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cycle o x y d o - r 6 d u c t e u r  e t  p h o s p h o r y l a n t  des  r6ac t ions  
2-3-4-5-6-1 (Figure  6) ou 2-3-5'-6'-4'-8 (F igure  8). 

Quoi  qu ' i l  e n  soi t  e t  p o u r  nous  rfisumer,  la n o u v e a u t 6  
essent ie l le  de  ces m6can i smes  h y p o t h 6 t i q u e s  r6side en  
l ' a d d i t i o n  1-4 d ' a c ide  p h o s p h o r i q u e  ~ la m6thy l~ne -  
qu inone  pos tu l6e  p a r  CH~IELEWSKA n suivie  d ' u n e  mi-  
g r a t i on  du  p h o s p h o r e  sur  l ' oxyg~ne  ph~nol ique .  Ce t te  
Ia~on de voir ,  qu i  t i e n t  6ga l emen t  c o m p t e  du  fai r  que  le 
m 6 t h y l e  en  2 zs e t  la  doub le  l ia ison de la c h a i n e  la t~ra le  
s e m b l e n t  essent ie l les  p o u r  la  p h o s p h o r y l a t i o n  a, p e r m e t  
d ' i n t e r p r 6 t e r  la  f o r m a t i o n  d ' u n  p h o s p h a t e  d ' h y d r o q u i n o n e  
-X p a r t i r  du  p h o s p h a t e  m i n 6 r a l  sans  i n c o r p o r a t i o n  darts  le 
n o y a u  q u i n o n i q u e  d ' oxyg~ne  v e n a n t  du  mil ieu z~. ~o. 

Summary .  Two poss ible  m e c h a n i s m s  for  o x i d a t i v e  
p h o s p h o r y l a t i o n  a re  suggested,  based  on  p a r t i c i p a t i o n  of 
qu inones  in t h e  process.  

B o t h  of t h e m  p o s t u l a t e  t h e  1-4 a d d i t i o n  of ino rgan ic  
p h o s p h a t e  o n  a r eac t i ve  q n i n o n e  i somer  ( the  q u i n o n e -  
m e t h i d e  II) w i t h o u t  e x c h a n g e  of the  q u i n o n e  o x y g e n  

a toms .  T h e y  also a c c o u n t  for t h e  Pt-z~OH~ e x c h a n g e  ob-  
s e rved  d u r i n g  o x i d a t i v e  p h o s p h o r y l a t i o n .  
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is La plastoquinone est dfpourvue de m6thyle el1 2. Si elle participe 
aux phosphorylations oxydatives, ce qu[ ne sembte pas encore 
prouv6 avee certitude, elle le fait par un m6canisme diff6rent de 
ceux envisag6s iei pour les mfthyl-~ quinones, ~t molds que le 
m6thyle en 6 puisse jouer Ie mfme r61e que ceiui qui manque ell $. 

S0 NOUS remercions les Collbgues qui ont bien voulu discuter de ee 
probl~me avee nous, qu'ils partagent ou non notre point de rue: 
E. RACKER, MLLE B. TCHOUBAR, Lord TODD et R. B. WOODWARD. 

=0 Darts deux ouvrages r~cents L. L. INGRAIIAM, Biochemical Mecha- 
nisms (John Wiley, 196~), p. 47 et E. M. KosowEe, Molecular 
Biochemistry (McGraw Hill, 1962), p. 21, les auteurs envisagent 
une est6rification directe par t 'anlon phosphate (dventuellement 
complex6 par Mg ++} de l'anion d'une hydroquinone ou d'une 
semi-quinone, done sans 6change de l'oxyg~ne quinonique. 

The  C o m p l e t e  Structure  and Relat ive and Ab-  
solute  Conf igurat ion  of A n h y d r o r y a n o d i n e  

I n  a r e c e n t  p r e l i m i n a r y  no t e  z, i t  h a s  b e e n  s h o w n  t h a t  
a n h y d r o r y a n o d o l  m u s t  be  r e p r e s e n t e d  b y  one  of t h e  
s t r u c t u r e s  I, I I ,  a n d  I I I  in  w h i c h  t he  c a r b o x y l  is l ac ton ized  
to a n  unspec i f ied  h y d r o x y l  group.  W e  now  wish to  e x t e n d  
t he  a r g u m e n t  a n d  p ropose  t h e  c o m p l e t e  s t r u c t u r e ,  con-  
f igura t ion ,  a n d  abso lu t e  c o n f i g u r a t i o n  IV  for a n h y d r o -  
ryanod ine ,  t he  d e h y d r a t i o n  p r o d u c t  of r y a n o d i n e ,  easi ly  
o b t a i n a b l e  e i t he r  on  s u b l i m a t i o n  or  ac id  t r e a t m e n t  of t h e  
l a t t e r  c o m p o u n d  2, A second poss ib i l i ty  w h i c h  is n o t  in  
accord  w i t h  p a r t  of o u r  ev idence  b u t  c a n n o t ,  a t  t h e  p r e s e n t  
t ime ,  b e  exc luded  r igorously,  is r e p r e s e n t e d  in V. 

