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Zusammen[assung. In  d iesem 0be r s i ch t s r e f e r a t  wet-  

den die Stoffwechsels tudien mi t  dem Schlafmi t te l  

D o r i d e n ®  (~-Phenyl-~- / i thyl -g lu tar imid)  geschi ldert ,  

wobei al le b isher  erziel ten,  teilweise noch n ich t  ver-  

6ffent l ichten Resu l t a t e  zusammengefass t  sind. Die 

Untersuchungen  wurden  an R a t t e n  und  H u n d e n  mi t  

Hitfe yon x~C-markierter Subs t anz  durchgef t ihr t ,  
speziell im Hinb l i ck  auf  die Abk l~ rung  der  Resorp t ion ,  

Verteilung, Aussche idung  und  S t r u k t u r  de r  Metabo-  
liten des Wirks tof fes .  Es  wurde  gefunden,  dass  Dor iden  

nach der  Reso rp t ion  in kurze r  Zei t  p r ak t i s ch  quan t i -  
t a t iv  in F o r m  von Metabol i t en  im H a m  ausgeschieden 
wird. Diese bes tehen  zu m e h r  als 90% aus Glucuro-  
niden, welche un tox isch  sind und  keine  seda t ive  Wi r -  
kung mehr  besi tzen,  Aus  der  S t ruk tu raufk l / i rung  der  
isolierten S tof fwechse lprodukte  ging hervor ,  dass 
Doriden nach  zwei verschiedenen b iochemischen Me- 

chanismen metabo l i s i e r t  wird,  und es konn te  gezeigt  
werden,  dass dies auf  den verschiedenen Stoffwechsel  
der  beiden An t ipoden  von , t -Phenyl -~-~ thy l -g lu ta r -  
imid  zurfickzuft ihren ist. Versuche mi t  Gallenfis tel-  
r a t t en  liessen erkennen,  dass  70% der  Glueuronide  fiber 
die Galle und  30% d i rek t  rena l  ausgeschieden werden.  
Bei e iner  solchen Ver suchsanordnung  konn te  eine bio-  
logische Ha lbwer t sze i t  von Dor iden  von 6,5 h be-  
s t i m m t  werden.  Ver te i lungss tud ien  mi t  14C-markiertem 
Dor iden  und  mi t  mark i e r t en  Glucuron iden  nach  ora ler  
u n d  pa ren te ra l e r  Gabe  liessen e rkennen ,  dass  s ich 
Dor iden  ~hnlich wie die u l t r a k u r z w i r k s a m e n  B a r b i t u -  
ra te  verh~ilt, indem es eine ausgesprochene  Aff in i t~ t  zu 
l ipo idem Gewebe aufweist .  Die  Glucuronide  dagegen  
sind aus dem M a g e n - D a r m - T r a k t  b e d e u t e n d  schlechter  
resorbierbar ,  zelgen keine Affinit~.t zu l ipoiden Organen  
und  werden - e inmal  im Blut  ange lang t  - du t ch  die 
Niere rasch und vollst i tndig e l iminier t .  
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On the Structure of Ryanodol 

Ryanodine,  C~sHssOgN, a const i tuent  of Ryania spe- 
ciosa Vahl., represents a challenging s t ructura l  problem 
due to its heavy  oxygen subst i tut ion and the consequent 
complexity of its reactions. As reported earlier ~, i t  is an 
ester of pyrrol-=-carboxylic acid with ryanodol,  C~0H320 s. 

A mild acidic t rea tment  of ryanodol  converts i t  to an- 
hydroryAnodol, C=0H300~, which consumes 1 Mol of peri- 
odic acid to give oxoanhydroryanodol ,  C20H2sO72,3. In  a 
recent communicat ion '~, we have reported the alkaline 
cleavage of oxoanhydroryanodol  into several fragments of 
known structure which accounted for all the carbon 
atoms of this compound. 

We have now in principle solved the s tructure of an- 
hydroryanodol  and the mechanism by  which it yields the 
above mentioned fragments. Anhydroryanodol must be 
represented as a lactone o] one o/the three hydroxyacids I - I I I .  

The most impor tan t  clue for the skeletal type  of an- 
hydroryanodol was provided by  the t rea tment  of ryanodol  
with hydriodic acid and red phosphorus. This reaction 
gave a mixture  of products  from which the 7,-lactone IV, 
C2oH260 v m.p. 135-138 °, was isolated in a good yield 4. 

