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Chemotherapeutic Evaluation of Some N'- and N4-Heterooyclic 
Derivatives of Sulfanilamide. 

FRANK B. COOPER, PAUL GROSS, AND MARION LEWIS. 
From the Western Pmmqjlvania Hospital Institute of Pathology, Pittsburgh, Pa. 

The clinical success which has attended the use of sulfapyridine, 
and more recently, sulfathiazole, has stimulated an active interest in 
the heterocyclicsulfanilamide derivatives as chemotherapeutic 
agents. A review of the compounds of this class which have been 
tested against experimental infections lists the following groups of 
nuclear-coupled N1-heterocyclicsulfanilamides other than those of 
pyridine and thiazole : those of tetrazole? 1,3,4thiadiazole,' pyrro- 
lene,2 pyrrolidine,2 5-pyrazolone91 pyrimidine,' benzothiazole' and 
quinoline? Among the N1-acylheterocyclics were the furoyl- and 
nicotinyl-deri~atives.~ 

The substitution of halogen in the 5-position of 2-sulfanilamido- 
pyridine ( sulfapyridine) destroyed its activity, whereas substitu- 
tion of nitro or amino groups in this position was claimed to en- 
hance the antistreptococcic activity, but slightly depress the anti- 
pneumococcic activity? The substitution of an amino group in the 
6-position left the activities practically unaltered? 3-Sulfanilamido- 
pyridine' and it 6-chlo-5 and 6-brom5 derivatives were as active as 
sul f apyridine, the 6-ethoxy derivative was slightly active: the 
6-amino5 and 6-hydroxy5 derivatives, inactive. The substitution of 
halogen in the 2-position of 5-sulfanilamidopyridine resulted in an 
active ~ o m p u n d , ~  whereas the corresponding amino and nitro com- 
pounds were ina~t ive.~ 

The therapeutic activity of 2-sulfanilamidothiazole (suffathia- 
zole) has, with one exception, been more sensitive to the effects of 
substitution than that of sulfapyridine. Substitution of a methyl 
group in the 4-position (sulfamethylthiazole) did not affect its 
antistreptococcic? antipneumococcic,8* or antistaphylococcic ac- 

1 Roblin, R. O., Jr., Williams, J. H., Winnek, P. S., and English, J. P., J.  Am. 

2Cass, W. E., J.  Am. Chem. SOC., 1940, 62, 3255. 
3 Tudu, K., Itikawa., A., and So, D., J.  Pharm. SOC. Japan, 1939, 59, 213. 
4Crossley, M. IJ., Northey, E. H., and Hultquist, M. E., J.  Am. Chm.  SOC., 

5 Roblin, R. O., Jr., and Winnek, P. S., J .  Am. Chem. SOC., 1940, 62, 1999. 
6Cooper, F. B., Gross, P., and Lewis, M., PROC. SOC. EXP. BIOL AND MED., 

7Barlow, 0. W., and Homburger, E., Paoc SOC. Em. BIOL. AND MED., 1940, 

Chem. Soc., 1940, 62, 2002. 

1939, 61, 2950. 

1939, 42, 421. 

43, 317. 
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tivity8* appreciably, although the substitution of a phenyl group 
in the 4-psition diminished these activities?* * 

The other groups of N1-heterocyclic derivatives possess little or 
no therapeutic action, except 2-sulfanilamidopyrimidine (sulfa- 
diazine). This compound is claimed to be as active as sulfapyri- 
dine and sul f athiazole against streptococcic,l* lo pneumococcicl* lo 

and staphylococcicl* lo infections, and considerably more active than 
either drug against experimental infections with Friedlander's 
bacillus.1° The 4-methyl derivative, 2- ( sul fanilamido ) 4methyl- 
pyrimidine, is reported to be as active as the parent sulfadiazine, 
whereas 4-sul f anilamidopyrimidine and 5-sul fanilamidouracil are 
inactive. 

N4-2-pyridylsulf anilamide and N4-2quinylsulf anilamide were in- 
active against streptococcic and pneumococcic infections:' whereas 
N4-bromotetronylsulfanilamide was claimed to be as active as sulfa- 
nilamide against streptococcic infections? 

