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Conditions for the extractive alkylation of eight sulphonylurea hypoglycemic drugs have 
been evaluated. Extnctive metbylatioa of the compounds was achieved within 90 min using 
tetrabu@lammonium ss counter-ion (0.1 N at pH = 6.9) with 6% methyl iodide in dichloro- 
methane as organic phase. Mass spectral analysis showed derivatrres methylated at the 
sulphonamide nitrogen. A higher pH or use of tetrapentylsmmonium as counter-ion caused 
hydrolysis of the sulphonylureas. 

The derivatives showed a high electroncapture ~ponsewithra:in~umcon~ntrations 
detectableLntberangel-4X 1O-'6 molessec-‘. 

Therapeutic plasma concentrations of glipizide and tolbutamide were determined by 
direct extractive methylation of the compounds from the plasma sample. Tbe glipizide 
derivative was determined by electron-capture gas chromatography down to about 20 ng/ml 
in a 0.5-d plasma sample. The .relative stand& deviation at the 0.2 PgirnI level of gfipizide 
was 6% (n = 6). Tbe corr&poading figure in the determination of t&buts&de at the 10 
pg/trd level was 3% (n = 10). 

INJRODUCTZON 

Oral hypoglycemic drugs of the sulphouylurea type have been in clinical use 
for about twenty years in the treatrrxiz of diabetes. Severaz an&ytical 

teohrriques have beerr employed in the analysis of the compounds from 
biological ssmples, the most kquently used being gas chromatography. 
Sulphonylureas have been determined by gas chromatography with flame 
ionizatiou defxxtion after methylation with dimethylsulphate [l-3 J or diazo- 
methane [4, 51. After methyl&ion, derivatives with good chron- ,ographic 
properties and enhanced thermal stability were obtained. As well as a methyl 
derivative, some methyl enol ether was fmnd [4, 61. A low injection port 
temperature was claimed to be essential to minimtie pyrolysis of the derivative. 

Sulphonamide dxugs have a high detectability in the electroncapture 
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detector ed tolbutamide snd chloqxopamide have been determined by 
electronsapture gas chromatography affzr methylation with &omethane 
[‘7] _ Methyl&ion followed by trifluofoacet+&ion has also been reported 
[S, S] . In recent years, the lowdose hypog@zmic agents glibenclamide and 
glipieide have been irstroduced. Determination of therzgeutic plasma concen- 
trations of the drugs has been performed with racii&&?lled material [IO, II] 
or by radioimmunologiic assays [12,13]. The selectivity of these methods fez 
metaboiites has not been verified. 

Extractive alkylation has found a widespread use in the analysis of acidic 
drugs and applications to the det ermination of sulphonamides in biological 
samphs have appeared [14,15] _ The present paper discusses conditions for the 
xtractive metnylation of sulphonylurea drugs. The direct analysis of the 
compounds from plasma is demonstrated with tolbutamide and glipizide. 

EXPEFUMENTAL 

A Fye GCV gas cbmatograph was used and equipped with a flame ioniza- 
tion and an electroncapture detector operated in the constantcurrent mode. 
The g&s column (219. cm X 0.2 cm) was filled with 3% OV-17 on Gas-Chrom 
Q (100-120 mesh) and operated at 300° for the analysis of the glipizide 
deriva&ive and at 220” for the tolbutamide derivative. The flow-rate of nitrogen 
carrier gas was 40 djmin. The injector and detector temperatures were 330’. 

The derivatives were identified by mass spectral analysis in an I&B 2091 gas 
chromaiograph-mass spectrometer. The glass column (90 cm X 0.2 cm) 
contained 3% OV-17 on Gas-Chroni Q (100-120 mesh). The ionization energy 
was 70 eV. 

Reagents and ckemicab 
Tetrabuty~~onium, 0.1 M, was prepared by neutralization of the 

hydrogen sulphate salt (Labkemi, Stockholm, Sweden) and diluted to volume 
with bluffer. Tetrapentylammonium ion solution, 0.2 M, was made from the 
iodide salt (Eastman-Kodak, Rochester, N.Y., U.S.A.) by shaking overnight 
with an equivalent amount of silver oxide in water and, after filtration, diluting 
to volume with water. 