The clue to the  s tructure of IV came in turn  from the 
selenium dehydrogenat ion of an amorphous fraction ob- 
tained in the  same reaction. This dehydrogenat ion gave 
an aromatic  compound,  C~9H2~, m.p. 122-124 °, which is 
clearly a fluorene (UV) and which can be formulated as V 
on the basis of its NMR spectrum, and of its origin (NMR 
maxima:  singlet (6H) at  8.63 ppm, 2 benzylic methyls;  
4 singlets (3H each) at  7.40, 7 .60 ,  7 .68 ,  and 7.77 ppm, 
aromatic methyls ;  mul t ip le t  (4H) at  2.4-3.0 ppm, aro- 
matic hydrogens).  

The s t ructura l  studies performed on IV are too lengthy 
to describe in a short  communication. Suffice it to say 
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4 All  new compounds  repor ted  in this  communica t i on  gave  sat is-  
fac tory  analyses,  
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t h a t  t h e y  inc luded  t h e  conve r s ion  of I V  in to  t h e  two  un-  
s a t u r a t e d  i somers  V I  a n d  V I I  a n d  t h e  two  seco-derivatives 
V I I I  a n d  IX .  A p r e p a r a t i v e  K u h n - R o t h  o x i d a t i o n  of  IV  
gave  a m i x t u r e  of i s o b u t y r i e  a n d  ace t ic  acid a n d  t h e  N M R  
s p e c t r u m  of I V  is in  good a g r e e m e n t  w i t h  t h e  s t r u c t u r e  
ass igned  (see Tab le  I). T he  p l a c e m e n t  of t he  m e t h y l  a n d  
i sopropyl  g roups  in t h e  r ing  A of I V  follows f rom the  
p rope r t i e s  of c o m p o u n d  I X  a n d  f rom t h e  c o n n e c t i o n  of 
I V  w i t h  a n h y d r o r y a n o d o l  (vide in[ra). 

C ~ H  3 

CH 3 

H 3 C ~ H  3 

Table I. The NMR spectrum of the 7-1actone IV 

Position in ppm Number of Splitting Assignment 
(relative to M%Si) Hydrogens 

3.02 3 Singlet Aromatic H 
6.88 1 Doublet Benzylic H 
7.50 2 Singlet CH~-CO0- 
7.70 3 Singlet Aromatic CH 3 
7.90-8.60 5 Multiplet Aliphatie CH~ + CH 
8.60 3 Singlet Benzylic CH 3 
8.67, 9,01, 9.23 9 Doublets 3 C-CH s 

A f u r t h e r  c la r i f i ca t ion  of t he  s t r u c t u r a l  p r o b l e m  resu l ted  
f rom s tud ies  on  a n h y d r o r y a n o d o l  i tself . .  A p a r t i c u l a r l y  
s imple  d e r i v a t i v e  of t h i s  c o m p o u n d  is t h e  ortho-acetate 
d iace ta t e ,  C~6H3409, m.p.  227 °. I t  m a y  be  h y d r o l y s e d  w i t h  
a lka l i  to  a n  ortho-acetate m o n o a c e t a t e ,  C~4Ha20 s, m.p.  
272% w h i c h  oxidizes  w i t h  c h r o m i u m  t r iox ide  in py r id ine  
to  the  c o r r e s p o n d i n g  ke tone ,  C24H3008, m.p .  262 °. The  
u l t r a v i o l e t  (max.  237.5 m~x, log e 4.03) a n d  i n f r a r ed  (max.  
in  K B r  a t  1768, 1738, 1710, a n d  1 6 1 9 c m  1) s p e c t r a  of th i s  
l a s t  c o m p o u n d  c lea r ly  show t h e  p resence  of a y - l ac tone  
a n d  a c o m p l e t e l y  s u b s t i t u t e d  cyctopentenone r ing,  whi le  
i t s  N M R  s p e c t r u m  (see T a b l e  I I )  def ines  t he  s u b s t i t u t i o n  
of these  two rings.  

Table II. The NMR spectrum of the orthoacetate monoaeetate ketone 

Position in ppm Number Splitting Assignment 

4.28 1 Doublet CH-O-C-CH 3 
II 
O 

7.46 ~ Singlet CH2-COO 

7.83 3 Singlet JAeetyl 
7.94 3 Singlet ~CH3-C = C-C = O 

~/O- 
8.~6 ] 9 Singlet C H ~ - C - O -  

" O -  
8.2-8.5 Multiplet CH 2 + CH 

8.72 6 Doublet Isopropyl 

/ -C 
8.9 3 Singlet Ctt3-(;-C 

9.05 3 Doublet CH3-CH 
[ 

On t h e  basis  of f o r m u l a  I I I ,  t h i s  k e t o n e  m a y  be  repre-  
s e n t e d  as X or  X I  ( co r re spond ing  f o r m u l a t i o n s  b a s e d  on  I 
a n d  I I  a re  o m i t t e d  to economize  w i t h  space).  

