
SUMMARY 

The ek!aFon CapmFe Fesponse of lweslsy-rhFee SufphoQainide derivatives has 
been determined The detector response was measured after -derivatization of the 
simple sulphonamides with Werent alkyl and acyl reagents in order to evahate the 
strum requirements for a high response towards the ekctron capture dSector_ An 
electron capture response of the order of IO-” mole/set was obFained with derivatives 
with two functional groups, e.g., phenyl or carbonyl, in conjugation with the sulphon- 
amide group. The response decreased soxue 100 times with only oue such group 
preseaL Sulphonamide derivatives with a h&h eka%on capture response showed a 
deceased response, or were insensitive, towards an increased detector tempenture. 

The response of the ektron capture detector (ECD) to some sulphonamides 
with alkyl and aryl substitt~mts was recently discussed’. It was concluded that the 
sulphouasnide group has electron capturing properties, which can be strongly amp%- 
fkd by conjugation with phenyl groups, Several sulphonamide drugs have two 
aromatic rings in conjugation with the sulphonmnide group and have ECD response 
vabs in the range 2- IO-‘6--13- 10-26 nrole/sec after N-methyk&on*. Derivatization 
of the acidic sulphontide hydrogen was mandatosy for gas chromatography (6X)_ 
The application to low concentration analysis was demonstrated with sulphapyridine 
and its N+-aoetyE metabofite extmcted from serum sampks~, 

~thechoia? of deti~tion pnYce&re for compounds tirh the sulphon- 
amide group, consiMtion has to be given to stability, chromatographic properties 
and ECD respmse of the derivative formed- Besides alkylation2-“, acylation with 
pexfkoroacyl reagent9 has been employed to improve the chromatographic proper- 
ties of sulphonaruides. The ECD response is often temperature dependent and by 
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33xedorc, for the aadysis of fow wmxxSrations of Sdphonamide& it is im- 
por&int not on& ‘to eludafc tk stntcEuraf reguirements 5x a- hi&-ECD response, 
but also to establish its temperature dependence. In the present study, the .EcD re- 
spouse as weU as its temm dependence has been studied for five .suXpbommide 
model compounds after alkyiation and acylation. 

A ZkwIett-Packard 5710 A gas cbromatograph with a constant cusxnt ECD 
was used. ‘T&e &ass column (120 x 0.2 cm 1-D.) m filled with 5% OV-17 on Gas- 
Cbrom Q (80400 mesh). Argon with 5% methane was used as carrier gas with a 
flow-Kate- of 30 ml/min. 

T&e suIphonami&s shown in Table I were used as model compoxmds. They 
were prepared as described previouslyl. Diphenyl sulphone was pm-chased from EGA- 
Chemie (Steinheim bei Heideobeim, G.F.R.), 

Me&& 
Pre~atiim of deriwzives. Acyktion and afkyiation of the sufphonamide 

model compounds were done as descr&ed earlie+. Metbylation of N-decylmethaue- 
Snzphonamide was performed with methyl iodide and 20% potassium hydroxide in 
metbanot. 

A quantitatiwz derivatization was controlkd by GC with &me ion&z&ion de- 
-on, and the identity oft& derivative formed was cowed by s-mass spectro- 
=tW- 

ECD. Soiutions of the derivatives were prepared and diluted wit@ n:heptane 
to a concentration which on injeczion of a l-p1 volumt gave a peak h&&t cm&pond- 
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ingto at least ten timsthe backmtmd noise. The in&ted amounts were within the 
linear range of the detcctot in all cases. The minimum detectable coumtration was 
6zaIcuIated from the amount of derivative that gave a signal three times the average 
z&r&SC 

22&e&re dependrrce of rhe electron ap&.rre response. The temperature 
dependences of the ECD respoose of the sulphonamide derivatives were determined 
using detector temperatures in tize range 158-350”. En a few cases Iower temperatures 
could be use& The temperature stabiiity was ascertained by an overni&it quilibra- 
tion between each settkg. Resides the minimum detectable concentration, ffie temper- 
ature dependence is illustrated by plottkg In A/lo x T3” verstLT l/T (ref_ 5) where R 
is t&e peak area in mm2 (attenuation 1, chti speed IQ mm/m&& n the number of 
moles injected and Tthe temper&u.re in “K, 

RESULl?S AND DISCUSSION 

EGD respme of SakyIafed sui’hmam~des 
N-Methyl cieriwtives (T?z.b~e IIaj. One of the structural requirements for a 

high ECD response for the sufphooamides was reveakd after the determination of the 
response of the N-methytated compoumis_ After introduction of two phenyl groups 
to the sulphonamide moiety, as in compound 5, the ECD response was in the order of 
IO-l6 mole&x. The response of compound 5 was of the same order of magnitude as 
found among bacteriostatic sulphonamide drugs, which have a common stnxtmal 
featur6. A poor response (IO-l4 mo!e/sec) was shown with only aJ.kyl substituents or 
at most one phenyl ring attacbed to the sulphonamide group, About O-1 ng can be 
detected on column for these derivatives (number of plates, N = 16X& retention 
time, fR = 5 tin). 

It was also shown that the nitrogen atom as such only slightly infIuenced the re- 

TABLE 11 

ELEtXRON CAPTURE RESPONSE FOR N-ALKYLATED SULPHONAkIDES 

No. R, RZ Minimwn &tecfakIe concentr&bn 
(mdeisec x ZfP) a2 (detecfor lemp.) 

