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HPLC SEPARATION OF OIASTEREOMERIC ADDUCTS OF GLUTATHIONE 

WITH SOME K-REGION ARENE OXIDES. 

Oscar Hernandez, Ashok B. Bhat ia and Michael P. Walker 

Laboratory o f  Environmental Chemistry 

Nat ional  I n s t i t u t e  o f  Environmental Hea l th  Sciences 

P.O. Box 12233 

Research T r iang le  Park, N.C. 27709 

ABSTRACT 
The diastereomeric g lu ta th ione  (GSH) adducts o f  t h e  K-region arene 

oxides phenanthrene 9,10-oxideY pyrene 4,5-oxideY (*)-benz[a]anthracene 
5,6-oxideY and (+)-benzo[a]pyrene 4,5-oxide were separated by reversed 
phase l i q u i d  chromatography. Chromatographic cond i t ions  invo lved -an orga- 
n i c  base, Tr is-base o r  d ie thy lenet r iamine (DETA), neu t ra l i zed  t o  pH 3 w i t h  
phosphoric acid, and an alcohol ,  methanol o r  1-propanol, as mod i f ie r .  For  
(+)-benzo[a]pyrene 4,5-oxideY t h e  use o f  DETA and 1-propanol provided a 
complete stereochemical p r o f i l e  o f  t h e  t h i o e t h e r  conjugates der ived  from 
t h i s  arene oxide. 
complete separat ion was achieved under two se ts  o f  chromatographic 
cond i t ions ;  methanol and I-propanol  enhanced t h e  s e l e c t i v i t y  o f  t h e  system 
f o r  d i f f e r e n t  se ts  o f  diastereomers. 
adducts w i t h  2 -con f igu ra t i on  e lu ted  e a r l i e r  than t h e  i -d iastereomers.  

For t h e  GSH adducts o f  (*)-benzCalanthracene 5,6-oxide 

For both arene oxides, t h e  GSH 

INTRODUCTION 

A growing body o f  evidence ind i ca tes  t h a t  a c lose  r e l a t i o n s h i p  e x i s t s  

between t h e  stereochemistry of oxides der ived  from polynuclear aromatic 

hydrocarbons and t h e  expression o f  mutagenic and carcinogenic a c i t i v i t y  

(1). This  stereo-dependence i s  a l so  manifested i n  t h e  de tox i ca t i on  pro- 

cesses i n v o l v i n g  these metabol i t es .  Stereopreference i n  t h e  hyd ro l ys i s  o f  
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1694 HERNANDEZ, BHATIA, AND WALKER 

arene oxides t o  t rans -d ihyd rod io l s  by epoxide hydrolase has been repor ted  

(2). 

shown t o  be h i g h l y  s te reospec i f i c  i n  ca ta l yz ing  t h e  reac t i on  o f  epoxides 

w i t h  g lu ta th ione  (3). 

mers formed i n  t h e  r e a c t i o n  o f  arene oxides w i t h  g lu ta th ione  becomes a 

1 i m i t i n g  f a c t o r  i n  t h e  i n t e r p r e t a t i o n  o f  experimental data. 

Equal ly important,  t h e  g lu ta th ione  t rans ferase enzymes have a l s o  been 

The a b i l i t y  t o  analyze f o r  t h e  d i f f e r e n t  s te reo iso-  

Ana ly t i ca l  cond i t ions  f o r  t he  g lu ta th ione (GSH) adducts o f  (2)-benzo[a]- 

pyrene 4,5-oxide (RPO) have been repor ted  (?). Th is  HPLC ana lys is  has been 

success fu l l y  employed i n  t h e  stereochemical ana lys is  o f  t h e  enzymatic reac- 

t i o n  o f  GSH w i t h  t h i s  arene oxide. 

d i t i o n s  were app l ied  i n  t h e  determinat ion o f  t he  stereochemistry o f  

ox ida t i on  o f  benzoralpyrene by a p u r i f i e d  cytochrome P-450 prepara t ion  (4). 

