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vitamin antagonists or antimetabolites. I t  is significant 
that, in most instances where a vi tamin deficiency has 
a teratogenic effect, the vitamins in question belong 
to the B group, including particularly riboflavin and 
relic acid. A deficiency of the latter, or their blockade 
by antagonists such as galactoflavin, x-methyl-folic 
acid, or amethopterin, leads to severe malformations 
affecting the limbs and various organs. Among the anti- 
metabolites, the glutamine antagonists azaserine (o- 
diazoacetyl-L-serine) and DON (6-diazo-5-oxo-L-nor- 
leucine) have a t t racted particular interest as potent  
teratogenic factors1% 

Although proof is. still lacking tha t  the neurotoxic 
and possible embryotoxic effects of thalidomide or its 
metabolites are due to faulty glutamic acid metabolism, 
this assumption would appear to offer an at t ract ive 
working hypothesis. 

Zusammen/assung. In einer vergleichenden Betrach- 
tung werden die chemische Struktur,  die pharmakolo- 
gischen und toxikologischen Eigenschaften yon Thali- 
domid diskutiert. Dabei zeigt sich, dass Thalidomid 
unter den heute bekannten Sedativa und Hypnot ica  
Pine besondere Stellung einnimmt. 

Ffir die beschriebenen Tierversuche wurde ein mit  
14C markiertes Pr~iparat verwendet. Bei Rat ten  wurde 

die Resorption, die Verteilung in den einzelnen Organen 
und die Ausscheidungsgeschwindigkeit nach einmatiger 
Tie auch nach chronischer oraler Verabreichung stu- 
diert. Von der verabreichten Radioaktivit~it werden ca. 
40% resorbiert. Die resorbierte Menge verteilt  sich 
rasch in allen Organen und wird in verh~iltnism~issig 
kurzer Zeit ausgeschieden, Eine Ausnahme bildet die 
Elimination aus den Blutk6rperchen, die auffallend 
langsam vor sich geht. 

Die chemischen Ver/inderungen, die Thalidomid im 
tierischen Organismus erfShrt, konnten weitgehend aug  
gekltirt werden. Beim Hund werden ca. 2/s des ver- 
abreichten Prtiparates unvertindert mi t  den Faeces 
eliminiert. Die im Urin ausgeschiedene Radioaktivitti t  
liegt zur Hauptsache in Form von Metaboliten vor. 
Von diesen konnten bisher 6 Substanzen, entsprechend 
60% der im Urin vorhandenen Radioaktivit~it, quan- 
t i ta t iv  erfasst und identifiziert werden. Alle diese Ver- 
bindungen sind Glutaminstturederivate, die aus Thali- 
domid durch hydrolytische Aufspaltung entstanden 
sind. Der Abbau von Thalidomid im Organismus ftihrt 
daher zu einer Anzahl von Stoffwechselprodukten, die 
Derivate einer biogenen Aminostiure sind. Auf Grund 
dieser Feststellung werden verschiedene Hypothesen 
tiber die m6glichen Ursachen der Nebenwirkungen von 
Thalidomid diskutiert. 
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Alkaloid Studies ~. The Structure of Aspidofiline 

Three atkaloids-pyrifolidine (1) 2, pyrifoline (II)2, and 
aspidofilineS-have been isolated from the Brazilian tree 
Aspidosperma pyri/olium Mart. and the structures of the 
first two (I, II) have recently been elucidated 4,5. We should 
now like to report evidence which leads to the assignment 
of expression l l i  to aspidofiline. 

