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HPLC SEPARATION OF THE DIASTEREOMERIC GLUTATHIONE 
ADDUCTS OF STYRENE o x m  

Oscar Hernandez, Ashok V. Bhat ia ,  and Michael Walker 

Laboratory o f  Environmental Chemistry 
Nat ional  I n s t i t u t e  o f  Environmental Sciences 

P.O. Box 12233 
Research T r i a n g l e  Park, NC 27709 

ABSTRACT 

The f o u r  diastereomeric t h i o e t h e r  adducts r e s u l t i n g  f r o m  
t h e  a d d i t i o n  o f  g l u t a t h i o n e  t o  racemic s tyrene oxide were 
separated on a Radial Pak C 
b u f f e r  s o l u t i o n  con ta in ing  @than01 as e luent .  
t h i o e t h e r  (1)  e l u t e d  e a r l i e r  than t h e  benzy l i c  a lcohol  ( 2 )  
regioisomers. A complete stereochemical p r o f i l e  was es tab l i shed  
w i t h  t h e  f i r s t  e l u t i n g  stereoisomer assigned as (S,R)-L, f o l l owed  
by (R,R)-L, (S,R)-2,  and ( R , R ) - z , .  The diastereomers w i t h  
c o n f i g u r a t i o n  a t  t h e  benzy l i c  carbon emerged f i r s t  f o r  each s e t  
o f  regioisomers.  The use o f  g l u t a t h i o n e  as a c h i r a l  probe f o r  
t he  ana lys i s  o f  enan t iomer i ca l l y  enr iched epoxides was i l l u s t r a t e d  
w i t h  p-methylstyrene ox ide formed from (1R,2S)-N,N-dimethylep- 
hedrium bromide du r ing  t h e  course o f  a c h i r a l  phase-transfer 
synthes is  o f  oxiranes. 

column us ing pH 7 Tris-phosphate 
The benzy l i c  

I NT RODUCT I ON 

The r e a c t i o n  o f  g l u t a t h i o n e  (GSH) w i t h  e l e c t r o p h i l i c  

compounds i s  an impor tant  component i n  the  defense mechanisms 

a v a i l a b l e  t o  many organisms. This  r e a c t i o n  is  cata lyzed by a 

group o f  enzymes known as t h e  g l u t a t h i o n e  t ransferases (1). 

Among t h e  subst rates f o r  these enzymes, epoxides c o n s t i t u t e  a 
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1476 HERNANDEZ, BHATIA, AND WALKER 

major group o f  environmental i n t e r e s t .  Epoxides are products 

o f  t he  o x i d a t i v e  metabolism o f  unsaturated hydrocarbons cata- 

l yzed  by t h e  cytochrome P450 dependent monoxygenase system (2).  

Styrene oxide has been found a use fu l  subs t ra te  f o r  t h e  i n  v i t r o  

determinat ion o f  g l u t a t h i o n e  t rans fe rase  a c t i v i t i e s  (3) .  

a d d i t i o n ,  t h i s  epoxide has prov ided a model f o r  examining t h e  

stereochemical aspects o f  t h e  r e a c t i o n  o f  GSH i n  t h e  presence 

and absence o f  enzyme (4). 

styrene oxide i n d i c a t e d  var ious degrees o f  s t e r e o s e l e c t i v i t y  f o r  

t h e  chemical and enzymatic react ions.  Fu r the r  work was hampered 

by the  l a c k  o f  a s u i t a b l e  a n a l y t i c a l  procedure. Optimal ana- 

l y t i c a l  cond i t i ons  prov ided on ly  p a r t i a l  separat ion o f  t h e  

stereomeric GSH conjugates o f  s tyrene ox ide (5). 

I n  

The product  p r o f i l e  f o r  GSH and 

I n  the  present  work we descr ibe a mod i f i ed  reversed-phase 

HPLC (RP-HPLC) procedure f o r  t h e  separat ion o f  a l l  t he  d iastereo-  

meric g lu ta th ione  adducts o f  t h i s  epoxide. The p r a c t i c a l  value 

o f  t h i s  procedure i s  i l l u s t r a t e d  by examining the  stereoisomer 

d i s t r i b u t i o n  r e s u l t i n g  from r e a c t i o n  o f  GSH w i t h  a s tyrene oxide 

sample obtained by a phase- t r a n s f e r  procedure u t i l i z i n g  a 

c h i r a l  c a t a l y s t  repor ted t o  produce epoxide w i t h  h igh  enant io-  

meric enrichment (6). 