350” 

ZOO 
- 

2m 
200 

12 

3.0 
0.6 
31 
0.6 
3.5 



bemy group into uxnpoQQds without efectron capturing prop$ks will *k.i clen;wt- 
tiv& with ‘mirrimam detecta’fpk conmtitions in tk LO-** mofe&c range”. A re- 
fpcmc of-the same xGa&Wde for pemfIuorobenzy~ated .s@xom was found 
mmpective of other mtstiments in the mokzc&e- Inti-odmztion of a and penta- 
tiorobenq~ group did not increase the xsponse flier (CompoUna 9). A d&vatiza- 
tion of a cmnpourtd having inherent electron capturing properties with pent&uoro- 
benryl bromide and Gniiar reagents wouId be detrimenti to the selectivity of the 
method owing to an increase in background signat from the reagent itself and reagent 
gewrzted products in the anafytical region of the chromatogram. 

N-Ace@ detivhves (Table HI)_ Aoerylation c&s not usually coder electron 

capturiq properties upon a molecule, and therefore aaztyl derivatives are considered 
to be more or less transst towards the detector. After N-acetylation a minimum 
&t&able concentration in the 1Wx6 moIe/sec range was found for three of the m&l 
sulphonainides (compounds If, I2 am3 14). Besides the acetyl group, these three sut- 
phmmmides have a pheql group attached to the sulphonamide moiety_ 

N-Tnj%oroacetyl turd N-keptcFfruor&tyryl derfwfives (Tide IIib md c)_ ?Be 

detector response after perfuoroaqiation was similar to that of the acyi detivatiues. 
PerL%tormcyiation of the a!iphatic sulphonamide gave derivatives with about the 

TABLE HI 

ELEcrRO~ cAPTuRE RESPONSE FOR N-ACYLATED SULJ?HONAR&IDES 

6.2 
23 

33 
02 

11 
40 
x4 

6.8 
40 
26 

1.0 
21 
1.3 



previous studies on the ECD response ofper&moacyfated amines and ako- 
hols’.and phenol9 showed responses 100 ikxes bigher for the heptafluorobutyql 
derivatives compared to&e timxaxetyl detivatives. On t;fie other hand, a trifluoro- 
acetylated alipbatic carbamate9 showed a response in the same range ss heptaffuoro- 
bu~lztted amke deG&kes. It is aIs0 known.tbat bis(tri&oroacetyl) derivatives 
of psimaky amines give tigb response vah.&“_ This iI.aiae that trmoroacetyIak!d 
suiphazamides cap- electrons mohe Like a tr&orc\acet#&ed amide than the COT- 
reqxmdkg derivative from aa amine or an akohol, 

N-Pe~f~~ara~~oyi &r&z&es (T&e IUd} . The rtzqmnse of these derivatives 
was similar to the corresponding pent&uorobenyI desivatives (Table Ilb). The 
response values were somewhat higher than for the perfiuoroa@&.ed compounds 
above, although the aerence was less than has been observed for amine 
derkatives7~11 _ 

The attachment of electrons to mokcuks has been cksSed into three di%xent 
mecbanismss which bave di&rent temperature dependences. The mechanisms can be 
determined when the electron capture coefficient K’ is plotted Fersm l/T in a mod&d 
Arrhenius plot. The temperature dependence of the response of six zzikyl and acyl 
derivatives of N-ethylbenznesulphonramiae using a similar plot is shown in Fig. 1. 



From these zesu& it is obviot~ that a high setiti~ci~ be gained b$ appro- 
priate choice of detector tempera&e. An incteased sek6vity of ti analytic4 pro- 
cedare can also be obtrrined if dexection of 8 ampound is made aC opt&mm tempesz- 
tm-e whik the response of extraneous material is depressed at this tempemtnk - 

&om Table El it can be seen that mast acyM.ed snlpbxmmides have the& 
h&S& respose at low detector ~~mperatste and that the zsponsedecxezed 5-u) 
tinmes ie going from 150 to 3509 

Compcund 13 (N-acetyi-P&decyhnethaneziuIphonamide) and the N-methyL 
ated sulphonamides with ftirly low response (compounds l-3) were the onEy deriva- 
tives which increased their response wi*& in creasing detector temperature_ The gain 
was about iO0 times for compound 3 over the‘temperatnre range stndied. 

Chfce oJ- a?erimtizatim pmeedhre - 
Based on the discussions above the following recommendations can be znade 

concerning the choice of derivative for stiphonamides. 
N-MethyIation is the derivatization procedure of choice for those sulphon- 

amides which have inherent electron capturing properties. The derivatks have an 
excellent stability, good GC pro~rties and an ECD response in the range 1O-‘6 
mclkfsec. This makes possiile submicrogram anatysis -from bioIogicaI sampks 
MethyIation proazdures wiU leave a minimum of disturbing compunents in the chro- 
matom as derivatiration of extraneous material lisually gives transparcut prod- 
ucts. Owing to the high sensitivity and good selectivity of the procedure, it is possible 
to perform the derivatimtion directly with the biologic+ sample present, e.g., by 
exlractive alkylatiOnl-**~‘*_ 
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For +phonamides with ody one group in canjugatioa with the slrlphonamide 
z$xoiety, the conjugation must be in- e.g., by the intmdu&on of an acetyl or a 

ph-$ group- 
Too long a fetention of a derivative is inconveni~t as a higher column Wed 

may oazur. Aithougb there was a ten-fold 4SfkFence in retention ktwee~ the detiva- 
tives (‘Fable IV), formation of a heptaEuorobutyry1 deriva?ive wiil ge&dy offer 

Ettle advantage over EnetEkylation or acet&Siori in the tindysis of low concentrations 
of dphonamides by GGECD. 

Our thmks are due to &of-r Piirgen Vessman for most valuable discus- 
sions, 
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