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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 .  
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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 
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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 
by LiA1H 4 reduction of the tosylate of IV which provided the 
antipode IX ([0~]D--20.6 °) of N-ethyldeacetylpyrifolidine ([~]D 
+ 19.8°), obtained ill turn by LiAIH, reduction of pyrifolidine ~. 

12 Achnowledg~nent. We are indebted to Prof. J. F. MOLFINO for help 
with the botanical collection and to Mr. E. MEIER and Mr. J. 
CONSUL for the microanalyses. The work at Stanford University 
was supported by the National Heart Institute (Grant No. ~G-68{2) 
and the National Institute of Arthritis and Metabolic Diseases 
((;rant No. A-4O.57) of the National Institutes of Health, U.S. 
Public Health Service. 

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). 
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I n  th i s  m e c h a n i s m  e q u a t i o n s  (1) a n d  (2) are  cha in - in i t i a -  
t ing,  e q u a t i o n s  (3), (4) a n d  (5), cha in -ca r ry ing .  The  m a i n  
s u p p o r t  of t h e  scheme  is a good p r e c e d e n t  for t h e  rea l  
occur rence  of r e a c t i o n  (4) in  a mode l  c o m p o u n d .  A n  ana -  
logous r eac t ion  ha s  been  p o s t u l a t e d  b y  GEORGE 2 tO ex-  
p la in  t h e  kinet ics ,  of the  a u t o o x i d a t i o n  of ferrous  ion. I 
w i sh  to  p o i n t  o u t  t h a t  good ev idence  for t he  occur rence  
of the  r eac t ion  (5) w i th  d i v a l e n t  i ron p o r p h y r i n e  comple-  
xes  ha s  b e e n  in t he  l i t e r a t u r e  for some t ime,  b u t  i t  h a s  
b e e n  over looked ,  poss ib ly  because  of i t s  v e r y  specia l ized 
c h a r a c t e r .  

V e r y  smal l  a m o u n t s  of h e m i n e  c h a n g e  cha rac t e r i s t i c -  
a l ly  t h e  p o l a r o g r a p h i c  e l ec t ro reduc t ion  of oxygen  a Th i s  
c h a n g e  cons is t s  in t he  sh i f t  of a p a r t  of t he  w a v e  due  to  
t h e  r e d u c t i o n  of h y d r o g e n  pe rox ide  to  a more  pos i t ive  
po ten t i a l .  T h e  h e i g h t  of t h e  new wave,  w h i c h  be longs  to  
a c a t a lyzed  r e d u c t i o n  of h y d r o g e n  peroxide ,  a n d  i ts  posi- 
t i o n  on  t h e  c u r r e n t  vo l t age  curve ,  d e p e n d s  on  the  concen-  
t r a t i o n  of hero ine  a n d  on  t h e  p H  of t he  so lu t ion .  

T h e  h a l f - w a v e  p o t e n t i a l  of t h e  c a t a l y z e d  w a v e  a p p r o a -  
ches  t h e  r edox  p o t e n t i a l  of h e m i n e  w h e n  t h e  h e i g h t  of t h e  
c a t a l y z e d  wave  is s m a l l i n  c o m p a r i s o n  w i t h  t he  u n c a t a l y z e d  
one  4. I t  h a s  been  s h o w n  t h a t  t h e r e  are  t w o  i n t e r p r e t a t i o n s  
wh ich  are  in t he  f i rs t  a p p r o x i m a t i o n  p o l a r o g r a p h i c a l l y  
e q u i v a l e n t .  

One  scheme  m a y  be  r e p r e s e n t e d  b y  e q u a t i o n s  (6) a n d  
(7), 

k 
2 Feb+++ HzO~+ 2 H  ~ ~ 2Feb++++ 2 H~O (6) 

Fe++++ e ~ Fe  ++ (7) 

a n d  i t  a s sumes  a r ap id  o x i d a t i o n  of Feb ++ b y  h y d r o g e n  
pe rox ide  fol lowed b y  t h e  r eve r s ib le  r e d u c t i o n  of Fen +++ a t  
t he  d r o p p i n g  m e r c u r y  e lect rode.  

T h e  second scheme  [equa t ions  (8) a n d  (9)] a s sumes  t h a t  
Fen ++ forms  a ' c o m p l e x '  w i t h  h y d r o g e n  pe rox ide  a n d  th i s  
' c o m p l e x '  is r educ ib le  on  t he  d r o p p i n g  m e r c u r y  e lec t rode  
a t  a p o t e n t i a l  more  pos i t ive  t h a n  t he  r edox  p o t e n t i a l  of 
t he  F%+++/Fen++ sys t em.  

k 
Feh ++ + H~O 2 • Feh ++. (H~O2) (8) 

Feh++.(H~Oz) + 2 H + +  2e - • Fen+++  2 H z 0  (9) 

A l r e a d y  a t  th i s  s tage,  i t  was  c lear  t h a t  t h e  second ex- 
p l a n a t i o n  is t h e  cor rec t  one as w i t h  m a n y  f e r r o h e m  com-  
plexes  t h e  o x i d a t i o n  w i t h  h y d r o g e n  perox ide  does n o t  
proceed  suf f ic ien t ly  r a p i d l y  to  exp l a i n  t he  p o l a r o g r a p h i c  
effect.  