MATERIALS AND METHODS 

Enant iomer ica l ly  pure s tyrene oxides were prepared f r o m  t h e  

corresponding mandelic acids.  

a c i d  w i t h  borane-dimethyl s u l f i d e  gave (+)-(S)-phenylethane d i o l  

Reduction o f  (+)-(S)-mandelic 
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1477 ADDUCTS OF STYRENE OXIDE 

which by the  o r thoes te r  procedure ( 7 )  gave (-)-(S)-styrene 

oxide ([oiIDz5 -42.5O (c2.0, benzene), l i t . (8) -41.5O 

( ~ 5 . 0 ) .  S i m i l a r l y ,  (-)-(R)-mandelic a c i d  a f fo rded  (+)-(R)- 

s tyrene ox ide Coil25 D+35.5O(c2.27, benzene), 1 it. (9)  + 42.2O 

( ~ 3 . 0 9 ) .  

C h i r a l  phase- t ransfer  procedure 

By f o l l o w i n g  the  publ ished procedure (6) ,  benzaldehyde 

(10.7 mmol), ( - ) - ( lR ,PS) -N  N-dimethylephedrium bromide (2.13 

mmol), t r ime thy l su l fon ium i o d i d e  (11 mmol), and sodium hydroxide 

(20 mmol )  were r e f l u x e d  f o r  60 h r  under argon i n  a m ix tu re  o f  

water (18 m l )  and dichloromethane (8 ml). 

p u r i f i e d  by f i l t r a t i o n  through deact ivated n e u t r a l  alumina, 

f o l l owed  by e l u t i o n  w i t h  dichloromethane, t o  prov ide 0.63 g o f  

an o i l ,  [oi]i5+4.20 (c1.7, acetone), l it. +4.4' (c5.5, acetone). 

No s i g n i f i c a n t  product  format ion ocurred a t  room temperature. 

The crude product  was 

A c o n t r o l  experiment was conducted as above except t h a t  benzal- 

dehyde was omi t ted from t h e  r e a c t i o n  mixture.  The product ,  0.17 

g (57% y i e l d ) ,  [oi] i5 + 79.75' (c1.6, acetone), was i d e n t i f i e d  as 

t rans-p-methylstyrene oxide by p ro ton  nmr and i t s  r e a c t i o n  

products w i t h  GSH (Scheme 1). 

G 1  u ta th ione  Conjugates 

The GSH conjugates were prepared by r e a c t i o n  o f  GSH (5 eq) 

w i t h  the  corresponding epoxide (1 eq) i n  0.5 M potassium b i c a r -  

bonate f o r  12 h r  a t  room temperature under argon. 

p u r i f i c a t i o n  methods f o r  these compounds have been descr ibed 

I s o l a t i o n  and 

(435). 
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1478 HERNANDEZ, BHATIA, AND WALKER 

OH 
I 
CH CH CH3 

@ + Me3 Br- 

( 1R,2S) - N,N- Dimethylephedrium 
bromide Na OH 

( CH3)3 5 I- 

1 GSH 

N 1 + g  

trans-/- methylstyrene oxide 
GsHl  - ( R ) - ?  

SCHEME 1 

HPLC 

The equipment used consisted o f  a M6000A pump, model 

440 UV absorbance detector (254nm), and a model U6K injector 

all from Waters Associates. The column used was a 8 mmID 5 

micron C18 Radial-PAK (Waters Associates). 

micron C18-Spherisorb, Rainin Instruments Co.) and an in-line 

2 micron filter were also used. A stock solution o f  Tris- 

phosphate buffer (pH 7) was prepared as follows: 5 ml of 85% 

phosphoric acid was added to 1000 ml of water and neutralized 

to pH 7 (Corning 125 pH meter with combination glass electrode) 

with tris-(hydroxylmethy1)aminomethane (Tris-base). Buffer A 

A precolumn ( 5  
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ADDUCTS OF STYRENE OXIDE 1479 

consisted of 500 ml of stock solution plus 500 ml of 50 mM 

sodium sulfate solution. 