I n  the  present repo r t  we descr ibe cond i t ions  f o r  t h e  ana lys is  o f  d iastereo- 

me t r i c  GSH adducts o f  phenanthrene q,lO-oxide, pyrene 4,5-oxide, (+)-benz- 

[alanthracene 5,6-oxide (BAO) and improved cond i t ions  f o r  t h e  separat ion o f  

t h ioe the rs  der ived  from (_+)-BPO. 

More recen t l y  these a n a l y t i c a l  con- 

MATERIALS AND METHODS 

Phenanthrene 9,lO-oxide and pyrene 4,5-oxide were prepared by l i t e r a -  

t u r e  procedures (5) .  Racemic BPO and BAO were obtained from t h e  Midwest 

Research I n s t i t u t e ,  Kansas City, Mo. Samples o f  o p t i c a l l y  pure BPO were 

prepared by a publ ished procedure (1). The GSH adducts were prepared by 

reac t i on  o f  GSH w i t h  t h e  correspondinq epoxide i n  methanol so lu t i on  (6). 

The s t ruc tu res  were v e r i f i e d  by "C-nmr and mass spec t ra l  ana lys is  w i t h  the  

exception o f  t h e  benz[a]anthracene products. 

l a t t e r  comes from mechanist ic considerat ions and s i m i l a r i t i e s  w i t h  ( t ) -RPO.  

A sample o f  p u r i f i e d  GSH adducts o f  (+)- and (-)-BAO were generously pro- 

v ided by Dr .  Richard N. Armstrong, Oepartment o f  Chemistry, U n i v e r s i t y  o f  

Maryland, Col lege Park, MD 20747. Assiqnment o f  absolute stereochemistry 

t o  the  GSH adducts o f  pyrene 4,5-oxide and phenanthrene '?,lo-oxide was not 

complete a t  t h i s  time. 

Supporting evidence f o r  t he  
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DIASTEREOMERIC ADDUCTS OF GLUTATHIONE 1695 

The chromatographic cond i t ions  employed invo lved two systems. System 

1, Waters Associates M6000A pump, model U6K i n j e c t o r ,  model 440 UV absor- 

bance de tec to r  (754 nm), RCM-100 r a d i a l  compression system equipped w i t h  a 

5 micron C18 Radial-PAK (8 mm ID x 10 cm) and a Brownlee 5 micron RP-18 

pre-column. The e luent  was 75 mM phosphoric ac id  adjusted t o  pH 3 w i t h  

e i t h e r  Tr is-base o r  d ie thy lenet r iamine (DETA). 

m o d i f i e r  i n  t h e  concent ra t ion  i nd i ca ted  i n  the  f i g u r e  legends. 

DuPont Gradient LC system 8877 w i t h  absorbance de tec tor  (254 nm), model 

7125 Rheodyne i n j e c t o r ,  5 micron Zorbax C8 column (4.6 m ID x 75 cm) 

equipped w i t h  a Brownlee RP-8 5 micron pre-column. The e luent  consisted o f  

5 mM DETA neu t ra l i zed  t o  pH 3 w i t h  concentrated phosphoric acid. 1-Propanol 

was used as mod i f i e r  i n . the  concentrat ions i nd i ca ted  i n  t h e  f i g u r e  legends. 

Methanol was used as 

System 7,  

RESULTS AND DISCUSSION 

The s t ruc tu res  of t h e  compounds o f  i n t e r e s t  a re  shown i n  Fig. 1. The 

r e l a t i v e  stereochemistry o f  t h e  hydroxyl  and th ioe the r  groups i s  depicted 

as t rans  i n  accordance w i t h  t h e  known mechanism o f  nuc leoph i l i c  r i n g  

openinq o f  epoxides (7). The symmetric nature o f  phenanthrene 9,lO-oxide 

and pyrene 5,6-oxide excludes t h e  p o s s i b i l i t y  o f  pos i t i ona l  isomers w h i l e  

f o r  t he  unsymmetrical epoxides (t)-BPO and (+)-BAO two pos i t i ona l  isomers 

are  possible. The nomenclature used i n  Fig. 1 i s  as fo l lows:  The numbers 

i d e n t i f y  regioisomers, e.q., f o r  (+)-RPO -1 r e f e r s  t o  a 5 -g lu ta th iony l -  

adduct and Q t o  a 4 -g lu ta th iony l  isomer; f o r  (t)-BAO 5 r e f e r s  t o  a 

