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A D D E N D U M  

The Complete Structure of Ryanodine 

A short time ago 1, we rationalized the complex chem- 
istry of ryanodine in terms of the three structures I, I I  
and III .  
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We have now found tha t  ryanodol is distinctly acidic 
(pK = 11.8-12) and that  it yields, with aqueous alkali and 
dimethyl sulphate, an amorphous but chromatographi- 
cally homogeneous monomethyl  derivative (NMR singlet 
[3H] at 6.64 3). This compound is neutral  and yields an- 
hydroryanodol IV 2 on t rea tment  with aqueous acid. 
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Thus, it is clear that  an acidic hydroxyl of ryanodol was 
methylated and it is this same hydroxyl  which is lost in 
the rearrangement to IV 2. Consequently, we may elimi- 
nate structures I I  and I I I  and are left only with formula I 
which can rationalize all our hitherto known data includ- 
ing the new finding. 

Using formula I, it must be assumed tha t  the anhydro 
rearrangement which yields IV involves a hydride transfer 
from Cas to C~ which is made possible by the favourable 
and rigid stereochemistry of I. 

We have now, however, ascertained that  the anhydro 
rearrangement proceeds also in the monosecoryanodol 
series ~ which no longer has this rigid steric structure. 
Thus, monosecoryanodol (formulated on the basis of I as 
V) yields, on acid treatment,  secoanhydroryanodol VI, 
identical with the compound obtained by periodate 
cleavage of IV 3. While this finding does not exclude I as 
the structure of ryanodol, it somewhat weakens our confi- 
dence in this formulation. 

Thus, it becomes necessary to consider again a structure 
which explains a great part of the evidence in a remark- 
ably simple fashion and which is related to the rigorously 
known 2 structure of anhydroryanodol IV in a tr ivial  
manner. 

The simplest formulation of ryanodol on the basis of IV 
is VII ,  which represents the anhydro reaction as a simple 
dehydrat ion of a ter t iary hydroxyl. %Vhile ryanodol does 
not show a ]actone earbonyl, this grouping may be 
masked since the compound may exist as the tautomer 
V I I I  analogous to tetrodotoxine 4. Formula V I I I  seemed 
eliminated by the isoryanodol series 1 and thus was not 
discussed in our analysis of the ryanodol data 1. However, 
V I I I  readily explains both the acidity and methylation of 
ryanodol and the conversion of monosecoryanodol (formu- 
lated on the basis of V I I I  as I X  or its tantomer) into VI 
by acid. 

GH s CH s OH GH3 CH3II OH 

V \¢ 
GH3 

cHa ',H OH 
H G ~  GHs H 

H3G ~ 0  H 

)IsG" ~H 
H3G, 
~H3", H 0}~ 

H s c ~ G H 3  

N HaG "------%0 

The rigorously deduced structure X I I I  1 for the cleav- 
age product of ryanodol with 3 mols of periodate may be 
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o b t a i n e d  f rom V I I I  in  a more  s imple  m a n n e r  t h a n  f rom I.  
T h e  m e c h a n i s m  of f o r m a t i o n  of t h e  i n t e r m e d i a t e  X l I  is 
s e l f - e x p l a n a t o r y  a n d  t h e  c o n v e r s i o n  of X I I  to  X l I I  ha s  
b e e n  a l r e a d y  d iscussed  in de ta i l  in ou r  r ecen t  p a p e r  ~. 

Thus ,  we f ind t h a t  t he  r y a n o d o l  fo rmula  V I I I  exp la ins  
al l  r igorous ly  e s t ab l i shed  d e g r a d a t i o n  series ( anhydro ,  
monoseco ,  t r iseco) in a r e m a r k a b l y  s impler  m a n n e r  t h a n  
t h e  r y a n o d o l  f o r m u l a  I. I t  h a s  to  be  c o n s e q u e n t l y  con-  
s idered  t h a t  t he  series of i so ryanodo l  w h i c h  in i t s  p r e s e n t  
f o r m u l a t i o n  1 is c o m p l e t e l y  i n c o m p a t i b l e  w i t h  f o r m u l a  
V I I I  m a y  be  m i s l e a d i n g  a n d  inco r rec t ly  fo rmu la t ed .  

Also, t h e  c o m p l e x  N M R  d a t a  on  r y a n o d i n e  a n d  r y a n o -  
do l  w h i c h  f a v o u r  o x y g e n  s u b s t i t u t i o n  on  all  c a r b o n s  of 
r ing  A ( fo rmula  I) 1 h a v e  to  be  weighed  a g a i n s t  t he  s imp le r  
chemica l  p a t h w a y s  p r o v i d e d  b y  f o r m u l a  V I I I .  