Earlier studies s attributed the empirical formula 
C20H2~N~O2 to aspidofiline and also indicated the presence 
of an N-acyldihydroindole moiety and of a strongly 
hydrogen-bonded phenolic group. The presence of these 
two structural features was confirmed by the n.m.r. 
spectrum% which exhibited a signal a t  2.30 ppm due to 
the N-acetyl grouping and one at 10.13 ppm associated 
with a hydrogen-bonded C-17 phenolic grouping (see 
aspidocarpine 7 and spegazzinidine*). Furthermore, the 
n.m.r, spectrum established the absence of an ethyl group 
or of the C-2 hydrogen (quartet in the 3.8-4.5 ppm 
region 9) typical of alkaloids based on the aspidospermine 
skeleton (e.g. I), but it did show signals in the 6.70-7.35 
ppm region for the three aromatic protons. Chemical 
confirmation for the presence of the phenolic grouping 
was adduced by acetylation (20 h refluxing with acetic 

anhydride fn benzene) to 0-acetylaspidofiline (IV) (m.p. 
179-181 °, [c,]~ + 53 ° (all rotations in chloroform)) or 
methylation (diazomethane in methanol; 24 days at 0 °) 
to 0-methylaspidofiline (V) (colorless glass distilled at 
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175°/7 × 10 -s m m ) ,  w h i c h  was c l eaved  b y  h e a t i n g  for 
1 h w i t h  50% hydroch lo r i c  acid to  0 - m e t h y l d e a c e t y l -  
asp idof i l ine  (VI) (m.p. 129-131 °, [ ~ z  _6 .4  o, ~Eton 244 

~ n a x  

a n d  287 mv,  log e 3.79 a n d  3.34, u n c h a n g e d  in a lka l ine  
solut ion) .  

T h e  empi r ica l  f o rmu la  of aspidof i l ine  (m.p. 190-191 °, 
[ ~ 2 0  _ 1 7 a . o  ~ E t O H  - KOH 231 a n d  308 m~,  loge 3.76 a n d  4.31) 

was  s h o w n  to  be  C2~H~N~O 2 ( 3 3 8 ) - r a t h e r  t h a n  t he  
ear l ie r  ~ a s sumed  C20H~N~O,-by  mass  s p e c t r o m e t r y  of 
t he  p a r e n t  a lka lo id  (molecu la r  ion a t  m/e 338) a n d  i t s  
t h r e e  t r a n s f o r m a t i o n  p roduc t s ,  I V  (tool. ion 380), V (mot. 
ion 352) a n d  V I  (moL ion  310). Mos t  i m p o r t a n t l y ,  t h e  
mass  spec t r a  of asp idof i l ine  (nI) a n d  i ts  d e r i v a t i v e s  ( I V -  
VI)  all  shoWed a s t r o n g  M-28 p e a k  ( IX) ,  ana logous  to  t h e  
expu l s ion  (see a r rows  in II) of e t h y l e n e  in  a s p i dope r m i ne -  
like a lka lo ids  ~°, a n d  a base  p e a k  a t  role 109. T h e  l a t t e r  
was  e n c o u n t e r e d  f i rs t  in  t h e  mass  spec t r a  of r e f r ac t ine  
(X, R = OCH~; R '  = C H O ) n ,  a sp ido f r ac t i ne  (X, R = H ;  
R '  = CHO)i~ a n d  kops in ine  (X, R = R '  =~ H)12 a n d  a t -  
t r i b u t e d  to  species X I .  
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I n  v iew of these  mass  s p e c t r o m e t r i c  a n d  n .m.r ,  pro-  
pe r t i es  a n d  t h e  co-occur rence  of asp idof i l ine  a n d  pyr i -  
fol ine ( I I )  5 in  t he  s ame  p l a n t ,  s t r u c t u r e  I I I  a p p e a r e d  
to  be  t h e  m o s t  p laus ib le  a l t e r n a t i v e  for  aspidof i l ine ,  
f o r m a t i o n  of t h e  m]e 109 ion b e i n g  r a t i ona l i zed  r ead i l y  
b y  r u p t u r e  (wavy  l ines in  I X )  of t he  a l ly l ica l ly  a c t i v a t e d  
cen te r s  in  t h e  M-28 species ( IX) ,  t h i s  p a t h  b e i n g  sub-  
s t a n t i a t e d  b y  t h e  a p p e a r a n c e  of a m e t a s t a b l e  p e a k  a t  
m/e 41.5. Chemica l  c o n f i r m a t i o n  of t h i s  s uppos i t i on  could  
be  p r o v i d e d  b y  t h e  fo l lowing d i r ec t  i n t e r r e l a t i o n  w i t h  
pyr i fo l ine  (II) .  

