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LIQUID CHROMATOGRAPHY 0 F 0x1 D IZED 
SU L FAN I LAM I DE DERIVATIVES 

Charlotte Ressler and Michele M. Knapp 
Department of Pharmacology 

University of Connecticut Health Center 
Farmington, Connecticut 06032 

ABSTRACT 

Chromatogra h i c  behavior on reverse phase HPLC i s  repor ted  
f o r  a group o f  N 8 - and o ther  ox id i zed  su l fan i lamide de r i va t i ves  o f  
b i o l o g i c a l  i n t e r e s t .  4-Hydroxyl aminobenzenesul fonamide decomposes 
i n  aqueous s o l u t i o n  i n  a pH-dependent manner. A t  room temperature 
a t  pH 10, i t  converts almost q u a n t i t a t i v e l y  t o  azoxybenzene-4,4'- 
d i s u l  fonamide and 4-ni trobenzenesul fonamide. 

INTRODUCTION 

The past decade has seen a resurgence i n  the  use o f  su l fon-  
amide drugs f o r  therapy o f  c e r t a i n  u r i n a r y  and r e s p i r a t o r y  t r a c t  
i n fec t i ons .  This has been accompanied by an inc reas ing  incidence 
o f  a l l e r g i c  reac t ions  some o f  which a re  ser ious (1).  For s tud ies  
i n  our  labora tory  d i rec ted  towards assessing the  immunological 
s ta tus  o f  sulfonamide drug a l l e rgy ,  a ser ies  o f  ox id i zed  der iva-  
t i v e s  o f  sul fani lamide, 1, was requ i red  as prospec t ive  ant igens. 
These included 4-hydroxyl ami nobenzenesul fonami de, 2, J-hydroxy- 

su l fan i1mide ,  - 5 ,  and fi-glycolylsulfanilarnide, - 6, known metab- 
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1446 RESSLER AND KNAPP 

o l i  tes o f  su l fan i lamide (2 -51 ,  and azoxybenzene-4,4'-disulfon- 
amide, Q, (61, azobenzene-4,4'-disulfonamide, i, (61, and 4 - n i t r o -  

benzenesul fonamlde, 3, requ i red  f o r  reference. S t ruc tures  are 

shown. 

Although prepared according t o  routes ava i l ab le  i n  the  l l t e r -  
ature,  i n  our hands many o f  these compounds were d i f f i c u l t  t o  
character ize.  Some melted w i t h  decomposition a t  h igh  temperatures, 
and o f t e n  elemental analyses a l so  were no t  d e f i n i t i v e .  I n  add i t i on  

several appeared t o  decompose upon r e c r y s t a l  1 i z a t i o n  o r  storage. 
We there fore  undertook t o  examine these compounds by high 

performance 1 i q u i d  chromatography (HPLC). This paper repo r t s  
chromatographfc constants f o r  these compounds under reverse phase 

condi t ions.  Observations determined by HPLC are a1 so repor ted  on 
the decomposition o f  compd 2 i n  aqueous so lu t i on .  

MATERIALS AND METHODS 

Chemicals 

South P l a i n f i e l d ,  NJ; s u l f a n i l i c  a c i d  from F ishe r  S c i e n t i f i c ,  
Sul fani lamide was purchased from Matheson, Coleman and B e l l ,  

Pi t tsburgh, Pa; p-ni  trobenzenesul fonamide from A ldr ich ,  Milwaukee, 
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OXIDIZED SULFANILAMIDE DERIVATIVES 1447 

W I .  3-Hydroxysul f a n i l  amide (4 1 , 4-hydroxyl aminobenzenesul fonanide 
(7 )  and N -g l yco l y l su l fan i l am ide  (5) were synthesized as reported. 

disulfonamide (6 )  were prepared as descr ibed except t h a t  fo r  

ana lys is  the l a t t e r  was r e c r y s t a l l i z e d  from DMSO-H20 a t  room temp. 
The ma te r ia l  analyzed as a so lva te  w i t h  DMSO. 

S, 22.1. Found: C, 38.8; H, 4.20; N, 12.7; S, 22.4. 

weight. DMSO (M/Z 78.0) was released a t  a probe temp near 60°C. 

Higher molecular weight species appeared w i t h i n  240"-350°C. Parent 
peak M/Z 356.0; calcd. f o r  C12H12N405S2: 356.0. 

Water was deionized and then d i s t i l l e d  through glass. MeOH 

was HPLC grade (Burdich and Jackson Laborator ies,  Muskegon, MI) ;  
ace t i c  ac id  was Baker Reagent. 

4 

Azobenzene-4,4'-sul fonamide (6 )  and azoxybenzene-4,4'- 

Anal. Calcd. f o r  C12H12N405S2.C2H6SO: C, 38.7; H,4.18; N,12.9; 

Mass spectral  ana lys is  confirmed so l va t i on  and molecular 

Instrumentat ion 

(Waters Associates, M i l f o rd ,  MA), U6K i n j e c t o r  (Waters), 

Holochrome detec t ion  system (Gi lson E lec t ron ics ,  Middleton, WI) 
and Model 6051 recorder (G i l f o rd ,  Ober l in,  OH). 

spectrometer w i t h  a wavelength scan/mul t iwavelength program 

operated on an Apple I 1  Plus computer. 