5-g lu ta th iony l  and fi t o  a 5 -g lu ta th iony l  regioisomer. Because of  t h e  

c h i r a l  na ture  o f  GSH each regioisomer w i l l  cons is t  o f  a p a i r  o f  

diastereomers, i d e n t i f i e d  by t h e  l e t t e r s  a and b fo l l ow ing  the  compound 

number. 

For t h e  symmetrical K-region arene oxides o f  phenanthrene and pyrene, 

t h e  diastereomeric adducts formed on reac t i on  w i t h  GSH a re  l a ,b  and la ,b  

(Fig. 1). 

r e a d i l y  achieved as shown i n  Fiq. 7. 

m i s t r y  t o  the  i n d i v i d u a l  diastereomers was not avai lable.  

I n  both cases, separat ion o f  t he  two poss ib le  diastereomers was 

Assignment o f  r e l a t i v e  stereoche- 
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1696 HERNANDEZ, BHATIA, AND WALKER 

l a  
2a 

3 

-- 
0 10 20 3@ 0 10 2 0  30 

Time (min.) 

Figure 1 .  Structures of the GSH adducts of phenanthrene 9,10-oxide (L), 
pyrene 4,S-oxide (7J, (+)-benzocalpyrene 4,5-oxide (2 and A ) ,  
and (*)-bentoCalanthracene 5,6-oxide and 2). Absolute 

stereochemistry is n o t  implied. The l e t t e r s  designated dias- 

tereomers for  each regioisomer. 
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DIASTEREOMERIC ADDUCTS OF GLUTATHIONE 1697 

OH 
l a .  b 

5 G  
- 3 a,b 

OH 
- 5a,b 

- 2 a,b 

SG 
- 6 a , b  

Figure 2. HPLC p r o f i l e  f o r  the diastereomeric GSH adducts o f  phenanthrene 

9,lO-oxide (la and lb) and pyrene 4,5-oxide (7a and m. 
1, Tris-phosphate pH 3/30$ MeOH, f low r a t e  3 ml/min. 

System 

For (_+)-BPO there are two possible posit ional isomers (e.g. 2 and 4, 
Fig. 1). 

forms, a t o t a l  o f  four  diastereomers are formed on reaction o f  racemic BPO 

w i th  GSH. 

(2)-BPO provided baseline separation f o r  two o f  t he  four diastereomers 

(Fig. 3a). These analy t ica l  conditions found imnediate appl icat ion i n  

establ ishing the stereochemical course o f  the enzymatic reaction o f  GSH 

w i t h  t h i s  arene oxide (3). The f i r s t  two e lu t i ng  peaks, 2 and 9 i n  Fig. 

3a, represent a s ing le diastereomer each o r ig ina t i ng  from a d i f f e r e n t  enan- 

tiomer o f  (2)-RPO (8). Thus, compound 31, a 5-glutathionyl regioisomer. 

Because t h i s  arene oxide Is capable o f  ex is t ing i n  enantiomerlc 

The separation o r i g i n a l l y  developed f o r  the GSH adducts o f  
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DIASTEREOMERIC ADDUCTS OF GLUTATHIONE 1699 

or ig ina tes  from (4SY5R)-BPO and i t  fo l lows t h a t  t h e  absolute con f igu ra t i on  

o f  2 i s  (4S,5S); compound 4a, a 4-g lu ta th iony l  regioisomer, o r i g ina tes  

from (4R,5S)-BPO and i t  has absolute con f igu ra t i on  (4S,5S).  The t h i r d  

e l u t i n g  peak i n  Fig. 3a contains t h e  remaining two diastereomers, a 

4 -g lu ta th iony l  isomer ( f rom (4Sy5R)oxide) and a 5-g lu ta th iony l  isomer ( f rom 