Of the N4-heterocyclic-acyl+sulf anilamides, the 2-f uroylS and 
2-thenoyl derivatives13 showed decreased activity ; N4-quinolinyl- 
sulfanilamide, activity equal to that of sulfanilamide14 and N4-( 5- 
pyrrolidone-2carbony1) -sulfanilamide, even greater activity.'' 
N4-nicotinylsulfanilamide was claimed to be both more active'' and 
less active than sulfanilamide? 

In the present study a number of previously unreported hetero- 
cyclic derivatives are compared to sulf apyridine, sulfathiazole, and 
sulfadiazine against experimental infections of mice. All mice 
dying within the 21-day period were autopsied and those not dying 
of the given infection were discarded from the series. 

In the antistreptococcic and antipneumococcic evaluations, treat- 
ment was withheld for 3 hours to allow infection to become estab- 
lished. This method of assay was considered preferable to the pro- 
phylactic method of Bieter and c o - ~ o r k e r s , ~ ~  in which the drug is 

SBarlow, 0. W., and Homburger, E., PFZOC. Soc. Em. BIOL AND MEa, 1939, 

Q Rake, G., and McKee, C. M., P m .  SOC. EXP. BIOL. AND MED., 1940, 43, 561. 
loFeinstone, W. H., Williams, R. D., Wolff, R. T., Huntington, E., and Crossley, 

11Gray, W. H., J .  Chem. SOC., 1939, 1202. 
BKumler, W. D., J. Am. Chem. SOC., 1940, 62, 2560. 
13 Kolloff, H. G., and Hunter, J. H., J .  Am. Chem. SOC., 1940, 62, 1646. 
IaHykes, 0. V., Hykes, D. E., and Rerabek, J., Compt. rend. 800. de bwl., 1937, 

15 Gray, W. H., Buttle, (3. A. H., and Stephenson, D., Biochm. J., 1937, 31, 724. 
1% Daniels, T. G., and Iwamoto, H., J .  Am. Chem. SOC., 1940, 62, 741. 
WBieter, R. D., Larson, W. P., Cranston, E. M., and Levine, M., J .  Pharm. an# 

42, 792. 

M. L., Bull. Johns Hopkins H o q . ,  1940, 67, 427. 

126, 635. 

Exp.  Therap., 1939,66, 3. 



TA
BL
E 

I.
 

St
re

pt
oc

oc
ci

c 
In

fe
ct

io
n 

of
 M

ic
e 

Ef
fi
ca
cy
 o

f 
ea

ch
 d

ru
g 

co
m

pa
re

d 
to

 t
ha

t 
of

 
N

o.
 o

f 
de

at
hs

 d
ai

ly
 

du
ri

ng
 2

1 
da

ys
 

N
O

. o
f 

yo 
ev

er
y 

ot
he

r 
dr

ug
* 

N
o

.o
~

 
(

-
2

 
S

ur
- 

Su
r-

 
I
 

T
re

at
m

en
t 

M
ic

e 
1 

2 
3 

4 
5 

6 
7 

8 
9-
21
 

vi
vo

rs
 

vi
vo

rs
 

I 
H

 
G 
F
 E
 D

 
C

 
B 

A 
N

on
e 

Su
lf

 ap
yr

id
in

e 
Su

lf
at

hi
az

ol
e 

(1
) 

2-
 (S

ul
fa

ni
la

m
id

o)
 -5

-e
th

yl
- 

4-
th

ia
zo

lo
ne

 (
2)

 
2-

 (S
ul

f a
ni

la
m

id
o)

 -4
,5

,6
,7

- 
te

tr
ah

yd
ro

be
nz

ot
hi

az
ol

e 
(1

) 
2-

 (S
ul

fa
ni

la
m

id
o)

 -5
-m

et
hy

l- 
1,

 3
, 4

-t
hi

ad
ia

zi
ne

 (
1)

 
N

4-
N

ic
ot

in
yl

su
lf 

at
hi

az
ol

e 
(1

) 
N

4-
A

ce
 ty

ls
ul

 f a
ni

l y
l-

 2 -
m

et
hy

l- 
4,

s-
di

hy
dr

oi
m

id
az

ol
e 

(3
) 