25 ml methanol, and 500 ml 50 mM sodium sulfate. The column 

was conditioned by pumping 10 column volumes of g followed by 
15 column volumes of A. For the separations, a step gradient 

procedure at a flow rate of either 3 ml/min or 2 ml/min was 

used. 

followed by a step switch t o  buffer B until elution was 

complete. For reequilibration, 15 column volumes of buffer 11 

were pumped through the column. 

Buffer - B contained 475 ml o f  stock, 

After sample injection, buffer - A was pumped for 10 min 

RESULTS AND DISCUSSION 

The reaction of styrene oxide with glutathione produces 

somers, 1 and 2 (Fig. 1 ) .  Because of the 

center in styrene oxide each positional 

st of one or two diastereomers depending on 

the optical purity of the starting epoxide. As shown in Fig. 

1 the benzylic thioether isomers are designated as ( R , R )  - 1 
and (S ,R)  - 1, and the benzylic alcohols as ( R , R )  - 2 and 
(S,R) - - 2. The first letter designates the absolute con- 

figuration at the bepzylic carbon and the second letter the 

configuration o f  the asymmetric carbon of the cysteine 

residue in GSH. 

glutamyl residue is not included in this notation. This 

nomenclature is preferred to rotation signs since, for styrene 

oxide, the magnitude and sign of rotation are solvent and 

For simplicity, the configuration of the y- 

two positional 

chi ral benzyl i c 

isomer may cons 
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1480 HERNANDEZ, BHATIA, AND WALKER 

Figure 1 

-SG = -SCH2CH CO NHCH2C0, H 
I 
NH CO (CH,) CH CO, H 

2 1  
NH2 

Relative stereochemistry of the GSH adducts o f  

styrene oxide. 

stereochemistry at the benzylic carbon center and 

the second letter the configuration of the cysteinyl 

residue in GSH. 

The first letter designates the 

concentration dependent (10). 

pure (R)-styrene oxide would give rise to (S,R) - 1 and 
(R,R) - 2; (S)-styrene oxide would produce (R,R) - 1 and 
(S,R)  - 2. 
all four diastereomers (Fig. 1 ) .  

Reaction of GSH with optically 

Racemic styrene oxide would produce a mixture of 

RESULTS AND DISCUSSION 

The separation of the glutathione conjugates of styrene 

oxide as originally developed (4) is illustrated in Fig. 2a. 
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ADDUCTS OF STYRENE OXIDE 1481 

(A)  
254nm/005L 

h 

5 

1.. - 1 1 1 1 1 1 1 1 1  

0 20 0 20 40 60 80 
TIME (min) 

Figure 2. HPLC p r o f i l e s  o f  t h e  diastereomeric GSH adducts o f  

(*)-styrene oxide. 

b u f f e r / l 5 %  MeOH; t r a c e  2b, s tep g rad ien t  from b u f f e r  

A (Tris-phosphate 

b u f f e r  B (Tris-phosphate pH 7, 2.5% MeOH, 25mM 

sodium s u l f a t e ) .  F l o w  r a t e  was 2ml/min i n  both cases. 

For stereochemical N r o t a t i o n  see Fig.  1. The peak 

l abe led  D i n  F ig .  2b i s  l -phenylethane 1,2-d io l .  

Trace 2a, Tris-phosphate pH 3 

pH 7, 25mM sodium s u l f a t e )  t o  
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1482 HERNANDEZ, BHATIA, AND WALKER 

As descr ibed e a r l i e r ,  t h e  f i r s t  e l u t i n g  peak contained a 

s i n g l e  benzy l i c  t h i o e t h e r  diastereomer, now i d e n t i f i e d  as 

(S,R)  - 1, t h e  remaining th ree  diastereomers coeluted i n  the  

second peak. These cond i t i ons  were found use fu l  i n  t h e  

ana lys i s  o f  t h i o e t h e r  metabol i tes o f  s tyrene ox ide b u t  were 

no t  adequate f o r  more d e t a i l e d  ana lys i s  o f  t h e  stereochemical 

aspects o f  t h e  a l k y l a t i o n  reac t i on .  

reg io -  and s t e r e o s e l e c t i v i t y  o f  t he  enzymatic r e a c t i o n  we 

explored cond i t i ons  t h a t  would a l l o w  separat ion o f  a l l  f o u r  

diastereomers (Fig.  1) and s t i l l  be compat ib le w i t h  enzymatic 

samples. 

r e a c t i o n  o f  racemic s tyrene ox ide and GSH i s  shown i n  F ig .  

