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The chemical reaction between (*) styrene oxide and ghrtathione produces both the 
benzylic and primary thioether positional isomers as a mixture of diastereoisomers (2,5 and 
3,6), with a preference for the benzylic thioether isomers (66 : 34). Synthesis of the styrene 
oxide-glutathione conjugates from either (+)- or (-)- styrene oxide produces both 
positional isomers as single diastereoisomers. The benzylic thioether isomers (2 and 5) were 
prepared from protected 2-bromo-2-phenylethanol (8) and glutathione and were separated 
using hplc. The relative stereochemistry of the benzylic thioether isomers was assigned on 
the basis of the established chemical correlation between the optically pure styrene oxides 
and their precursors, the mandelic acids, as well as considerations of the mechanism of ring 
opening of epoxides by sulfur nucleophiles. The availability of the single diastereoisomers of 
the benzylic thioether isomers and the styrene oxideglutathione conjugates enables investi- 
gations concerned with the influence of chirality on the biotransformation and excretion of 
these conjugates. 

INTRODUCTION 

Styrene and styrene oxide are widespread environmental pollutants as a result 
of their use in the manufacture of several commercial products. Several million 
tons are produced annually in the United States (I, 2). The metabolism of a wide 
variety of aromatic and aliphatic hydrocarbons is mediated by the cytochrome P- 
450-dependent monooxygenase system (3). In vivo, the oxidative metabolism of 
styrene proceeds (4) to produce styrene oxide, which is known to be a skin 
carcinogen (5) and a bacterial mutagen (6-8). The toxicity of styrene oxide is due 
primarily to its electrophilic attack on nucleophilic sites in tissue macromolecules, 
including nucleic acids (6). Since styrene has been found as a contaminant in 
drinking water (9) and in cigarette smoke, and is a premutagen (6), a comprehen- 
sive understanding of its metabolism and toxicity is desirable. 

The major detoxication pathways for styrene oxide include conjugation with 
glutathione (GSH) (ZO), catalyzed by cytosolic glutathione transferases (EC 
25118) (II), and conversion to styrene glycol by microsomal epoxide hydrolases 
(EC 3322) (12). It has been shown by us (13, 24) and others (15) that with (&)- 
styrene oxide, both the chemically (14) and enzymatically (24, 15) produced GSH 
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conjugates occur as a mixture of diastereoisomers of both the benzylic and 
primary thioether conjugates. With both the chemical (66 : 34) and enzymatic 
(90 : 10) conjugates, the benzylic thioether derivatives are the predominant 
reaction products (24). It is well documented that the intermediary GSH 
conjugates of styrene oxide are metabolized further to mercapturic acids (N- 
acetylcysteine derivatives) ( 16, f7). 

To date, the chemical characterization of the GSH conjugates of styrene oxide 
and the corresponding intermediary metabolites is incomplete. Our interest in the 
stereochemistry of the metabolism of styrene oxide was stimulated by an earlier 
report (17) which showed that, after ip administration of styrene to rats, (a) the 
major urinary metabolites were the two positional isomers of the mercapturic 
acids; and (b) the ratio of one of the benzylic thioether diastereoisomers was 
present in three times the amount of the other. These results suggest that the 
metabolism and/or excretion of the metabolites of styrene oxide is stereoselec- 
tive. The stereoselective metabolism and excretion of other xenobiotics is well 
documented (18, 29). This aspect of the metabolism of styrene oxide is important 
since this epoxide has been used as a common substrate to assay for glutathione 
transferase activity. 

To more fully investigate the influence of stereochemistry on the major 
pathways of metabolism and elimination of styrene oxide, we required the 
optically pure diastereoisomers of the benzylic thioether GSH conjugates of 
styrene oxide. We report here the synthesis, separation, purification, and 
configurational assignment of the individual benzylic thioether glutathione conju- 
gates of styrene oxide. 

