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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  ~. 
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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  

1 This paper represents part IlI. For preceding paper see B. 
GILBERT, J. FERREIRA, R. J. OVCELLEN, C. E. SWANHOLM, H. 
BUDZ~KmWZCZ, L. J. DUmtAM, and C. DIERASSI, Tetrahedron 
Letters, 1962, 59. 

= This paper represents Part VI in the La Plata series Estudios 
sobre Plantas; for paper V see T. NAKANO, C. DJERASSI, R. A. 
CORRAL, and O. O. ORAZI, J. org. Chem. 26, Ii84 (1961I. 
O. O. ORAZI, R. A. CORRAL, J. S. E. HOLKER, and C. DJERASSl, 
J. org. Chem. 21, 979 (1956); Anales Asoe. Quim. Argentina 44, 
177 (1956). 

4 K. BIEMANN and G. SPtTELLER, Tetrahedron Letters 196I, 599. 
5 j .  F. D. MZLLS and S. C. NYBURG, J. chem. Soc. 1960, 1458. See 

also G. F. SmTH and J. T. WROBEL, J. chem. Soe. 1960, 1463, and 
H. CosRov, P. R. BROOK, and Y. AmEL, Tetrahedron Letters 
No. 11, 4 (1959). 
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r e s o n a n c e  (NMR) spec t roscopy ,  i t  h a s  now been  poss ible  
to  ass ign  s t r u c t u r e s  to  t he se  two  a lkalo ids .  

Spegazz in id ine  ( I I I ) ,  m.p .  237-238 °, F~?~ + 186 ° (all 
r o t a t i o n s  in CHCla), iCHCl, 2.85, 6.13 (amide)  a n d  6.33 F, 

inax 
~EtOH 225, 260 mix (log e 4.30, 3 89) ~EtOH 246 m~t (3.78), 

max " rnin 
possesses  t h e  empi r i ca l  f o r m u l a  C21H2sN~O 4 (372) as d e m -  
o n s t r a t e d  b y  t h e  mass  s p e c t r o m e t r i c  mo lecu l a r  w e i g h t  
d e t e r m i n a t i o n  ( found :  372) a n d  t h e  e l e m e n t a r y  ana lys i s  
( found:  C, 67.50, H,  7.64; N, 7.61; O, 17.29; m e t h o x y l ,  
0.0). I t s  N M R  s p e c t r u m  ~ was v e r y  i n s t r u c t i v e ,  t h e  follow- 
ing a s s i g m e n t s  be ing  c o m p a t i b l e  w i t h  s t r u c t u r e  I I I ,  w h i c h  
is p roposed  be low for spegazz in id ine :  11.1 p .p .m.  (hydro-  
g e n - b o n d e d  C-17 phenol ) ,  b r o a d  p e a k  a t  5.83 p .p .m.  (C-16 
phenol ) ,  2.48 p .p .m.  (N-acetyl ) .  T he  two  orlho a r o m a t i c  
h y d r o g e n s  a n d  t h e  e t h y l  g roup  a t t a c h e d  to  C-5 -were 
found  in t h e  s ame  loca t ions  as for  py r i fo l i d ine :  ( an t ipode  
of I I  w i t h  a d d i t i o n a l  C-16 m e t h o x y  group) ,  whi le  t h e  C-2 
h y d r o g e n  e x h i b i t e d  a d o u b l e t  a t  4.03 p .p .m.  (J = 8 c.p.s.) 
- i n  c o n t r a s t  to  t he  q u a r t e t  n o t e d  in  t h a t  reg ion  in t h e  
spec t r a  7,s of a s p i d o s p e r m i n e  (II)  or pyr i fo l id ine .  I t  follows 
t h a t  t he  C-2 h y d r o g e n  ha s  on ly  one n e i g h b o u r i n g  p r o t o n  
a n d  th i s  is con f i rmed  in t he  N M R  s p e c t r u m  of t he  k e t o n e  
V, where  t he  C-2 h y d r o g e n  now  e x h i b i t s  a single,  s h a r p  
s ignal  a t  5.11 p .p .m.  

