR spec t rum,  ;% nm (log e): 248 (3.27) 
and 295 (3.30). No mel t ing-poin t  dep re s s ion  was obse rved  for  a mix tu re  of samples  of the compounds ob- 
tained by methods A and B. 

N-Cyc lohexy l -2H-1 ,2 ,4 -benzo th iad iaz ine -3 -ca rboxamide  1,1-Dioxide (Vie). A) A 0.02-mole  sample  
of cyc lohexylamine  was added to a solution of 0.01 mole  of e s t e r  V in 20 ml  of DMF, and the mix tu re  was 
allowed to s tand for  12 h, It was then diluted with wa te r  and acidified with HC1 (1 : 1). The resul t ing p r e -  
cipi tate was removed  by f i l t rat ion,  washed with water ,  and dried.  Compounds VIa-d  (Table 1) were  s i m -  
i la r ly  obtained. 

B) Amlde Vie was obtained by the method in [7] f rom 0.01 mole  of sodium in 50 ml  of anhydrous 
methanol ,  0.01 mole  of sulfonamide I, and 0.01 mole  of ethyl cyclohexyloxamate .  Compounds Via-d,  f-p 
were  s i m i l a r l y  obtained. 

No mel t ing-poin t  depress ions  were  obse rved  for  mix tu res  of the substances  obtained by methods 
A and B. 

2H-1 ,2 ,4 -Benzo th iad iaz ine -3-ca rboxyl ic  Acid Hydrazide 1,1-Dioxide (XI). A 0.02-mole sample  of 
hydraz ine  hydra te  was added to a solution of 0.01 mole  of e s t e r  V in 50 ml  of ethanol, and the mix ture  
was allowed to stand at room t e m p e r a t u r e  fo r  12 h. It was then diluted with wa te r  and acidified to pH 5 
with HC1 (1 : 1). The resul t ing p rec ip i t a t e  was removed  by f i l t ra t ion to give a product  with mp 312 ~ (dec., 
f r o m  aqueous DMF) in 95~ yield~ Found: N 23.5%. CsHsN40~S. Calculated: N 23.3%. IR spec t rum,  v, 
c m - l :  3330 (NH), 1720 (CO), 1300 (SO2, as),  and 1190 (SO2, c). UV spec t rum,  Area x, nm (log e): 292 (3.86). 

2H-1 ,2 ,4 -Benzo th iad iaz ine -3 -ca rboxy l i c  Acid p-Bromophenylsu l fonylhydraz ide  1,1-Dioxide (XIIf). 
A 0 .01-mole  sample  of p -bromobenzenesu l fonyl  chloride was added to a solution of 0.01 mole  of hydrazide 
XI in 10 ml  of dry  pyr idine,  a f t e r  which the mix tu re  was heated for  1 h. It was then diluted with wa te r  
and acidified.  Compounds XIIa-e ,  g- j  were  s i m i l a r l y  obtained. 

2H-1 ,2 ,4 -Benzo th iad iaz ine-3-carboxyl ic  Acid Benzylidenehydrazide 1,1-Dioxide (XIIIe). A mix tu re  
of 0.01 mole  of hydraz ide  XI and 0.01 mole  of benzaldehyde in 10 ml  of DMF was heated fo r  30 rain, a f te r  
which it was cooled and poured into water .  The resul t ing prec ip i ta te  was removed  by fi l trat ion,  washed 
with water ,  and dried.  Compounds XIIIa, c - f  were  s imi l a r ly  obtained. 

2H-1 ,2 ,4 -Benzoth iad iaz ine-3-carboxyl ic  Acid 1,1-Dioxide (VIII). A 0.01-mole  sample  of e s t e r  V 
was dissolved in 10 ml  of 5% NaOH solution, and the mix tu re  was allowed to stand at room t e m p e r a t u r e  
for  10 rain. It was then acidified with HCI (1 : 1), and the resul t ing p rec ip i t a te  was removed  by f i l t ra t ion 
and washed success ive ly  with wa t e r  and alcohol to give a product  with mp 285~ in 48~ yield.  Found: 
N 12.6%. CsH6N204S. Calculated:  N 12.3%. IR spec t rum,  9, cm- l :  3250 (N-H), 1770, 1690 (CO), 1300 
(SO2, as), and 1160 {SO 2, s). 

2H-1 ,2 ,4 -Benzo th iad iaz ine-3-carboxyl ic  Acid 1,1-Dioxide Disodium Salt (X). A solution of 0 .01mole  
of acid VIII in 50 ml of DMF was mixed with a solution of sodium methoxide (0.02 g - a t o m  of sodium in 20 
ml  of alcohol), and the resul t ing prec ip i ta te  was removed  by f i l t rat ion,  washed with anhydrous methanol ,  
and dried to give the product  in 69% yield.  Found: Na 17.3%. CsH4N2Na204S. Calculated: Na 17.0%. 

