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Summary. A simple and  mild reduc t ion  of af la toxin  B1, involving t r e a t m e n t  of af la toxin  B 1 wi th  e therea l  zinc boro-  
hydr ide  to  give 57-65% yield of d ias tereomeric  aflatoxicols,  is described.  

Cur ren t  inves t iga t ions  on af la toxin  B 1 (aria B 1, I) have  
shown t h a t  t he  in vivo me tabo l i sm of th is  tox in  p lays  a 
s ignif icant  role for the  tox ic i ty  of th is  p o t e n t  hepa to -  
carc inogen 3. The only  ident i f ied  afla B 1 metabo l i t e  known  
to  be p roduced  b y  a soluble enzyme  sys t em is af latoxicol  
(II) or a f la toxin  Ro, in which  the  ca rbonyl  group in t he  
cyc lopen tenone  r ing of afla B 1 is reduced  to a h y d r o x y l  
group 3, 4. I t  has  been  shown to  be p roduced  b y  the  p ro to -  
zoan T e t r a h y m e n a  pyr i formis  4, the  s t e ro id -hydroxy la t ing  
fungus  Dac ty l ium dendro ides  3 and  animal  liver p repa ra -  
t ions 5. Because  of its i m p o r t a n c e  in afla t31 metabol i sm,  
syn the t i c  af latoxicol  is needed  for addi t iona l  b iochemical  
and  toxicological  s tudies.  In  our ongoing r ad io immuno-  
logical research,  af la toxicol  was needed  for the  p repara -  
t ion  of a p ro t e in -myco tox in  conjugate .  However ,  b o t h  
the  microbia l  and  enzymat i c  convers ion  of afla B1 to afla- 
toxicol  are no t  prac t ica l  for syn the t i c  purposes  6. Viewing 
the  r ecen t  success of employ ing  zinc borohydr ide  in t he  
t o t a l  synthes is  of ex t r eme ly  base-sensi t ive  p ros tag lan-  
dins 7, we set  out  to t e s t  t he  appl icabi l i ty  of th is  mild re- 
ducing  agent  to  the  p r epa ra t i on  of aflatoxicol.  
Materials and methods. Afla B 1 was p repa red  according to  
the  m e t h o d  of Chu s. 3H-Alia  B~ was  purchased  f rom 
Moravek  Biochemicals .  The following mater ia ls  and  
reagents  were used:  Adsorbosi l  5 (Applied Science Lab-  
oratories) ,  Silica Gel 60 F-254 th in  layer  c h r o m a t o g r a p h y  
(TLC) p la tes  (Br inkmann  I n s t r u m e n t s  Co.), sod ium boro-  
hydr ide  (Fisher Scientif ic Co.), zinc chloride (Ventron  
Corp.). 
All organic solvents  were ana ly t ica l  r eagen t  grade. UV-  
spec t ra  were de t e rmined  in a Beckman  DU spec t ropho to -  
m e t e r  modif ied  wi th  Gilford sy s t em wi th  1 cm l ight  pa th .  
Mass spec t ra  were t aken  at  70 eV wi th  a F innegan  Model  
1015 mass  spec t rome te r  equ ipped  wi th  a d i rec t - inser t ion  
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Structures of aflatoxin B 1 (I), aflatoxicol (1I) and trihydroxyl alia- 
toxin B 1 (III). 

p robe  and  a F innegan  6000 MS da ta  sys tem.  Rad ioac t iv i ty  
da t a  were ob ta ined  by  coun t ing  in a Beck man  Model 335 
l iquid scint i l la t ion spec t romete r .  
In  a typ ica l  p repara t ion ,  6.34 mg  of afla B x was dissolved 
in 3 ml  of anhydrous  chloroform and cooled to 0~ The 
flask was s e p t u m e d  and  f lushed with ni t rogen.  10 molar  
equ iva len t  of f reshly p repa red  zinc borohydr ide  9 was  
added  t h ro u g h  a syringe.  The whole c o n t e n t  was s t i r red  
magne t ica l ly  for 30 min at  0~ The reduc t ion  was com- 
p le ted  af ter  ano the r  30 rain a t  room tempera tu re .  Excess  
r eagen t  was des t royed  by  dropwise  add i t ion  of 0.05 N 
hydrochlor ic  acid a t  i ce -ba th  t e m p e r a t u r e  unt i l  hyd rogen  
gas evolut ion  ceased. Chloroform (30 m!) was  then  added  
and  the  organic layer  washed  wi th  water ,  dr ied over  an- 
hydrous  magnes ium sulfate,  and  f i l tered th rough  a shor t  
p a t h  of Adsorbosi l  5. The f i l t ra te  was evapora t ed  to  d ry-  
ness to  give 65% yield of ch romatograph ica l ly  pure  afla- 
toxicol  (Rf 0.33 in e thy l  ace ta te  :chloroform/3:  1). 
The same procedure  was used in the  reduc t ion  of 100 [,Ci 
of aH-af la  B 1. The d ias te reomers  of af latoxicols  were sep- 
a ra ted  b y  TLC on 0.25 m m  pla te  w i th  mul t ip le  develop-  
ments .  E a c h  blue f luorescent  spo t  was scraped f rom the  
TLC pla te  and  mixed  wi th  10 ml  of B ray ' s  solution x0 and  
sub jec ted  to  count ing  for 10 min.  
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Results and discussion. The syn the t i c  af latoxicol  was 
found  to have  the  same R~-value as t h a t  of an au then t i c  
af la toxicol  s t a n d a r d  p rov ided  to  us by  Professor  Dennis  
P. H. Hsieh  of Un ive r s i t y  of California, Davis.  The UV-  
s p e c t r u m  was ident ica l  to  the  s t anda rd .  The mass  spec- 
t r u m  con ta ined  the  following major  ions which  are con- 
s i s ten t  w i th  the  s t ruc tu re  of a l fa toxicol  : m/e  314 (M+, base  
peak),  313, 297, 296, 268 a n d  267. The  f r agmen ta t i on  
p a t t e r n s  for b o t h  syn the t i c  and  na tu ra l  af latoxicols  were 
identical .  
Chemical  reduc t ion  of afla B 1 b y  sod ium borohydr ide  has  
been repor ted  to  give e i ther  low yield of af latoxicol  ~ or 
q u a n t i t a t i v e  convers ion to  t he  t r i h y d r o x y  de r iva t ive  
(III) 11. These resul ts  m u s t  be re la ted  to the  sens i t iv i ty  of 

