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Note 

Capillary gas chromatographic analysis of mercapturic acids 

Decomposition of mercapturic acids according to a “retro-Michael” 
reaction 

Mercapturic acids. S-substituted N-acetyl-L-eysteine derivatives. are end-prod- 
ucts of an important prtthway in the metabolism of senobiotics. ie.. conjugation to 
gluiathione. This type of conjugation. z aenerahy catalysed by glutathione transferases. 
is of special importance in the detoxification of reactive electrophiles which may be 
formed in the biotransformation of senobioticst-‘. Consequently_ the measurement 
of rhioether excretion in urines. or more specifically mercapturic acid excretion in 
urine. has evoked interest as an indication of exposure to potentially harmful com- 
pounds and also as a reI1ection of the relative importance and the underlying meeha- 
nisms of glutathione conjugation irz riw4.‘. In addition to the determination of mer- 
capturic acids Lvith the aid of the so-called thioether test’. the seIective determination 
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Fig. 1. Srrucrures of ten synthetically prepared msrcapruric acids (for names see Table I). 
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of specific mercapturic acids has been performed by paper chromatography’, high- 
performance liquid chromatography (HPLC)*-lo, gas-liquid chromatography 
(GLC)“= and by gas chromatography-mass spectrometry (GC-MS)‘3-“. 

In this paper the separation of a mixture of ten synthetically prepared mercap- 
turic acids (Fig. I) by capillary support-coated open tubular (SCOT) column GLC is 
described_ The mercapturic acids differ in volatility and polarity and therefore they 
were considered as a test mixture for GC analysis_ As was shown by GC-MS, a 
number of these compounds decomposed thermally in the injection port of the gas 
chromatograph according to a “retro-Michael” reaction. 

EXPERIMENTAL 

S_wdzesis of reference compounds 

Compounds I, II and III were a generous gift from Dr. L. P. C. Delbressine 
(University of Nijmegen, The Netherlands)’ 5.16_ 

The mercapturic acids IV, V. VI and VII were prepared according to pro- 
cedures described previousIy”. 

Spffzesis of VIII. To a solution of 1.66 g ( 14.6 mmol) 4-hydrosycyclohesanone 
in 9 ml of pyridine was added in 1 h a solution of 802 g (15.0 mmol) of tosyl chloride 
in 9 ml of chloroform at 5-S”C. After stirring for 2 h at room temperature the 
reaction mixture was poured into 250 ml of 1 N hydrochloric acid. The organic layer 
was separated, washed with 125 ml of 1 IV hydrochloric acid, dried (magnesium 
sulphate) and the sokent was evaporated to give 2.0 g (7.5 mmol, 50%) of 
cyclohesanone4tosylate as light brown crystals_ A solution of 6.7 g (23 mmol) of 
this compound and 4.4 g (25 mmol) of N-acetyl-r_-cysteine methyl ester’s in 70 ml of 
methanol was added to 25 mmol of sodium methosylate in 100 ml of methanol. After 
reflusing for 1.5 h the solvent was evaporated. To the residue were added chloroform 
and water, the organic layer was separated and the aqueous layer was washed once 
with chloroform. The collected organic layers were dried (magnesium sulphate), fil- 
tered and evaporated to give an orange oil, which was purified by column chromato- 
graphy (silica gel. 0.05-0.2 mm. eluents chloroform-acetone, I :l). VIII was obtained 
as a yellow solid in 10 “! yield (0.7 g, 2.5 mmol). 

‘H Nuclear magnetic resonance (NMR) data: 6 1.40-2.60 ppm (m. SH). 2.04 
ppm (s, 3H), 2.90-3.24 ppm (m, 3H), 3.76 ppm (s, 3H). 4.66-4.88 ppm (m, IH), 
6.50-6.X3 ppm (m, IH). 

Sr&esis of IX_ trans-S-(2-Hydroxycyclohexyl)-N-acetyl-L-cysteine methyl 
ester was synthesized according to Van Bladeren et af_‘*. Acetylation (acetic anhy- 
dride, pyridine) gave the product in 75 % yield_ 

‘H NlMR data: 6 1.12-1.80 ppm (m, SH), 2.07 ppm (s, 3H), 2.10 ppm (s. 3H). 
2.44-2.80 ppm (m, lH), 3.05 ppm (d, 2H), 3.76 ppm (s, 3H), 4.44-4.52 ppm (m, 3H), 
6.40-6.64 ppm (m, IH). 

S~ntjzesis ofX_ To a solution of 0.53 g (3.0 mmol) of N-acetyl-r_-cysteine methyl 
ester” in 5 ml of dry toluene was added 0.35 ml (3.1 mmol) of kyclohepten-l-one 
and 0.15 ml of triethylamine. The solution was stirred magnetically under nitrogen 
for 24 h. The mixture was diluted with 20 ml of toluene, washed with 5 ml of 0-l ,V 
hydrochloric acid, dried (magnesium sulphate) and filtered_ Subsequent evaporation 
of the solvent Br wczco gave 0.70 g (SI y/,) of the product as an orange oil. 
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‘H NMR data: ci l-32--2.SO ppm (m. IOH). 2.02 ppm (s, 3H). XX-3.16 ppm 
(m. 3I-I). 3.72 ppm (s, 3H). 4.66-I-92 ppm (m. 1H). 6.4S-6.S~ ppm (m. 1I-I). 