MATERIALS AND METHODS 

Thin-Layer-Chromatography (tic) 

Chromatograms on silica ge1/6O/F-254 (Merck and Co.) were developed with 
solvent A, n-butanol/ethanol/concentrated NI&OH/water (4: 1: 1: l,v/v) and 
solvent B, n-butanollacetic acid/water (4: 1: l,v/v). Spots were detected by 
viewing the plates under short wavelength uv, spraying with ninhydrin solution, 
followed by heating at 120°C for 2 min. 

High-Pressure Liquid Chromatography (hplc) 

The diastereoisomers of the styrene oxide-glutathione conjugates 2 and 5 were 
separated on a Waters Model ALC 244 hplc instrument using system (a): 
Whatman Partisil M9 lo/50 ODS column eluted with 1.0 g/liter N&OAc 
(buffered with acetic acid to pH 4. l), 15% MeOH, with a flow rate of 2 ml/min. 
Analysis of the reaction mixtures of styrene oxide and glutathione was performed 
with hplc system (b): I*.Bondapack C18, 0.39 x 30 cm with 0.05 N H,PO, (buffered 
with triethylamine to pH 3. l), 15% MeOH, and a flow rate of 1 ml/mm. The 2- 
bromo-2-phenylethanol(7) and its ether derivative (8) were purified on a Waters 
prep LC/system 500, using silica gel prep Pak 500 cartridges. 
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Mass Spectra 

Chemical ionization (CI) mass spectra were obtained with a VG Micromass 
70/70 mass spectrometer using methane or isobutane as the reagent gas. The mass 
spectra of 7 and 8 were obtained by the electron impact technique. 

Nuclear Magnetic Resonance (nmr) 

Natural abundance, proton-decoupled 13C nmr spectra were obtained in the 
Fourier transform mode on a Varian Associates XL-loo-12 spectrometer 
equipped with the 620-L disk data system. Parameters used in acquiring the nmr 
spectra were as follows: spectral width 5000 Hz; pulse angle -30”; repetition time 
between pulses 2.8 set; data points 8K; exponentional broadening -0.5; probe 
temperature 30”; and lOO-Hz square-wave, modulated proton decoupling. Single 
frequency, off-resonance, proton-decoupled (sford) spectra were obtained by 
offsetting the decoupler frequency 1000 cps upfield from the center of the proton 
absorptions. Samples for nmr analysis were prepared in 5-mm sample tubes using 
400 ~1 of D20 as solvent. A small amount of p-dioxane was added as internal 
reference and chemical shifts were converted to the tetramethylsilane (TMS) scale 
using the relationship *TMS = fidioxane + 67.4 ppm (20). 

Synthesis 

The following reactions were conducted under a nitrogen atmosphere. 
2-Bromo-2-phenylethanol(7). To a stirred solution of (+)-styrene oxide (10 g) in 

tetrahydrofuran (100 ml) cooled to 0°C was added 49% HBr (10 ml) (Fisher) 
dropwise over a period of 30 min followed by stirring an additional 30 min at room 
temperature. Ether (100 ml) was added and the solution washed with brine (100 
ml), sodium bicarbonate (100 ml), and brine (100 ml). After drying the ether 
solution with anhydrous MgS04, the solvent was removed in vacua . The residual 
oil was purified on a Waters Model 500 preparative hplc using 20% ethyl acetate in 
hexane as the solvent. Removal of the solvent yielded a clear oil proving to be the 
bromohydrin 7 (yield 85%) (21). High-resolution mass spectrum: Found: M+, 
201.9821; CsH90s1Br requires 201.9817. ‘H nmr spectrum (T-60 in CDCl,): 2.53 
(s,OH); 3.97 (d,d,CH,); 5.03 (t,CH); and 7.33 ppm (s,phenyl). 