T h e  m o s t  i m p o r t a n t  t e s t  of t he se  s t r u c t u r e s  is t he  f ac t  
t h a t  t h e y  al low a v e r y  s imple  i n t e r p r e t a t i o n  of t he  a lka l ine  
c l eavage  of o x o a n h y d r o r y a n o d o l  ~ ( f o r m u l a t ed  as a l ac tone  

X XI" 

of X I i  on  t he  bas i s  of I I I )  i n to  t h e  iden t i f i ed  f r a g m e n t s  
X I I I ,  X I V ,  XV,  a n d  X V I .  Th i s  i n t e r p r e t a t i o n  follows 
f rom the  c o r r e s p o n d i n g  fo rmu la  scheme  w h i c h  is self- 
e x p l a n a t o r y .  

/ 
COOH 

.2/Pt xlio ~ 

I H3 

H H 

XVI XIV XV XIII 

The  s t r u c t u r a l  c la r i f i ca t ion  of a n h y d r o r y a n o d o l  m a k e s  
i t  poss ible  to  f o r m u l a t e  t he  p r inc ip le  f ea tu res  of r y a n o d o l  
i tself  w h e n  t he  fol lowing a d d i t i o n a l  fac ts  are cons ide red :  
(1) E x t e n s i v e  p a r t l y  p u b l i s h e d  ev idence  s m a k e s  i t  c lea r  
t h a t  r ing  B of r y a n o d o l  is s i x - m e m b e r e d  a n d  s u b s t i t u t e d  
b y  a h e m i a c e t a l  c a r b o n ;  (2) p e r m a n g a n a t e - p e r i o d a t e  oxi-  
d a t i o n  of r y a n o d o l  y ie lds  acet ic ,  i sobu ty r i c  a n d  s - m e t h y l -  
g lu ta r i c  ac id ;  ( 3 ) r y a n o d o l  c o n t a i n s  six h y d r o x y l  g roups  
(D e x c h a n g e ) ;  (4) N M R  spec t r a  of va r ious  r y a n o d o l  de- 
r i va t i ve s  show t h e  p resence  of on ly  one  s e c o n d a r y  O- 
f u n c t i o n  in a d d i t i o n  to  t h e  h e m i a c e t a l  group.  All t h e  re- 
m a i n i n g  O- func t ions  m u s t  be  t e r t i a r y .  

R y a n o d o l  can  t h u s  be  r e p r e s e n t e d  b y  one  of t h e  genera l  
fo rmulae  X V I I ,  X V I I I ,  or  X I X .  I n  t he se  fo rmulae ,  one  
of t i le  g roups  X1, X2, a n d  X 3 is a h y d r o g e n  a t o m ,  whi le  
t he  r e m a i n i n g  two  are  o x y g e n  func t ions .  I n  add i t ion ,  t h e  
a l d e h y d e  g roup  is p r e s e n t  as a h e m i a c e t a l  a n d  the  second  
o x y g e n  r ing  is e i t h e r  a n  epoxide  (in place  of t he  two O*- 
a toms)  or  a l a rger  ox ide  in w h i c h  one  of t he  O * - a t o m s  is 
a t t a c h e d  a t  X 1, X 2, or  X~. 

F o r  c lar i ty ,  f o rmu lae  X X  a n d  X X I  are  g i v e n  as possible  
c o m p l e t e  express ions  for  ryanodo l .  Our present evidence 
does not, however, exclude alternative structures contained in 
the general [ormulation X V I I  --> X I X .  The  f o r m a t i o n  of 
a n h y d r o r y a n o d o l  f rom r y a n o d o l  t h u s  i nvo lves  t h r e e  m a i n  
processes,  a n  e the r -open ing ,  a n  aUylic r e a r r a n g e m e n t  in  
r ing  A a n d  a W a g n e r  r e a r r a n g e m e n t  in  r ing  B. 