2b. By operat ing a t  pH 7 w i t h  a minimal volume (2.5%) o f  

methanol r e s o l u t i o n  i s  achieved i n  a reasonable t ime. The 

order  o f  e l u t i o n  i n  t h i s  case i s  (S,R) - - 1, (R,R) - l-,(S,R) - 
- 2 and (R,R) - 2. Stereochemical assignments were based on 

t h e  ana lys i s  o f  r e a c t i o n  products o f  GSH w i t h  o p t i c a l l y  pure 

epoxides t h e  t races f o r  which a re  shown i n  Fig. 3. The GSH 

adducts of (+>-(R)-styrene ox ide (Fig. 3a) correspond t o  t he  

f i r s t  and l a s t  e l u t i n g  peaks on t h e  racemic sample (Fig.  2b). 

The (-)-(S)-sytrene oxide f o r m s  t h e  GSH conjugates correspond- 

i n g  t o  t he  i n s i d e  peaks (Fig.  3b) i n  t h e  racemic sample (Fig. 

2b) .  For bo th  sets ,  t h e  b e n z y l i c  t h i o e t h e r  (1) e l u t e d  ahead 

o f  t h e  benzy l i c  a lcohol  (z) regioisomer.  These assignments 

were based on: 1) i s o l a t i o n  and s t r u c t u r a l  character-  

I n  order  t o  study t h e  

The separat ion o f  t h e  f o u r  diastereomers from t h e  
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ADDUCTS OF STYRENE OXIDE 1483 

(A) (B) 
2 5 4 n m l 0 0 2  AUFS 254nm/002AUF! 

L L 

! 

t_ 
I l I l I I I  - 
0 20 40 60 0 20 40 

TIME (rnin) 

Figure 3. HPLC p r o f i l e s  o f  t h e  diastereomeric GSH adducts o f  

(+)-(R)-styrene oxide ( t r a c e  3a) and (-)-(S)-styrene 

oxide ( t r a c e  3b). Mobi le phase and f l o w  r a t e  as on 

Fig.  2b. The numbers designate regioisomers (Fig.  1). 

i z a t i o n  o f  t he  GSH conjugates o f  (+)-(R)-styrene oxide 

(14); 

samples (5). 

step f o r  samples from incuba t ion  mixtures.  

b u f f e r  A (0% methanol) f o r  10 min t h e  so l ven t  was manually 

switched a t  t he  pump head (M6000A pump) t o  b u f f e r  8 (2.5% 

methanol). Th is  procedure helps i n  t h e  removal o f  l a r g e  

amounts o f  s a l t s  and o the r  p o l a r  components and i t  pro-  

v ided f o r  more reproducib le  separat ions.  

2) c o i n j e c t i o n  w i t h  au then t i c  benzy l i c  t h i o e t h e r  

A step g rad ien t  was in t roduced as a c lean ing  

A f t e r  pumping 

The e a r l y  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
4
0
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



1484 HERNANDEZ, BHATIA, AND WALKER 

e l u t i n g  peak shown i n  Fig.  2b and i d e n t i f i e d  as D corresponded 

t o  phenylethane 1,2-d io l ,  demonstrated by c o e l u t i o n  w i t h  

au then t i c  d i o l .  Th is  d i o l  i s  formed by hyd ro l ys i s  

o f  styrene ox ide and i t  i s  a p o t e n t i a l  contaminant i n  samples 

from enzymatic experiments. An organic  amine i n  the  b u f f e r  

seemed t o  be c r i t i c a l  f o r  t h e  separat ion o f  these compounds. 

We have used Tr is-base because i t  i s  r e a d i l y  a v a i l a b l e  i n  

h igh p u r i t y  al though i t  i s  l i k e l y  t h a t  o the r  organic  bases 

may produce s i m i l a r  r e s u l t s  (11). As noted by Horvath (12), 

t h e  r o l e  o f  organic  bases i n  HPLC separat ions goes w e l l  

beyond a s imple b u f f e r i n g  a c t i o n  and i t  i s  l i k e l y  t h a t  i o n  

p a i r i n g ,  and masking o f  s i l a n o l s  on t h e  column bonded phase 

p l a y  an impor tant  r o l e  i n  t h e  separat ion mechanism. 

