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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.  

J .  M]~NDEZ 

Department o/ Plant Biochemistry, C.S.I.C., 
Santiago de Compostela (Spain), 28 December 1970. 

1 W. KARRER, Konstitution und V o r k o m m e n  der organischen Pllan- 
zenslol/e (Birkh~iuser-Verlag, Basel 1958), p. 550 and 551. 

s T. KARIYOnE, Annual Index o] the Reports on Plant Chemistry 
a) 1957, 1958, 1960; b) 1962 (Hirokawa Publishing Co., Tokyo). 

s E. C. BATE-SMITH, J. Linn. Soc. 58, 95 (1962). 
A. VAzQuEz, J. Mf~NDEZ, M. D. V. GESTO, E. SEOANE and E. VXEI- 
TEZ, Phytochemistry 7, 161 (1968). 
F. DALL'ACQUA, S. MARCIANI and G. CHIARELOTTO, Atti Ist. 
veneto Sei. 126, 103 (1968). 

* R. EST£VEz-R~YES and A. GONZALEz-GoNz~.LEZ, An. R. Soc. 
esp. Fis. Quire. 6dB, 641 (1968). 

7 j .  Mf~ND~Z and S. A. BROWt*, unpublished data. 
8 S. A. ~ROWN, M. EL-DAKHAKltNY and W. STECK, Can. J.  Bio- 

chem. 48, 863 (1970). 
9 W. S~ECK and B. K. BAILEY, Can. J. Chem. 47, 2425 (1969). 
lo We thank Dr. D. J. AUSTIN, Swedish Tobacco Company, Stock- 

holm, for his criticism and revision of the manuscript. 

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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Gegenwart yon Strukturelementen erfolgt, die spgter einen 
Aufbau des AZe-20~Hydroxysystems erm6glichen. 

Als Ausgangsmaterial daffir diente das 3fl-Acetoxy- 
16a, 17-epoxy-5fl-pregnan-20-on (7.)5, dessen Reduktlon 
mit  NaBH 4 zu den  diastereomeren Alkoholen 3 ~, ~ fiihrte, 
die mit  Bleitetraacetat und Jod B zu den Halbacetalaceta- 
ten 4 umgesetzt wurden. Nach partieller Verseilung oxi- 

dierte man das entstandene Lactol 5 mit DMSO/Pyridin. 
SO3-Komplex 9 zum Ketoaldehyd 6, Smp. 170-172 °. 

Die reduktive 0ffnung des Epoxids 6 mit  Chrom-II- 
acetat und nachfolgende selektive Reduktion der 20- 
Ketogruppe mit  LiAl(t-BuO)sH fiihrte zum 16~-Hydroxy- 
lactol 7. Der erste Reduktionsschritt  muss in Pyridin aus- 
gefiihrt werden, weil in ]~ssigsAure als Hauptprodukt  die 
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Ale -Verb indung  e n t s t e h t .  Aus  7 e rh ie l t  m a n  d u r c h  Oxi- 
d a t i o n  m i t  Chroms~ure  das  1 6 - K e t o l a c t o n  8, Smp.  
181.5-182.5 °, welches  d u r c h  B r o m i e r u n g  u n d  D e h y d r o -  
b r o m i e r u n g  in das  As4-16-Keton 9, Smp.  166.5-167 °, 
i ibergef i ihr t  wurde .  

Zu r  E i n f t i h r u n g  de r  14 f l -Hydroxygruppe  wurde  9 m i t  
L iAI( t -BuO)3H zu 10, Smp.  195-196 °, reduz ie r t ,  der  en t -  
s t a n d e n e  Al ly la lkohol  10 m i t  Peress igs~ure  z u m  14fl, 15fl- 
E p o x i d  11, Stop. 200.5-201 °, ox id i e r t  u n d  das  Epoxy lac -  
ton  11 m i t  LiA1H~ zum P e n t o l  12, Smp.  220-222 °, umge-  
setzt .  

N a c h  S c h u t z  der  b e i d e n  H y d r o x y g r u p p e n  an  C-14 und  
C-18 als Ace ton id  10 13, A c e t y l i e r u n g  zu 14 u n d  Ace ton id-  
s p a l t u n g  zu 15, Stop.  103-105 °, w u r d e  d u r c h  se lek t ive  
O x i d a t i o n  de r  p r im/ i r en  H y d r o x y g r u p p e  m i t  D M S O / P y -  
r id in .  SOs 9 das  L a c t o l  16, Smp.  94-98 °, e rha l t en .  Die U m -  
se tzung  yon  16 m i t  M e t h y l a m i n  in A e t h a n o l  bei  120 ° er- 
gab  das  N - M e t h y l a m i n o e p o x i d  17, das  m i t  P I G  2 in Eis-  
essig z u m  N - M e t h y l a m i n o t r i o l  18, h y d r i e r t  wurde .  N a c h  
N - A c y l i e r u n g  y o n  18 m i t  Ch lo race ty lch lo r id*  in T e t r a -  
h y d r o f u r a n  zu 19, Smp.  192-193 °, er folgte  die se lek t ive  
Cycl isa t ion  n m i t  K a l i u m - t - b u t y l a t  be i  - -20  ° z u m  3fl- 
Ace toxy-  16 fl, 20 f i - d ihyd roxy -4 ' -me thy l -  18-nor- 5 fl, 14 fl- 
pregnano~13,  1 4 - f ] h e x a h y d r o - l ' , 4 ' - o x a z e p i n - 3 ' - o n  (20a) ,  
N M R - S i g n a l e X 2 : 6 0 . 9 5  (s, 3H, C-19H), 1.35 ( d , J = 6 H z ,  
3H, C-21H), 2.03 (s, 3H, COCHs), 3.05 (s, 3H, N-CH3), 
3.42 u n d  4.51 ( d , d , J  = 1 4 H z ,  2H, C- lSH) ,  4.13(m, W l / 2 =  
22Hz, 2 H , C - 1 6 H  u n d  C-20H), 4.39 (s, 2I-I, COCH~), 5.04 
( m , W  1 / 2 = 7 H z ,  IH ,  C-3H);  MS:  role 463 [M], 445, 433, 
432, 360, 332, 300, 270, 102, 73, 44, 43. 