The  p h e n o m e n o n  was r e - i nves t i ga t ed  r ecen t l y  b y  HA- 
NU~ s in t he  l igh t  of t he  e n o r m o u s  progress  wh ich  t he  
P r a g u e  p o l a r o g r a p h i c  school  has  a c h i e v e d  in t he  ana lys i s  
of k ine t i c  a n d  c a t a l y t i c  c u r r e n t s  *. HANUg h a s  s h o w n  t h a t  
t he  second scheme is the  cor rec t  one  a n d  t h a t  t he  fo rma-  
t i on  of t he  ' c o m p l e x '  F %  ++. (H20~) is a r eve r s ib le  r eac t ion .  
C o n s e q u e n t l y  HANUg r e p r e s e n t e d  t he  m e c h a n i s m  of t h e  
ca t a lyzed  r e d u c t i o n  of h y d r o g e n  pe rox ide  in t he  p resence  

of i ron p o r p h y r i n e  complexes  b y  t he  e q u a t i o n s  (10) and  
(11). Now i t  is no t  possible  to  ca lcu la te  t h e  r a t e  c o n s t a n t  
k I for t he  r e a c t i o n  (10) f rom the  p o l a r o g r a p h i c  measure -  
m e n t s  s ince t h i s  would  requ i re  t he  knowledge  of t he  va lue  
of t h e  equ i l i b r i um c o n s t a n t  for  t h i s  reac t ion .  

Feb ++ + H 2 0  = + Feb ++. (H202) (10) 

k2 
FeK ~+. (H=O=) + 2 H + +  2e • Feb+++  2HeO (11) 

i t  is also imposs ib le  to  o b t a i n  precise ly  ana logous  d a t a  
w i t h  ca t a l a se  i t se l fL However ,  one  can  e s t i m a t e  t h a t  t h e  
r eac t i on  (10) for f e r r o h e m  m u s t  be  a t  l eas t  as fas t  as t h e  
d e c o m p o s i t i o n  of h y d r o g e n  pe rox ide  b y  ca ta lase ,  s ince t h e  
a s s u m p t i o n  of a n y  f ini te  va lue  for  k l / k  2 [in e q u a t i o n  (10)] 
m u s t  m a k e  k~ la rger  t h a n  t h e  v a l u e  of k ca l cu la t ed  for  t i le 
case of a n  i r revers ib le  reac t ion .  

T h e  co r r e spondence  of t h e  r e a c t i o n  (10) in t h e  polaro-  
g r a p h i c  s cheme  wi th  r eac t i on  (5) in  t h e  VVestheimer 
m e c h a n i s m  is now obvious .  W e  c a n  c lea r ly  a s s u m e  t h a t  
e i t h e r  t h e  c o m p l e x  d e t e c t e d  b y  p o l a r o g r a p h y  shou ld  be  
w r i t t e n  F % O  ++ in s t ead  of Fen++. (H20~) a n d  t h a t  i ts  ob-  
se rved  f o r m a t i o n  is a mode l  for \ V e s t h e i m e r ' s  r e a c t i o n  (5), 
or  t h a t  t h e  f o r m a t i o n  of a c o m p l e x  P - Fe  ++ • (H2Oe) a n a -  
logous to  t he  p o l a r o g r a p h i c  r eac t ion  shou ld  be  i n se r t ed  
in to  W e s t h e i m e r ' s  s cheme  as t h e  f i r s t  s t age  of r eac t i on  (5), 
i.e. 

P.Fe ~+ + H202 ~ P.Fe +~. (H202) (5a) 
P . F e  ++. (HeO2) - - - +  P. FeO  + ~ + H~O (5b) 

I n  b o t h  cases,  t he  p o l a r o g r a p h i c  work  c i ted  seems to con-  
s t i t u t e  a s t rong  s u p p o r t  of t he  e q u a t i o n  (5) in  W e s t h e i m e r ' s  
scheme s . 

Zusammen/assung. Es werden  p o l a r o g r a p h i s c h e  B e f u n d e  
mi tge te i l t ,  welche  den  yon  \ V e s t h e i m e r  vo rgesch l agenen  
M e c h a n i s m u s  de r  Z e r s e t z u n g  y o n  W a s s e r s t o f f p e r o x y d  
d u r c h  K a t a l a s e  e rggnzen .  
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B l o o d ' C o n t a m i n a t i o n '  of  Liver  H o m o g e n a t e s  and 
the  Liver  C a t h e p s i n e s  

I-tOLZER e t  aL 1 sugges ted  t h a t  t he  a c t i v i t y  of some  
d e h y d r o g e n a s e  e n z y m e s  a n d  t h e  c o n c e n t r a t i o n  of some 
c o m p o u n d s  (c¢-ketoglutarate,  p y r u v a t e )  in  l iver  h o m o g e n -  
a l e s  m i g h t  be  in f luenced  b y  t h e  p resence  of b lood  in t he  
l iver,  T h i s  sugges ted  t h a t  t h e  a c t i v i t y  of o t h e r  e n z y m e s  
m i g h t  also be  in f luenced  b y  blood.  I n  t h e  p r e s e n t  r epo r t ,  

w h i c h  is p a r t  of a la rger  one, t he  poss ib i l i ty  t h a t  b lood  
m i g h t  be  a source  of e r ror  in  ana lys i s  of l ive r  c a t h e p s i n e  
a n d  p e p t i d a s e  a c t i v i t y  h a s  b e e n  i n v e s t i g a t e d .  

W i s t a r  ra ts ,  150-200 g weight ,  were ki l led b y  decap i t a -  
t ion ,  a b lood sample  was  col lected,  a n d  t h e  l iver  r a p i d l y  
excised.  1 ml  of whole  b lood  was d i l u t ed  w i t h  124 Vol  of 

1 H. HOLZER, G. SEDLMA't'ER, and M, KIESE, Bioch~m, Z, 328, 176 
(1956). 