The gx chromatograms were obtained on a Packard 425 _gas chromatograph 
equipped wirh a glass splitter injection system. a flame-ionization detector and a 
capilIa~- SCOT column with OV-101 as the stationary phase (Chrompack, Mid- 
deIburg_ The Netherlands) on Tullanos 500 (Alltech. Eke, Belgium). 

The cripillary SCOT column (Pyres glass_ 19.0 m x 0.45 mm I.D.) was pre- 
pared as foIlo\vs. The empty column \vas leached with 20 “0 (v!v) hydrochloric acid in 
natrr at room temperature. rinsed thoroughly with water and dried. Subsequently the 
column \vas coated dynamically three times with a suspension of 0.5 T;, (w/v) Tullanos 
in dichioromethane. After each coating step the column was dried and the direction 
of coating was re\ersrd. For deactivation the column was dynamicall_v coated with a 

solution of 2.5 “<, (N-,v) OV-101 in dichloromethane_ dried, sealed under nitrogen and 
deactix-ated according to the PSD method of Schomburg and co-workers’9*‘0 (tem- 
per;lturc increased at 5 C min up to 350 C; the column was held for S h at this 
tem_pernture)_ The column \vas subsequently rinsed \vith acerone, dried and coated 
\\-ith a solution of 5”” (w. v) OV-101 in dichloromethane. Finally. the column was 
dried and conditioned under a helium flow of -I ml,min and a temperature rise of 
1 C min from 20 to 250 C. The latter temperature was maintained for 2 h. 

&lass spectra lvere taken on an LKB 2091-2130 gas chromatograph-mass spec- 
trometer equipped ivith a Digital PDP 11; 05 computer. The co!umn was as specified 
above. Injection was performed lvith a ball-valve solid injector. Helium was used as 
the carrier gas at a flow-rate of 3 ml min. At the end of the column an additional flow 
of helium \vas used to ensure a total flolv-rate in the separator of 1 S-20 mlimin. The 
ion source temperature was 200-C. separator temperature 21O’C. electron energy 70 
s\-. trap current 50 ~1-4 and accelerating voltage 3.5 kV. 

The N.\-fR spectra were recorded on a Jeoi PS 100 apparatus_ The samples were 
dissolwd in (C’HCI,) and terramethylsilane was used as the internal standard_ 

RESULTS XhD DISCCSSION 

The analysis of mercapturic acids in animal and human urine has become 
increasingIy important during the last decade”. Depending on the starting points. for 
this purpose non-specific’-6 or specific assa>- techniques such as HPLC and GLCS-” 
ha\ e bL_n used. With regard to the applicability of these techniques, HPLC in combi- 
nation with the most widely used detector. viz.. the UV detector, is limited to the 
anaIysis of mercapturic acids that possess a chromophoric group. Because of the 
availability of sensitive and selecti\-e detectors. e.g., nitrogen-selective or mass spec- 
trometric, GLC is particularly suitable for the analysis of mercapturic acids in bio- 
lo&al fluids. 

Until now the GLC analysis of mercapturic acids. being relatively polar com- 
pounds_ lxs been performed mostly on medium-polarity or polar stationary phases 
such as OV- 17 or PEG 20M’3-‘-. 

In this work the chromatographic behaviour of a number of synthetically 
prepared mercapruric acids was studied on a capillary SCOT column coated with the 
non-polar staticnaT phase OV-101. 
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Fig. 2 illustrates the chromatographic behaviour and separating power of such 
an apolar column. A total of 20,000 theoretical plates was calculated for mercapturic 
acid V. which is the only diastereomerically pure compound_ Owing to a careful 
deactivation procedure even the polar mercapturic acids VI-X do not show tailing 
effects resuiting from adsorption. In comparison with the medium-polarity and polar 
SCOT columns previously applied to the analysis of mercapturic acids13-“, the OV- 
101 capillary column demonstrated far better temperature stability, viz., up to 35O’C. 
This observation is of special importance in view of its more general applicability to 
the GLC analysis of mercapturic acids. 

0 5 70 15 (mid 
- 

Fig_ 2. Gas chromatogram of a mixture of ten mercapturic xids (for structures and names see Fig. 1 and 
Table I. respectively). Conditions: deteetor temperature. 27O’C. injecror temperature, 27O’C. column 
temperature. increased from 1SO to 195% at I’C/min; spIit flow-rate, 50 ml/min; splitting ratio, 21 :I; 
amount of the merrxpturic acids injected 1.0-4.0 g in absolute ethanol; attenuation, 16 x 1. 

