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SUMMARY 

The rate of extractive alkylation of 24 structurallly related sulphonamides has 
been studied with respect to the alkylating agent and organic solvent. The reaction 
rate is given by the time for quantitative alkylation cakulated from the observed 
first-order rate constant with 0.1 M tetrabutylammonium (pH 10) as the aqueous 
phase. The highest reaction rates were obtained with methyl iodide and-pentakoro- 
benzyl bromide as reagents and -methytene chloride and methyl isobutyl ketone as 
organic solvents. 

The minimum detectable concentration of the N’-methyl derivatives with 
electrowcaphxe detection was about 1O-15 mole/set. 

INTRODUCTXON 

Many drugs contain the suiphonamide moiety and their gas chromatographic 
analysis is hampered by their acidic character, which causes adsorption in the gas 
chromatograpbic system. 

AcyIation’ or akylationl-‘o procedures have been used to improve the chro- 
matographic properties of sulphonamides. AJkylation of secondary srrlphonamides 
with diazometbane has been performed separately**“*lo or in combination with 
hepta&rorohutyrylation. of the d-amino group in, e.g., sdphamerazkIe?~9. hi3W 
and secondary sulpbonamides have been derivatizecl with dixethylformamkie di- 
methylaceta17~8 and with pentafi~orobenzy1 bromide by extractive alkylation’. 

The scope of-this work was to study conditions for the exttactive tilkylation 
of secondary sulphonamides and to evaluate the gas chromatographic and electron- 
capture properties of the methyl derivatives. - 
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EXP!SR.IhTENTAL 

Apparatus 

Gas chromatography. A Varian 1400 gas chromatograph ith a &me-ion&+ 
tion detector was used, with a glass column (150 x 0.2 cm I.D.) tilled with 5% OV- 
17 on Gas Chrom Q (SO-100 mesh). The column was operated at 250” and the in- 
jector and detbtor at 300’. The flow-rate of the carrier gas (nitrogen) was 30 ml/d_ 

A Hewlett-Packard 57lOA gas chromatograph was used with a 63Ni electron- 
capture detector operated in the constant-current mode. The glass column (120 x 
0.2 cm I.D.) was tilled with the same packing as above; the oven was kept at 272” 
and the injector and detector at 300” and 350”, respectively. Argon i- 5% methane 
at a flow-rate of 40 ml/min was used as the carrier gas. 

Mass spectrometry. The derivatives were identified in an LKB 9tXlO instrument 
after separation on a glass column filled with the same packing as above. The ioniza- 
tion energy was 70 eV. 

Spectrophotometry. The photometric measurements were performed with a 
Zeiss PMQ II Spectralphotometer. 

Repgents and chemicals 

Methyl, ethyl and butyl iodide were obtained from E. Merck (Darmstadt, 
G.F.R.), propyl iodide from Kebo (Solna, Sweden), decyl iodide from Fluka (Buchs, 
Switzerland) and pentzdluorobenxyl bromide from Pierce (Rockford, Ill., U.S.A.). 

Chloroform, methyiene chloride, I-pentanol and methyl isobutyl ketone were 
of analytical-reagent grade. 

Tetrab&ylammonium hydrogen sulphate was obtained from- Labkemi (Go- 
thenburg, Sweden). It was neutralized with sodium hydroxide and a 0.1 M solution 
was prepared in 0.5 M carbonate buffer (pH 10). 

Methods 

(A) Extractive alkylation. A 2-d volume of a solution of the sulphonamide 
(lo-” M) and the internal standard (griseofulvin, Mirex or 9-bromophenanthrene) 
in the organic solvent was mixed with an equal volume of 0.1 M tetrabutylammonium 
(pH 10). The alkylating agent was added to a concentration of 0.16 M and the mixture 
was shaken mechanically at 25”. Samples of 10 ~1 were withdrawn from the organic 
phase, mixed with 1 ml of ethyl acetate and extracted with 50 ~1 of phosphate buffer 
(pH 5.0) to quench the reaction. A l-2-4 volume of the organic phase was taken 
for analysis by gas chromatography with electron-capture detection. The concentra- 
tion of the alkylated sulphonamide was obtained from the ratio of the peak height 
to that of the internal standard. 

(B) Distribution of sdphonamtdes as acids and ioon pairs. The acid distribution 
was studied by equilibration of a solution of the sulphonamide (10 -3 M) in carbonate 
buffer (pH 10) with an equal volume of organic solvent at 25” for 30 min. 

The concentrations in the aqueous phase and in the organic phase, after re- 
extraction into carbonate buffer (pH lo), were determined photometrically_ 

The ion-pair distribution was studied as above with 0.1 M tetrabutylammonium 
in carbonate buffer (pH 10) as the aqueous phase. 

(C) Minimum detectable concentrations. Methyl derivatives bf the sulphon- 
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aticks were. prepared with concentrations in the miliigrams per millilitre range_ 
Dilutions in ethyl acetate were analysed by gas chromatography with electron-capture 
detection. The minimum detectable concentrations were calcuiated from the amount 
that gave a signal three times the noise”. 

RESULTS AND DISCUSSION 

Identification -of derivatives 

The derivatives formed by the extractive alkylation procedure were identified 
by mass spectrometry. The mass spectrum of methylated sulphapyridine is presented 
in Fig. 1. The fragmentation pattern12~13 indicates that the methylation occurs at the 
nitrogen in the-sulphonamide group (NE). SimiIar fragmentation patterns were ob- 
tained from the other sulphonamide derivatives. 

Relative 
intensity 

100 

SO 

d-HSO2 

&so2 

199 

IO as0 m/e 

Fig. 1. Mass spectrum of methyl derivative of sulphapyridine. Ionization energy: 70 eV. Ions with 
less than 5% relative intensity and below m/e 50 have been omitted. 