The a b i l i t y  t o  separate a l l  f o u r  diastereomers from t h e  

r e a c t i o n  o f  styrene oxide w i t h  GSH prov ides an e x c e l l e n t  t o o l  

t o  study t h e  stereochemical aspects o f  t h e  enzymatic and 

chemical reac t i ons  o f  GSH w i t h  s tyrene oxide. I n  a d d i t i o n  t o  

i t s  obvious a p p l i c a t i o n  t o  enzymatic s tud ies,  i t  was c l e a r  

t h a t  we could use t h i s  approach t o  determine t h e  o p t i c a l  

p u r i t y  o f  s tyrene ox ide samples. The r i n g  opening r e a c t i o n  

o f  styrene ox ide w i t h  GSH, under bas i c  cond i t i ons ,  has been 

shown t o  occur w i thou t  racemizat ion (4,5) and t h i s  i s  v e r i f i e d  

by t h e  t races  shown i n  Fig.  3.  

p u r i t y  o f  styrene ox ide i s  d i f f i c u l t  t o  a s c e r t a i n  from t h e  

o p t i c a l  r o t a t i o n  o f  t h e  sample s ince i t s  value v a r i e s  w i t h  

As noted e a r l i e r  t h e  o p t i c a l  
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ADDUCTS OF STYRENE OXIDE 1485 

concentrat ion and so lvent .  However, i f  a sample o f  s tyrene 

ox ide o f  unknown o p t i c a l  p u r i t y  i s  al lowed t o  r e a c t  w i t h  GSH 

as descr ibed here, t h e  r a t i o  o f  t h e  f i r s t  two e l u t i n g  peaks 

w i l l  r e f l e c t  t h e  o p t i c a l  p u r i t y  o f  t h e  sample. 

An a t t r a c t i v e  t e s t  f o r  t h i s  approach was found i n  a 

r e c e n t l y  publ ished method (6) f o r  t h e  p repara t i on  o f  enant io-  

m e r i c a l l y  pure s tyrene oxides. Since these epoxides are now 

w ide ly  used i n  enzymatic reac t i ons  t h e  operat ional  s i m p l i c i t y  

and h i g h  o p t i c a l  y i e l d s  obta ined made t h i s  t h e  s y n t h e t i c  

method o f  choice. The r e a c t i o n  was conducted as descr ibed i n  

t h e  l i t e r a t u r e  w i t h  (-)-(lR,ZS)-N,N-dimethylephedrium bromide 

as the  c h i r a l  phase- t ransfer  c a t a l y s t .  Under these cond i t i ons  

the  (S)-styrene ox ide was repo r ted  t o  be formed w i t h  enant io-  

meric p u r i t y  up t o  97% (6). 

r e a c t i o n  was quenched w i t h  GSH (0.5 M KHC03 s o l u t i o n )  and 

analyzed as descr ibed above. 

m ix tu re  (F ig .  4a) shows t h a t  a l l  f o u r  diastereomers were 

formed. 

(6) f o r  t h i s  r e a c t i o n  a t r a c e  s i m i l a r  t o  F ig .  3b would have 

been an t i c ipa ted .  It f o l l o w s  t h a t  t h e  l e v e l  o f  o p t i c a l  

i n d u c t i o n  by t h e  c h i r a l  c a t a l y s t  under t h e  cond i t i ons  repo r ted  

i s  n e g l i g i b l e .  

contaminat ion o f  t h e i r  samples by p-methylstyrene oxide (3 ,  
Scheme 1) which cou ld  be formed from t h e  ephedrium s a l t  c h i r a l  

c a t a l y s t .  

The product  obta ined from t h i s  

The t r a c e  f o r  t h e  product  

A t  t h e  l e v e l s  o f  enant iomeric enrichment repo r ted  

I n  a l a t e r  note (13) t h e  authors lamented 

We have v e r i f i e d  t h a t  t h i s  i s  indeed t h e  case by: 
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0 20 40 6 0  
TIME (rnin) 

Figure 4. HPLC p r o f i l e s  o f  GSH adducts o f  (a) s tyrene ox ide 

obta ined i n  t h e  presence o f  an ephedrium s a l t  c h i r a l  

phase- t ransfer  c a t a l y s t ;  (b) o p t i c a l l y  pure p-methyl- 

s tyrene ox ide from f ragmentat ion o f  t h e  ephedrium s a l t  

c a t a l y s t ;  (c) racemic p-methylstyrene oxide. 

r a t e  was 3ml/min w i t h  mobi le phase as on Fig.  2b. 