The peaks of mercapturic acids indicated in Fi g_ 2 (I-X; Fig_ 1) were identified 
by GC-MS. In Table I the most abundant m/r values occurring in the mass spectra 
are listed. Apart from molecular ions (M”), the ions with NI/-_ 176 or 177, corre- 
sponding to RS- or RSH-‘, respectively, were present in most mass spectra. An 
other important fragmentation reaction is the loss of 59 from the molecular ion (M” 
- CH,CONHI or - COOCH;). 

Peak A (Fig_ 2) corresponded to N-acetyl-L-cysteine methyl ester (RSH), as 
was derived from its mass spectrum (Table I) and from comparison with authentic ma- 
terial. As the mercapturic acids I, II, III, VII and X were synthesized according to a 
Michael additionrJ*“~” of RSH to the respective cr,&unsaturated precursors, a ther- 



?66 NOTES 

TABLE I 

MOST _-\BL;KDXlr;T IOXS IN THE MASS SPECTRA OF THE MERC.APTURIC ACIDS I-X AND THE Dl 
COMPOSITIOS PRODUCiS OF VII XXD X 

Tht intensities are @ten in parentheses 3s percent~gr of the base peak. 
_______- 

Peak _Van;e _u-- Jfoosr obrrntfmxr ions 

.x-0. 

I 

II 

III 

IV 

1’ 

VI 

VII 

VIII 

IS 

s 

.a 

Xi-Xcet>I-S-t i-meth?_l-~,-t~noeth~l)- 
r-qsteinr methyl aster 
N-.Acer> I-S-( 1 -methyl-l-carboq mcthb I- 
ethyl!-r-steins methy ester 
S-AcetyI-S-(l-meth>l-2-carbox~rnethyI- 
ethyl)-ixystcine mcth>l ester 
S-,~c~r)i-S-(7c)cIohs~en?;!)-rcvs:- 
tine methyl titer 
S-Acer) I-S-benq I-L-C? stsinr msthl I 
ester 

S-Xcrt~I-S-~2-onoc~cIohex~I)-r-c~st- 
eine methyl ester 
S-_~rst~l-S_(3-osoc~cIohe.\!,ltr~~st- 
rine merh)I ester 
5-l\cet~GS-(~osoc~clohr.\~l)-~-c_vsr- 
rine methy ester 
K-Acetyl-S-( truns-l-acetou cvcloheq I)- _ - 
r-qsteinc me:h_\-i ester 
S-XCSQ i-S-( 3-osocycIohept\ I )-L- 
f?-swine methy ester 
S-_-\csr~ I-r-cyteine methyl eslcr 
(RSH) 
7-Qclohexen-I-one 
2-Cyciohsptsn-l-one 

96 
110 

2-X(77). lW5-t). 176(35j_ 1 Ii(100) and SS(S6) 

777(!7)_ 1IS(lOO). 11X7) and 59(50) 

277(12). 21S(lOO), IS6(3) and 117(29) 

257120). l!%(3). 176(19j and Sl( 100) 

267(11), ZOS(3l). 176(19) aild 91(100) 

27353). 211(26). 176(100) and 14(S3) 

ZIJ(SS). Iii(I9) and 97(100) 

314(9S). lSl(40). ISO(31) and 97(100) 

157(X). 19S(lOO) and Sl(33) 

269( IS). XS( 11). i77(30) and II I( 100) 

1 IS(21). SS(59) and 60(100) 

96(5). 65(X) and X:100) 
I lO(30). Sl( 100) and 67(79) 

mat decomposition rraction resultin, - in the formation of RSH \v’as suspected_ This 
reaction is probably a so-called “retro-Michael‘* reaction”. as indicated in Fig. 3. 

From a separate GLC anal_vsis of each of these mercapturic acids it became clear 
thar only VII and X decomposed under the GLC conditions according to this type of 
retro-reaction. At a column temperature of 7O’C, in the latter two instances it was 
ako possibIe to identify by mass spectrometric analysis Z-cyclohesen-I-one and 2- 
cyclohepten-l-one (Table I). Obviously this observation can be seen as additional 
support for the suggested mechanism of the decomposition reaction. 

The temperature dependence of the decomposition reaction was also investi- 
gated_ The peak height of RSH in the gas chromatogram of VII (injection port 

R~=-CW2fft-iClXCl-!3 Rz=-CN.-CWR.-COR 

NHCXHg 

Fig. 3. %kchanism of :hs thermal “retro-Michael” reaction. 



NOTES 567 

temperature 21O’C, column temperature 190?) became at least a factor of 10 hisher 
when the injection port temperature was 4OO’C, whereas the peak-height ratio of 
RSH to VII changed from O_! 1 to 1.55. When the residence time in the injection port 
was prolonged by stopping the flow, the intensity of the RSH peak became even higher. 

In conclusion, it can be stated that a well deactivated capillary SCOT coiumn 
coated with the apolar stationary phase OV-101 is fairly well suited to the GLC analy- 
sis of mercapturic acids. As far as thermai degradation of mercapturic acids under 
normal GLC conditions is concerned, the decomposition of mercapturic acids accord- 
irq to a “retro-Michael-‘ reaction should be particularly considered. 
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