Methyl iodide, dichloromethane and toluene were supplied by Me&k (Darm- 
stadf, G.F.R.). Toluene was distilled before use. Silver sulphate was prepared 
as a satu&ted solution in water. 

A stock solution containing 100 pg of tolbutamide per ml was made up in 
water. Aliquots of 0.05,0.10,0.20 and 0.40 ml of this solution were diluted to 
l.Q mI with plasma. Chlorpropamide, 10 @g/ml in water, was used as internal 
standard. 

In the determina tion of glipizide, a stock-solution was prepared containing 
1.0 Ilg of the drug per mi. Aliquots of 0.05, 0.10, 0.20 and 0.40 ml of this 
solution were d&&ted to I ml with plasma Glibenclamide dissolved and diluted 
to 5 pg/ml was used as internal standard. 
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Identity of methylafed srrlphonylweas 
The following ~rorninent peaks were seen in the mass spectra whom the 

sulphonylureas after extraetive methylation. 
Methyl acetohexamide: rn,k (percentage relative abundance) = 91 (28), 98 

(SO), I.19 (71), 155 (43), 183 (IOO), 198 (95), 338 (MC; m/e 8). 
Methyl carbutamide: m/e = 92 (43), 109 (loo), 156 (62), 285 (M*; m/e I). 
Methyl chlorpropamide: m/e = 92 (41), 109 (l(?O), 156 (62), 304 (M*; m/e 

2)- 
Methyl glibenclamide: m/e = 82 (38), 97 (37), 169 (loo), 171 (33), 198 

(16),38X.(2). 
Methyl glipizide: m/e = 93 (60), 98 (25), 111(64), 150 (loo), 459 (M’; m/e 

= 28). 
Methyl tolbutamide: m/e = 91 (loo), 113 (74), 121 (38), 155 (75): 284 

(MC, m/e approx. 0). 
N-methyl-@-methylbenzene)sulphonamide from glibomuride and tolazamide: 

m/e = 91 (loo), 1.55 (21), 185 (MC, m/e 24). 

Methods 
Eualuafion of methylation coruiitions. The sulphonylurea (IO-’ M) was dis- 

solved together with internal standard (hexadocosane or hexatriacontane, 0.2 
mg/ml) in dicbloromethane. To a l-ml ahquot of this solution, 2.0 ml of 
tetrabutykmmonium ion solution in 0.1 M buffer solution were added or 
1 ml of 0.2 M tetrapentylammonium ion solution and 3 ml of 0.4 M buffer 
soh~tion. Methyl iodide, 50 ~1, was added and the mixture shaken at room 
temperature for the time given. The reaction was quenched and some micro- 
litres were taken for analysis by gas chromatography with flame ionization 
detection. The ratio of the peak height of the methyl derivative to that of the 
internal standard was ca.lculated. 

Minimum detectable concentmtion. Methyl derivatives of the sulphonylureas 
were prepared in the mg/ml range. Dilutions in toluene were analyzed by 
electron-capture gas chromatography and the minimum detectable concentra- 
tion was calculated from the amount giving a signal three times the background 
noise level. 

Defern;,inarffon of @pi&de in plasma. To a plasma sample of ghpizide (0.5 
ml), 0.1 ml of internal standard solutio i‘i and 2.0 ml of 0.1 M tetrabutylam- 
monium ion solution in buffer (pH 6.9) were added. This solution was shaken 
for 1 h with 3 ml of dichloromethane containing 5% of methyl iodide. After 
centrifugation for 15 min at 500 g as much as possible of the organic phase 
was transferred to another tube and evapomted in a stream uf nitrogen. A 
0.5~ml volume of toluene was added and this solution was washed with 
saturated silver sulphate solution. A few microlitres of the organic phase 
were taken for analysis by electroncapture gas chromatography. 

A standard curve was constructed by treating 0.5 ml of the standard samples 
according to the procedure above. 