Flow 
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ADDUCTS OF STYRENE OXIDE 1487 

1) a c o n t r o l  sample w i thou t  benzaldehyde arid quenched w i t h  

GHS; 2) c o e l u t i o n  o f  au then t i c  p-methylstyrene oxide g l u t a -  

t h ione  adduct (4) w i t h  t h e  product  obta ined above. The l a t e  

e l u t i n g  peak designated as (S1-4 on F ig.  4a corresponded t o  

t h e  g lu ta th ione  conjugate o f  p-methylstyrene oxide ( 3 )  
formed when benzaldehyde was o m i t t e d .  F ig .  4c shows t h e  

diastereomers de r i ved  from racemic p-methylstyrene oxide. 

i s  c l e a r  t h a t  t h e  e x t e n t  o f  o p t i c a l  i nduc t i on ,  i f  any, i s  

very  remote from the  o r i g i n a l  c la im. The o p t i c a l  a c t i v i t y  

detected i n  the  product(s)  i s  l a r g e l y ,  i f  n o t  e x c l u s i v e l y ,  

der ived f r o m  o p t i c a l l y  pure p-methylstyrene oxide formed by 

the  e l i m i n a t i o n  o f  t r imethy lamine f r o m  the  c h i r a l  phase- 

t r a n s f e r  c a t a l y s t .  

Scheme 1. 

r e t e n t i o n  o f  c o n f i g u r a t i o n  a t  t h e  b e n z y l i c  carbon and the  

c o n f i g u r a t i o n  a t  t h i s  s i t e  o f  t h e  p-methylstyrene oxide (3 )  
i s  i. 
i v e  w i t h  t h e  s u l f u r  nuc leoph i l e  adding e x c l u s i v e l y  t o  t h e  

b e n z y l i c  carbon (4). 

o f  2 becomes 5 a t  t h i s  center ,  and i n  r e l a t i o n  t o  t h e  adducts 

f r o m  racemic 3 ,  i t  corresponds t o  t h e  f i r s t  e l u t i n g  peak 

(Fig.  4b and 4c). S i m i l a r l y ,  by examining t h e  t races  o f  t h e  

adducts o f  (R)-and (S)-styrene ox ide (F ig .2 and 3)  one f i n d s  

t h a t  f o r  each s e t  of regioisomers ( i . e .  1 and 2) t h e  d ia -  

stereomer w i t h  5 c o n f i g u r a t i o n  a t  t h e  b e n z y l i c  center  e l u t e s  

I t  

These conclusions are summarized i n  

The e l i m i n a t i o n  o f  t r imethy lamine proceeds w i t h  

Reaction o f  - 3 w i t h  GSH has been shown t o  be reg iose lec t -  

Thus, t h e  c o n f i g u r a t i o n  o f  t he  GSH adduct 
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e a r l i e r  than t h e  correspond ng 

- 1, and ( S ) - 2  vs (R)-2). 
stereochemical i n f l u e n c e  i n  t h e  separat ion mechanism i n -  

v o l v i n g  these compounds. 

order  t o  a s c e r t a i n  whether t h i s  observat ion may be o f  

use i n  e l u c i d a t i n g  the  stereochemistry o f  GSH adducts o f  

epoxides. The present  a n a l y t i c a l  procedure s i g n i f i c a n t l y  

expands the  range o f  experiments poss ib le ,  w i t h  s tyrene ox ide 

as substrate,  i n  the  study o f  t he  g l u t a t h i o n e  t rans fe rase  

enzymes. I n  a d d i t i o n ,  an i n t e r e s t i n g  observat ion,  t h e  use o f  

GSH as a c h i r a l  t r a p  may develop i n t o  a p r a c t i c a l  approach t o  

t he  determinat ion o f  t he  o p t i c a l  p u r i t y  o f  epoxides, par-  

t i c u l a r l y  those from metabol ic  processes. 

diastereomer ( ( S ) - 1  vs ( R ) -  

Th s undoubtedly r e f l e c t s  a s t rong 

Fu r the r  s tud ies are necessary i n  
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