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b y p r o d u c t s  was  o b t a i n e d  b y  t r e a t i n g  a so lu t ion  of nor-  
a d r e n a l i n e  h y d r o c h l o r i d e  (0.5 g) in w a t e r  (150 ml) w i t h  
p o t a s s i u m  ioda te  (0.8 g) ; s t i r r ing  t he  r eac t ion  m i x t u r e  for 
11/2 h ;  a d j u s t i n g  t he  p H  to  2 (wi th  h y d r o c h l o r i c  acid) a n d  
f ina l ly  a l lowing t he  so lu t ion  to s t a n d  a t  4 ° o v e r n i g h t .  
Di rec t  a c e t y l a t i o n  of 2 - i o d o n o r a d r e n o c h r o m e  (II  : R = H) 
w i t h  ace t ic  a n h y d r i d e  a n d  d r y  py r id ine  gave  3 ,5 ,6 - t r i -  
ace toxy-2 - iodo indo le  ( I I I :  R = H) (m.p .  207-208 ° ) 
( F o u n d :  C, 40.32;  H,  2.92; N, 3.14; I, 30.53. C14H120,NI 
requ i res  C, 40.30; H,  2.89; N, 3.36; I, 30 .43%) wh ich  on  
d e i o d i n a t i o n  w i t h  zinc a n d  ace t ic  acid gave  3, 5 ,6- t r i -  
a c e t o x y i n d o l e  ( IV:  R = H) (m. p. 123-124 ° ) ( F o u n d :  
C, 57.79; H,  4.53; N, 4.81. ClaHI~O,N requ i res  C, 57.73; 
H,  4.50;  N, 4 .82%).  These  t w o  c o m p o u n d s  h a d  p rev ious ly  
b e e n  desc r ibed  as 3, 5, 6 - t r i ace toxy -N-ace ty l -2 - iodo indo le  
( I I I :  R = COCH3) a n d  3, 5, 6 - t r i a c e t o x y - N - a c e t y l i n d o l e  
( IV:  R = COCHs) r e spec t ive ly  T, h o w e v e r  i den t i f i c a t i on  
was based  on  c a r b o n  a n d  h y d r o g e n  ana lys i s  alone,  w h i c h  
in these  cases does n o t  give a suf f ic ien t ly  c lear  cu t  differ-  
e n t i a t i o n  b e t w e e n  t he  t r i -  a n d  t e t r a - a c e t y l  de r iva t ives .  
In  n e i t h e r  case does t h e  in f ra red  s p e c t r u m  show a n y  
amide  c a r b o n y l  b a n d s ,  h o w e v e r  b o t h  show def in i t e  N - H  
s t r e t c h i n g  peaks  9 a t  3450 cm -1 a n d  3470 cm -1 respec t ive ly .  
Bu'LOCK a n d  HARLEY-MASON failed to  o b t a i n  a n y  
c rys ta l l ine  f luorescen t  p r o d u c t  f rom t h e  a lka l ine  h y d r o -  
lysis of t he  d e i o d i n a t e d  ace ty l  d e r i v a t i v e  ~, however ,  
hydro lys i s  of 3, 5, 6 - t r i ace toxy indo le  w i t h  1 N  s o d i u m  
h y d r o x i d e  in the  p resence  of a smal l  q u a n t i t y  of sod ium 
h y d r o s u l p h i t e  gave ,  in  our  h a n d s ,  a f t e r  ac id i f ica t ion  w i t h  
glacial  ace t ic  acid,  a ye l low-orange  solid, wh ich  a f forded  
n o r a d r e n o l u t i n  ( 5 , 6 - d i h y d r o x y i n d o x y l ,  V:  R =  H) in 

b r i g h t  yel low needles  ( m . p . - t o t a l l y  decomposed  b y  248 °) 
on  r ec rys t a l l i za t ion  f rom ho t  w a t e r  ( con ta in ing  a smal l  
q u a n t i t y  of sod ium hyd rosu lph i t e ) .  ( F o u n d :  C, 58.43; 
H,  4.49; N, 8.48. CsHTOaN requ i res  C, 58.18; H, 4.27; 
N, 8 .48%).  No c rys ta l l ine  p r o d u c t  could  be  i so la ted  w h e n  
t he  hydro lys i s  was  ca r r ied  ou t  in t he  absence  of sod ium 
h y d r o s u l p h i t e L  N o r a d r e n o l u t i n  o b t a i n e d  b y  t h e  m e t h o d  
desc r ibed  a b o v e  dissolves  in w a t e r  or  m e t h a n o l  to  give 
i n t e n s e l y  f luorescen t  so lu t ions .  T h e  u l t r av io l e t  a n d  vis ible  
a b s o r p t i o n  s p e c t r a  were m e a s u r e d  in w a t e r  (;traax: 248; 
284 ; 315 ; 368 mix). T h e  f luorescence  c h a r a c t e r i s t i c s  10 of 
n o r a d r e n o l u t i n  were  also m e a s u r e d  in aqueous  so lu t ion  
a n d  showed  t h a t  m a x i m u m  f luorescence  a p p a r e n t l y  
occur red  a t  490-500  mpt w i t h  e x c i t a t i o n  a t  380-390 mix. 