Deferminafion of tolbufamide in plasma. A plasma sample of tolbutamide 
(0-l ml) was mixed with 0.1 ml of internal standard solution and 2.0 ml of 
0.1 M tetrabutylammonium ion solution in buffer (pH 6.9). This solution was 
shaken for 1 h with 1 ml of dichlorometbane with 5% methyl iodide. The rest 
of the procedure was then essentially the same as for glipizide above. 
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RESULTS AND DISCUSSION 

E=cfnrctive mefhykztion of sulphonylumzs 
The eMve alkylation of sulphonylurea drugs co~uld be controlled to give 

either methyl&ion of the sulphonamide nitrogen or hydrolysis to a sulphon- 
amide and an amide. At a low pH in the aqueous phase methyl&ion of the 
sulphonamide nitrogen took place, white complete bydroly& was achieved 
using tetrapentyhunmonium as counter-ion at a pM > 10. 

For selectivity towards metabolites, the derivatization was focused on the 
methylation of the sulphonamide nitrogen. The time for complete methyl&ion 
using tetrabutylannnonium ion as counter-ion at pH 6.9 and with 5% methyl 
iodide in dichloromethane is given in Table I. In all cases, except fcr tolazamide 
and ghbornuride, the desired derivative was formed, as identified by rna~~ 
spectrometry (see Experimental section). 

To~&&znzide_ Sulphonylweas are extremely sensitive to hydrolysis_ There- 
fore conditions that yield a high concentration of hydroxide ion in the organic 
phase must be wavoided. Use of tetrapent&nunonium ion as counter-ion or a 
high pH in the aqueous phase, gave a lovv yield of derivative as can be seen from 
Table II. Tetrabutylanunonium ion was therefore used as counter-ion. With this 
counter-ion a reaction time of 90 min was requited for complete reaction at pH 
5.3. In buffers with a pH exceeding 7.0 a maximum formation rate was seen 
with complete reaction within 20 min. In buffer pH PO, a 15% degradation of 
the der&ative was observed after 4 h. The derivative, on the other hand, was 
stable for more than 3 h in the reaction mixture using buffer of pH 6.9. 

TABLE II 

METl3YLA~ON TIMES OF TOLBWTAMIDE 

Orgti~phase:di&loromethauewith5%methy~iodide,lml. 

Aqueous:phast3(2mI) PH Time forcompletereaetion 

counter-ion (mh) 
- 

TetrabuCylammonium (0.05 M) 5.3 90 
Tetrabutykmmouium(0.05M) 6.3 45 
Tetrabutylammouium(0_05&f) 6.2 20 
Tetrabutylarzmxonium(O.05iV) 10.0 
Tetrapeutylammonium(O.05iK) 6.9 g,* 
Tetrapentplammcaium(0.05Ilf) LO-O (30)** 

*RGximumyie1d:30%_ 
*%&.cimumyield:l5%_ 

Glipizide. Three products co-uld be detected after m&active methylation of 
glipizide. The formation and degradation of the products with time using 0.05 
M tetrabutylannnonium ion as counter-ion in 0.1 M sodium hydroxide is shown 
in Fig. 1. Peak I correqponds to the methyl&& derivative of glipizide and wzs 
rapidly degmded, Peak H was an unidentified product and peak IU was the 
sulphonamide hydrolysis product. The reaction conditions were chosen to give 
the methylated product and a low pH in the aqueous phase was used. A com- 
plete derivatization was achieved in 40 min using buffer of pH 6.9. 



Rg.’ 1. Time cowse of t3e eztractive methyl&ion of giipizide. Conditions~ 0.05 iW tetra- 
but$ammonium ion SaIutiors in 0.1 M sodium hydroxide (2 ml) and 5% methyl iodide in 
dichlo~metbane (I mij_ (A*) product I = methylated derivative: (*-) product IS = 
unidentified product; <r--n) product XII = hydrolysis product. 

Acetokez~mZe. The derivative from acetohexamide was very sensitive to 
hyckolysis and it was necessary to perform the reaction at pH 6.0 witt 0.05 M 
tetrabutykllmonium ion as counter-ion. 

Carbutoanide. Ox& the sulphonamide nitrogen was methylated in the case of 
es&&amide, which means that the anihne moiety remains intact. For complete 
deriva&ation 90 min were required. 

