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Bildung eines ascorbigeniihnlichen Produktes aus p-Hydroxybenzylalkohol und L-Ascorbinsiiure 

Bei der  Zerkle inerung yon  Kohlpf ianzen  wird Gluco- 
brassicin enzymat i sch  und  hydro ly t i s ch  zu 3 -Hydroxy-  
methyl indol ,  Bisulfa t  und Glucose abgebaut .  Die Reak t ion  
des 3 -Hydroxyme thy l indo l s  mi t  L-AscorbinsXure f i ihrt  
zur E n t s t e h u n g  der  ep imeren  Ascorbigene A und B, i iber 
deren Kons t i t u t i on  und Bi ldungsmechan i smus  kiirzl ich 
ber ich te t  wurdeL  

E in  wei terer  reakt ionsfahiger  Alkohol,  der p - H y d r o x y -  
benzyla lkohol  (p-HBA),  en t s t eh t  auf /£hnl iche Weise aus 
Sinalbin, dem Senf61glucoMd des weissen Senfs (Sinapis 
alba L) durch  H y d r o l y s e  des prim/ir  gebildeten,  ins tabi len 
p -Hydroxybenzy l i so th iocyana t e s  2. Es  konn te  nun  gezeigt  
werden,  dass auch p - H B A  mi t  L-Ascorbins~ture reagiert ,  
wobei  wiede rum 2 epimere Kondensa t ionsproduk te  ent-  
s tehen ~. 

Die U m s e t z u n g  yon p - H B A  m i t  e inem dre i fachen 
t3berschuss an  L-Ascorbins~ure erfolgt  in w/isseriger 
L6sung bei Z immer t empera tu r .  N a c h  72 h Reak t ionsze i t  
konn te  das H a u p t p r o d u k t  durch  Ausschi i t te ln  mi t  Athy l -  
ace ta t  in kr is ta l l iner  F o r m  in einer  Ausbeu te  yon  32~o 
gewonnen  werden.  

Die erhal tene  Verb indung  ist  gu t  16slich in Wasser,  
Alkohol  und )kthylacetat ,  unl6slich in Benzol.  Stop. 182 ° 
(Zers.), [~][35 =: + 6  ° (c = 1,0 in Methanol).  Die E lemen-  
t a rana lyse  ist  in [3bere ins t immung m i t  der  Summenfor -  
mel  C13H~407, ebenso das Molekulargewicht  ( thermoelek-  
t r ische MG-Best . ) :  283 ber. 282,2). I R - S p e k t r u m  (KBr) :  
B a n d e n  bei 3480, 3430, 1758, 1520, 1225, 1110, 1025 und 
835 cm -t .  U V - S p e k t r u m  (Nthanol) :  2m,z 277-278 n m  
(loge = 3,2), ~min 250 (1oge = 2,6). 

Die Verb indung  g ib t  pos i t ive  PhenMreakt ionen ,  redu-  
ziert  T r ipheny l t e t r azo l iumchlo r id  (nicht aber  Dichlor-  
phenol indophenol)  und wird in methanol i scher  Salzs~ure 
in das Methylg lykos id  i ibergefi ihrt .  0,1n Salzsiiure be- 
wirkt ,  im Gegensa tz  zu Ascorbigen A, keine Fre i se tzung  
yon L-Ascorbins~iure. 

Alle Da t en  fiir das isolierte P r o d u k t  weisen fiberein- 
s t immend  auf  S t r u k t u r  I I I ,  die der Ascorb igens t ruk tur  
analog ist. Die  Verb indung  kann  daher  als ein 2-C- 
(p - Hydroxybenzy l )  - 3 - ke to -  hexulosons~ure lakton (als 
Ha lbke t a l  vorl iegend) beze ichnet  werden.  Ih re  Bi ldung 
kann  gleich wie die Reak t ion  yon Benzylchlor id  ~ und 
3 -Hydroxyme thy l indo l  1 m i t  Ascorbins/ iure formut ie r t  
werden:  das Ascorba t ion  I I  wird  demnach  a m  C-2 m i t  
p - H B A  benzyl ie r t :  
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Die Konf igura t ion  von  I I I  am  C-2 ist  noch n ich t  ge- 
sichert .  Das E p i m e r e  yon  I I I  konnte  d i innsch ich tchroma-  
tographisch  nachgewiesen werden,  wurde  jedoch wegen 
der  ~insserst n iedr igen Ausbeu te  n ich t  isoliert. 