T r e a t m e n t  of spegazz in id ine  ( I I I )  w i t h  d i m e t h y l  su l fa te  
in  ace tone  so lu t ion  (in t he  p resence  of p o t a s s i u m  c a r b o n -  
a te)  p r o v i d e d  t he  d i m e t h y l  e t h e r  IV,  m.p .  167-169 °, 
ECt]D -- 156 °, l EtOH 222, 250 a n d  289 m F  (intl.), log ~ 4.48, 

max 
3.85, 3.27 (C2aHa2N204 (400); f o u n d :  mol .  weight ,  400 
(mass  spec.) ; C, 69.02; H,  8.26; m e t h o x y l ,  15.27). I t s  N M R  
s p e c t r u m  was p rac t i ca l ly  iden t i ca l  w i t h  t h a t  7 of pyr i -  
folidine,  e x c e p t  for t he  d o u b l e t  a t  4.15 p .p .m.  (J = 8 c.p.s.) 
due  to  t he  C-2 h y d r o g e n  w i t h  i ts  single p r o t o n  ne ighbour .  

BIEMANN e t  HI.9 h a v e  s h o w n  t h a t  t he  mass  s p e c t r a  of 
a s p i d o s p e r m i n e  (II)  and  i ts  r e l a t ives  are  c h a r a c t e r i z e d  b y  
a M-28 peak,  c o r r e s p o n d i n g  to the  f r a g m e n t  a due  to loss 
of e t h y l e n e  (see a r rows  in II)  a n d  b y  a v e r y  i n t ens e  p e a k  
a t  m/e  124 assoc ia ted  Wi th  t he  u n s a t u r a t e d  p ipe r id ine  
f r a g m e n t  c a r i s ing  f rom f u r t h e r  c l eavage  of t he  10-11 
b o n d  in  a. T h e  mass  s p e c t r a  of  t h e  spegazz in id ine  ( I I I ,  IV) 
a n d  spegazz in ine  (VII ,  V I I I )  d e r i v a t i v e s  m e a s u r e d  b y  us 
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e x h i b i t e d  t h i s  s ame  i n t ense  p e a k  a t  m /e  124. Th i s  suggests  
s t r o n g l y  t h a t  t h e  two  a lka lo ids  are  based  on  a n  aspido-  
s p e r m i n e  (II)  ske le ton  a n d  f u r t h e r m o r e  p roves  t h a t . t h e  
a lcohol ic  h y d r o x y l  g r o u p  c a n n o t  be  s i t u a t e d  in  t h e  p o r t i o n  
of t h e  molecule  e n c o m p a s s e d  b y  f r a g m e n t  c. N o n e  of t h e  
m a s s  s p e c t r a  of our  a lka lo ids  show t h e  loss of 28 mass  
u n i t s  ( ca rbon  a t o m s  3 a n d  4 of I I  in  f o r m  of C H 2 = C H ,  ), 
b u t  r a t h e r  of 44 u n i t s  ( spegazz in id ine  d i m e t h y l  e t h e r :  
m /e  356 in  F igu re  l ,  co r r e spond ing  t o  b; spegazz in ine  
m e t h y l  e t h e r :  m/e  326 in F igure  2, c o r r e s p o n d i n g  to  a), 
due  to  t h e  loss of t he  o x y g e n a t e d  two c a r b o n  b r idge  as  
C H ~ = C H O H .  W h e n  t h e  s u b s t a n c e  is m i x e d  w i t h  D 2 0  
pr io r  to  i n se r t i on  in to  t h e  mass  s p e c t r o m e t e r ,  a M-45 p e a k  
is o b s e r v e d  (loss of C H , = C H O D ) .  

T h e  loca t ion  of t h e  a lcohol ic  h y d r o x y l  g roup  a t  C-3- -as  
sugges ted  b y  t he  N M R  a n d  mass  s p e c t r a - w a s  p r o v e d  b y  
JONES o x i d a t i o n  1° of spegazz in id ine  d i m e t h y l  e t h e r  (IV) 
to  t he  k e t o n e  V, m.p .  185-187 °, (~]D - - 5 3  °, Z cHcI` 5.84 

max 
( s ix -membered  ke tone) ,  6.08 (amide)  a n d  6.2 ~ (C2aHa0N204 
(398)); f o u n d :  mol.  we igh t  (mass  spec.),  398; C, 69.21; 
H,  7.52), w h i c h  e x c h a n g e d  six h y d r o g e n  a t o m s  for deu-  
t e r i u m  u p o n  r e p e a t e d  t r e a t m e n t  w i t h  N a O D  in D 2 0 - C H  3 
OD. The  e x t e n t  of d e u t e r i u m  e x c h a n g e  a n d  the  loca t ion  
of t h e  d e u t e r i u m  a t o m s  was  se t t l ed  b y  mass  s p e c t r o m e t r y .  
The  mo lecu l a r  ion of V a t  m /e  398 was sh i f t ed  to  m/e  404 
in VI  a n d  the  p resence  of t h r ee  d e u t e r i u m  a t o m s  in t h e  N -  

