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STRUCTURE DEPENDENT REACTIVITY IN  THE OXYGENATION OF THIANE ANALOGS 

BY A CYTOCHROHE P-450 RECONSTITUTED ENZYME SYSTEM 
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Thiane analogs were ox id i zed  t o  t he  corresponding su l f ox i des  by 

t he  r e c o n s t i t u t e d  system o f  p u r i f i e d  r a b b i t  l i v e r  microsomal 

cytochrome P-450 - NADPH-cytochrome P-450 reductase.  The 

stereochemical r e s u l t s  and k i n e t i c  behaviors were d iscussed i n  

comparison w i t h  those o f  t he  nonenzymatic o x i d a t i o n s  o f  t he  

t h i a n e  analogs by NaI04. The enzymatic oxygenat ion of th ianes  

was found t o  be nons tereospec i f i c ,  however, t he  r a t e s  of t he  

enzymatic oxygenat ion was found t o  be e f f ec ted  by t he  hydro- 

p h o b i c i t y  o f  t he  ,subs t ra te .  



During t he  pas t  decade, t he  cytochrome P-450 enzyme has a t t r a c t e d  

ex tens ive  a t t e n t i o n s  as a membrane-bound mixed func t ion  oxygenase fo r  

hyd roxy la t i on  of a wide v a r i e t y  of subs t ra tes  such as s te ro i ds ,  hydrocarbons 

1)  and aromat ic  compounds . Since oxygenat ion o f  d i v a l e n t  s u l f u r  compounds 

occurs by d i r e c t  i n t r o d u c t i o n  o f  oxygen atom t o  s u l f u r ,  t he re  should be l e s s  

mechan is t i c  complex i ty  i n  t he  enzymatic oxygenation, than i n  t he  oxygenat ion 

21 o f  hydrocarbons by t he  cytochrome P-450 enzyme . Thus we s tud ied  t h e  

oxygenat ion of c y c l i c  s u l f i d e s  by t h e  cytochrome P-450 enzyme system and 

suggested t h a t  t he  r e a c t i v i t i e s  o f  t he  subs t ra tes  appeared t o  depend upon bo th  

31 hyd rophob i c i t i es  and molecu la r  geometories o f  subs t ra tes  . To extend our  

s tudy a long t h i s  l i n e ,  we now have s tud ied  t h e  s t r u c t u r e - r e a c t i v i t y  

r e l a t i o n s h i p  o f  the  enzymatic oxygenat ion o f  2- and 2 ,6 -subs t i tu ted  th ianes  i n  

comparison w i t h  t he  nonenzymatic o x i d a t i o n  by Na104, and found t h a t  t he re  i s  no 

spec ia l  s t e r e o s p e c i f i c i t y  o f  the  subs t ra te  b u t  t he  r a t e  of t he  oxygenat ion 

depends on t he  h y d r o f o b i c i t y  of t he  t h i a n e  d e r i v a t i v e .  Thiane, 1, 
2-methyl th iane,  2, 2 ,6 -d imethy l th iane , I  ( t h e  r a t i o  o f  s tereoisomers = 1 : 1.41, 

2 -e thy l t h i ane ,  4, 2-n-oc ty l th iane ,  5 and 2-methoxythiane, 6 were synthesized 

and incubated w i t h  t he  r e c o n s t i t u t e d  system of p u r i f i e d  phenobarb i ta l  induced 

r a b b i t  l i v e r  microsomal cytochrome P-450 - NADPH-cytochrome P-450 reductase 

a t  room temperature. 

Each of t he  subs t ra tes  (60  pmole) was incubated w i t h  a m i x t u r e  of 

cytochrome P-450 (4.6 NADPH-cytochrome P-450 reductase (ca. 0.3 

u n i t ~ m l ) ~ ) ,  l i p i d  f r a c t i o n  (1.5 mg) and NADPH genera t ing  system (10  pmole O f  

+ 
NADP , 100 pmole o f  ~ lucose-6-phosphate ,  50 w o l e  o f  MgC12 and 12 u n i t s  of 

glucose-6-phosphate dehydrogenase) f o r  30 min a t  36'C i n  0.1 M potassium 

phosphate buf fer  (pH 7.25, t o t a l  volume 10 m l ) .  E x t r a c t i o n  w i t h  d i c h l o -  

methane f u l l owed  by separa t ion  w i t h  column chromatography (200 mesh alumina, 