2-Bromo-2-phenylethanol wethoxyethyl ether (8). A mixture of the bromohy- 
drin 7 ( 1.5 g) in methylene chloride (10 ml), ethylvinyl ether (20 ml), and 
concentrated hydrochloric acid (0.5 ml) was stirred at 0°C for 16 hr, followed by 
stirring at room temperature for 4 hr. The workup of the product was done as 
above. The final purification of the product was accomplished by preparative hplc 
using hexane-methylene chloride ( 1: 1) as the solvent. The protected bromohy- 
drin 8 was obtained in 76% yield. High resolution mass spectra: Found: M+- 
C*H,O, 229.0037; C10H1Z081Br requires M-&H,O, 229.0049. lH nmr spectrum 
(T-6O,CDCl,): 1.15 (t,CH,); 1.25 (d,d,CH,); 3.45 (m,OCH,CH,); 4.05 (d,- 
CHCH,O-); 4.75 (m,CHCH,); 5.05 (t,-CHBrCH,-); and 7.35 ppm (s,phenyl). 
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(+)- and (-)-sfyrene oxide. The mandelic acids used in this investigation 
were of commercial origin and were used as received [(S)-(+)-mandelic acid, 
[~l]~~ 157, Chemical Dyanamics Corp. South Plainfield, NJ.; (R)-(-)-mandelic 
acid, [ar]nzs- 154.4, Aldrich Chemical Co., Milwaukee, Wise.]. Optically pure (S)- 
(+)- and (R)-(-)-styrene oxides were prepared form the (S)-(+)- and (R)-(-)- 
mandelic acids, respectively, employing the procedure of Dupin and Dupin (22). 
The specific rotation obtained for (-)-styrene oxide was [a]n23 - 27.45 (co.5 in 
CHC&) (lit. value, [a&,= - 24.6, cl.37 in CHCl,) and for (+)-styrene oxide was 
[CX]~~~ + 23.8 (co.53 in CHCl,) (lit. value [(r]r,23 + 24.4, cl.37 in CHCl,). 

(ZS)-S-( I-phenyl-2-hydroxyethyl)glutathione (2) and (2RW(2-phenyl-2-hy- 
droxyethyl)glutathione (3). A solution of (-)-styrene oxide (150 mg) in dimethyl- 
s&oxide (0.06 ml) was added to GSH (160 mg) (Sigma Chemical Co.) in 60 ml of 
0.01 M potassium phosphate buffer, pH 7.2, and sonicated for 2 min. The 
suspension was stirred at room temperature for 24 hr. The reaction mixture was 
extracted (4 x 15 ml) with ethyl acetate and the organic fractions discarded. Water 
was removed from the aqueous fraction in vacua. The oily residue was extracted 
(3 x 25 ml) with methanol. The solid remaining after methanol extraction did not 
contain glutathione conjugates as established by hplc analysis (system b). 

After evaporation of the methanol, the product was purified by column 
chromatography on polystyrene resin, Amberlite XAD-2 (Malhnckrodt). The 
resin was prepared for chromatography by washing with chloroform-methanol 
(1: 3), methanol, and water. A slurry of the resin in water was poured into a glass 
column to give resin beds of 4 x 90 cm. The sample was applied to the column in 
water buffered to pH 3.1 with H3P04. Elution was carried out with water followed 
by 20% methanol : water. The column eluent was monitored by tic (solvent A). 
Fractions of 25 ml were collected at a flow rate of 2 ml/mm Fractions containing 
styrene oxide-glutathione conjugates were combined. High-pressure liquid chro- 
matographic analysis of the product (system b) (Fig. 2B) resulted in two peaks, 
corresponding to 2 (first eluting peak) and 3 (later eluting peak). These compounds 
were present in a ratio of 66 : 34 as determined by integration of their 19C nmr 
spectra (Table 2) (Fig. 1). The yield of 2 and 3 was 78.4% based on styrene oxide. 
A sample of the conjugates was derivatized using methanol and hydrogen chloride 
(24 hr, room temperature). The product, the methoxy dimethyl ester of the 
conjugates showed the following CI isobutane mass spectrum: 470(M + l), 438, 
406, 374, 302, 295, 284, 210, 184, 159, 153, 144, 121 (base peak). 