2H-1,2 ,4-Benzothiadiazine 1,1-Dioxide (IX). A) A 0 .01 -mole  sample  of acid VIII was heated in wa te r  
for  5 rain, a f t e r  which the mix tu re  was cooled, and the p rec ip i ta te  was removed  by f i l t ra t ion to give IX in 
40% yield.  

B) A 0 .01-mole  sample  of sulfonamide I was heated with 0.08 mole  of fo rmic  acid, a f t e r  which the 
mix tu re  was cooled, and the p rec ip i ta te  was removed  by f i l t ra t ion and dried to give IX in 68% yield.  

C) A mix tu re  of 0.01 mole  of sulfonamide I, 0.01 mole  of ethyl fo rmate ,  and 0.01 mole  of sodium 
methoxide was heated for  10 h, a f t e r  which the mix tu re  was worked up as in the method in [7] to give IX 
in 18% yield.  

D) A 0 .01-mole  sample  of sulfonamide I was heated in 15 ml of DMF with 3 g of anhydrous oxalic 
acid for  1 h, a f t e r  which the mix tu re  was cooled, diluted with water ,  and worked up to give IX with mp 
221-222 ~ (from water)  [8] in 58% yield.  IR spec t rum,  ~,, c m ' l :  3275 (NH), 1380, 1290 (SO2, as), and 1160 
(SO2, s). UV spec t rum,  Area x, nm (log e): 264 (4.12). No mel t ing-point  depress ions  were  observed  for  
mix tu res  of the compounds obtained by the Various methods.  
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R E S E A R C H  ON T W O - R I N G  1 - A Z A  C O M P O U N D S  

XIII.* SYNTHESIS OF 3(5)-HYDROXYMETHYLPYRI{OLIZIDINES BY CATALYTIC 

HYDROGENATION OF 5-HYDROXYMETHYL-1,2-DIHYDROPYRROLIZINES. 

DETERMINATION OF THE CONFIGURATIONS OF THE REACTION PRODUCTS 

I .  M.  S k v o r t s o v  a n d  S.  A.  K o l e s n i k o v  UDC541.634:542.941.7 :547.759.5 :543.544 

5 -Hydroxymethy l -  1 ,2-d ihydropyrro l iz ines  were  ca ta ly t ica l ly  hydrogenated to 3 (5)-hydroxy- 
methy lpyr ro l i z id ines ,  and the r a t ios  of the i s o m e r s  in the products  of the react ion,  which p ro -  
ceeds  s t e reose lec t ive ly ,  were  de te rmined .  The configurat ion of the d i a s t e r e o m e r s  was es tab-  
l ished on the bas i s  of the r e su l t s  of catalyt ic  i somer iza t ion ,  a study of the chromatographic  
behav io r  of the i s o m e r s  on a po la r  s ta t ionary  phase,  and a d iscuss ion  of the i somer i c  compo-  
si t ion of the hydrogenat ion products  in the light of the genera l  p r inc ip les  of the s t e r e o c h e m -  
i s t r y  of catalyt ic  hydrogenation,  t r a n s -  and c i s •  and 
t r a n s - 3 , 8 - H - 3 - m e t h y l - t r a n s - 5 , 8 - H - 5 - h y d r o x y m e t h y l p y r r o l i z i d i n e  were  isolated f rom the 
mix tu res  of i s o m e r s .  The exis tence  of an in t r amolecu la r  hydrogen bond in t r a n s - 3 , 8 - H - 3 -  
hydroxymethyl -  and t r a n s -  3, 8 - H - 3 - m e t h y l - t r a n s - 5 , 8 - H - 5 - h y d r o x y m e t h y l p y r r o l i z i d i n e  was 
shown by IR spec t roscopy .  

Up until now, very  l i t t le  study has been devoted to 3(5) -hydroxymethylpyrro l iz id ines .  The s imples t  route 
to these  compounds is catalyt ic  hydrogenat ion of 5 -hydroxymethy l - l , 2 -d ihydropyr ro l i z td ines  [2, 3]. 

The hydrogenat ion of 5 -hydroxymethy l - l , 2 -d ihydropyr ro l i z ine  {I) and its 2- and 3-methyl - subs t i tu ted  
der iva t ives  (II, III) is examined in the p re sen t  paper .  

Hydroxymethylpyr ro l iz id ines  were  obtained in 50-70% yields by hydrogenat ion of I - I I I  on a 5% Rh/A1203 
ca ta lys t  f r o m  Engelhard Indust r ies ,  Baker  Plat inum Division, or  one p r e p a r e d  by means  of the method in [4, 5] 
at room t e m p e r a t u r e  in methanol  at 90-150~ (Raney nickel caused hydrogenolys is  of the C - O  bond, whereas  a 
mixed R h - P t  ca ta lys t  o r  5~ Rh/C f rom the above company were  ineffective at 20-100~ 

*See [1] for  communicat ion  XII. 
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