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T h e  A c i d  C a t a l y z e d  R e a r r a n g e m e n t  

o f  A m b r e i n o l i d e  * 1 

A m b e r g r i s ,  a n  e x c r e t i o n  p r o d u c t  of th.e s p e r m  w h a l e  
a n d  of c o n s i d e r a b l e  i m p o r t a n c e  to  p e r f u m e r y ,  h a s  b e e n  
t he  s u b j e c t  of s e v e r a l  c h e m i c a l  i n v e s t i g a t i o n s  d u r i n g  
t he  l a s t  decade .  T h e  s t r u c t u r e  of a m b r e i n  (I), a cons t i -  
t u e n t  of t h e  n o n - v o l a t i l e  f r a c t i o n  of a m b e r g r i s ,  h a s  b e e n  
e l u c i d a t e d  b y  RUZlCKA a n d  JEG~R a n d  t h e i r  c o l l a b o r a -  
t o r s  in  Z u r i c h  a n d  b y  LEDERER a n d  h i s  schoo l  in  Pa r i sK 
A c h e m i c a l  a n a l y s i s  of t h e  vo l a t i l e  f r a c t i o n  of a m b e r g r i s ,  
w h i c h  is m a i n l y  r e s p o n s i b l e  for  t h e  o d o r  of t h e  p r o d u c t ,  
h a s  led to  t h e  i so l a t i on  of d i h y d r o - y - i o n o n e  ( I I I ) ,  a ke-  
tone ,  C~3I-L,00, of u n k n o w n  c o n s t i t u t i o n  a n d  a h y d r o x y  
a l d e h y d e  (II) ,  C~H30023. N o t i n g  t h a t  a l l  of t h e s e  n a t u r a l l y  
o c c n r i n g  s u b s t a n c e s  a re  p r o d u c t s  of o x i d a t i v e  d e g r a d a -  
t i o n  of a m b r e i n  (I), LEI)ERER h a s  m a d e  e f fo r t s  t o  d e v e l o p  
p r o c e d u r e s  for  c o n v e r t i n g  t h e  odor less  a m b r e i n  to  p ro -  
d u c t s  w i t h  a m b e r g r i s  odor .  One  of t h e  p r o d u c t s  i so l a t ed  
b y  L:EDERER et al.  4 f rom t h e  ac id  c a t a l y z e d  i s o m e r i z a t i o n  
of a m b r e i n o l i d e  (IV), a k e y  d e g r a d a t i o n  p r o d u c t  of  
a m b r e i n ,  is a t r i cyc l i c  k e t o n e  CtTH260, 

}, EtOH 252 mff (log e 4 .1)  
max 

w h i c h  h a s  a n  o d o r  r e m i n i s c e n t  of a m b e r g r i s .  A p r e v i o u s  
a t t e m p t  t o  e l u c i d a t e  t h e  s t r u c t u r e  of t h i s  k e t o n e  a p p e a r s  
to  h a v e  b e e n  u n s u c c e s s f u l  ~ (see F o r m u l a e  I - - X I ) .  

W e  n o w  wi sh  to  r e p o r t  w o r k  wh ich  e s t a b l i s h e s  t h e  
s t r u c t u r e  of t h e  t r i cyc l i c  k e t o n e  C~THz~O as I X .  T h e  
u l t r a v i o l e t  s p e c t r u m  of t h i s  c o m p o u n d  i n d i c a t e s  t h e  
p r e s e n c e  of a t e t r a s u b s t i t u t e d  s - t r ans -e ,  f l - u n s a t u r a t e d  
c a r b o n y l  s y s t e m ,  a n d  t h e  i n f r a r e d  s p e c t r u m  ( a b s o r p t i o n  
b a n d s  a t  6.05 a n d  6-17 if) p o i n t s  t o  a c y c l o h e x e n o n e  
r a t h e r  t h a n  a c y c l o p e n t e n o n e  s t r u c t u r e .  The f o r m a t i o n  
of s u c h  a k e t o n e  f r o m  I V  c a n  b e  s a t i s f a c t o r i l y  e x p l a i n e d  
if i t  is a s s u m e d  t h a t  a "Wagner -Meerwe in  r e a r r a n g e m e n t  
is i n v o l v e d  in  t h e  ac id  c a t a l y z e d  r eac t i on .  S u c h  a r ea r -  
r a n g e m e n t  h a s  b e e n  o b s e r v e d  p r e v i o u s l y  in  t h e  c losely  
r e l a t e d  c o n v e r s i o n  of d i h y d r o a b i e t i c  ac id  to  " h y d r o x y -  
t e t r a h y d r o a b i e t i c  ac id  ' '5, a n d  t h e  f o r m a t i o n  of t h e  
t r i cyc l ic  k e t o n e  c a n  t h e n  eas i ly  be  v i s u a l i z e d  as pro-  
ceed ing  t h r o u g h  t h e  s e q u e n c e  I V +  V I I I + I X .  

