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The N-Acyl Group of Oxonitine 

Oxon i t i ne  is a n  o x i d a t i o n  p r o d u c t  of acon i t ine  in w h i c h  
t h e  a c o n i t i n e  N - a l k y l  h a s  b e e n  c o n v e r t e d  to  a n  N-acy l  
g roup .  O x o n i t i a e  was  f i r s t  f o r m u l a t e d  b y  JAcoBs  ~ as  
C~H4~O~N. Since  acon i t ine ,  w h i c h  car r ies  a N - e t h y l  
g roup ,  a n d  m e s a c o n i t i n e  w h i c h  is t h e  N - m e t h y l  a n a l o g  
of a c o n i t i n e  were  r e p o r t e d  2 to  y ie ld  t h e  s a m e  oxon i t ine ,  
i t  wou ld  s eem logical  to  conc lude  t h a t  o x o n i t i n e  is a n  
N - f o r m y l  de r iva t i ve .  Howeve r ,  JAcoBs ~ l a t e r  p r e s e n t e d  
e v i d e n c e  which ,  t a k e n  a t  face value ,  e s t ab l i s hed  r igor-  
ous ly  t h e  N-ace ty l  n a t u r e  of oxon i t ine .  JAcoBs c h a n g e d  
t h e  m o l e c u l a r  f o r m u l a  of o x o n i t i n e  to  C~H45012N a n d  
f o u n d  t h a t  hydro lys i s  y ie lded  a s e c o n d a r y  base. Th i s  
c o m p o u n d  was  c o n n e c t e d  a f t e r  r c a c e t y l a t i o n  w i t h  oxoni -  
f ine  w h i c h  h a s  n e v e r  los t  t h e  N-acy l  group.  J u s t  as  
conclusivel3/  as JAcoBs has  d e m o n s t r a t e d  t he  N - a c e t y l  
n a t u r e  of oxon i t ine ,  TURNER 4 ha s  l a t e r  p r o v e d  t h i s  
c o m p o u n d  to  be  a N - f o r m y l  de r iva t ive .  