Die  Bi ldung yon I I I  in Sinapis alba ist wegen der Ab- 
wesenhei t  yon  L-Ascorbins~ure in den Samen des weissen 
Senfs zweifelhaft .  Anderersei ts  kann  mal l  den p - H B A  
als Model lsubstanz  fiir die sehr reaktionsffihigen nnd in 
der  N a t u r  ve rb re i t e t en  Polyhydroxy- f lavan- (3 ,4)d io le  
(Leucoanthocyanidine ,  Proan thocyanid ine)  aul lassen,  die 
ebenfalls  eine Benzy la lkoholgruppie rung  en tha l t en  und  
m i t  L-Ascorbinsiiure 5~hnlich reagieren k6nnten.  Vor-  
1/£ufige d i innsch ich tchromatographische  Un te r suchungen  
der  Reak t ion  zwischen Leukocyan id in  und L-Ascorbin- 
s~ure scheinen diese V e r m u t u n g  zu best~itigen. 

Summary. L-Ascorbic acid reacts  wi th  p -hydroxybenzy l  
alcohol  in a similar  w a y  as wi th  3 -hyd roxyme thy l  indole 
in the  fo rmat ion  of ascorbigen (bound ascorbic acid). The  
crys ta l l ine  reac t ion  p roduc t  was ident i f ied  as a 2-C- 
(p-hydroxybenzyl ) -3-ke to-hexnlosonic  acM lactone.  
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T h e  M e t a b o l i s m  of H e x a m e t h y l p h o s p h o r a m i d e  a n d  H e x a m e t h y l t h i o p h o s p h o r a m i d e  x 

Fol lowing the  ini t ial  r epor t  of t h e  chemos te r i l an t  ac- 
t i v i t y  of h e x a m e t h y l p h o s p h o r a m i d e  (HMPA, I) in male  
houseflies 2, JACKSON and CRAm have  shown t h a t  i t  pro-  
duces marked  an t i fe r t i l i ty  effects when g iven  oral ly in 
re la t ive ly  low doses to  male  ra ts  3. As the  d e v e l o p m e n t  of 
effect ive  male  an t i fe r t i l i ty  agents  in m a m m a l s  is a new 
and  fundamen ta l l y  i m p o r t a n t  field 4, we h a v e  s tudied the  
fate  of H M P A  and of its th io-analogue  (V) in bo th  the  
ra t  and the  mouse  in case more  ac t ive  metabol i tes  were 
responsible for the an t i spe rmatogen ic  activity. 

An i.p. in jec t ion  to  ra ts  and mice  of 3*P-labelled H M P A  
(500 mg/kg) resul ted in no t issue local izat ion and in the  
excre t ion  of 87% of the  r ad ioac t iv i ty  in the  urine dur ing  
the  first  13 h wi th  an  a lmos t  q u a n t i t a t i v e  recovery  af ter  
50 h. Due  to  this  rap id  u r ina ry  c learance and the  indica-  
t ion in ch roma tog raphed  ur ine  of 3 rad ioac t ive  areas  by  