I n s p e c t i o n  of s t r u c t u r e  I X  s h o w s  i t s  c lose s i m i l a r i t y  
to  t h e  h y d r o c a r b o n  (XI) ,  C~vH~0, w h i c h  h a s  b e e n  ob -  
t a i n e d  b y  d e h y d r o g e n a t i o n  of  t h e  d i t e r p e n e s  a g a t h i c  
ac id  ~ a n d  ca t i v i c  ac idL T h e  s t r u c t u r e  X I  h a s  r e c e n t l y  
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b e e n  e s t a b l i s h e d  b y  s y n t h e s i s K  I n  o rde r  t o  p r o v e  t h e  
p r o p o s e d  s t r u c t u r e  I X  we h a v e  c a r r i e d  o u t  t h e  fo l lowing 
c o n v e r s i o n s :  A s o l u t i o n  of a m b r e i n o t i d e  (IV) (2 g) in  
20 m l  of d i o x a n e  c o n t a i n i n g  30 m l  of 8 0 %  H2SO 4 was 
h e a t e d  a t  60 ° for  1.5 h in  a n  a t m o s p h e r e  of n i t rogen ,  
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w h e r e b y  t h e  t r i cyc l ic  k e t o n e  was i so l a t ed  in  3 2 %  yield. 
(Ana lys i s  c a l c u l a t e d  for  CjTH.~60: C 82-87; H 10.64. 
F o u n d :  C 83.37;  H 10-62; ~m~x 251.6 mff, log e 4.07; 
6.05 a n d  6,17 l*.) T h e  c o m p o u n d  was  c h a r a c t e r i z e d  by  
a 2 , 4 - d i n i t r o p h e n y l h y d r a z o n e  (m.p.  196 .5 -198  °, dec. 
t i t . 4 : 1 9 6 - 2 0 0  °) a p h e n y l s e m i c a r b a z o n e  (m.p.  218.2 to 
219.6 °, l i t .a :  2 t 5 - 2 1 9 ° ) ,  a n d  a s e m i c a r b a z o n e  (m.p. 
2 0 7 . 1 - 2 0 8 . 6  °, l i tA :  1 2 3 - 1 2 5 ° ; A n a l y s i s  c M c u l a t e d  for 
C18I-I~9ONs: C 71.24;  H 9,63. F o u n d :  C 71-33; H 9.64). 
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The ke tone  I X  (1.3 g) was  a l lowed to  reac t  w i th  ex-  
cess m e t h y l m a g n e s i u m i o d i d e  to  g ive  t h e  corresponding  
alcohol (X) (1.2 g). D e h y d r o g e n a t i o n  of X (820 rag) by  
heat ing wi th  se len ium (1-2 g) a t  310 ° for 19 h yie lded 
205 mg of X I .  (~ m a x . / c y c l o h e x a n e  233,283,294,  328 mr,, 
log e 4.51, 3.57, 3.49, 3.05. P icra te ,  red needles m.p. 
135-136 ° , l i t . s :  135.5-136.0. Analys is  ca lcula ted  for 
C,3H2~OTN~: C 60.92; H 5.1I.  F o u n d :  C 60-89; H 5.18. 
A d m i x t u r e  wi th  an  a u t h e n t i c  sample  did no t  depress 
this value.  S t y p h n a t e  m.p.  152-6-153-6 °, l i t .s:  151.6 to 
152.4 ° . No  me l t i ng  po in t  depression on a d m i x t u r e  wi th  
an a u t h e n t i c  sample. )  
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Accord ing  to  KLYNE 9 the  s t e r eochemis t ry  of am-  
breinolide is r ep resen ted  by  fo rmula  X I I ,  f rom which, 
however,  an u n e q u i v o c a l  deduc t ion  of a comple te  stereo- 
chemical  f o rmu la  for t he  t r icycl ic  ke tone  I X  is not  
possible on the  basis  of t h e  ava i lab le  ev idence .  The  main  
unce r t a in ty  resides in t he  a s s i g n m e n t  of t he  conf igura t ion  
of the  m e t h y l  g roup  a t  C-8. T h e  spa t ia l  a r r a n g e m e n t  of 
this m e t h y l  g roup  in I X  m a y  be  e x p e c t e d  to  depend  on 
the m e c h a n i s m  of t h e  t r a n s f o r m a t i o n  V-->-VI, a priori VI 
could be fo rmed  e i the r  by  a 1, 2 -hydr ide  shi f t  or  by  way  
of the  i n t e r m e d i a t e  f o r m a t i o n  of  t h e  cor responding  

s, 9_unsaturate d c o m p o u n d .  
The conf igura t ion  of t h e  h y d r o g e n  a t  C-5 m a y  on the  

other  hand  be  a s sumed  to  h a v e  changed  f rom m to  fl in 
the course  of t he  reac t ion  sequence  I V + I X .  Conforma-  
t ional cons idera t ions  ind ica te  t h a t  X I V  should be ther-  
m o d y n a m i c a l l y  more  s tab le  t h a n  the  ep imer  X I I I ,  
regardless ot t he  conf igu ra t ion  of the  m e t h y l  group at  
C-8. The  cond i t ions  under  which  the  t r icycl ie  ke tone  is 
formed should  a l low the  f o r m a t i o n  of t he  more  s table 
epimer, t h e  ep imer i za t i on  a t  C-5 t a k i n g  place  e i ther  a t  
the bicycl ic  s t age  or  b y  acid  ca t a lyzed  i somer isa t ion  of 
X I I I  to  X I V .  
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Zusammen[ass ung 

Die S t r u k t u r  eines du rch  s~ureka ta ly t i sche  Isomerisa-  
tion von Ambre ino l i d  en t s t ehenden  t r icyc l i schen t{etons 
C17H2,O wurde  aufgekl i i r t .  
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l~ber die Konstitution der Visnagane und 
Khellactone aus Ammi visnaga L. 