(4RY5S)oxide), both w i t h  absolute conf igura t ion  (4R,5R). Separation o f  t he  

l a t t e r  se t  o f  diastereomers was requ i red  f o r  f u r t h e r  s tud ies  on t h e  

stereochemical aspects o f  t h e  enzyme catalyzed react ion.  The approach 

fo l lowed was t o  a f f e c t  t h e  s e l e c t i v i t y  o f  t he  system by changes i n  the  

eluent. Two mod i f i ca t ions  were introduced: f i r s t ,  t he  use o f  d ie thy le -  

ne t r iamine (DETA) i n  t h e  prepara t ion  o f  t h e  b u f f e r  was found bene f i c ia l  

(9) ;  second, t h e  use o f  1-propanol as organic mod i f i e r  had a profound 

e f f e c t  on t he  s e l e c t i v i t y  o f  t he  column. As shown on Fig. 3b separat ion o f  

a l l  t h e  diastereomeric GSH adducts o f  (2)-BPO was achieved w i t h  t h e  mod i f i -  

ca t ions  descr ibed above. The diastereomers shown coe lu t i ng  i n  Fig. 3a are  

now i d e n t i f i e d  as 2, a 5-g lu ta th iony l  isomer w i t h  absolute con f igu ra t i on  

(4R,5R), and 4b, a 4-g lu ta th iony l  isomer w i t h  absolute con f igu ra t i on  

(4RY5R). The HPLC on Fig. 3b represents a complete stereochemical p r o f i l e  

o f  t h e  GSH adducts o f  (&)-BPO. 

The s i t u a t i o n  w i t h  (*)-BAO was as complicated as w i t h  RPO w i t h  two 

pos i t i ona l  isomers and a t o t a l  of f ou r  diastereomers. As shown i n  Fig. 4 ,  

cond i t ions  were developed which a l l ow  t h e  ana lys is  o f  a l l  f o u r  

diastereomers. Trace 4a shows separat ion o f  t h ree  peaks i n  the  r a t i o  o f  

7:1:1, t h e  mod i f i e r  used i n  t h i s  case was methanol. 

f e ren t  p r o f i l e ,  t h ree  peaks i n  the  r e l a t i v e  r a t i o  1:1:2, when I-propanol  

was used as mod i f ie r .  S t ruc tu ra l  and stereochemical assignments f o r  t h e  

GSH adducts o f  BAO, based on HPLC ana lys is  o f  au thent ic  GSH conjugates of 

o p t i c a l l y  pure BAO (see Mater ia ls  and Methods), were as fo l lows:  

(5R,6S)-BAO on reac t i on  with GSH gave r i s e  t o  a 5 -g lu ta th iony l  isomer, 

absolute conf igura t ion  (5Sy6S), i d e n t i f i e d  as fia, and a 6 -g lu ta th iony l  

isomer, absolute con f igu ra t i on  (5R,6R), i d e n t i f i e d  as 6b; (5S,6R)-BAO 

Trace 4b shows a d i f -  
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a 

L l 
o 20 40 60 a0 

5b,6b 3 
J I 1 1 I 
0 20 40 60 a0 100 

Time (min.) 

Figure  4. HPLC p r o f i l e  f o r  t he  diastereomeric GSH adducts o f  (2)-benzCa1- 
anthracene 5,Goxide. 