Now, if all  of t h e  r igorous  ev idence  q u o t e d  is i ndeed  
correct ,  t h e  conc lus ion  is inescapable ,  t h a t  o x o n i t i n e  is 
a m i x t u r e  of t h e  N - f o r m y l  a n d  N - a c e t y l  de r iva t ives .  W e  
'have  r e c e n t l y  desc r ibed  t h e  t o t a l  s y n t h e s i s  of t he  race-  
m a t e  15. The  op t i ca l ly  ac t ive  fo rm of t h i s  c o m p o u n d  
m a y  be  o b t a i n e d  no t  on ly  b y  a s i m p l e  d e g r a d a t i o n  of 
d e l p h i n i n e  b u t  also of a con i t i ne  6, T h e  l a s t  s tep  of t h i s  
d e g r a d a t i o n  cons i s t s  in  t h e  hyd ro lys i s  of 2 to  1 in  t h e  
case  of d e l p h i n i n e  a n d  3 or  2 to  1 in  t h e  case of acon i t ine .  
T h e s e  s t eps  were  o r ig ina l ly  p e r f o r m e d  in 1958 (before 
N M R  a n d  T I C )  a n d  on ly  t h e  c rys t a l l i ne  I b u t  n o t  t h e  
a m o r p h o u s  2 a n d  3 were  ful ly  cha rac t e r i zed .  S ince  we 
h a d  t o  p r e p a r e  1 for  t h e  p u r p o s e  of c o m p a r i s o n  w i t h  
our  s y n t h e t i c  r a c e m a t e  we dec ided  to  p r e p a r e  th i s  
c o m p o u n d  n o t  on ly  f r o m  d e l p h i n i n e  b u t  also f r o m  aconi-  
t i ne  a n d  in t h i s  l a t t e r  case to  r e i n v e s t i g a t e  t h e  p r e c u r s o r  
2 a n d / o r  3. T h i s  shou ld  y ie ld  a c lean  c u t  decis ion a b o u t  
t h e  o x o n i t i n e  N-acy l  such  as t h e  d i r ec t  i n v e s t i g a t i o n  of 
t h e  h i g h l y  inso lub le  n o n v o l a t i l e  a n d  p o l y f u n c t i o n a l  oxoni -  
t i ne  c a n n o t  p rov ide .  
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The  N - a c y l  a r o m a t i z a t i o n  p r o d u c t  f r o m  oxon i t i ne  cor- 
r e s p o n d i n g  to  2 or  3 or a m i x t u r e  of these  c o m p o u n d s  
was  p r e p a r e d  as desc r ibed  p rev ious ly  ". T h e  m a t e r i a l  
r e m a i n e d  a m o r p h o u s  a n d  was  h o m o g e n e o u s  in  TLC.  
Never the l e s s ,  i t  showed  in  t he  m a s s - s p e c t r u m  m o l e c u l a r  
ions  c o r r e s p o n d i n g  to  b o t h  2 a n d  3 (415, 429) a n d  in  
t h e  N M R - s p e c t r u m  a s ing le t  a t  z = 1.97 p p m  corre-  
s p o n d i n g  to  t h e  f o r m y l  h y d r o g e n  of p u r e  2 ( o b t a i n e d  
e i t h e r  f r o m  d e l p h i n i n e  or  b y  t o t a l  syn thes i s )  a n d  a s ing le t  
a t  z = 7.9 p p m  c o r r e s p o n d i n g  to  t h e  N - a c e t y l  g roup  of 
pu re  3 (ob ta ined  b y  a e e t y l a t i o n  of 1). T h e  m a t e r i a l  
o b v i o u s l y  a m i x t u r e  of 2 a n d  3 was  re f luxed  w i t h  1 0 0  
conc.  hyd roch lo r i c  ac id  in m e t h a n o l .  T h e  bas ic  p r o d u c t  
of t h i s  h y d r o l y s i s  was  ful ly  cha rac t e r i zed  as  1 a n d  
iden t i f i ed  w i t h  a s a m p l e  p r e p a r e d  f rom de lph in ine  a n d  
b y  t o t a l  syn thes i s .  T h e  n e u t r a l  p r o d u c t  of t h e  hydro lys i s  
was  r igorous ly  iden t i f i ed  w i t h  t i le  a c e t y l a t i o n  p r o d u c t  
of I. Thus ,  i t  h a s  b e e n  r igorous ly  p r o v e d  t h a t  t h e  aro-  
m a t i z a t i o n  p r o d u c t  of oxon i t i ne  is a m i x t u r e  of 2 a n d  3 
a n d  c o n s e q u e n t l y  also ' o x o n i t i n e '  m u s t  be  a m i x t u r e  of 
t he  N - a c e t y l  a n d  N - f o r m y l  de r iva t ives .  Since acon i t ine  
is k n o w n  to  c o n t a i n  v a r y i n g  a m o u n t s  of m e s a c o n i t i n e  t h e  
e x p l a n a t i o n  of t he  n a t u r e  of t he  oxon i t i ne  N-acy l  m a y  
be  a t  l e a s t  in  p a r t  qu i t e  t r i v i a l  a n d  invo lve  t h e  o x i d a t i o n  
of t he  N - m e t h y l  a n d  N - e t h y l  respec t ive ly .  

Zusammen/assung. I )as  Oxon i t in ,  welches  d u r c h  O x y d a -  
t i o n  y o n  A c o n i t i n  m i t  K M n O  4 e n t s t e h t ,  i s t  e in  G e m i s c h  
des  N-Ace ty l -  u n d  N - F o r m y l - D e r i v a t s .  
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M a r m e s i n  o r  Nodakenetin in Ficus  carica L .  

T h e  Moraceae  is l i s ted  a m o n g  those  p l a n t  fami l ies  r i ch  
in c o u m a r i n  cons t i t uen t s .  I n  pa r t i cu l a r ,  psoralenX-a , 
b e r g a p t e n  ~b,3, c o u m a r i n  i tself  3 a n d  umbe l l i f e rone4  are  
r eco rded  in  Ficus spp. Recen t ly ,  DALL'ACQUt~ e t  al.5 h a v e  
r e p o r t e d  t he  occur rence  of 4 ' ,51-d ihydropsora len ,  um-  
be l l i fe rone  a n d  a n  u n i d e n t i f i e d  c o m p o u n d  w i t h  t h e  
c h a r a c t e r i s t i c  U V - s p e c t r u m  of a n  o x i g e n a t e d  c o u m a r i n  
in  l eaves  of Ficus carica. C h r o m a t o g r a p h i c  da t a ,  t h e  
f luorescence  u n d e r  U V - l i g h t  a n d  ti le U V - s p e c t r u m  of 
t h e i r  u n k n o w n  c o m p o u n d  m a t c h e d  v e r y  wel l  w i t h  those  
g iven  for  m a r m e s i n  in Ruta pinnata (Rutaceae)6  a n d  in 
Lycopersicon esculentum (So lanaceae)L  T he  fac t  t h a t  
m a r m e s i n  ha s  been  sugges ted  as a n a t u r a l  i n t e r m e d i a t e  

in  t h e  b i o s y n t h e s i s  of  l inea r  f u r o c o u m a r i n s  8 p r o m p t e d  
us to  a fu l l  c h a r a c t e r i z a t i o n  of t h i s  c o m p o u n d  in F. carica 
leaves.  