au torad iography ,  H M P A  was adminis te red  as a 0.1% 
solut ion in file an imals '  d r ink ing  water ,  the  concen t ra ted  
ur ine exhaus t ive ly  ex t rac ted  wi th  chloroform and the  
ex t r ac t  ch roma tog raphed  on "Whatman's  SG31 'Chro- 
media ' .  E lu t ion  wi th  ch lo roform-methano l  (9:1) gave  2 
metabo l i t es  which  were  purif ied b y  th in - layer  ch romatog-  
r aphy  on p repa ra t ive  silica get G plates.  These  were 
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iden t i f i ed  as p e n t a m e t h y l p h o s p h o r a m i d e  (PMPA,  I I )  a n d  
t e t r a m e t h y l p h o s p h o r a m i d e  ( I I I ) ,  c o m p a r i s o n  be ing  m a d e  
b y  mass  spec t ro scopy  a n d  gas  c h r o m a t o g r a p h y  w i t h  
a u t h e n t i c  s amples  syn t he s i zed  b y  t h e  m e t h o d  of ARCE- 
NEAUX e t  al. L A l t h o u g h  i t  was  c o n f i r m e d  t h a t  deg rada -  
t i o n  of H M P A  t o  p h o s p h o r i c  ac id  h a d  n o t  occur red  in  
e i t h e r  species, t h e  i so la t ion  of these  m e t a b o l i t e s  c o n t r a s t s  
w i t h  a p rev ious  p a p e r  ~ in wh ich  t h e  c o m p o u n d  was re- 
p o r t e d  as b e i n g  exc re t ed  u n c h a n g e d .  

P e n t a m e t h y l p h o s p h o r a m i d e ,  t he  m a j o r  me tabo l i t e ,  was  
cons ide r ab ly  less tox ic  t h a n  H M P A  in b o t h  r a t  a n d  mouse,  
fe r t i l i ty  s tud ies  showing  t h a t  a n  oral  dose, e q u i v a l e n t  to  a 
s te r i l iz ing  dose 3 of H M P A ,  h a d  no  c o m p a r a b l e  an t i -  
f e r t i l i t y  effect.  W h e n  P M P A  was  a d m i n i s t e r e d  to  r a t s  
a n d  mice  as a 0 .1% ora l  so lu t ion ,  a t h i r d  m e t a b o l i t e  was  
i so la ted  f rom t h e  e x t r a c t e d  u r ine  as  well  as  t e t r a m e t h y l -  
p h o s p h o r a m i d e .  Th i s  was  iden t i f i ed  as  t r i m e t h y l p h o s p h o r -  
a m i d e  (IV), m.p .  103°C; m i x e d  m.p .  w i t h  a s y n t h e t i c  
s a m p l e  5 102-103°C.  W h i l e  these  i nves t i ga t i ons  were in  
progress,  Dr.  A. ]3. BORKOVEC k i n d l y  i n fo rmed  us of his  
u n p u b l i s h e d  work  ~ on  t h e  m e t a b o l i s m  of H M P A  in house-  
flies in  wh ich  he  h a s  e s t ab l i shed  t h a t  P M P A  is t h e  on ly  
m e t a b o l i t e  a n d  of i ts  l ack  of c h e m o s t e r i l a n t  a c t i v i t y  in  
t h a t  species. 

A z i r i d i n y l - p h o s p h o r a m i d e s ,  such  as t r i e t h y l e n e p h o s -  
p h o r a m i d e  (VII) ,  are  ef fec t ive  a l k y l a t i n g  agen t s  w i t h  
a n t i s p e r m a t o g e n i c  a c t i v i t y  t h o u g h  t h e y  are  r ap i d l y  ex- 
c r e t e d L  T h e i r  t h io - ana l ogues  a re  more  effect ive  due  to  