afla B 1 toward  the  hyd rox ide  or e thox ide  ions p resen t  in 
alcoholic borohydr ide .  In  t he  p r epa ra t i on  of 3H-/tfla- 
toxicol ,  essent ia l ly  equal  r ad ioac t iv i ty  was  found  for each 
d ias te reomer .  Thus,  a 50:50 mix tu re  was  ob ta ined  f rom 
th is  reduct ion ,  indica t ing  no steric  preference  for the  hy-  
dr ide a t tack .  Therefore,  our  p re sen t  p rocedure  represen t s  
an efficient  p repa ra t ion  for ob ta in ing  quan t i t i e s  of syn-  
the t i c  af la toxicol  under  essent ia l ly  neu t ra l  condi t ions .  We  
are p re sen t ly  inves t iga t ing  the  syn thes i s  of a p ro te in -  
m y c o t o x i n  conjugate  s t a r t ing  wi th  labeled  af latoxicol  and  
succinic anhydr ide .  
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Summary. A chemical  model  for b iosynthes is  of PGE,  P G X  and  the  t h r o m b o x a n e s  f rom the  p ros t ag l and in  endo-  
peroxides  is p re sen ted  which  is based on known  react ions  of o the r  endoperoxides  w i t h  the  F e ( I I ) - F e ( I I I ) r e d o x  
sy s t em in vi tro.  

The pe roxy  radical  cycl izat ion mechan i sm for t he  
cyc looxygenase -med ia t ed  *-4 convers ion  of arachidonic  
acid to t he  p ros t ag l and in  endoperox ides  (PPG2and PGHz) * 
has  been  suppor t ed  by  d i - t e r t - bu ty l  pe roxyoxa la t e -  
in i t ia ted  react ions  of lipid hyd rope rox ides  s and by  a 
r ecen t  model  s t u d y  ~. We  now sugges t  t h a t  Fe( I I ) - induced  
isomerizat ions  of epidioxides  s p rov ide  no t  only  a model  
for t he  t r a n s f o r m a t i o n  of P G G  2 and  P G H ,  to  t he  P G E ' s  
in vivo as a l ready  po in t ed  ou t  br ief ly  by  us earl ier  sb, b u t  
also a model  for t he  b iosyn thes i s  of t he  t h r o m b o x a n e s  4, ,, 10 
and  pros tacyc l in  (PGX)11,1,. This  is in line w i th  r ecen t  
suggestions13,14 t h a t  the  in vivo f r agmen ta t i on  of PG-  
endoperox ides  is p r o b a b l y  a ca ta lyzed  process.  
We have  p rov ided  evidence s t h a t  the  previous ly  l i t t le-  
s tud ied  i somer iza t ion  of epidioxides  of t y p e  I to  ketols  2 
or d iepoxides  3 by  FeSO4 in H , O - T H F  actua l ly  involves  
a r edox  process in which  the  f irs t  s tep  is reduc t ion  of I 
b y  Fe(II )  to anion radical  A (Scheme I). The l a t t e r  m a y  
be oxidized b y  Fe( I I I ) ,  genera ted  in the  f i rs t  step,  to  ketol  
2 or, if a double  b o n d  is p re sen t  can  isomerize to B which  
is oxidized to 315 . In  app rop r i a t e ly  cons t i tu t ed  anion 
radicals  A, in t ramolecu la r  1 ,5-hydrogen  t rans fe r  f rom 
remote  ca rbon  to oxygen  m a y  in t e rvene  pr ior  to oxida-  
t ion by  Fe(III)8a,e.  
The ox ida t ions  of A and  B by  Fe( I I I )  can be viewed sb as 
equ iva len t  to  loss, b y  f r agmenta t ion ,  of H which  is 
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sub jec t  to  ox ida t ion  by  Fe( I I I ) .  Such f ragmenta t ions ,  
w i th  loss of an i sopropyl  radical  which migra tes  in t ra-  
or in te rmolecu la r ly  (the l a t t e r  if a radical  t r a p  is in- 
t roduced)  or is subsequen t ly  oxidized to propylene ,  have  
been observed  on t r e a t m e n t  of ascaridole iv or d ihydro-  
ascaridole ls w i t h  FeSO 4. 
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