2-
 ( 4

-N
itr

ob
en

ze
no

su
lfo

na
m

id
o)

 
th

ia
zo

le
 (
1)
 

2-
 (S

ul
fa

ni
la

m
id

o)
 -6

-a
m

in
o-

 
is

on
ic

o t
in

ic
 a

ci
d 

(4
) 

45
 

44
 

43
 

43
 

1 
1

 
3

2
1

 
5 

1 
3

2
4

 
7 

N
on

e 
33

 
26

 

N
on

e 
75

 
61

 
A

 
B

 
C 

43
 

1 
1

7
3

6
2

2
 

21
 

49
 

D
 

20
 

1 
4

4
5

1
1

1
 

15
 

3 
E
 

30
 

15
 

1
1

 
1 

10
 

11
 
3 

17
 

1 
57

 7 
+ 

o
+

+
 

0
- 

0 
F
 a 

20
 

19
 

1 
N

on
e 

N
on

e 
0

- 
0
 

r
 

H
 

20
 

1 
1

4
3

 
11
 

35
 

+ 
I 

20
 

20
 

N
on

e 
N

on
e 

In
fe

ct
io

n:
 

T
re

at
m

en
t: 

10
 m

g 
of

 d
ru

g 
su

sp
en

de
d 

in
 0

.2
 c

c 
of

 1
5%

 g
um
 a

ca
ci

a 
or

al
ly

 3
 h

ou
rs

 a
ft

er
 in

fe
ct

io
n,

 t
he

n 
on

ce
 d

ai
ly

 f
or

 3
 s

uc
ce

ss
iv

e 
da

ys
 (

to
ta

l 
40

 m
g)

. 
A

t 
ti

m
e 

of
 f

ir
st

 t
re

at
m

en
t, 

bl
oo

d 
cu

lt
ur

es
 o

f 
6 

m
ic

e,
 s

el
ec

te
d 

at
 r

an
do

m
 f

ro
m

 t
he

 s
er

ie
s,

 a
ve

ra
ge

d 
m

or
e 

th
an

 7
 

co
lo

ni
es

 p
er

 cc
. 

D
ru

gs
 w

er
e 

sy
nt

he
si

ze
d 

an
d 

do
na

te
d 

by
 &

he
 (1
) 

M
al

tb
ie

 C
he

m
ic

al
 C

om
pa

ny
, N

ew
ar

k,
 N

. 
J.;
 
(2
) 

Sh
ar

p 
an

d 
D

oh
m

e,
 G

le
no

ld
en

, P
a.

; 
(3

) 
M

on
sa

nt
o 

C
he

m
ic

al
 C

om
pa

ny
, 

St
. 
Lo
ui
s,
 M

o.;
 

an
d 

(4
) 

C
ha

rl
es

 P
fiz

er
 a

nd
 C

om
pa

ny
, I

nc
., 

N
ew

 Y
or
k,
 N

. 
Y

. 
“T

he
 d

ru
gs

 i
n 

th
e 

le
ft

 h
an

d 
co

lu
m

n 
ar

e 
ev

al
ua

te
d 

ag
ai

ns
t 

th
os

e 
de

si
gn

at
ed

 
by

 l
et

te
rs

 A
 t

o 
I 

al
on

g 
th

e 
to

p 
by

 t
he

 s
ym

bo
ls

:‘ 
+:

 be
tt

er
 t

ha
n;

 -
: 

w
or

se
 t

ha
n;

 
an

d 
0:

 n
ot

 s
ig

ni
fi

ca
nt

ly
 d

if
fe

re
nt

 f
ro

m
. 

T
hi

s 
ta

bl
o 

w
as

 d
er

iv
ed

 b
y 

th
e 

ex
tr

ac
tio

n 
of

 ~
2 

fr
om

 t
he

 
or

ig
in

al
 d

at
a.