t h e i r  inc reased  l ip id  so lub i l i ty  a n d  in i t ia l  me t abo l i sm ,  b y  
r e p l a c e m e n t  of s u l p h u r  w i t h  oxygen ,  to  give t h e  corre-  
s p o n d i n g  az i r id iny l -phosphoramidesS ,% As h e x a m e t h y l -  
t h i o p h o s p h o r a m i d e  ( t h io -HMPA,  V) was a more  tox ic  a n d  
less e f fec t ive  a n t i f e r t i l i t y  a g e n t  t h a n  H M P A ,  i t  a p p e a r e d  
as t h o u g h  i t  m a y  n o t  b e  s imi la r ly  deg raded .  A d m i n i s t r a -  
t i on  of t h i o - H M P A  (0 .02% in the  d r i n k i n g  wate r )  to  r a t s  
a n d  mice p r o d u c e d  2 me tabo l i t e s ,  i so la ted  f rom c h r o m a t o -  
g r a m s  of e x t r a c t e d  u r ine  a n d  cha rac t e r i zed  as H M P A  a n d  
p e n t a m e t h y l t h i o p h o s p h o r a m i d e  ( t h io -PMPA,  VI).  Fer -  
t i l i t y  s tud ies  were no t  u n d e r t a k e n  w i t h  s y n t h e t i c  th io-  
P M P A  as i t  was  a tox ic  c o m p o u n d  me tabo l i z ed  (0 .02% 
ora l  so lut ion)  to  i nac t i ve  p e n t a m e t h y l p h o s p h o r a m i d e .  

C o n s e q u e n t l y  t h e  a n t i s p e r m a t o g e n i c  a c t i v i t y  of H M P A  
is closely assoc ia ted  w i t h  t h e  c o m p o u n d  i tself  a n d  n o t  w i t h  
a n y  of i t s  i so la ted  me tabo l i t e s .  T h e  a l t e r n a t i v e  m e t a b o l i c  
p a t h w a y  for  t h e  d e g r a d a t i o n  of t h i o - H M P A  v ia  t h e  tox ic  
i n t e r m e d i a t e  t h i o - P M P A  is i n t e r e s t i n g  in  t h a t  i t  wou ld  
a c c o u n t  for i ts  r educed  a c t i v i t y  a n d  increased  tox ic i ty .  As 
t h i s  a c t i v i t y  in  t he  p h o s p h o r a m i d e s ,  wh ich  is r e s t r i c t ed  
a t  l eas t  in insec ts  to  h e x a - a l k y l  s u b s t i t u t e d  t r i - amides  ~0, 
could  i nd i ca t e  a n  a l k y l a t i n g  m o d e  of ac t ion ,  e x p e r i m e n t s  
are  in progress  w i t h  u n i f o r m l y  labe l led  14C-HMPA in 
r o d e n t s  to  d e t e r m i n e  w h e t h e r  p e n t a m e t h y l p h o s p h o r -  
a m i d e  resu l t s  f rom a d i r ec t  m e t h y l a t i o n  or  is p r o d u c e d  
f rom H M P A  t h r o u g h  some in i t i a l ly  u n s t a b l e  m e t a b o l i t e  
such  as t he  m e t h y l o l  (VI I I ) .  
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Compound-phosphoramidc Synthetic Rf Metabolite Rf 

(I) hexamethyl- 0.85 0.84 
(II) pentamethyl- 0.73 0.73 
(IlI) tetramethyl- 0.62 0.62 
(IV) trimethyl- 0.53 0.52 
(V) hexamethylthio- 1.00 - 
(VI) pentamethylthio- 0.95 0.94 

Rf values for synthetic and isolated urinary metabolites on silica 
gel G plates activated at l l0°C for 3 h immediately before use. 
Solvent system : chloroform-ethanol (3 : 1). Detection by HANES and 
ISnERWOOD phosphate spray n. 

Rdsum£ L ' h e x a m 6 t h y l p h o s p h o r a m i d e  (I), u n  a g e n t  
a n t i s p e r m a t o g 6 n i q u e  eff ic ient  p o u r  rongeurs ,  est  d6grad6  
p a r  une  success ion  de  d 6 m ~ t h y l a t i o n s  (I + I I  + I I I  ÷ IV) 
p o u r  inac t i f s  me tabo l i t e s .  Le t h i n - a n a l o g u e  (V), & moins  
qu ' i l  soft  me tabo l i s6  (I), es t  i nac t i f  au cours  d ' u n  chemine-  
m e n t  a l t e r n a t i f  (V ->- V I  + I I ) .  
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