HETEROCYCLES. Vo l  10 1978 

e t h y l  acetate/chloroform/2-propanol ; 20:20:1) gave t he  corresponding 

su l fox ides  which were i d e n t i f i e d  by comparing t h e i r  I R  and MS spec t ra  w i t h  

those o f  t he  au then t i c  samples. The y i e l d  o f  s u l f o x i d e  ranged f rom ca. 10 % t o  

30 % w i t h  a  preference f o r  t he  subs t ra te  bear ing  a  l a r g e  s u b s t i t u e n t .  When a  

2 - subs t i t u t ed  t h i ane  i s  ox i d i zed  t o  t he  corresponding su l fox ides ,  format ion of 

two p o s s i b l e  isomers, i .e., c is -and t r ance - th i ane  su l fox ides ,  i s  expected. 

Indeed, products ob ta ined from 2, 4, 5 and 5 gave two peaks o f  t he  s te reo-  

i somer ic  su l f ox i des .  Rat ios  of t he  stereoisomers of t he  ox id i zed  products o f  

a l l  t he  2 - subs t i t u t ed  th ianes  by cytochrome P-450 were found t o  be very  s i m i l a r  

t o  those o f  t h e  nonenzymatic o x i d a t i o n  by NaI04 which i s  known as a  m i l d  

6 )  ox i dan t  of s u l f i d e  t o  su l f ox i de  . A  t y p i c a l  example i s  shown i n  F ig .  1. 

Even t he  gas chromatogram o f  t he  s te reo isomer ic  m i x t u r e  of t he  enzymatic 

o x i d a t i o n  p roduc t  o f  3 i s  ve ry  s i m i l a r  t o  t h a t  ob ta ined  f rom the  nonenzymatic 

ox i da t i on ,  r e v e a l i n g  t h a t  t h e r e  i s  no spec ia l  s t e r e o s e l e c t i v i t y  i n  t he  

oxygenat ion o f  t h i a n e  d e r i v a t i v e s  by t he  cytochrome P-450 enzyme system. 

I n  o rder  t o  examine t he  e f f e c t  o f  s u b s t i t u e n t  on t h e  r a t e  of oxygenat ion 

of t he  th iane ,  t h e  r a t e s  o f  NADPH o x i d a t i o n  were measured by f o l l o w i n g  t he  

3)  decrease o f  UV abso rp t i on  a t  340 nm . Wool f 's  p l o t s  were found t o  f a l l  on 

a  s t r a i g h t  l i n e  i n  a l l  cases from which t he  M ichae l i s  cons tan ts  and t h e  Vmax- 

va lues were computed by t he  l e a s t  square method (Tab le  1 ) .  Since t he  r a t e s  

of oxygenat ion of c y c l i c  su l f i des  a r e  known t o  p a r a l l e l  t o  those o f  t he  

o x i d a t i o n  of N A D P H ~ )  under t he  same cond i t i on ,  r e l a t i v e  r e a c t i v i t i e s  of t h e  

s u b s t i t u t e d  t h i anes  can be es t imated  from the  da ta  shown i n  Table 1. 

I nspec t i on  of t he  data i n  Table 1  r evea l s  t h a t  t he re  i s  no s t r u c t u r a l  e f f ec t  

on Vmax except 2 and 6, however, t he  $-value decreases w i t h  t he  inc rease of 

t he  bu l k i ness  o f  a l k y l  s u b s t i t u e n t  on th iane ,  imp l y i ng  t h a t  t he  oxygenat ion of 

t he  t h i ane  i s  c o n t r o l l e d  by t he  b i nd ing  a b i l i t y  o f  t he  enzyme and depends on 
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F ig .  1. Gas Chromatogram of t h e  Products of Ox ida t i ons  of 

2-Methyl th iane,  2 , by bo th  B i o l o g i c a l  and Nonb io l og i ca l  Systems 

Column : 2m g lass  column ( 3  mm) packed w i t h  5 % OV-1 on 60 mesh C e l i t e  
2  Career : 0.8 Kglcm He 