 
P
 v

al
ue

s 
le

ss
 t

ha
n 

0.
05

 w
er

e 
ac

ce
pt

ed
 a

s 
ev

id
en

ce
 o

f 
va

lid
 d

iff
er

en
ce

. 
W

he
re

 s
ig

ni
fi

ca
nt

 d
iff

er
en

ce
 o

cc
ur

s,
 “

be
tt

er
 

th
an

?’
 o

r 
“w

or
se

 
th

an
” 

w
er

e 
de

te
rm

in
ed

 b
y 

in
sp

ec
tio

n 
of

 o
ri

gi
na

l d
at

a,
 

0.
5 

cc
 o

f 
a 

10
-4

 b
ro

th
 d

ilu
tio

n 
of

 a
n 

18
-h

r b
ro

th
 c

ul
tu

re
 (

R
ic

ha
rd

s)
 i

nt
ra

pe
ri

to
ne

al
ly

 (
10

00
 f

at
al

 d
os

es
). 



HETEROCYCLIC DERIVATIVES OF SULFANILAMIDE 5 11 

administered in the ration for 48 hours before infection, because it 
more closely approximates clinical conditions, namely, the treatment 
of an established infection. 

Streptococcic Infection. Table I shows that the 3 compounds: 
2- (sulfanilamido ) -S-methyl-l,3,4-thiadiazine, 2-( 4-nitrobenzenesul- 
f onamido ) -thiazole and 2- ( sulf anilamido) -5-ethyl4thiazofone 
( sulfaethylthiazolone) have activities comparable to that of sulfa- 
thiazole, but not as pronounced as that of sulfapyridine. 

Pneumococcic Ilrfection. Since the activity of sulf athiazole has 
been shown to be practically equal to that of sulfapyridine,69 lo# '** l9 
the latter drug was used as a standard of comparison. Table I1 
shows that sulfaethylthiazolone is practically as active as sulfa- 
pyridine. 

Staph ylo co ccic Igzf ection . Since s ul f aet h yl t hiazolone showed ade- 
qua te anti st re ptococcic and anti pneumococci c activity , its therapeutic 
action was compared to that of sulfathiazole and sulfadiazine 
against staphylococcic infections. Reference to Table I11 shows 
that all 3 drugs possess comparable activity. 

In considering the correlation between structure and therapeutic 
activity, it is generally accepted that the active phenylsulf onamides 
either possess a free N4-amino group or a structure which is capable 
of yielding this group in vivo. However, the converse is not neces- 
sarily true. The activity of 2- (4nitrobenzenesulf onamido ) thiazole 
is accounted for by the fact that blood levels of 1.9, 3.6, and 2.8 
mg % of diazotizable material, calculated as sulfathiazole, were ob- 
served in mice one, 4, and 7 hours, respectively, after the oral ad- 
ministration of 20 m,g. Traces were observed at the end of 24 
hours. The inactivity of nicotinylsulfathiazole is explained by the 
fact that mice which received 20 mg orally failed to show during 
24 hours any appreciable free or conjugated diazotizable material 
which could be detected by the Bratton and MarshalPo method, or 
our modification, which gives significantly higher recovery of free 
and conjugated sulfathiazole.2l 

Toxicity studies showed sulfaethylthiazolone to be less acutely 
toxic than sulfapyridine or sulfathiazole. Of 8 mice which received 
25 mg orally twice daily until the time of death, 6 died between the 
eleventh and twenty-third days and 2 survived. Blood counts made 

18 McKee, C. M., Rake, G., Greep, R. O., and van Dyke, H. B., PIlOc. Sot. Em. 

ZOLitchfield, J. T., White, J. H., and Marshall, E. E., Jr., J .  Pharm. and ESP 

%Bratton, C. A., and Marshall, E. K., Jr., J .  BioZ. Cltem, 1939, laS, 537. 
21 Cooper, F. B., Gross, P., and Lewis, M., in press. 

BIOL. AND MED., 1939, 42, 417. 

Therap., 1940,69, 166. 



T
A

B
L

E
 1

1.
 

Pn
eu

m
oc

oc
ci

c 
In

fe
ct

io
n 

of
 M

ic
e.