(lR>S-( l-phenyl-2-hydroxyethyl)glutathione (5) and (ZStS-(2-phenyl-2-hy- 
droxyethyl)glutathione (6). Conjugates 5 and 6 were prepared from (+)-styrene 
oxide and glutathione. The reaction conditions and the purification of the product 
were identical to the above procedure (yield, 74.8%, based on styrene oxide). The 
positional isomers 5 and 6 could not be separated by hplc (system a orb) (Fig. 2C). 
The ratio of 5 to 6 was 70: 30 as established by l9c nmr (Table 2). 

Preparation of styrene oxide-glutathione conjugates 2,3,5 and 6. The 
diastereoisomeric mixture of positional isomers was prepared from (k)-styrene 
oxide (240 mg) and glutathione (645 mg) as described above. The yield based on 
styrene oxide was 72.4%. The two peaks (Fig. 2A) were separated by hplc (system 
b) resulting in two fractions. The desalting of these fractions was performed on 
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Amberlite XAD-2 resin as described above, using water and methanol : water 
(1: 1) as eluants. As shown by 13C nmr analysis, the hrst peak contained the 
benzylic thioether diastereoisomer 2, and the second peak was a mixture of the 
remaining isomers, 3, 5, and 6 (Table 2). 

Preparation of (ZSFS-( I-phenyl-2-hydroxyethyl)glutathione (2) and (IR>S-( I- 
phenyl-2-hydroxyethyl)glutathione (5). A solution of the protected bromohydrin 
8 (500 mg) in dimethylformamide (10 ml) was added to a mixture of glutathione 
(700 mg) and potassium carbonate (500 mg) in 0.5 ml water. The suspension was 
stirred at room temperature for 24 hr. The solvent was evaporated under vacuum 
and the residue remaining was diluted with 30 ml water and extracted with ethyl 
acetate (5 x 15 ml). The aqueous solution was acidified to pH 3.1 with 5% H3P04 
and stirred at 60°C for 30 min. The solvent was removed in vacua, and the 
remaining oil was extracted with methanol (5 x 25 ml). The oil, obtained upon 
methanol evaporation, was fractionated by column chromatography on a 
PBondapack Cls (50 g) column. The elution was affected with water acidified to 
pH 4 with acetic acid, followed by a methanol-water mixture (1: 4). A total of 35 
fractions (15 ml) were collected and combined on the basis of tic and hplc. 
Fractions 9-15 (water, pH 4) were combined and evaporated to dryness in vacua. 
The remaining residue was redissolved in water (1 ml) and fractionated by hplc 
(system a). The fractions corresponding to the conjugates were collected and the 
solvents removed. The ammonium acetate was removed in high vacuum by 
heating the flask to 40°C. The remaining traces of the salt were removed by open 
column chromatography on a Porasil B Cl* column (10 g). Elution and collection 
of the product was as previously described. 

First peak (hplc), diastereoisomer 2: [alDz3 + 50.2 (c 2.26, MeOH), uv A,,, 
nm(e,,,& MeOH, 257 (301 and 263 (216). CI mass spectrum (methane as reagent 
gas) of methoxydimethyl ester of 2. Found: M+ + 1, 470.1958, C,,H,,N,O,S 
requires 470.1959. 

Second peak (hplc), diastereoisomer 5: [alr,= - 68.4 (c 1.61 MeOH), uv A,, 
nm(e,,) MeOH, 257 (242) and 263 (172). CI mass spectrum of the methoxy 
dimethyl ester of 5. Found: M+ + 1, 470.1970, C,,H,,N,O,S requires 470.1959. 