Temperature : programed from 100°C t o  200°C of r a t e  1O0C/min 

t h e  hyd rophob i c i t y  o f  t h e  subs t r a te .  I n  o r d e r  t o  suppor t  t h i s  argument 

f u r t he r ,  t h e  apparent  d i s s o c i a t i o n  cons tan ts  (KS) between t h e  subs t r a tes  and 

cytochrome P-450 i n  t h e  o x i d i z e d  s t a t e  were determined f rom the  dependencies 

of d i f fe rence  spec t ra  on t h e  concen t ra t i ons  of subs t r a tes  i n  t h e  usual 

3 manner . An i n t r o d u c t i o n  of any s u b s t i t u e n t  on 2- and 2 ,6 -pos i t ion  of t h i a n e  

was found e a r l i e r  t o  change t h e  b i n d i n g  mode o f  t h i a n e  t o  t h e  enzyme from type  

3)  I1 t o  t ype  I . As was expected, t h e  o rde r  o f  Ks-value i s  w e l l  c o n s i s t e n t  

w i t h  t h a t  o f  $,-values i n  t h i s  case. On t h e  o t h e r  hand, t h e  Hansch's 

n -va lues  of a l k y l  groups may be a p p l i e d  t o  eva lua te  t h e  r e l a t i v e  

7 )  hyd rophob i c i t i e s  of t h e  s u b s t i t u t e d  t h i anes  . Thus b n-values o f  a l k y l  
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subs t i t uen t s  were compared w i t h  bo th  %-values and Ks-values (Table 1 )  and the  

Km-values a re  found t o  be w e l l  c o r r e l a t e d  w i t h  the  hyd rophob i c i t i es  o f  t he  

subs t ra tes .  I n  c o n t r a s t  t o  t h e  same stereochemical  behav io r  o f  t he  

cytochrome P-450 and t h a t  w i t h  NaI04 i n  t he  o x i d a t i o n  of th ianes ,  t he  oppos i te  

s t r u c u r a l  e f f e c t  has been found i n  t he  r a t e s  of these reac t i ons ,  i. e. ,  t he  

o rder  o f  t he  r a t e s  of nonenzymatic ox i da t i ons  o f  th ianes  by NaIO was found t o  4  

be 1 ) 2  - )324>6, which i s  obv ious l y  c o n t r o l l e d  by t he  s t e r i c  e f f ec t  of t he  

subs t i t uen t s .  The except iona l  behavior  o f  g w o u l d  be due t o  t he  e l e c t r o n i c  

e f f ec t  of oxygen atom of methoxy group. 

I n  summary, t he  l ack  o f  s t e r e o s e l e c t i v i t y  suggests t h a t  t he  b i nd ing  o f  t he  

subs t ra te  t o  t he  cytochrome P-450 i s  n o t  s t e r i c a l l y  s p e c i f i c .  However, on l y  

t h e  hydrophobic p r o p e r t y  o f  a l k y l  group p l ays  an impo r tan t  r o l e  i n  t he  b i n d i n g  

of t he  subs t ra te  t o  t he  a c t i v e  s i t e  o f  t he  cytochrome P-450 system. Such a  

p r e f e r e n t i a l  hydrophobic i n t e r a c t i o n  increases the  value of Vmax, as has been 

8) repo r ted  by Imai, Sato and Iyanag i  . I n  t he  case o f  5, t he  ex ten t  of 

inc rease o f  Vmax i s  p r o p o r t i o n a l  t o  t h a t  of AAmax. A l l  these observat ions 

i n d i c a t e  t h a t  t h e  e f f e c t  of t he  hyd rophob i c i t y  o f  subs t ra te  on Vmax i s  

c o r r e l a t e d  t o  bo th  KS and A  more d e t a i l e d  k i n e t i c  ana l ys i s  o f  t he  

oxygenation of a  se r i es  o f  subs t ra tes  w i l l  g i v e  a  u s e f u l  i n f o rma t i on  about 

t h e  t r ans fe r  o f  t he  a c t i v e  oxygen bound t o  t h e  cytochrome P-450 t o  t h e  

subs t ra te .  
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