 

Ef
fic

ac
y 

of
 e

ac
h 

dr
ug

 
N

o.
 o

f 
de

at
hs

 d
ai

ly
 

co
m

pa
re

d 
to

 t
ha

t 
of

 
du

ri
ng

 2
1 

da
ys

 
N

o.
of

 
%

 
ev

er
y 

ot
he

r 
dr

ug
* 

N
o.

of
 

6
-

 
Su

r-
 

Su
r-

 
T

re
at

m
en

t 
M

ic
e 

1
 2

 
3 

4 
5 

6 
7 

8 
9-

21
 

vi
vo

rs
 

vi
vo

rs
 
'I 

H
 

I? 
E
 

C
 

'A
' 

N
on

e 
75

 
14

 4
9 

12
 

N
on

e 
N

on
e 

0 
-
 

o
-

-
 

- 
A

 
Su

lf 
ap

yr
id

in
o 

73
 

2 
6 

1
4

 2
1

9
 

4 
8 

27
 

37
 

+ 
o

+
 0

 
0 

C
 

2-
 (S

ul
fs

ni
la

m
id

o)
 -5

-e
th

yl
- 

E
 

2-
 (S

ul
fa

ni
la

m
id

o)
 -5

-m
et

hy
l- 

F
 

N4
-N
ic
ot
in
yl
su
lf
at
hi
az
ol
e 
(1

) 
15

 
7

8
 

N
on

e 
N

on
e 

0 
0 

H
 

2-
 (4

-N
itr

ob
en

ze
ne

su
lfo

n-
 

I 
2-

 (S
ul

f a
ni

la
m

id
o)

 -6
-a

m
in

o-
 

4-
th

ia
zo

lo
ne

 (
2)

 
73

 
1

5
 6

1
2

 
2 

7 
4

1
7

 
19

 
26

 
+ 

O
+

 
0 

1,
3,

4-
th

ia
di

az
in

e 
(1

) 
15

 
2

4
3

4
 

2 
13

 
0

0
0

 

2 
13

 
0 

am
id

o)
 th

ia
zo

le
 (

1)
 

15
 

1
 

1
2

5
1

3
 

is
on

ic
ot

in
ic

 a
ci

d 
(4

) 
15

 
1

9
2

2
1

 
N

on
e 

N
on

e 

In
fe

ct
io

n
: 

T
re

at
m

ar
t:

 
da

ys
 (

to
ta

l 
12

0 
m

g)
. 

0.
5 

cc
 o

f 
a 

10
-5

 b
ro

th
 d

ilu
tio

n 
of

 a
n 

18
-h

r b
ro

th
 c

ul
tu

re
 (

B
in

da
, 

T
yp

e 
11

) 
su

bc
ut

an
eo

us
ly

 (
65

0 
fa

ta
l 

do
se

s)
. 

20
 m

g 
of

 d
ru

g 
su

sp
en

de
d 

in
 0

.2
 c

c 
of

 1
5%

 g
um

 a
ca

ci
a 

or
al

ly
 3

 h
ou

rs
 a

ft
er

 in
fe

ct
io

n,
 t

he
n 

on
ce

 d
ai

ly
 f

or
 5

 su
cc

es
si

ve
 

(1
) 

(2
) 

(4
)*

 
Se

e 
Le

ge
nd

 o
f 

T
ab

le
 I

. 

T
A

B
L

E
 1
11

. 
St

ap
hy

lo
co

cc
ic

 I
nf

 ac
tio

n 
of

 M
ic

e.
 

Ef
fic

ac
y 

of
 e

ac
h 

dr
ug

 
N

o.
 o

f 
de

at
hs

 d
ai

ly
 

co
m

pa
re

d 
to

 t
ha

t 
of

 
du

ri
ng

 2
1 

da
ys

 
N

o.
of

 
%

 
ev

er
y 

ot
he

r 
dr

ug
" 

N
o.

 o
f 

I
 

3
 

Su
r-

 
Su

r-
 

' 
T

re
at

m
en

t 
Mi
ce
 

1
 2

 
3 

4 
6 

6 
7 

8
 9

-2
1 

vi
vo

rs
 

vi
vo

rs
 

J 
C

 
B

 
-
 

-
 

-
 

N
on

e 
71

 
6

1
2

1
2

1
2

 
3 

4 
2 

2 
3 

15
 

21
 

33 
Su

lf
at

hi
az

ol
e 

(1
) 

64
 

1
 

1
 
1

 
1

 
12

 
48

 
75

 
0 

0 
C

 
2-

 (S
ul

fa
ni

la
m

id
o)