AIkyZation rate 

Model studies were performed with N-phenylbenzenesulphonamide. The yield 
of the extractive methylation was studied with the pure methyl derivative as reference. 
A recovery of 100 f 3% was obtained, which indicates that the influence from side- 
reactions is negligible. 

The studies of the reaction rate could, under this assumption, be based on 
the determination of the a&y1 derivative formed. The measurements were made at 
suitable intervals during the first two half-lives of the sulphonamide and also after 
more than seven half-lives_ A plot of In[A],/([A], - [AIf) ver.s~~ time was made, 
where [Aim is the concentration of the alkylated product after more than seven half- 
Iives of the sulphonamide and [A], the concentration at time t. The rectilinear reIa- 
tionship obtained indicates that the alkylation is a pseudo-first-order process. The 
rate constant can be obtained from the slope of the line. 

This method for the determination of the observed rate constant was used. 
for all of the sulphonamides. A test of the quantitative conversion of the sulphon- 
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The acid is extracted 2s an ion pair with a counter ion into the organic phase, 
where the alkylation takes p12ce1~Lc16. Th e extraction conditions and the properties 
of the organic phase 2nd the alkylating agent influence the reaction. 

Aquemsphase. Tetr2butylammonium (0.1 M) in carbonate buffer (pH 10) was 
used as the aqueous phase in all instances-. With methykne chloride 2s the organic 
phase, the degree of extraction as tetmbuty!ammonium ion pairs exceeded 80% for 
all of the sulphonamides in T2bIe III except compounds 4, 18 2nd 22, which gave 
degrees of extmction in the range 5%70%. Conditions giving 2 degree of extmction 
higher than 80 % will have a limited influence on the time for quantitative 2kyl2tion. 
The acid distribution into methylene chloride was negligible at pH 10. 

AIkyZatiitg agettt. The rate ot’allcyt2tion of suIphapyridine in methykne chloride 
with six different reagents is given in Table I. The rate is given as the ddated 

time for qmuititative alkylation which is valid under the assumption that side-reac- 
tions are negligible. 

The rate of alkylation decreases with increasing carbon chain lengtV’, ethyla- 
tion requiring a reaction time about 30 times longer than that for methyl&ion. The 

TABLE I 

RA-fE OF ALKYLATION OF SULPHAPYRIDINE 

Conditions: see Methods (A). Time for quantitative alkyI2tion CaIcuIated as 7-0.693-k&. 

AlkyZating reagent C&&ted time fir 
quantitative alkyCation 

(min) 

Methyl iodide 
Ethyl iodide 
Propyl iodide 
Butyl iodide 
Deqjl iodide 

Pentafluorobenzyl bromide 

TABLE II. 

RATE OF MET-TION OF SULPHAMETHOXAZOLE IN DIFEZRENT ORGANIC 
SOLVENTS 

Reagent: methyl iodide [for further conditions, see Methods, (A)]. Calculation of time for quantitative 
methyhtion: see Table I. 

Solvent Degree of Cahdated time for 
extraction qrmctitative rnetitykzt~on 

w cJ=w 

Methyl isobutyl ketone 63 20 
M&y&e chloride >!30 80 
Chloroform >90 130 
l-Pentauol >W 700. .’ 
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rate of_alkylation with pentafhtorobenzyl bromide was of the same order as that 
with methyl iodide. Alkylation studies on sulphamethoxazole and sulphaisodimidine 
gave’ similar results. 

Organic solvent. The rate of methylation of sulphamethoxazole in four organic 
solvents is given in Table II. The highest rate of methyl&ion is obtained in methyl 
isobutyl ketone, while the rate is more than 30 times lower in pentanol. 

MerhyZ~tion of stdpZronan&Zes 

The rates of methylation of sulphonamides with methyl iodide in methylene 
chloride are given in Table III. The following observations can be made: 

(1) the calculated time for quantitative methylation is less than IO0 min for 
most of the sulphonamides; 

(2) sulphonamides with a 2-substituent in the heterocyclic ring (compounds 
10, 13 and 16) are methylated at a lower rate than the unsubstituted compounds; 

(3) acetylated sulphonamides (compounds 21,22 and 23) are methylated more 
sfowIy than the parent compounds (3,4 and 15). 

Fig. 2. Gas chromatogram of methylated sulphonamides. Sample: sulphamethoxazoIe I ng (I), 
sufphaisodimidine 1 ng (II), sulphadimidiue 1 ng (III), sulphamethoxypyridazine 3.5 ng (IV) and 
sulphaplzenazole 2.5 ng (V) in ethyl acetate. Stationary phase: 5% OV-17. 
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Electron-capture gas chromatography of methyhzted suphontznzides 

The methylated sulphonamides have good gas chromatographic properties ; 
a chromatogram is shown in Fig. 2. Quantitation can be effected with good precision, 
a ltlO-pg sample being determined with a standard deviation of 3-5 % (n = IO). 

The following conclusions can be drawn regarding the relationship between 
structure and retention: 

(1) sulphonamides with an amino group in the 4-position have considerably 
Ionger retentions than the unsubstituted compounds (compare compounds 1 and 3, 
and 2 and 7); 

(2) acetylation of the 4-amino group increases the retention by a factor of 
about two (see compounds 21 and 3,22 and 4, and 23 and 15); 

(3) 4’-substitution gives longer retention than 3’-substitution (see compounds 
5and6). 

The methyfated sulphonamides have excellent electron-capturing properties 
giving minimum detectable concentrations of the order 2- 10-‘6-13- 1O-*6 mole/set. 
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