Materials and melhods. F r e s h  leaves  (700 g) of F. ca- 
rica L., co l lec ted  in  S e p t e m b e r ,  were h o m o g e n i z e d  w i t h  
m e t h a n o l  (3 1) a t  r o o m  t e m p e r a t u r e .  Af te r  3 h e x t r a c t i o n  
w i t h  c o n t i n u o u s  s t i r r ing ,  t h e  suspens ion  was  f i l tered.  
T h e  f i l t r a t e  was  c o n c e n t r a t e d  in v a c u o  to  r e m o v e  t h e  
so lvent ,  a n d  t he  res idue  was t a k e n  up  in 60% m e t h a n o l .  
Ch lo rophy l l s  a n d  o t h e r  fa t - so lub le  m a t e r i a l  were  r e m o v e d  
b y  e x t r a c t i o n  in to  hexane ,  acco rd ing  to STECK a n d  
BAILEY 9. T h e  re s idua l  aqueous  m e t h a n o l  so lu t ion  was  
c o n c e n t r a t e d  in vacuo ,  a n d  t h e  aqueous  res idue  was  sub-  
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Rf values (x 100) and UV data of marmesin from F. carica 
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Compound Solvents ~ma~ nm 

BuOH/H~O IAW 2% HOAc B A n  5% MC MeOH KOH 

Unknown 92 87 59 96 59 245, 330 245~ 331 
lVlarmesin 93 87 60 95 59 248, 335 248, 334 
Unknown + marmesin 92 87 59 96 54 - 

BuOH/H20 , butanol saturated with water; IAW, iso-propanol-ammonia-water (10: I :  1); BAW, butanol-acetic acid-water (4 : 1 : 5); 5% MC, 
methmml-ehloroform (5:95) TLC plates, 

j e c t ed  to  l iqu id - l iqu id  e x t r a c t i o n  w i t h  e t h e r  o v e r n i g h t  
to  r e m o v e  ' f ree '  c o m p o u n d s .  

T h e  e x t r a c t e d  aqueous  res idue  was  h y d r o l y z e d  a t  
100°C for 2 h a f t e r  be ing  m a d e  2 N  in HC1. T h e  h y d r o -  
lysa te  was  e x t r a c t e d  w i t h  e t h e r  as desc r ibed  a b o v e  to  
r e m o v e  ' b o u n d '  compounds .  T he  c o m p o n e n t s  of t h e  2 
e t h e r  e x t r a c t s  (before a n d  a f t e r  hydro lys i s )  were  separa-  
t e l y  f r a c t i o n a t e d  in to  ' n e u t r a l '  a n d  ' pheno l i c '  f r ac t ions  
b y  e x t r a c t i o n  w i t h  5% N a O H .  T h e  a lka l ine  aqueous  
p h a s e s  were  ac id i f ied  a n d  b a c k - e x t r a c t e d  w i t h  e ther .  
T h e  4 e t h e r  e x t r a c t s  t h u s  o b t a i n e d  were  c o n c e n t r a t e d  a n d  
c h r o m a t o g r a p h e d  on  W h a t m a n  3 m m  p a p e r  w i t h  2% 
ace t ic  acid (2% HOAc)  as descend ing  so lvent .  A d d i t i o n a l  
d a t a  for  i den t i f i c a t i on  were  o b t a i n e d  b y  U V - s p e c t r o s c o p y  
a n d  r e c h r o m a t o g r a p h y  of t h e  e lua tes  on  W h a t m a n  No. 1 
paper .  A u t h e n t i c  ( + )  m a r m e s i n  was  app l i ed  to  each  
c h r o m a t o g r a m  as a s t a n d a r d .  