T h e  loca t ion  of t h e  pyr ro le -~-ca rboxyl ic  acid res idue  in 
a n h y d r o r y a n o d i n e  was d e t e r m i n e d  as follows: A n h y d r o -  
r y a n o d i n e  was  a c e t y l a t e d  w i t h  ace t ic  a n h y d r i d e - p e r -  
chlor ic  acid a t  - -10°C.  This  r eac t i on  gave  a c rys ta l l ine  
p roduc t ,  C~lHs~Oz0 N (m.p. 259°C; I R  1735, 1675 cm-Z; 
UV, Zm~ = = 275 m ~  (e = 17 250), 224 m ~  (~ = 27 000), 
shou lde r  250m~z (e = 11600);  U V  {0 .01M alcohol ic  K O H ) ,  
, ~ , ~  ~ 310 m~x (e = 19200),  251 m ~  (,  = 18800)).  T he  
ana lys i s  i nd i ca t e s  t h a t  t h e  p r o d u c t  is a n  ortho-acetate di-  
ace t a t e .  The  u l t r av io l e t  s p e c t r u m  shows c lear ly  t h a t  one  
of t h e  ace ty l  g roups  has  en t e r ed  t he  pyr ro le  nucleus ,  
p r e s u m a b l y  in t h e  4 or  5 pos i t ion .  T he  s ame  c h r o m o p h o r e  
m a y  be  o b t a i n e d  if t he  iden t i ca l  a c e t y l a t i o n  p r o c e d u r e  is 
app l ied  to m e t h y l  py r ro le -=-ca rboxy la t e .  

Since t h i s  c h r o m o p h o r e  fo rms  a n  a n i o n  in a lka l ine  
so lu t ion  (as s h o w n  b y  t h e  UV-spec t r a ) ,  i t  was  dec ided  t o  
m e t h y l a t e  i t  w i t h  d i a z o m e t h a n e  in o rde r  to  c o n v e r t  i t  i n to  
a nond i s soc i a t ing  g r o u p ;  t h i s  shou ld  t h e n  be  a m e n a b l e  to  
a d i f fe ren t i a l  s apon i f i ca t ion  u n d e r  mi ld  cond i t ions .  Th i s  
e x p e c t a t i o n  was  indeed  fulf i l led;  t he  a lka l ine  hydro lys i s  
of t he  u n c h a r a c t e r i z e d  m e t h y l a t e d  p r o d u c t  y ie lded t he  
p rev ious ly  descr ibedZ a n h y d r o r y a n o d o l  ortho-acetate 
m o n o a c e t a t e  (VI I I ) ,  wh ich  has  been  s h o w n  ~ to  possess a 
free al lylic h y d r o x y l  in  r ing  A. I t  is now  clear  t h a t  th i s  
h y d r o x y l  m u s t  h a v e  b e e n  the  s i te  of a t t a c h m e n t  of t h e  
py r ro l e -e -ca rboxy l i c  ac id  res idue.  

F o r  t h e  f u r t h e r  d e v e l o p m e n t  of t h e  a n h y d r o r y a n o d i n e  
s t ruc tu re ,  t he  b i s - a n h y d r o  series is of i m p o r t a n c e .  Bis-  

a n h y d r o r y a n o d o t ,  C20H2sO ~, (VI) (m.p. 235°C; IR ,  1725, 
1637, 1618 cm-Z;  UV,  ~ma~ = 235.5 mt~ (loge = 4.17)) m a y  
be  o b t a i n e d  b y  t r e a t i n g  r y a n o d o l  a t  90 ° w i t h  20% sut-  
p h u r i c  acid.  I t  is also, in  a d d i t i o n  to  a n h y d r o r y a n o d i n e ,  
one  of t h e  chief  p r o d u c t s  i so la ted  f rom a h i g h  v a c u u m  
s u b l i m a t i o n  of ryanod ine .  