30% MeOH, f l o w  r a t e  3 ml/mfn. Trace B, system 2, DETA-phosphate 
pH 3/9% I-propanol, f low r a t e  7 ml/min. Peak i d e n t i f i c a t i o n :  

- 6a, (5S,6S)-6-SG; s, (5S,6S)-5-SG; cjb, (5R,6R)-&SG; 3, 

Trace A, system 1, Tris-phosphate pH 3/ 

(5R,6R)-5-SGa 

formed a 5 -g lu ta th iony l  adduct, absolute con f igu ra t i on  (SR,6R), i d e n t i f i e d  

as 2, and a 6 -g lu ta th iony l  adduct, absolute con f igu ra t i on  ( 5 S , 6 S ) ,  iden- 

t i f i e d  as&. 

i n  Fig. 4. 

o f  t h e  GSH conjugates o f  BAO (10). The p r o f i l e  repor ted  i n  t h a t  paper 

resembled t h a t  obtained i n  t h e  present work w i t h  methanol as mod i f ie r .  

d i r e c t  ex t rapo la t i on  t o  t h e  present work i s  not poss ib le  s ince  we have 

shown t h a t  t h e  separat ion i s  q u i t e  sens i t i ve  t o  so lvent  e f fec ts .  The con- 

d i t i o n s  used i n  t h a t  repo r t  (10) (3 micron ODs-2 column, 8% CH3CN/?0% 

E l u t i o n  p r o f i l e s  f o r  a l l  these diastereomers i s  i l l u s t r a t e d  

A recent repo r t  i n  t h e  l i t e r a t u r e  descr ibed an HPLC separat ion 
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DIASTEREOMERIC ADDUCTS OF GLUTATHIONE 1701 

MeOH/72% 100 mM Tris-phosphate pH 7.5) a re  s u b s t a n t i a l l y  d i f f e r e n t  from t h e  

ones used i n  t h e  present study. The cond i t ions  described here a l l o w  

separat ion of a l l  diastereomers by choosinq the  appropr ia te  so lvent  con- 

d i t  i ons. 

The two bonded phases used i s  t h i s  study, C-8 Zorbax and Waters C-18, 

were comparably e f fec t i ve  i n  reso lv ing  these compounds. The d i f f e rences  

observed i n  s e l e c t i v i t y  a re  more d i r e c t l y  co r re la ted  t o  t h e  e f f e c t  o f  t h e  

organic modifiers. The use of an organic base remains a prime requirement 

(9 ) ,  and DETA would seem t o  be t h e  base o f  choice f o r  these compounds. 

The observed change i n  column s e l e c t i v i t y  as a func t i on  o f  organic 

mod i f i e r  i s  t h e  combined r e s u l t  o f  two e f fec ts :  

i n t e r a c t i o n  between t h e  so lvent  and t h e  bonded phase; 7) solute-solvent 

in te rac t ions .  The f i r s t  e f f e c t  invo lves  a comparison between methanol and 

I-propanol. Higher molecular weight alcohols a re  reported t o  change t h e  

s e l e c t i v i t y  o f  reversed-phase bonded phases by a load ing  e f f e c t ,  t h e  

hydrophobic a lcoho ls  e f f e c t i v e l y  sa tura te  the  HPLC column (11). 

e f f e c t  may he lp  d i sc r im ina te  among stereoisomers i s  no t  predictable.  The 

second e f f e c t  i s  perhaps more e a s i l y  cor re la ted  w i t h  t h e  problem a t  hand. 

Diastereomers d i f f e r  i n  t h e  spa t ia l  arrangement o f  t h e i r  subs t i tuents  and 

consequently a re  expected t o  have d i f f e r e n t  s tab le  conformations. Th is  

s tab le  conformer popu la t ion  may be s i g n i f i c a n t l y  a f fec ted  by so lvent  

i n te rac t i ons ,  and i t  has been reported (7) t h a t  f o r  d ihydro  de r i va t i ves  o f  

polynuclear aromatic hydrocarbons a s h i f t  from d iequa to r ia l  t o  d i a x i a l  con- 

formers occurs i n  h igh  p o l a r i t y  solvents. The use o f  1-propanol, a s t ronger  

e luent  than methanol, decreases t h e  amount o f  organic m o d i f i e r  (9% vs 30% 

methanol) requ i red  f o r  e lu t ion ,  w i t h  t h e  r e s u l t i n g  mobi le phase being more 

aqueous and hence more polar. Th i s  chanqe I n  p o l a r i t y  could have an e f fec t  

on t h e  r e l a t i v e  conformer populat ions o f  t he  GSH adducts o f  ( i ) - B P O  and 

1) t h e  na ture  o f  t h e  

How t h i s  

(*)-BAO (12). 