Fig. 1. Mass spectrum of spegazzinidine dimethyl ether (IV), 

s Measured on Varian HR-60 or AR-60 spectrometers in CDCla 
solution using tetramethylsilane as internal standard. All signals 
are reported in p.p.m, as d units (see C. DIERASSI, T. NAKANO, 
A. N. JAMES, L. H. ZALKO~,V, E. J. EISENBRAUN, and J. N. SHoo- 
Lt~RY, J. orE. Chem. 26, 119'2 (1961)). We are indebted to Dr. J. N. 
SHOOLERY (Varian Associates) and Dr. L. J. DURHAM (Stanford 
University) for these measurements. 

7 C. DJERASSI, B. GILBERT, J. N. SHOOLERV, L. F. JOHNSON, and 
K. BIEMANN, Exper. 17, 16 ° (1961). 

8 C. DJERASSI, A. A. P. G. ARCHER, T. GEORGE, B. GILBERT, j N. 
SrtOOLERY, and L. F. JOHNSON, Exper. 16, 532 (1960). 

fl K.  BIEMANN~ ~{, FRIEDMANN-SPITELLER~ and G. SPITELLER~ 
Tctrahedron Letters 1961, 485. 

lo K. BOWDEN, I. M. HEILBRON, E. R. H. JONES, and B. C. L. 
~VEEDON, J. chem. Soe.  1946, 39. 
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Fig..2. IX{ass spectrum of spegazzinine methyl ether (VIII). 
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acetyl  g roup  was  s h o w n  b y  t h e  f ac t  t h a t  t h e  m / e  43 p e a k  
(CHACO+) was sh i f t ed  to m / e  46 (CDsCO+). T he  r e m a i n i n g  
th ree  d e u t e r i u m  a t o m s  m u s t  t h e n  be p r e s e n t  in  s -pos i t ions  
to the  c a r b o n y l  g roup  a n d  such  a f ea tu re  is on ly  possible  if 

t h e  c a r b o n y l  f u n c t i o n  (and  h e n c e  t h e  h y d r o x y l  s u b s t i t u e n t  
in t he  or ig ina l  a lkaloid)  is a t  C-3. A t t a c h m e n t  a t  C-20, 
t h o u g h  sa t i s fy ing  t he  d e u t e r i u m  e x c h a n g e  e x p e r i m e n t ,  is 
exc luded  b y  the  N M R  a n d  mass  spec t r a l  da t a .  

HO C =  
I 
CHa 

I E 
lO 

ez ea & 

\ 
2145 

CHaO C=O 
I 
CH 3 

R 1 R a R a R a Rs 
III HO HO CHACO H HO 
IV CHaO CHaO CHACO H HO 
V CHsO CHaO CHACO = O 
VI CHaO CHaO CDaCO = O  (2, 4, 4-da) 
VII H HO CHACO H HO 
VIII 7bl CHsO CHsCO H HO 
IX CH30 CHaO C2H ~ H H 

The  mass  s p e c t r a  of V a n d  VI  are  e x t r e m e l y  in te res t ing ,  
since t h e y  d e m o n s t r a t e  t h a t  a f r a g m e n t a t i o n  process - -d i f -  
ferent  f rom t h a t  usua l ly  found  9 in a s p i d o s p e r m i n e  ( l I ) -  
type  a l k a l o i d s - - c a n  occur.  T h e  s t r o n g e s t  p e a k  in t h e  m a s s  
s p e c t r u m  of  t he  k e t o n e  V n o w  occurs  a t  m / e  138 ( the  124 
peak c o r r e s p o n d i n g  to  c b e i n g  abs en t )  a n d  is sh i f t ed  b y  
two un i t s  to  m/e  140 in t he  d e u t e r a t e d  ana log  VI .  T h e  
mechan i s t i c  i m p l i c a t i o n  will be d iscussed  in our  de t a i l ed  
paper ,  b u t  we ascr ibe  t he  m / e  138 p e a k  to  species d, a n d  
the  m/e  140 p e a k  to e, b o t h  r e su l t i ng  f rom r u p t u r e  of t he  
2-3, 3-4, 10-11,  a n d  12-19 b o n d s  w i t h  expu l s ion  of c a r b o n  
monoxide .  