C o m p o u n d  VI  gave  f o r m a l d e h y d e  on  ozonolysis  a n d  
c o n s u m e d  one mole  of per iodic  acid.  H y d r o g e n a t i o n  gave  
t he  d i h y d r o d e r i v a t i v e  V I I  (C20H8000, m.p.  204°C; IR ,  
1725 cm-Z;  UV, end  abso rp t ion ) .  The  N.M.R.  spec t r a  of 
V I  a n d  V I I  a re  in  a g r e e m e n t  w i t h  t h e  p roposed  loca t ion  of 
t he  d o u b l e  bonds .  B o t h  c o m p o u n d s  V I  a n d  V I I  y ie ld  t h e  
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c o r r e s p o n d i n g  ortho-acetate m o n o a c e t a t e s  (C,~H~00 ~ ; m.p.  
207°C;  I R ,  1753, 1643, 1593 cm-Z; UV, ~maz = 232.5 mix 
( loge  = 4.2); C~aHa~O~; m.p .  210°C; I R ,  1761, 1731 cm-Z;  
UV,  end  absorp t ion) .  These  ortho-acetates are  n o w  as-  
s u m e d  to  be  unrea l - ranged d e r i v a t i v e s  of VI  a n d  V I I .  T h e  
h i g h e r  w a v e - n u m b e r s  of t h e  l ac tone  peaks  a re  p r e s u m a b l y  
caused  b y  a n  increased  s t r a i n  i n t r o d u c e d  b y  t h e  ortho- 
a c e t a t e  group.  

The  absence  of a n y  f u r t h e r  r e a r r a n g e m e n t  as well  as t h e  
loca t ion  of t he  d iene  s y s t e m  in  t h e  bis-anhydro series is 
m a d e  p r o b a b l e  b y  t h e  q u a n t i t a t i v e  conve r s ion  of a n h y d r o -  
r y a n o d o l  ortho-acetate m o n o a c e t a t e  ~, n o w  f o r m u l a t e d  as 
v i i i ,  i n to  bis-anhydroryanodol ortho-acetate m o n o a c e t a t e  
b y  t h iony l  ch lor ide  in  pyr id ine .  

The  a t t a c h m e n t  of t h e  l ac tone  h y d r o x y l  a t  a c a r b o n  
a d j a c e n t  to  t h e  r ing  C h y d r o x y l  was  p r o v e d  as follows. 
Dihydro-bis-anhydroryanodol ortho-acetate m o n o a c e t a t e  
was  r educed  b y  l i t h i u m  a l u m i n u m  h y d r i d e  to  t he  t r io l  I X ,  
C~H3~O ~, m.p .  191 °. T h i s  c o m p o u n d  took  u p  one  mole  of 
lead t e t r a a c e t a t e  a n d  y ie lded t h e  oi ly  a l d e h y d e  X,  fo rmed  
b y  a n  a ldol  c o n d e n s a t i o n  of t h e  i n t e r m e d i a t e  ke to-  
a ldehyde .  C o m p o u n d  X c lear ly  slaowed a n  a l d e h y d e  
s ingle t  in  t h e  N.M.R.  s p e c t r u m  a t  0.53 ppm.  Th i s  f ind ing  
ind ica tes  t h a t  t h e  fo rmer  l ac tone  h y d r o x y l ,  t h e  r ing  C 
h y d r o x y l  a n d  t h e  r ing  C m e t h y l  g roup  are  loca ted  on  
a d j a c e n t  ca rbons .  

I n  m a n y  N.M.R.  spec t r a  of va r i ous  r y a n o d i n e  de r iva -  
t ives,  t h e  h y d r o g e n  unsh i e lded  b y  t he  r ing  C h y d r o x y l  is 
f o u n d  as a s h a r p  d o u b l e t  w i t h  a s e p a r a t i o n  of 8.5-10.5 
cycles/sec.  Th i s  s p l i t t i n g  shows t h a t  t h e  i n t e r a c t i n g  
h y d r o g e n s  are  d i ax i a l  trans; consequen t ly ,  t h e  r ing  C 
h y d r o x y l  a n d  m e t h y l  m u s t  be  1, 2-trans d iequa to r i a l .  T h e  
loca t ion  of t he  m e t h y l  g roup  on  r ing  C is i n d i c a t e d  b y  t h e  
s t r u c t u r e  of t he  p rev ious ly  descr ibed  h e x a m e t h y l f l u o r e n e  x 
w h i c h  is now r e g a r d e d  to  be  X I .  Th i s  a s s i g n m e n t  is m a d e  
o n  t h e  bas is  of t h e  f ac t  t h a t  t h e  a r o m a t i c  h y d r o g e n  w h i c h  
is expec t ed  to  r e s o n a t e  a t  t h e  lowes t  field (H*) is a s ing le t  
a t  2.4 p p m .  