Vor ki i rzerer  Zei t  is t  es SMITH, HOSAN~KY und  BY- 
WATER 1 gelungen,  das zuers t  yon  SAMAAN 2 beschr iebene ,  
amorphe  und koronard i l a to r i sch  w i r k s a m e  Visnagan  aus 
den Samen  yon A mini visnaga L. in eine Re ihe  yon  sehr  
Ehnlichen, kr is ta l l i s ier ten  V e r b i n d u n g e n  au fzu t r ennen .  
un te r  denen sich Visnadin  (C~tH~,O~), Samid in  (C~IH2,OT) 
und D ihyd rosamid in  (C21H240~) f inden.  Die  drei  Sub-  
s tanzen  stel len Dies te r  eines Glykols  dar,  in we l chem 
eine H y d r o x y l g r u p p e  s te ts  m i t  Essigsi iure,  die ande re  
mi t  ce-MethylbuttersEure,  Senecios~iure bzw. I sova le r i an -  
s~iure ve res t e r t  ist. Mit  a lkohol i scher  L a u g e  geben  die 
drei  Stoffe  neben  den e rvd ihnten  Fe t t s / i u ren  die  g le iche 
Verbindung,  in welcher  eine der  in den Vi snaganen  vor -  
k o m m e n d e n  A c y l o x y g r u p p e n  durch  eine aus  d e m  zu r  
Versei fung v e r w e n d e t e n  Alkohol  s t a m m e n d e n  A l k o x y -  
gruppe erse tz t  ist. Le tz t e re  V e r b i n d u n g e n  sind often-  
s icht l ich ident isch m i t  den sogenann ten  Alky lkhe l l ac -  
tonen  yon u n b e k a n n t e r  S t ruk tu r ,  die schon f r l iher  v o n  
SVXTH, GRUBER und MATZKE ~ bei der  B e h a n d h l n g  des 
rohen .~ therex t rak tes  yon A m m i  visnaga mi t  m e t h y l -  
bzw. / i thy la lkohol i scher  Lauge  e rha l ten  worden  sind. Die 
amer ikan ischen  Au to ren  haben  den Vi snaganen  und  
Alkylkhe l lac tonen  die F o r m e l n  I bzw. I I  zugeschr ieben.  

~o .. . . .  / ~ / \  Y x / %  

O-COCH a I OR'  1[ 

CHa 
I 
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Wir  mSchten  j e t z t  ffir diese Subs t anzen  e twas  mod i -  
fizierte Fo rme ln  vorschlagen.  Aus kr i s ta l l i s i e r tem 
Visnagangemisch  e n t s t a n d  m i t  K O H - D i o x a n  ein Ge-  
misch tier beiden a m  C-Atom 4' s t e reo i someren  Khe l -  
lac tone IA (Smp. 186 ° [-- 18°]) 4 und I B  (Stop. 174-175 ° 
[+  81°]), in welchem t A  s t a rk  i iberwiegt .  Beide  Stoffe  ga-  
ben kris tat l is ier te  Diaze ta te ,  mi t  Chroms~ure  Aze ton ,  
m i t  K a l i u m p e r m a n g a n a t  c~-Oxyisobutters '~ure u n d d u r c h  
s~ure-kata lys ier te  W a s s e r a b s p a l t u n g  das op t i sch  in- 
ak t ive  K e t o n  I I  (Smp. 156,6-157,5 °, A,,a~ des 2,4-Di- 
n i t ropheny lhydrazons  e twa  346 m p ;  Alkohol) .  Auch  I I  
l ieferte bei der  O x y d a t i o n  Aze ton  bzw. ~ -Oxy i sobu t t e r -  
s~ure. I I  wurde  fiber das D i ~ t h y l t h i o k e t a l  I l I  in das  be-  
kann te  Dihydrosese l in  5 (IV) umgewande l t .  O x y d a t i o n  
von IA mi t  Per jods~ure  bei p H  ,,o 4 f i ihr te  zum Dial-  
dehyd  V (Smp. 128-130°), dessen O x y d a t i o n  mi t  Pe r jod -  
s£ure bei  p H  ~ 7 den b e k a n n t e n  Umbel l i f e ron-8-a lde -  
hyd  6 (VI), Ameisensi iure  und  Aze ton  gab.  Mit  H y d r o x y l -  
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