 -5
-e

th
yl

- 

J 
Su

lf 
ad

ia
zi

ne
 

65
 

1
2

 
3

5
2

 
8 

44
 

68
 

4-
th

ia
zo

lo
ne

 (
2)

 
64

 
1

2
 1

2
 2 

i 
3

1
4

 
38

 
69

 
0 

In
fe

ct
io

n
: 

T
re

at
m

en
t:

 
10

 m
g 

of
 d

ru
g 

su
sp

en
de

d 
in

 0
.2 

cc
 o

f 
15

%
 g

um
 a

ca
ci

a 
or

al
ly

 a
t t

im
e 

of
 i

nf
ec

tio
n 

an
d 

6 
ho

ur
s 

la
te

r,
 t

he
n 

tw
ic

e 
da

il
y 

W
e 

w
is

h 
to

 th
an

k 
D

r. 
D

. 
A

. 
B

ry
ce

, 
of

 L
ed

er
le

 L
ab

or
at

or
ie

s,
 h

e.
, 

N
ew

 Y
or
k,
 N

. 
Y

., 
fo

r 
su

pp
ly

in
g 

th
e 

su
lf

ad
ia

zi
ne

; 
an

d 
D

r. 
0.
 W

. 

0.2
 c

c 
of

 a
 b

ro
th

 s
us

pe
ns

io
n 

fr
om

 a
n 

18
-h

r b
lo

od
 a

ga
r 

cu
lt

ur
e 

(F
.D

.A
. 

20
9)

 i
nt

ra
ve

no
us

ly
 (

16
0 

m
ill

io
n 

co
cc

i).
 

fo
r 

4 
da

ys
, 

fo
llo

w
ed

 b
y 

si
ng

le
 d

ai
ly

 t
re

at
m

en
t 

fo
r 

5 
da

ys
 (

to
ta

l 
15

0 
m

g)
. 

B
ar

lo
w

, 
of
 W

in
th

ro
p 

C
he

m
ic

al
 C

o.,
 

In
c.

, 
N

ew
 Y
or
k,
 N

. 
Y.
, 

fo
r 

su
pp

ly
in

g 
cu

lt
ur

e 
F.

D
.A

. 
20

9.
 

(1
) 

(2
)*

 
Se

e 
le

ge
nd

 o
f 

T
ab

le
 I

. 

H
 F 



HEMOLYSIS AND “ACID” PHOSPHATASE ACTIVITY 5 13 

every second day showed a mean fall in erythrocytes from 9,200,- 
OOO to 5,821,000 during 16 days. In some of the fatalities, the 
erythrocyte count fell to 3,000,000 and less. No evidence of uro- 
lithiasis was observed in 30 rats (weighing approximately 200 g )  
which received 100 mg orally twice daily for 12 days, although 11 
animals died within this time. 

Sulfadiazine, on the contrary, produced renal failure in a number 
of infected mice. Since it was impossible to determine whether this 
was secondary to the damage caused by staphylococci, a series of 
normal mice and a group of normal rats were treated orally with 
similar and smaller doses of sulfadiazine. Gross inspection and 
microscopic examination ( frozen sections of fresh tissue) of 
kidneys showed crystalline deposits, predominantly in the urinary 
papilla and often sufficiently massive to be capable of completely 
obstructing the urinary outflow. A more detailed study of this 
toxic manifestation will be reported elsewhereF2 

Conclwions. 2- ( Sulf anilamido ) -5-ethyl4thiazolone ( sulf aethyl- 
thiazolone) has less antistreptococcic activity and approximately the 
same antipneumococcic activity as sulfapyridine. Its antistaphylo- 
coccic activity is of the same order as that of sulfathiazole and sulfa- 
diazine. 

Sul fadiazine produces urolithiasis rnedicamentosa capable of 
causing death by acute suppression of urine in mice and rats, where- 
as sulfaethylthiazolone is free of this defect, but may cause fatal 
anemia. 
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Erythrocytes contain an apparently specific pho~phatasel*~*~ clas- 
sified by Folley and Kay4 as phosphomonoesterase A,. This enzyme 
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