5988A GC-MS system w i t h  a 70 eV beam. Compd 2 was in t roduced 
d i r e c t l y  i n t o  the spectrometer v i a  the d i r e c t  i n s e r t i o n  probe. 
Probe temperatures s t a r t e d  a t  30°C and increased a t  30"/min up t o  
350°C. 

HPLC was performed w i t h  a Model 6000A so lven t  d e l i v e r y  system 

UV/viz spectra were recorded on an LKB Ultraspec 4050 

Mass spectral  ana lys is  was performed w i t h  a Hewlett-Packard 

Chromatography 

column (10 u p a r t i c l e  size, 30 cm x 4 mn, Waters). The mobi le 
phase cons is ted  o f  5-40% MeOH-1% ace t i c  a c i d  and i s  s p e c i f i e d  i n  
the Table. 

Chromatography was performed on a reverse phase uBondapak C18 

Flow r a t e  was 1 ml/min; AUF 0.1. Absorbancy was 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
3
5
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



1448 RESSLER AND KNAPP 

TABLE 

E lu t i on  Volumes o f  Sul fani lamide and Related N4- and Other 
Oxidized Der iva t ives  by Reverse Phase HPLC 

COMPD SYSTEM 
A Ba C 

volume, m l  

4.9 4.1 3.4 

- 2. 4-Hydroxyl amino- 
benzenesul fonami de 4.3 3.4 3.2 

- 3. 4-Nitrobenzene- 
su l  fonamide 17.2 5.6 4.6 

- 4. Azoxybenzene-4,4'- 

- 5. 3-Hydroxysul f a n i l  amide 

disulfonamide -b 

4.6 

- 6. 4-Glyco ly lsu l fan i lamide 7.4 

- 8. Azobenzene-4,4'-di- 
sul  fonami de 

14.1 7.6 

18.4 

aSystem A was 5% MeOH-1% HOAc; System B, 30% MeOH-1% HOAc; 

bNot e lu ted  w i t h i n  34 m l  . System C, 40% MeOH-1% HOAc. 

determined a t  254 nm. Q u a n t i t a t i o n  was c a r r i e d  o u t  by c a l c u l a t i o n  
o f  the  peak area. For the decomposition experiments, co r rec t i on  

was made f o r  the d i f f e rence  i n  absorpt ion o f  each sulfonamide by 
r e l a t i n g  i t  t o  sul fani lamide. 

S t a b i l i t y  Studies 

N NaOH t o  pH 10 and was s t i r r e d  magnet ica l l y  i n  a 10-ml beaker a t  
25°C. A t  the  i n t e r v a l s  spec i f i ed  i n  F i g  2, 1-ml samples were taken 

An aqueous s o l u t i o n  o f  Compd 2 (2 mg/ml) was adjusted w i t h  
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OXIDIZED SULFANILAMIDE DERIVATIVES 1449 

and a c i d i f i e d  w i t h  0.5 m l  o f  40% MeOH-1% HOAc t o  terminate the  

reac t ion .  Samples were then d i l u t e d  t o  10 u g h 1  w i t h  MeOH fo l lowed 

by H20 and were analyzed d i r e c t l y  by HPLC. 

by ad jus t i ng  an aqueous s o l u t i o n  (2 mg/ml) w i t h  N HC1 o r  N NaOH t o  

the  pH values spec i f i ed  i n  F i g  3. Samples were al lowed t o  stand a t  
room temp f o r  1 h r  and then were d i l u t e d  and analyzed as descr ibed 
above. 

PH-dependence o f  the  decomposition o f  Compd - 2 was determined 

I d e n t i f i c a t i o n  o f  Decomposition Products o f  Compd 2 

graphy and co-chromatography i n  2 so lvent  systems, and by compar- 
i son  o f  the uv /v iz  absorpt ion spectra o f  t he  i s o l a t e d  products 
w i t h  au thent ic  samples. Decomposition products were i s o l a t e d  f o r  
spectroscopy by s t i r r i n g  a s o l u t i o n  o f  4 mg o f  Compd 2. i n  2 m l  a t  

pH 10 f o r  1 hr. The mix tu re  was d i l u t e d  t o  5 m l  w i t h  30% MeOH-1% 
HOAc. Compd - 4 was c o l l e c t e d  by cen t i f uga t ion  and washed w i t h  30% 
MeOH. It was d r i e d  and d isso lved i n  MeOH f o r  spectroscopy. Compd 
- 3 was i s o l a t e d  by chromatography o f  the  c e n t r i f u g a t e  i n  System B. 

F rac t ions  e l u t i n g  w i t h i n  5.5-6.4 m l  were co l lec ted ,  combined and 
scanned. Upon re-examination on HPLC, i s o l a t e d  Compds 3 and 4 each 

chromatographed as a s ing le  peak w i t h  the  expected r e t e n t i o n  
vol ume . 