D u r c h  Ace ty l i e ren  yon  2 0 a  in P y r i d i n  m i t  A ce t an -  
h y d r i d  bei  100 ° erhl i l t  m a n  die V e r b i n d u n g  2 0 b ,  Smp.  
228-229 ° , N M R - S i g n a l e l * :  60 .96  (s, 3H,C-19H) ,  1.22 
(d ,J=6Hz,  3H,C-21H), 2.02, 2.04 u n d  2.06 (s,s,s, 9H, 
3×COCH8) ,  2.59 u n d  4.77 (d ,d ,J=14Hz,  2H, C-18H), 
2.95 (s, 3H, N-CH.~), 4.28 (s, 2H, COCH~), 5.08 ( m , W  
1/2 = 15Hz, 3H,C-3H,  C-16H u n d C - 2 0 H )  ; MS:  m/e547 [M], 
517, 516, 488, 487, 458, 457, 428, 427, 360, 332, 327, 300, 
267, 266, 102, 101, 73, 44, 43. 

Die  Cycl i s ie rnng zur  H y d r o x y g r u p p e  a n  C-14 u n t e r  
A u s b i l d u n g  des H o m o m o r p h o l i n o n d e r i v a t e s  20  a e rg ib t  
sich aus  de r  A c e t y l i e r b a r k e i t  de r  16/3- und  20f l -Hydroxy-  

g r u p p e n  ( p a r a m a g n e t i s c h e  V e r s c h i e b u n g  de r  P r o t o n e n  a n  
C-16 u n d  C-20 im N M R  u m  e twa  1 ppm)  zu d e m  T r i a c e t a t  
2 0 b  u n d  d e n  c h a r a k t e r i s t i s c h e n  F r a g m e n t i e r u n g e n  in den  
M a s s e n s p e k t r e n  yon  20 a u n d  20  b 1~ 

Summary. T h e  s y n t h e s i s  of 3fl-acetoxy-16fl, 2Ofl-dihy- 
droxy-4 ' -me thy l -18-nor -5 f l ,  14 f l -p regnano[13 ,14- i ]hexahy-  
d r o - l ' ,  4 ' - oxazep in -3 ' - one  (20a)  is descr ibed.  
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D i h y d r o p y r r o l i z i n e  D e r i v a t i v e s  in the  ' H a i r - P e n c i l '  S e c r e t i o n s  of D a n a i d  But ter f l i e s  

Male bu t t e r f l i e s  of t h e  f a m i l y  N y m p h a l i d a e ,  s u b f a m i l y  
D a n a i n a e ,  possess  a pa i r  of e x t r u s i b l e  ha i r -penc i l s  w h i c h  
are  used  to  d i s s e m i n a t e  p h e r o m o n a l  s u b s t a n c e s  d u r i n g  
c o u r t s h i p  l, *. One s u b s t a n c e  f o u n d  in  t he  ha i r -penc i l  
sec re t ions  of t h e  species Lycorea ceres ceres, Danaus gilip- 
pus berenice a n d  D. gilippus strigosus a n d  s h o w n  to  be  
essen t ia l  for  t he  m a t i n g  process  in  D. gilippus berenice a, a 
is t h e  d i h y d r o p y r r o l i z i n e  d e r i v a t i v e  (I)4, s. W e  h a v e  exa-  
m i n e d  t h e  ha i r -penc i l  sec re t ions  of 6 species of D a n a i n a e  
found  in n o r t h e r n  Aus t ra l i a .  T h e  ha i r -penc i l s  were 
r e m o v e d  f rom l ive  ma le  bu t t e r f l i e s  a n d  e x t r a c t e d  w i t h  
m e t h y l e n e  chlor ide .  4 species c o n t a i n e d  d i h y d r o p y r r o -  
l iz ines  [Tab le  (I)], t h e  c o m p o u n d s  iden t i f i ed  be ing  t he  
k e t o n e  (I) a n d  t he  r e l a t ed  a l d e h y d e s  (II) a n d  (III), 

T h e  d i h y d r o p y r r o l i z i n e s  (I) to  (III) are  s t r u c t u r a l l y  
s imi la r  to  t h e  aminoa l coho l s  of t h e  h e p a t o t o x i c  pyr ro -  
i iz id ine  a lka lo ids  6 a n d  even  m o r e  closely s imi la r  to  t he  
d i b y d r o p y r r o l i z i n e  d e r i v a t i v e s  such  as (IV) wh ich  are  
p r o d u c e d  m e t a b o l i c a l l y  in  r a t s  t r e a t e d  w i t h  t he se  a lka-  
lo idsL W e  h a v e  p rev ious ly  p r e p a r e d  t h e  c o m p o n e n t s  (I) 
to  ( I I I ) ,  a n d  t h e  r e l a t ed  a lcohols  (IV) to  (VII) ,  in  con- 

nec t ion  w i t h  s tud ies  on  t h e  l iver  m e t a b o l i t e s  of t he  
a lka lo ids  s. 

T h i n - l a y e r  (TLC) a n d  gas- l iquid  c h r o m a t o g r a p h y  of 
t h e  colourless,  s emi -c rys t a l l ine  e x t r a c t  (15rag)  f r o m  
Danaus hamatus hamatus (Macl.) (165 males)  showed  t h e  
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