Results and discussion. T he  c h r o m a t o g r a m s  were  ob-  
se rved  u n d e r  U V - l i g h t  ( 3 6 0 n m ) .  I n  t he  h y d r o l y s a t e  
' n e u t r a l '  f r a c t i on  o n l y  a b a n d  w i t h  p u r p l e  f luorescence  
a t  R f  0 .56-0.73 was  obse rved .  Th i s  was  e lua t ed  w i t h  
m e t h a n o l  a n d  t h e  U V - s p e c t r a  of t h e  e lua t e  showed  t h e  
c h a r a c t e r i s t i c  m a x i m a  of m a r m e s i n  n o t  on ly  in m e t h a n o l  
b u t  also in  t he  p resence  of d i agnos t i c  r eagen t s  (Table) .  
C h a r a c t e r i z a t i o n  of t h e  c o m p o u n d  was  ca r r ied  o u t  b y  
c h r o m a t o g r a p h y  in seve ra l  so lven t s  (Table) .  T h e  a m o u n t s  
a v a i l a b l e  (0.6 nag) were  insuf f i c ien t  to  p e r m i t  a n  e s t ima-  
t i o n  of i t s  op t i ca l  a c t i v i t y  a n d  t h u s  i t s  comple t e  iden t i f i ca -  
t i on  w i t h  e i t h e r  ( + )  m a r m e s i n  or  ( - - )  n o d a k e n e t i n .  

T h e  co-occur rence  of psora len ,  b e r g a p t e n  a n d  a n  
, ¢ -hyd roxy- i sop rop i ld ihyd ro fu rocoumar in  in  F. carica 
l ends  f u r t h e r  s u p p o r t  to  t h e  h y p o t h e s i s  of t h e  l a t t e r  
s y s t e m  as a n a t u r a l  p r ecu r so r  in  t h e  b i o s y n t h e s i s  of 

l inea r  f u r o c o u m a r i n s  8. The  presence  of m a r m e s i n  or  
n o d a k e n e t i n  in  t h e  acid h y d r o l y s a t e  i nd i ca t e s  i ts  occur-  
r ence  in F. cariea poss ib ly  as a glycoside,  p e r h a p s  as t h e  
fl-D-glucoside, m a r m e s i n i n  1°. 

Resumen. M a r m e s i n a ,  o su i s6mero  6p t ico  n o d a k e n e -  
t ina ,  rue i den t i f i c ada  en  ho jas  de h igue ra  (F. cariea) y 
su p re senc ia  en  u n a  p l a n t a  r ica  en  pso ra l eno  y b e r g a p t e n o  
favorece  la  h ip6 tes i s  de  que  t a l  d i h i d r o f u r o c u m a r i n a  
ac t f la  como  p recurso r  n a t u r a l  en  la b iosfntes is  de furo-  
c u m a r i n a s  l ineales.  
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Z u r  Synthese des Batrachotoxinins:  Synthese  von 3f l -Acetoxy-16f l ,  20f l -d ihydroxy-4 ' -methyl -18-  
nor-Sfl ,  14f l -pregnano [13,14-f] hexahydro-  I', 4 ' -oxazepin-3' -on(20 a) 

Die  %Virkstoffe des  k o l u m b i a n i s c h e n  Pfei lgif tes ,  die 
B a t r a c h o t o x i n e  u n d  das  H y d r o l y s e p r o d u k t  B a t r a c h o t o -  
x i n i n  A (1) w u r d e n  y o n  XVITKOP e t  al. aus  de r  H a u t  des 
F rosches  Phyllobates aurotaenia is01iert x u n d  de ren  Kons t i -  
t u t i o n  d u r c h  R 6 n t g e n s t r u k t u r a n a l y s e ~  u n d  P a r t i a l s y n -  
these  3 aufgekt~r t .  

OH3 

H{} H 1 

~ b e r  die S y n t h e s e  e iner  V e r b i n d u n g  m i t  w e s e n t l i c h e n  
S t r u k t u r m e r k m a l e n  yon  1, j edoch  m i t  f eh Ienden  A 7- u n d  
A16-Doppe lb indungen  u n d  m i t  der  17 - I sose i t enke t t e  wur -  
de  ki i rz l ich v o n  WEHRLI e t  al. 4 be r i ch te t .  

I n  d ieser  P u b ] i k a t i o n  soll eine S y n t h e s e  b e s c h r i e b e n  
werden,  bei  de r  die B i l d u n g  des H o m o m o r p h o l i n r i n g e s  in  
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