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Abstract : Sulphamethoxazole hydroxylamine (SMX-NHOH) and nitroso sulphamethoxazole (SMX-NO) were prepared bv a 
modified literature procedure. SMX-NO produced a complex set of unstable intermediates with sulphur nucleophiles, but did not 
react with amino containing compounds. No reactions were observed between sulphamethoxazole (SMX) / SMX-NHOH and the 
nucleophiles used in this study. Thus antigens formed from N-oxidation of SMX are likely to be unstable in vivo. 
Copyright © 1996 Elsevier Science Ltd 

Introduction 

Sulphamethoxazole (SMX) 1 belongs to a family of drugs known as the sulphonamides. Sulphonamide 

therapy is associated with a variety of idiosyncratic reactions (fever, lymphadenopathy, skin rash, hepatitis, 

nephritis, and blood dyscrasias) which occur in 2-3% of the population. 1 

, ~  NH~SO2'--~~ H2 
CH3 1 

Recently, increased administration of sulphonamides for the treatment of infectious complications 

occurring in immunosuppressive disorders such as AIDS has led to a renewed interest in the mechanism of 

drug toxicity) The pathogenesis of adverse reactions to the drug may be associated with hapten formation and 

a subsequent immune response. Covalent binding of reactive metabolites to nucleophilie groups on cellular 

proteins could result in such a response) It has been postulated that sulphamethoxazole hydroxylamine (SMX- 

NHOH) and nitroso sulpharnethoxazole (SMX-NO) are involved in SMX toxicity, 4 although there is little 

direct evidence indicating that either metabolite is the ultimate immuno-toxin. Alternatively, reactive 

metabolites may undergo conjugation with glutathione (GSH) which is the most abundant cellular thiol, 

constituting greater than 90% of non-protein thiols, s GSH is known to protect cells against toxicity from 

oxidative metabolites either by conjugation or by reduction reactions. 

The aim of this study was to synthesise SMX-NHOH 3 and SMX-NO 4 and investigate their reactivity 

towards biological nucleophiles. In particular, we investigated whether stable adducts were formed in these 

reactions. The reaction pathways were monitored by NMR and LC-MS. 
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Chemistry 

In this study a modification of Johnstone's method was utilised to synthesise SMX-NHOH 3 and SMX- 

NO 4 (Scheme 1). 6 NO 2 SMX 2 was prepared via a nucleophilic addition of  4-nitrobenzenesulphonyl chloride 

to 3-amino 5-methylisoxazole as previously described. 7 The reaction was terminated after 24h. The resulting 

brown precipitate was recrystallized from a toluene : ethyl acetate mixture (3:1 v/v). 

O 

sodium [ ~  
pyridine phosphinite FeCI3 
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Scheme 1. Suiphamethoxazole hydroxylamine and nitroso sulphamethoxazole synthesis. 

Johnstone has previously synthesised many aromatic hydroxylamines by nitro reduction using a stirred 

mixture of sodium phosphinite in water / THF (5% palladium on carbon catalyst). 6 S1V[X-NHOH 3 was 

prepared similarly, using an excess of THF to enhance the solubility of NO 2 SMX 2. The reaction was 

monitored by TLC until all the starting material had reacted. Ether extraction produced a crude product of 

greater than 85% yield. This was recrystallised from chloroform, obtaining a product of greater than 99% 

purity when analysed by HPLC, elemental analysis, mass spectroscopy, and NMR. s Initial attempts at 

synthesising SMX-NO 4, using FeCI 3 in H20 proved unsuccessful. Consideration of known syntheses revealed 

that compounds with electron releasing groups in the -para position produced yields in excess of 80%, whereas 

electron withdrawing groups -para to the hydroxylamine functionality generally gave reduced yields. The 

reaction time was increased from 30 min., and followed by TLC. The reaction reached completion two hours 

later and after recrystallisation from chloroform, the product was found to be greater than 99% pure (by HPLC) 

and in yields of greater than 85%. 9 

Results and Discussion. 

The complex reaction profile of nitroso benzene with biological thiols including glutathione (GSH) has 

been well documented (Scheme 2). I° These reactions, although well explored, produced little direct evidence 

identifying an adduct with the stability to act as a stable drug conjugate required for hapten-mediated drug 

toxicity.ll 

Previously the reactions of SMX-NO 4 and GSH (at physiological concentrations and in excess), have 

been analysed in aqueous conditions by HPLC. 4 From these studies the formation of  two labile intermediates 

was defmed; the semi-mercaptal 5, which quickly decomposed in the presence of excess of  GSH, and the 
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sulphinamide 6, which although more stable is known to be reduced back to the parent amine under acidic 

conditions.~° We initially repeated these experiments under identical conditions using LC-MS analysis.t2 

~.. +GSH / -G$O~I "4~ 

~" -GSSG 

3 5 / ~SSG 1 

R 

7 

Scheme 2. Proposed reactions involved in the reduction of nitroso SMX by GSH. Intermediates are 5. 

semimercaptal, 6. sulphinamide, 7. sulphenamide. 