The  a b o v e  mass  spec t rome t r i c ,  N M R  a n d  chemica l  d a t a  
are m o s t  c o m p a t i b l e  w i t h  s t r u c t u r e  I I I  for spegazz in id ine  ~1 
The  or ig ina l ly  i so la ted  a lka lo id  spegazz in ine  s c a n  n o w  be  
assigned s t r u c t u r e  V I I  on  t h e  fol lowing grounds .  The  
NlX{R s p e c t r u m  of spegazz in ine  (VII )  closely r e sembles  
t h a t  of spegazz in id ine  ( I I I )  e x c e p t  for  t he  absence  of a 
signal c o r r e s p o n d i n g  to  t h e  n o n - h y d r o g e n - b o n d e d  C-16 
phenolic g roup  of I I I  a n d  t he  p resence  of s ignals  cor-  
responding  to  three a r o m a t i c  p ro tons .  Most  i m p o r t a n t l y ,  
the mass  s p e c t r u m  (Figure  2) of spegazz in ine  m e t h y l  
e ther  (VI I I )  is v i r t u a l l y  iden t i ca l  w i t h  t h a t  (F igure  1) of 
spegazzin id ine  d i m e t h y l  e t h e r  (IV) e x c e p t  for  a 30 mass  
un i t  sh i f t  ( co r r e spond ing  to  t he  e x t r a  m e t h o x y l  g roup  of 

era0 tC 0 b R= eRa0 
CH a 

t 
C H a % } ~  

C2H 5 

G 

CHz'~.,~ 

"M-" Call s CR~ 
d R-H 
e R = D  

IV) in those  peaks  (e.g. m/e  400, 383, 382, 371, 356, 343, 
301, 289, 245, 204, 190) of IV,  in w h i c h  t he  a r o m a t i c  
p o r t i o n  of the  molecule is st i l l  r e t a ined .  A s imi l a r  r e l a t ion -  
sh ip  was also obse rved  in t h e  mass  s p e c t r a  of t h e  two  
p a r e n t  a lka lo ids  I I I  a n d  V I I ;  as  n o t e d  earlier~,4,%% t h i s  
c an  be  cons idered  v i r t u a l  proof  t h a t  t h e  t w o  a lka lo ids  
possess  iden t ica l  s t r u c t u r e s  a n d  differ  on ly  b y  one  sub-  
s t i t u e n t  in the  a r o m a t i c  r ing  ~. 

Zusammen/ass,tng. Auf  G r u n d  v o n  P r o t o n r e s o n a n z  u n d  
massenspek t rome t r i s che f l  Messungen  w e r d e n  die S t r u k -  
t u r e n  I I I  und  V I I  ftir die A s p i d o s p e r m a - A l k a l o i d e  Spe-  
gazz in id in  u n d  Spegazz in in  vorgesch lagen .  
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11 Note added in proof. Chemical verification has now been provided 
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T h e  R e a c t i o n  M e c h a n i s m  of  C a t a l a s e  

In  h is  r e c e n t  r ev iew o n  e n z y m e  models  1, V~rESTHEIMER 
has  p roposed  t h e  fol lowing scheme  for t he  m e c h a n i s m  of 
decompos i t i on  of h y d r o g e n  pe rox ide  b y  ca ta lase .  

P -Fe+++  + H202 ~. P - F e O + + + +  H~O (1) 

P - F e O + + + +  le ~- P - F e O  ++ (2) 

P-FeUd-++ H=02 • P - F e O 2 + + +  H 2 0  (3) 

P-FeO.~ ++ - - - - - ~  P - F e  ++ + 02 (4) 

P - F e  ++ + H iO ,  ~, P - F e O  ++ + H 2 0  (5) 

F. H. WESTItEIMER, Enzyme Models. The Enzy~es, 2nd Ed. (Edited 
by P. D. BUYER, H, LARDY, and K. MYRBXCK, Academic Press 
Inc., New York 1959). 