Although i t  i s  no t  poss ib le  a t  t h i s  t ime t o  c l a r i f y  t h e  observed selec- 

t i v i t y  e f fec ts ,  two important observations emerge from these studies. 
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F i r s t ,  t h e  order o f  e l u t i o n  o f  sets o f  regioisomers, 2 and 4 f o r  BPO and 5 
and fi f o r  BAO i s  cons is ten t  i n  t h a t  diastereomers w i t h  S-conf igurat ion 

emerge e a r l i e r  than those w i t h  R-conf igurat ion;  3 and 4a f o r  BPO (Fig. 

3b), and 2 and 

diastereomers w i t h  t h e  same absolute con f igu ra t i on  a t  t he  carbon-bearing 

s u l f u r ,  i.e. 2 and 4a f o r  BPO, F;a and fi f o r  BAO, i s  determined by t h e  

p rox im i t y  o f  t h e  pept ide residue t o  t h e  most hydrophobic p o r t i o n  o f  t h e  

molecule. Thus, on 3 t h e  pept ide residue i s  adjacent, and presumably 

i n t e r a c t s  by i n h i b i t i n g  b ind ing  o f  t h e  "naphthalene residue" t o  t h e  bonded 

phase (13), wh i le  i n s  t h i s  group i s  more ava i l ab le  f o r  binding; s im i -  

l a r l y ,  2 e lu tes  e a r l i e r  than s. A s i m i l a r  ana lys is  i n  BAO shows t h a t  

e lu tes  e a r l i e r  t h a n s ,  and 2 i s  less  re ta ined than*. These obser- 

va t ions  on the  i n f l uence  o f  stereochemistry i n  t h e  separat ion o f  t h i o e t h e r  

de r i va t i ves  o f  K-region arene oxides are  i n  accordance w i t h  those reported 

f o r  t he  GSH adducts of styrene oxide (14). I n  the  l a t t e r ,  t h ioe the rs  w i t h  

S-conf igurat ion e lu ted  e a r l i e r  than the  R-diastereomers. 

t h a t  t he  order o f  e l u t i o n  under the  cond i t ions  descr ibed here, represent a 

general r u l e  f o r  t h i s  type  o f  compounds. I f  such were t h e  case, i t  should 

be poss ib le  t o  assign r e l a t i v e  conf igura t ion ,  based on t h e  HPLC e l u t i o n  

p r o f i l e  o f  GSH adducts o f  epoxides o f  unknown stereochemistry. A prere- 

q u i s i t e  would be t h e  a b i l i t y  t o  separate t h e  an t i c ipa ted  number o f  d ias-  

tereomers. For phenanthrene 9,lO-oxide and pyrene 4,S-oxide t h i s  con- 

d i t i o n s  i s  met and it i s  tempt ing t o  assign the  S-conf igurat ion t o  t h e  

f i r s t  e l u t i n q  diastereomer i n  each case (Fig. 7 ) .  

f o r  BAO (Fig. 4b). Second, t h e  order o f  e l u t i o n  o f  

It i s  poss ib le  

The cond i t ions  descr ibed here provide a t o o l  f o r  t h e  stereochemical 

ana lys is  o f  t h e  g lu ta th ione  t rans ferase catalyzed reac t ions  w i t h  arene o x i -  

des and, i n  t h e  case of me tabo l i ca l l y  formed epoxides, f o r  t h e  stereoche- 

m i s t r y  of ox ida t i on  of polynuclear aromatic hydrocarbons by the  cytochrome 

P-450 dependent monoxygenase system (4). 
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