Zusammen/assung. Die O r t h o e s t e r s t r u k t u r  V I I I  e rk l£ r t  
die B i l d u n g  der  V e r b i n d u n g e n  IV, V I  u n d  X I I I ,  d e r e n  
S t r u k t u r  e i nwandf r e i  ges icher t  ist,  au f  e ine  a u s s e r o r d e n t -  

l ick e in fache  A r t  u n d  k a n n  deswegen  als  e ine M6gl ichke i t  
fiir R y a n o d o l  n i c h t  ausgesch lossen  werden .  
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P R O  E X P E R I M E N T I  S 

Eine einfache Techn ik  fiir die A b s o r p t i o n  von  
14CO 2 und des sen  direkte  M e s s u n g  i m  Flf i ss ig-  

ke i t s -  Sz int i l lat ionszi ih ler  

Seit  E i n f i i h r u n g  de r  F l i i s s igke i t s -Sz in t i l l a t ionsz / ih lung  
w e r d e n  bei  S t o f f w e c h s e l u n t e r s u c h u n g e n  m i t  14C-markier- 
t e n  S u b s t a n z e n  nicht-w/ issr ige  CO~-Absorp t ionsgemische  
b e v o r z u g t  ~-4, welche  n a c h  d e m  Zusa t z  eines Sz in t i l l a to r s  
d i r e k t  im Sz in t i l l a t ionsz / ih le r  gemessen  w e r d e n  kSnnen .  
I n  S t o f f w e c h s e l a p p a r a t u r e n  fiir k le ine  Tiere  4,5, A p p a r a -  
t u r e n  fi ir  die Pe r fus ion  i so l ie r te r  Organe  6, sowie fiir i n k u -  
b a t i o n s v e r s u c h e  ~, b i e t e t  die d i r ek t e  V e r w e n d u n g  yon  
Messgl~tschen ffir den  Szint i l la t ionsz~ihler  ats CO~-Absorp-  
t ionsgef~sse  grosse Vor te i le .  

In  d iesem L a b o r a t o r i u m  h a t  s ick folgendes  V o r g e h e n  
bew~Lhrt (vgl. F igur ) :  Der  Deckel  (D) des Messgl~ischens 
ft ir  den  Sz in t i l l a t ionsz / ih le r  ( P a c k a r d  I n s t r u m e n t  Co., 
Inc.)  wi rd  m i t  2 s y m m e t r i s c h  a n g e o r d n e t e n  B o h r l 6 c h e r n  
y o n  4,0 bzw. 4,4 m m  Durchmesse r ,  i n  e inem A b s t a n d  y o n  
6 m m ,  ve r sehen .  I n  den  B o h r t 6 c h e r n  w e r d e n  2 P o l y a m i d -  
ansa t z s t i i cke  (A) fi ir  t n f u s i o n s n a d e t n  s befes t ig t~ ;  das  
kon i sche  E n d e  i s t  bei  d e m  e inen  n a c h  aussen  (4,4 m m -  
Lock) ,  bei  d e m  a n d e r n  n a c h  i n n e n  (4,0 r am-Lock)  ge- 
r i ch t e t .  A n  l e t z t e r e m  wird  eine 50 m m  Iange I n j e k t i o n s -  
n a d e l  No. 1 (N) angese tz t ,  die als E i n g a n g s r o h r  des Ab-  
sorptionsgefS~sses d ien t .  Anste l le  de r  K o r k d i c h t u n g  wi rd  
i m  Deckel  (D) eine e n t s p r e c h e n d  zweifach gebohr te ,  1,5 
m m  dicke  Scheibe  (S) aus  w e i c h e m  G u m m i  e ingekleb t .  I n  
da s  Messgl t tschen (M) w e r d e n  11 <ml eines CO, -Absorp-  
t i onsgemiscbes  (Tabel le  I)  p ipe t f i e r t .  

V e t  d e m  Schl iessen wi rd  de r  R a n d  des  Messgl~schens  
zu r  besse ren  Abc l i ch tung  m i t  Vase l ine  d / i nn  bes t r i chen .  
Das  d u r c h s t r 6 m e n d e  Gas  muss  m i t t e l s  e ine r  K/ ih l -  ode r  
Schwefels t turefal le  yon  ~VasserdampI  be f r e i t  werden .  Bei  
V e r w e n d u n g  yon  m e t h a n o l h a l t i g e n  A b s o r p t i o n s g e m i s c h e n  
k a n n  die Menge des a b d a m p f e n d e n  M e t h a n o l s  d u r e h  S~t- 
t i g u n g  des  G a s s t r o m e s  aus  e iner  u n m i t t e l b a r  vorgeseha l -  
t e t e n  Methano l fa l l e  in  der  G r S s s e n o r d n u n g  yon  1 - 2 %  

g e h a l t e n  werden .  E i n e  A b n a h m e  des  M e t h a n o l g e h a l t e s  
u m  wen ige r  Ms 5 %  h a t  k e i n e n  f e s t s t e l l ba r en  E in f iuss  au f  
die Z~h tausbeu te .  V e t  d e r  Messung  im Sz in t i l l a t ions -  
z/ihler wi rd  d e m  A b s o r p t i o n s g e m i s c h  eine Sz in t i l l a to r -  
16sung (Tabel le  I) zugese tz t  u n d  die P r o b e  wi rd  m i t  e i n e m  
Or ig ina ldecke l  verschlossen .  

N 

Sehematische Darstellung des Absorp- 
tionsgef~sses. A, Ansatzst~ick aus Poly- 
amid. S, Seheibe aus weiehem Gummi. 
D, Dcckcl. N, InjektionsnadeL M, Mess- 
gl~isehen ffir den Scintillationszahler. 
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