Reaction of glutathione with 2-bromo-2-phenylethanol (7). (a) Reaction in 
buffer, DMSO: A solution of the bromohydrin 7 (850 mg) in DMSO (1 ml) was 
added to GSH (1.5 g) in 60 ml of 0.1 M potassium phosphate buffer, pH 7.2, the 
mixture sonicated for 2 min, and stirred at room temperature for 24 hr. The 
workup of the reaction and separation of the products were done as above. A total 
of 240 mg of conjugates was obtained (14.4% yield). After separation of the peaks 
by hplc (system a), the first peak contained isomer 2 and the second peak 
contained 74% of isomer 5 and 26% of the two primary thioether diastereoisomers 
(3 + 6) as established by integration of their 13C nmr spectra. (b) Reaction in 
buffer, MeOH: A mixture of GSH (1.5 g) in 50 ml 0.1 M phosphate buffer, pH 7.2, 
was added to the bromohydrin 7 (700 mg) in (50 ml) methanol and stirred for 24 hr 
at room temperature. The workup and separation of the peaks was accomplished 
as described above. A total of 850 mg (57% yield) of conjugates was obtained. 
According to 13C nmr (Table 2), a mixture of the two positional isomers was 
formed. 
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RESULTS AND DISCUSSION 

The 13C nmr spectrum of the GSH conjugates derived from (&)-styrene oxide is 
given in Fig. 1. The chemical shifts (Table 1) were assigned using model 
compounds ( 23) ( t-butylthiol derivatives, mercapturic acid conjugates, and 
glutathione), the sford spectra, comparison of the spectra obtained from the 
conjugates derived from the optically pure enantiomem of styrene oxide, and from 
spectra of the peaks separated by hplc. 

On the basis of the nmr spectrum (Fig. IA) it is clear that more than one 
compound is present. There are three peaks in the region between 140 and 150 
ppm, characteristic of substituted aromatic carbons, and three peaks in the region 
between 60 and 80 ppm, characteristic of carbons bearing one hydroxyl group. 
The sford spectrum shows that the peak at -75 ppm is due to methine carbons. 
These results confirm the presence of both positional isomers of the GSH 

FIG. 1. W nmr spectra: (A) of the glutathione conjugates formed from (k)-styrene oxide; (B) of the 
first eluting peak in the hplc separation (Fig. 2); and (C) of the latter eluting peak in the hplc separation 
(Fig. 2). 
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TABLE 1 

W nmr CHEMICAL SHIFTSOFTHE GSH CONJUGATESOF STYRENEOXIDE" 

NHCOCCCCO,H 
NH2 - 

Carbon/isomer 2” 3 5 6 

2 
3 
4 
5 
6 
1’ 
2’ 
3’ 
4’ 
5’C 
6’ 

8’ 
9’ 

10” 

54.20 74.79 53.34 74.95 
67.25 42.10 66.42 41.% 

141.95 144.41 140.92 144.38 
131.44 128.48 130.75 128.43 
130.61 131.14 129.92 130.90 
130.61 130.61 129.92 129.92 
35.08 34.98 34.11 34.59 
55.67 55.67 54.99 54.99 

174.85 174.85 173.19 173.19 
44.24 44.24 45.29 45.29 

176.09 176.09 176.53 176.53 
176.84 176.84 177.74 177.74 
33.82 33.83 33.43 33.43 
28.68 28.68 28.68 28.68 
56.39 56.39 56.05 56.05 

175.92 175.92 176.53 176.53 

LI In ppm downfield from TMS. 
b Structures refer to Fig. 3. 
c Chemical shifts are pH dependent. 

conjugates, and the doubling of certain other peaks in the spectrum indicates that 
each positional isomer is present as a mixture of diastereoisomers. 

This sample was subjected to reverse phase, high-pressure liquid chromatogra- 
phy, which provided two peak fractions (Fig. 2A) which were collected and 
examined by means of 13C nmr spectroscopy. The first peak exhibits a 13C nmr 
spectrum (Fig. 1B) which, from the sford spectrum and chemical shift consider- 
ations, indicates that it is one of the diastereoisomers of the benzylic thioether 
conjugates. Similar considerations applied to the spectrum of the second peak 
(Fig. 1C) show that it contains the other benzylic thioether diastereoisomer plus 
the two diastereoisomers of the primary thioether conjugate. 

At this point in the investigation it was possible to assign the 13C chemical shifts 
to the two diastereoisomers of the benzylic thioether conjugate; however, the 
relative stereochemistry of the diastereoisomers was still not clear. Furthermore, 
it was not possible to assign chemical shifts to the diastereoisomers of the primary 
thioether conjugate. 