Since t h e  abso lu t e  c o n f i g u r a t i o n  of t he  r ing  C m e t h y l  is 
k n o w n  ~, t h e  en t i r e  abso lu t e  a n d  r e l a t i ve  con f igu ra t i on  of 
a n h y d r o r y a n o d i n e  follows a u t o m a t i c a l l y  f rom t h e  s t ruc-  
t u r e  a s s i g n m e n t  IV.  T h e  on ly  p o i n t  of u n c e r t a i n t y  is t he  
con f igu ra t i on  of t h e  acyl  g roup  in  r ing  A. I t  is a s s u m e d  to  
be  trans t o  t h e  free a-diol  g roup  to  exp la in  t h e  u p t a k e  of 
on ly  one  mole  of p e r i o d a t e  or  l ead  t e t r a a c e t a t e  b y  an-  
h y d r o r y a n o d o l  de r iva t ives .  

a c t i o n  a l low o n l y  t h o s e  s t r u c t u r e s  f rom the  p rev ious ly  
p u b l i s h e d  genera l  scheme  for r y a n o d i n e  x w h i c h  h a v e  
r ings  B a n d  C c o n s t i t u t e d  as in  F o r m u l a  a. However ,  
r y a n o d i n e  s t r u c t u r e s  possess ing  t he  a n h y d r o  ske l e ton  
(par t ia l  F o r m u l a  b) wh ich  h a v e  been  p rev ious ly  d i smissed  
on  t h e  bas is  of N.M.R.  evidence,  c a n n o t  be  ru led  o u t  r igor-  
ously.  T h e  same  appl ies  to  s t r u c t u r e s  w h i c h  c o n t a i n  a 
s e c o n d a r y  o x y g e n  f u n c t i o n  in r ing  A a n d  the re fo re  do no t  
r equ i re  a n  allylic r e a r r a n g e m e n t  d u r i n g  t h e  f o r m a t i o n  of 
a n h y d r o r y a n o d i n e .  N.M.I~. ev idence  ( the  n u m b e r  of h y d r o -  
gens  desh ie lded  b y  oxygen  a toms)  seems to ru le  t h e m  out ,  
b u t  t h e  i n t e r p r e t a t i o n  of N.M.R.  spec t r a  in  t h e  r y a n o d i n e  
series is too  d i f f icu l t  t o  be  cons idered  r igorous.  

(~H 3 

~ C H ~  

" " / .  "CHo O* ~ CH" 3 , 0 ~  H'OH 
/ a 

x CH~ 

C H 3 ~  

x~ OH 

C 

Consequen t ly ,  t he  f o r m a t i o n  of t he  a n h y d r o - c o m p o u n d s  
l imi t s  t h e  s t r u c t u r e  of r y a n o d i n e  to a c o m b i n a t i o n  of t he  
s y s t e m  c w i t h  e i t h e r  a or  b. I n  t he  pa r t i a l  s t r u c t u r e  c, one 
of X z, X, ,  a n d  X 3 is a h y d r o g e n  a t o m .  The  r e m a i n i n g  two  
s u b s t i t u e n t s  X t o g e t h e r  w i t h  t he  a s t e r i sked  oxygen  in 
s t r u c t u r e  a or  b a c c o u n t  for t he  a t t a c h m e n t  of py r ro l  c~- 
ca rboxy l i c  acid a n d  a n  e t h e r  r ing.  I n  th i s  scheme,  severa l  
e t h e r s  are  s te r iea l ly  implaus ib le ,  whi le  fo rmulae  w i t h  the  
p y r r o l  ~ - ca rboxy la t e  a t  X 2 do n o t  al low a r a t i o n a l  for-  
m u l a t i o n  of t h e  a n h y d r o  reac t ion .  Th i s  leaves  a t o t a l  of 11 
s t r u c t u r e s  for ryanod ine .  

The  i n v o l v e m e n t  of a n  allylic r e a r r a n g e m e n t  in  t h e  an-  
h y d r o  r eac t i on  as well  as t h e  size of r ing  t3 in  r y a n o d i n e  
are  u n d e r  ac t ive  s t u d y  4 
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Zusammen/assung. Ffir  A n h y d r o r y a n o d i n  wurde  S t r u k -  
t u r  I V  bewiesen.  
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The  comple te  s t r u c t u r e  of a n h y d r o r y a n o d i n e  imposes  
severe  l im i t a t i ons  on  the  s t r u c t u r e  of r y a n o d i n e  itself.  
Cons ide ra t ions  a b o u t  t h e  m e c h a n i s m  of t h e  a n h y d r o  re-  
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