T h e  c o n v e r s i o n  of pyr i fo l ine  (n) i n t o  N-deace ty l -6 -de-  
methyl-6-dehydropyrifoline (VII) h a s  a l r e a d y  been  de-  

sc r ibed  ea r l i e rL  C l e m m e n s e n  r e d u c t i o n  of V I I  a n d  se- 
p a r a t i o n  of t h e  complex  r eac t i on  m i x t u r e  b y  p repa ra t i ve  
t h i n l a y e r  c h r o m a t o g r a p h y  on  silica gel (developed wi th  
a m i x t u r e  of 10% e t h a n o l  ( 9 5 % ) - 4 5 %  b e n z e n e - 4 5 %  
e t h y l  ace ta te )  y ie lded 0 -me thy l -deace ty l -6 -dehydroasp ido -  
f i l ine  (vnI) (tool. ion a t  role 308, no  role 109 p e a k  (XI), 
M-28 ( IX,  R = CHa;  R" = H w i t h  6-7  d o u b l e  bond)  and  
m/e 107 (XI  w i t h  a d d i t i o n a l  doub le  bond)  peaks  of equal  
i n t e n s i t y ,  base  p e a k  a t  m/e  188) 13. C a t a l y t i c  hydro-  
g e n a t i o n  of V I I I  w i t h  pa l l ad ized  cha rcoa l  c a t a l y s t  in 
e t h y l  a c e t a t e  so lu t ion  p r o v i d e d  0 -n le thy ldeace ty la sp ido-  
fi l ine (VI) (m.p. 128-129 °, Ea]~ ~ -7 .7° ) ,  w h i c h  was shown 
to  be  i den t i ca l  w i t h  t he  n a t u r a l l y  de r ived  m a t e r i a l  by  
in f ra red ,  u l t r av io l e t ,  n .m. r ,  a n d  mass  s p e c t r o m e t r y  as 
wel l  as  b y  t h i n l a y e r  c h r o m a t o g r a p h i c  mob i l i t y .  

Aspidof i l ine  t h u s  r e p r e s e n t s  t h e  f i r s t  a lka lo id  of the  
hexacyc l i c  class e n c o m p a s s e d  b y  pyr i fo l ine" ,  r e f rac t ine  n,  
kops in ine  ~2 a n d  t h e i r  congeners ,  where  t he  h y d r o -  
a r o m a t i c  p o r t i o n  of t h e  molecule  bea r s  no  func t iona l  
g roups  14. 

Zusammen/assung: Auf  G r u n d  y o n  P r o t o n r e s o n a n z  und  
m a s s e n s p e k t r o m e t r i s c h e n  Messuugen  sowie d u t c h  d i rek te  
V e r b i n d u n g  m i t  Py r i fo l in  (II)  wird  ffir das  A spidosperma- 
Alka lo id  Aspidof i l in  die S t r u k t u r  I I I  vorgesch lagen .  
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t 3 b e r  e i n e  n e u e  S y n t h e s e  v o n  1 8 - H y d r o x y -  u n d  

1 8 -  O x o -  p r o g e s t e r o n  1,2 

I m  Ver l au fe  yon  U n t e r s u c h u n g e n  f iber  b iogene t i s che  
Z u s a m m e n h A n g e  in  de r  R e i h e  d e r  Cor t i cos te ro ide  a w u r d e n  
in  den  l e t z t e n  J a h r e n  in u n s e r e m  L a b o r a t o r i u m  m e h r e r e  
po ten t i e l l e  Vorl i iufer  des  A ldos t e rons  s y n t h e t i s i e r t  4. 
N e b e n  den  y o n  uns  be re i t s  besch r i ebenen ,  in  S te l lung  18 
ox igen i e r t en  D e r i v a t e n  des Cor t exons  s, l l f l - H y d r o x y -  
p roges t e rons  u n d  Cor t icos te rons ,  k o m m t  d e n  en t sp re -  
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