I d e n t i f i c a t i o n  was based upon e l u t i o n  volumes on chromato- 

RESULTS AND DISCUSSION 

HPLC provided a r a p i d  method f o r  cha rac te r i za t i on  o f  a ser ies  
4 o f  N - and o ther  ox id ized  de r i va t i ves  o f  su l fan i lamide.  This pro- 

cedure proved useful i n  mon i to r ing  the synthesis o f  these su l fon-  
amides and assessing t h e i r  p u r i t y  and s t a b i l i t y .  A t y p i c a l  chro- 
matogram i s  shown as Figure 1. The Table gives the  e l u t i o n  volumes 
o f  these compounds on reverse phase l i q u f d  chromatography w i t h  3 
mobi le phase systems. 

S t a b i l i t y  o f  4-Hydroxylaminobenzenesulfonamide (2 )  

H20 were unsa t i s fac to ry  w i t h  respec t  t o  recovery and mp o f  the  
Previous attempts t o  p u r i f y  Compd 2 by r e c r y s t a l l i z a t i o n  from 
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2 6 10 

E L U T I O N  VOL,  mi 

FIGURE 1 

Chromatogran showing the  separation i n  System A (see Table) o f  
s u l f a n i l i c  acid, 7, and Compds 2, 1, and 5, resp. Other cond i t ions  
given under "ChrGatography. I' 

FIGURE 2 

Rate o f  decomposition o f  4-hydroxylaminobenzenesul fonamide 
i n  aqueous solut ion,  pH 10, a t  t25'C. 
H, formation o f  Compd 9. Chranatography was i n  System C (see 
Tab1 e )  , Other condi t ions given under "Chromatography" and 
" S t a b i l i t y  Studies." 

CI, format ion o f  Compd 5; 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
3
5
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



OXIDIZED SULFANILAMIDE DERIVATIVES 

100 - 
z 
0 8 0 -  

8 
t 

I60- 
0 
0 
w 
D 

I- 
Z 
w 

v) 

4 0  - 

:: 20- 
W a 

A 

1 , 1 1 1 1 1 1 1 1 1  

5 6 7 8 9 10 I I  12 
PH 

1451 

FIGURE 3 

PH-dependence o f  t he  decomposition o f  Compd 2 i n  aqueous so lu t ion .  
w, format ion o f  Compd 4; 0-0, format ion o f  Compd 2. 
Condit ions as i n  F igure  7. 

product. When an aqueous s o l u t i o n  of Compd 2 was al lowed t o  stand 
a t  pH 10 and then was examined by HPLC, extensfve decomposition 
was evident.  The major products were i d e n t i f i e d  as Compds 3 and 4. 
Af te r  1 h r  approximately 85% o f  4 and 10% o f  - 3 had formed w i t h  
l e s s  than 5% o f  the s t a r t i n g  2 + - 1 present. Recovery was 93%. 
F igure  2 shows the r a t e  o f  decomposition under t h i s  c o n d i t i o n  t o  

Compds - 3 and - 4. 

The decomposition o f  Compd - 2 was markedly pH-dependent. 

Aqueous so lu t ions  were reasonably s tab le  a t  pH 3 t o  6, b u t  under- 
went r a p i d  change above pH 8 (F igure  3). 

Analogy f o r  t he  format ion o f  Compds 3 and 4 e x i s t s  i n  the  
Oxidat ion by hydrogen peroxide o r  Caro's a c i d  o f  a n i l i n e  t o  0- 

phenyl hydroxylamine, nitrosobenzene, azobenzene and azoxybenzene. 
The l a t t e r  i s  a product o f  condensation o f  hydroxyamino and 

n i  t r o s o  compounds (8). N i t r o  de r i va t i ves  a1 so have been observed 
t o  r e s u l t  from s i m i l a r  chemical ox ida t i on  o f  hydroxyamines o f  
primary amines (8, 9 ) .  
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1452 RESSLER AND KNAF'P 

Compd 2 i s  a product o f  microsomal metabolism o f  s u l f a n i l -  

amide i n  r a t  l i v e r  (2 )  t h a t  can e l i c i t  a p o s i t i v e  s k i n  t e s t  
reac t i on  i n  guinea p igs  p rev ious ly  sens i t i zed  w i t h  su l fan i lamide 

(71. The N-hydroxylat ion reac t i on  apparent ly i nvo l ved  i n  the 
biosynthesis o f  Compd 2 from su l fan i lamide represents a f requen t l y  

seen i n i t i a l  step i n  the  metabolism o f  primary aromatic amines 
(10). The marked l a b i l i t y  o f  Compd 2 i n  aqueous s o l u t i o n  t h a t  we 

encountered suggests t h a t  i n  b i o l o g i c a l  s tud ies  w i t h  Compd 2, and 
probably other aromatic N-hydroxyamines o f  s i m i l a r  s t r u c t u r e  and 

r e a c t i v i t y ,  appropr iate care i s  necessary when s e l e c t i n g  
cond i t ions  o f  pH and storage. 
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