The reactions were followed over a period of 20h. SMX 1 and SMX-NHOH 3 were identified from 

authentic standards, whereas the semi-mereaptal 5 and sulphinamide 6 intermediates were identified from their 

molecular ion peak on the mass spectra and the retention times quoted previously. 7 The semi-mercaptal was 

formed initially; it then rearranged to the sulphinamide and SMX itself. The products formed and an example 

of the traces obtained using 0.1mM GSH are presented in figure 1. Products of reduction, SMX-NHOH and 

SMX, and products of thiol addition, semi-mercaptal and sulphinamide were detected as parent ions. The 

concentration of semi-mercaptal declined with time and coincided with increased formation of SMX and 

sulphinamide. With the addition of excess GSH, formation of the sulphinamide metabolite was reduced and 

reduction to SMX occurred at a greater rate (results not shown). 

Two major difficulties were encountered with the use of LC-MS. First we were unable to measure the 

concentration of SMX-NO present throughout the reaction because it only produces a very weak molecular ion. 

Secondly, absolute quantification of the amount of products formed is not possible. To overcome these 

problems, the reactions of SMX-NHOH and SMX-NO with GSH were analysed by NMR. The reactions were 

followed using two concentrations of GSH (1:1 and 3:1, GSH : metabolite). 

When using the higher masses required for NMR analysis, aqueous conditions (D20) could not be 

utilised because of solubility problems, and ~ DMSO was therefore used as the solvent. NMR analysis has the 
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advantage of allowing measurement of  the NO intermediate and hence a more complete quantitative reaction 

profile was analysed over a period of  96h. 
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Figure 1. Ratio of product formation / dbappearanee in the reaction of 0.05raM SMX-NO with 0.1raM 

GSH under aqueous conditions, when followed by LC-MS and a molecular ion spectrum showing the 

retention times of the intermediates. 
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Figure 2. The reaction profile of SMX-NO and GSH in DMSO, when followed by NMR spectroscopy 

and an example of a spectrum obtained. 
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The mount  of each intermediate formed was quantified by measurement of the integral peak height 

from each spectrum'throughout the reaction period. Figure 2 shows the ratio of products formed and an 

example of a typical spectrum. SMX-NO, SMX-NHOH, NO2-SMX, SMX, GSH and GSSG peaks were 

identified from NMR analysis of standard compounds, thus allowing analysis of the semi-mercaptal and 

sulphinamide metabolites by examining their chemical shifts and from previous studies involving the reaction 

of GSH with substituted nitro nitroso benzenes, l° The assignment of integrals corresponding to the 

sulphinamide was difficult since the peaks had similar chemical shifts to GSH and GSSG. In order to assign the 

signals from the sulphinamide product, an NMR was run on a mixture of oxidised and reduced GSH, an 

assignment was performed subsequently. The results indicate that the initial reaction involving GSH occurs 

instantaneously, and the amount of SMX-NO remaining was dependent upon GSH concentrations. Little 

reduction of SMX-NHOH was obtained under these conditions. 

Similar results were obtained from the reaction of SMX-NO with mercaptoethanol. Identical conditions 

were used as in the reactions with GSH, and a similar time course was obtained. The spectra were easily 

analysed as mercapto-ethanol has no protons between 7.5 and 8.5 on the NMR spectrum. 

The reaction of SMX-NHOH with GSH and mercaptoethanol was also analysed over a 96h period. No 

reduction of SMX-NHOH was obtained throughout the reaction. 

N==C) N~--- lys 

X 

NHz(CH2)4CH(NHCOCH3)CO2CH3 onjugate 

8 
4 

Scheme 3. Hypothesised conjugate structure from the reaction of SMX-NO and lysine. 

To investigate the reactions further, we considered the structure of human serum albumin (HSA) to 

identify other groups on proteins which may be sufficiently nucleophilic to react with SMX-NO. Various 

amino acids within HSA contain free amine groups, which could react with nitroso compounds forming diazo 

products. In our study we utilised protected lysine 8 (Scheme 3) which is one of the major constituents of HSA 

(greater than 10% of the total amino acid content by mass). Identical reactions conditions were used to analyse 

the reaction of lysine with SMX-NO 4 and SMX-NHOH 3. After a period of 9611, NMR analysis revealed no 

reaction in either case. Following this, we studied the reactions of aniline, a more chemically reactive amine 

than lysine and after heating, under deuterated acetic acid catalysis, no product was observed. 

From the results obtained, we have identified the formation of unstable intermediates in the reaction of 

SMX-NO with biological thiols under aqueous and non aqueous reaction conditions. The semi-mercaptal 
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intermediate is broken down under physiological conditions in the presence of excess thiol to give SMX- 

NHOH or the parent amine, both of which do not possess the chemical reactivity to become covalenfly bound 

to proteins. SMX-NHOH is known to undergo further metabolism in vivo by O-acetyltransferase enzymes, 

products formed have not been investigated, although a recent study suggests they may be protein and DNA 

reactive. 13 In contrast, the sulphinamide is stable in both aqueous and non-aqueous conditions, although it is 

likely to undergo hydrolysis to the parent amine under the physiologieed conditions of antigen processing (pH 

5.5 and excess GSH).I4 Immune toxicity mediated by a drug hapten requires the formation of a covalent bond 

which is stable in vivo. The current work suggests that although SMX-NO may react with suiphydryl 

nucleophiles in proteins, the products formed are likely to be unstable. Consistent with this conclusion, in a 

parallel study we found no evidence for hapten formation in vivo, after administration of either SMX or SMX- 

NHOH to the rat. 
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