I t  m i g h t  be  a rgued  t h a t ,  b iogene t i ea t ly  speaking ,  t h e  
ske l e ton  of s t r u c t u r e  X V I I I  is s i m p l y  a c o m b i n a t i o n  of 
t h e  nepe t a l i c  acid ske le ton  w i t h  a n o r m a l  m o n o t e r p e n e  
a n d  is t h u s  fo rmed  f rom two  m o n o t e r p e n o i d  uni t s .  Since 
in s t r u c t u r e s  X V I I  a n d  X I X  t h e  second u n i t  is n o t  m o n o -  
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sized by  a rou te  involv ing  a W o o d w a r d  fission of an  alkyl-  
a ted  p h e n y l a c e t a l d e h y d e  and  the  resemblance  of t he  p rod -  
uc t  to  a t e rpeno id  can be pure ly  coincidenta l .  Such a 
possible  b iosyn thes i s  is p o r t r a y e d  in t he  s t ruc tu re s  X X I t ,  
X X I I I ,  and  X X I V .  

I t  is clear t h a t  the  decis ion b e t w e e n  these  two  possi-  
bilit ies will have  to come f rom biochemica l  expe r imen t s .  
In  the  mean t ime ,  however ,  it  does no t  seem permiss ib le  to  
use t he  isoprene rule for s t r uc tu r a l  a r g u m e n t s  in ryanod ine  
c h e m i s t r y  ~. 

. 

%c "-----b-,.,"'~.x~ 

~::H3 ',H 
XIX XX]I 

1 ' / / X H ~  ,.. C2 H 

@ S , ~  --~ H L__I...OH 

XXIII XXIV 

H3C H O ~  
H 3 ~  OH 

H ~ H  

XX XXI 

terpenoid,  th is  a r g u m e n t  would make  X V I I I  apriori more  
likely. In  our  opinion th is  r eason ing  is n o t  permiss ib le  
since the  t e rpeno id  origin of the  nepe ta l ic  acid skele ton  is 
also uncer ta in .  

Recen t ly ,  THO~AS ~ pos tu l a t ed  t h a t  t he  co r r e spondence  
in s t ruc tu res  b e t w e e n  the  n o n t r y p t a m i n e  por t ion  of indote  
alkaloids and  the  var ious  subs t ances  possess ing the  nepe-  
talic acid ske le ton  m a y  be expla ined  b y  d i sca rd ing  the  
wel l -known theor ies  of indole  a lkaloid biogenesis  and  as- 
suming t h a t  the  n o n t r y p t a m i n e  po r t i on  of the  indole 
alkaloids is fo rmed by  cleavage of a m o n o t e r p e n e  wi th  the  
nepetal ic  acid skeleton.  

We should  like to  po in t  ou t  t h a t  the  publ i shed  d a t a  can 
be exp la ined  by  an a l t e rna t ive  t h e o r y  which  is a priori 
comple te ly  equ iva len t  to t he  T~IOMAS h y p o t h e s i s :  Com- 
pounds  w i t h  the  nepe ta l i c  acid ske le ton  can be b iosyn the -  

ZusammenJassung, A n h y d r o r y a n o d o l  bes i t z t  e ine den  
S t r u k t u r e n  I, II  oder  I I i  e n t s p r e c h e n d e  Lak ton fo rme l .  
Die S t r u k t u r  des Ryanodo l s  ist  in der  a l lgemeinen  F o r m u -  
l ierung X V I I - X I X  en tha l t en .  Das  P rob lem der  R y a n o d o l -  
b iogenese  wird kurz  d iskut ier t .  
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M a s s  S p e c t r o m e t r y  in S t r u c t u r a l  a n d  S t e r e o -  
c h e m i c a l  P r o b l e m s  t 

S p e g a z z i n i n e  a n d  S p e g a z z i n i d i n e  2 

A few years  ago, we r epo r t ed  3 the  isola t ion of (--)-que-  
b r achamine  4 and  of a new phenol ic  d ihydro indo le  alkaloid,  
spegazzinine, f rom A spidosperma chakensis Spegazzini .  
Wi th  the  a m o u n t  t h e n  a t  our  disposal ,  we were only  able to  
charac te r ize  t he  func t iona l  groups  and  to  d e m o n s t r a t e  the  
par t ia l  s t r uc tu r e  I ; no f i rm decision could be reached  bet-  
ween the  empir ica l  formulae  C~lH28N~O 3 and  C22H30N~O ~, 
a l though  the  fo rmer  was  pre fe r red  because  of a p re sumed  
re la t ionship  to  a sp idospe rmine  (II) s. W h e n  addi t iona l  
p lan t  ma te r i a l  became  available,  we resumed  this  invest i -  
gat ion,  b u t  found  t h a t  t h e  new ex t r ac t  con ta ined  only  
small  quan t i t i e s  of spegazzinine,  the  pr inc ipal  alkaloid 

being a new phenol ic  one, which  we have  n a m e d  spegaz-  
zinidine. Using mass  s p e c t r o m e t r y  and  nuclear  ma g n e t i c  
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