In order to resolve the questions regarding the assignments of the chemical 
shifts and the relative stereochemistry of the conjugates, the optically pure 
enantiomers of styrene oxide were prepared, the GSH conjugates prepared from 
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FIG. 2. Reverse phase hplc analysis of the glutathione conjugates from racemic (+)-styrene oxide 
(A), (-)-styrene oxide (B), and (+)-styrene oxide (C). The column used was a PBondapak C18, 0.39 
x 30 cm, with a flow rate of 1 ml/min. Eluent was monitored at 240 nm, solvent, 0.05 N H,PO, 
buffered with triethyktmine to pH 3.1/U% methanol. 

each of the enantiomers, and the lsC nmr spectra of the conjugates recorded. The 
13C nmr spectrum of the GSH conjugates derived from (-)-styrene oxide clearly 
shows the presence of both positional isomers as evidenced by two peaks each in 
the regions characteristic of the substituted aromatic carbons and the hydroxyl- 
bearing carbons and the sford spectrum. Furthermore, since only two peaks 
appear in each of the above regions it is clear that the two positional isomers are 
produced as single diastereoisomers, indicating that racemization of the styrene 
oxide did not occur during reaction with glutathione. The assignment of the 
relative stereochemistry of the individual diastereoisomers is based on the known 
absolute stereochemistry of the styrene oxide enantiomers (1 and 4) employed in 
the conjugation reactions. Thus, enantiomer 1, (R)-(-)-styrene oxide, was 
synthesized from (R-(-)-mandelic acid and enantiomer 4, (S)-(+)-styrene oxide, 
from (S)-(+)-mandelic acid, resulting in overall retention of configuration at the 
chit-al center (2-N). It has been shown previously that the addition of sulfur 
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FIG. 3. Relative stereochemistry of the glutathione conjugates derived fi-om the optically pure 
styrene oxides. 

nucleophiles to an epoxide ring in slightly basic media occurs in a trans fashion 
with inversion of configuration at the carbon to which sulfur becomes attached 
(25, 26). Thus, the configuration of the benzylic carbon in conjugate 2 is l(S) and 
2(R) for conjugate 3 (Fig. 3). 

The 13C nmr spectra of the conjugates derived from (S)-(+)-styrene oxide also 
show the presence of both positional isomers as single diastereoisomers. The 
chemical shifts of certain carbons of 5 and 6 (Table 1) are slightly different from 
those of 2 and 3 confirming that different primary thioether conjugates are formed 
from each of the styrene oxide enantiomers-although the hplc trace (Fig. 2C) 
shows no separation of them under the conditions used in this investigation. 
Because of considerations similar to those above, the configuration of the benzylic 
carbon in the conjugates produced from (S)-(+)-styrene oxide is l(R) for 5 and 
2(S) for 6 (Fig. 3). 

The above results demonstrate clearly that both possible positional isomers are 
produced as a mixture of diastereoisomers by the chemical reaction of 
(+)-styrene oxide with glutathione. 13C nmr chemical shifts for each of the four 
isomers are given in Table 1. 

With these results in hand, it became clear that 13C nmr could be used to assay 
for glutathione transferase activity with styrene oxide as substrate. Either the 
substituted aromatic carbon peaks (- 141 and 144 ppm) or the hydroxyl-bearing 
aliphatic carbons (-67 and 74 ppm) could be used to determine the presence of 
positional isomers. The hydroxyl-bearing carbon peaks at -74 ppm could be used 
to determine the relative amount of the diastereoisomers of the primary thioether 
conjugates, and the substituted aromatic carbon peaks at 141 ppm could be used 
to determine the relative amount of the benzylic thioether diastereoisomers (Table 
2, Fig. 1). 