Chkrpropamide arcd glibenckzmide. With the reaction conditions used, 40 
JGII weme required for complete methyIation of the srrlphonamide nitrogen of 
cblorprop.a&de and gliben&rnide. Hydrolysis was pronounced at piz >lO. 

TokztzmicZe -and ~Z&ornuride. Apart from the hydrolysis product, N-methyl- 
@-methyibenxene)su!phonamide, no other derivatives could be detected from 
either tokzamide or gIibomuride even in buffers of low pH. 

Gas chrorrziogmphy and elecfronxapfure detection of meihylated sulphonyl- 
UEaS 

Tile gas cbromatographic stability of methykt-ed SuIphonyhneas has been 
reported to be poor [2, 4]_ Therefore, small amounts (0.8 ng) of the 
toibutamide derivative were repeatedly cbromatographed on the stationary 
phase OV-17 together with an inert internal standard using injector 
temperatures in the range 200-350” and detector temperatures in the range 
250-350” * In all cases, the relative standard deviation was in %he range 
1.4--3.4X% in = lo), indicating that stability problems were of small importance. 

For some derivatives (for exampb, giibenckmide-and giipizide) a slight 
tailing of the peaks was observed, most probably caus& by remaining acidic 
hydrogens in the mokcuies. The reiative retentions of the derivatives are given 
in Table I and two gas chromatograms are shown in Fig. 2: 

The SuIphonamide grouping has a high ekctroncaptum response .after 
methyhztion El.S-16 J _ The response was particulady good-with the sulphon- 
amide-moiety in close conjugation with an aromatic ring_ cOnjug&ion of the 
sulphonamide grouping to a carbony group as in the sulphonylureas would 
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Fig. 2. Gas chromatograms after extraetive alkylation of plasma sulphonylureas. Left panel: 
analysis of glipitide (III), 0.4 &g/ml. Internal standasd: glibenclamide (N), 0.5 pg added. 
Right panel: analysis of tolbutamide (II). 10 ccg/mL Intemal standard: chlorpropamide (I), 
1.0 eg added. For gas chromatographie conditions see Experimental section. 

further increase the response. Minimum detectable concentrations of the 
methylated s~phonylureas were in the range 1-4 X 13-” mole&x (see 
Table I). The ele&roncapture response of N-methyltolbutamide was found to 
be independent of the detector temperature in the range 200-350”. 

Determination of sulphorcylureas from plusma samples 
Antidiabetic sulphonylurea drugs are extensively metabolized in man. For 

some sulphonylureas, the metabolites are also reported to exhibit pharmacolog- 
iCal activity [11, 17]_ The possibility of co-determination of metabolites 
could not be neglected after hydrolysis of the sulphonylureas and methylation 
of the sulphonamide nitrogen was carriec? out. 

The plasma concentrations after therapeutic doses of SulphonyiEea drugs are 
usually in the lower pg/ml range. Direct extractive methylation from a 0.1~ml 
plasma sample of the drug was possible, as has recently been demonstrated for 
other sulphonamide drugs 114, 15]_ A chromatogram from au analysis of _ 
plasma tolbutamide can be seen in Fig. 2. The relative stsndard deviation in the 
analysis of 10 pg of tolbutamide per ml of plasma was 3.0% (n = IO). 

Although the plasma concentrations of ghpizide or glibenclamide are in the 
snbmicrogram/ml range, direct extractive methylation of the plasma sample 
Could also be used in these cases owing to the high detection selectivity of the 
method. Use of Mrabutylammonium ion as counter-ion at pH 6.9 gave no 
interfering components from the biologkal sample and glipizide could be 
detected down to 20 ng/ml in a 0.5~ml plasma sample. Before gas chromate- 
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gra@ic amlysis, methyl iodide was removed by evapor&ioop, and tekabu~l- 
sxmnonium iodZde fozrned in the reaction by xmshhg with sam silver 
suiphak solution. Z&cfSlkem standard cumes through the origin were obtained 
in the range 50-400 ng of glipizide per ml, The relative stand& deviation in 
the dettennka tion of glipizide at the 200 ng/ml level was 6.0% (n = 6). A 
typical gas chromatogmn is seen in Fig. 2. The procedure for glipizide is at 
present in use for pharmac okinetic studies of the drug in man. 
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