13C nmr has certain advantages over hplc in this investigation of the regioselec- 
tivity of the production of styrene oxide-glutathione conjugates, since the ratio of 
the positional isomers can be determined only for the conjugates derived from 
(-)-styrene oxide which are separated by hplc. Integration of the 13C nmr 
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TABLE 2 

STYRENEOXIDEGLUTATHIONE CONJUGATESDIASTEREOISOMERSFORMEDFROMDIFFERENT 
SUBSTRATES= 

Substrate Solvent Yield (%) 2 3 5 6 

+SO + GSH Buffer/DMSO 72.4 33 17 33 17 
-SO + GSH Buffer/DMSO 78.4 66 34 
+SO + GSH Butfer/DMSO 74.8 70 30 
Bromohydrin 7 + GSH Buffer/DMSO 14.4 44 6 44 6 
Bromohydrin 7 + GSH Buffer/MeOH 57.6 32 18 32 18 
Protected bromohydrin 8 + GSH DMF 10.6 50 50 

a Results are given as percentage of each diastereoisomer formed as established by “C mnr 
integretation of the peaks error 25%. SO, Styrene oxide; bromohydrin 7, 2-bromo-2-phenylethanol; 
protected bromohydrin 8, a-ethoxyethyl ether of compound 7; 2, (15)-S-(1-phenyl-2-hy- 
droxyethyl)ghrtathione; 3, (2R)S-(2-phenyl-2-hydroxyethyl)glutathione; 5, (lR)S-( l-phenyl-2-hy- 
droxyethyl)glutathione; 6, (25)-S-(2-phenyl-2-hydroxyethyl)glutathione; GSH, glutathione. 

spectra of the GSH conjugates produced from (?)-styrene oxide (Table 2) shows a 
preference for the benzylic thioether conjugates (66 : 34). These results are in 
agreement with recent results obtained from an analysis of the 270 MHz ‘H mnr 
spectrum of the conjugates (15). However, it is important to point out that even at 
270 MHz, the chemical shift dispersion does not allow one to quantitate the 
mixture of isomers for the relative amounts of the diastereoisomers. 

For further studies, we required the two major biologically formed isomers 2 
and 5. Due to the formation of both positional isomers during the conjugation of 
styrene oxide with GSH, and failure to separate conjugate 5 from the primary 
thioether conjugates 3 and 6 by our best hplc system, we were forced to develop a 
synthesis specifically for the benzylic thioether styrene oxide-glutathione conju- 
gates. Attempts to use the unprotected bromohydrin 7 under different conditions 
of coupling with GSH produced both positional isomers, due to the partial 
recyclization of the bromohydrin to styrene oxide (Table 2, Fig. 4). By using the 
protected bromohydrin 8, however, the recyclization to styrene oxide was 
avoided. 

The 13C nmr spectra of the GSH conjugates produced from the protected 
bromohydrin 8 show that an equal mixture of the diastereoisomers of the benzylic 
thioether conjugate is present. There is no evidence for the presence of the 
primary thioether conjugates. High-pressure liquid chromatographic separation of 
the above benzylic thioether conjugates results in two peaks which were 
subsequently shown by 13C nmr to be identical to the diastereoisomer 2 obtained 
using (-)-styrene oxide (first eluting peak) and 5 obtained from (+)-styrene oxide 
(second eluting peak). 

The synthetic and hplc procedures reported here permit the preparation and 
separation of the benzylic thioether diastereoisomers of the sytrene oxide- 
gluthathione conjugates in reasonable yield. Furthermore, this synthetic proce- 
dure can be easily modified to produce the radiolabeled diastereoisomers with 
high specific activity. Since the benzylic thioether conjugates of styrene oxide are 
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H/ c - c, 
H 

1 5 
o. H Br; b.CH2. CH-0-C,H,; c,GSH; d,5%H,PO,; 

e, buffer, pH 7.2 

FIG. 4. Synthetic scheme for the preparation of the benzylic glutathoine conjugates derived from 
racemic styrene oxide. 

the major isomers produced enzymatically (M), these conjugates should prove 
useful in future studies of the influence of stereochemistry on the biotransforma- 
tion and excretion of gluthathione conjugates. 
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