These  s tud ies  w h i c h  fo rm p a r t  of a c o m p r e h e n s i v e  s t u d y  
of t h e  c h e m i s t r y  of a m i n o c h r o m e s  a re  c o n t i n u i n g  a n d  
f u r t h e r  de ta i l s  will be  p u b l i s h e d  elsewhere .  

Zusammen/assung. H e r s t e l l u n g  u n d  einige E igen-  
s c h a f t e n  yon  k r i s t a l l i nem N o r a d r e n o l u t i n  (5 ,6 -Dioxy-  
indoxyl ) ,  d e m  gelbgrf in  f luoresz ie renden  O x y d a t i o n s -  
p r o d u k t  v o n  N o r a d r e n a l i n ,  w e r d e n  besch r i eben .  

R. A. HEACOCK a n d  B. D. SCOTT 

Psychiatric Research Unit, University Hospital, Saskatoon 
(Saskatchewan, Canada), May 15, 7961. 

9 The infrared spectra were measured in chloroform solution. 
l0 Measured on an Aminco-Bowman speetrophotofluorometer, 

through the courtesy of Dr. V. WOODFORD. 

U n c o u p l i n g  of  O x i d a t i v e  P h o s p h o r y l a t i o n  
in A n t i g e n - A n t i b o d y  R e a c t i o n s  

I t  is now an  accep t ed  fac t  t h a t  ceils a re  d a m a g e d  b y  
a n t i g e n - a n t i b o d y  reac t ions ,  p r o b a b l y  b y  i n t e r v e n t i o n  of 
c o m p l e m e n t .  

A l t h o u g h  t h e  e x a c t  m e c h a n i s m  b y  wh ich  t he  d a m a g e  is 
p roduced  is so far  u n k n o w n ,  we can  infer,  f rom ind i r ec t  
d a t a  a n d  b y  c o m p a r i s o n  w i t h  t he  p h e n o m e n a  obse rved  in 
sens i t ized  e ry th roc i t e s ,  t h a t  t he  lesion beg ins  in t he  cell 
m e m b r a n e .  

I t  is usua l ly  accep ted  t h a t  b lood  vessel  e n d o t h e l i a  a n d  
m e s e n c h y m a l  cells are  t he  si te  of t he  a n t i g e n - a n t i b o d y  
r eac t i on ;  p a r e n c h y m a l  i n j u r y  is t h o u g h t  to  be secondary ,  
caused  b y  tox ic  s u b s t a n c e s  l i be ra t ed  b y  t he  cells a t  t he  
s i te  of reac t ion .  N u m e r o u s  d a t a  b e a r  ou t  t h i s  hypo thes i s ,  
b u t  one  c a n n o t  en t i r e ly  re jec t  t he  poss ib i l i ty  t h a t  p a r e n -  
c h y m a l  cells m a y  be  s i te  of a n t i g e n - a n t i b o d y  reac t ion ,  
e i t h e r  in  a b n o r m a l  c o n d i t i o n s  or because  t h e  an t igen ,  
h a v i n g  f i r s t  been  modi f ied  b y  t he  cells of t he  re t iculo-  
endo the l i a l  sys tem,  t h e n  passes  i n to  t he  cells of t he  pa-  
r e n c h y m a .  

I t  is n o t  k n o w n  w h i c h  ce l lu lar  s t r u c t u r e s  t a k e  p a r t  in  
t h e  a n t i g e n - a n t i b o d y  reac t ion ,  n o r  w h e t h e r  i t  t akes  p lace  
a t  t h e  cell sur face  or  ins ide  t h e  cell i tself.  I t  seems  logical  
to  suppose  t h a t  t h e  a n t i g e n  p e n e t r a t e s  i n t o  t hose  cells 
wh ich  p roduce  t h e  an t ibod ie s ,  as  t h i s  is t he  on ly  w ay  
p ro t e in  s y n t h e s e s  m a y  be s t i m u l a t e d  a n d  d i r ec t ed  
accord ing  to  t he  chemica l  s t r u c t u r e  of t he  a n t i g e n ;  i t  is 
also possible  t h a t  t h e  a n t i g e n  m a y  be  a d s o r b e d  a t  t h e  
surface  of cells wh ich  are  n o t  d i r ec t ly  i nvo lved  in a n t i b o d y  
p roduc t ion .  T h e  fac t  t h a t  lesions in s e r u m  sickness  beg in  
as soon as an t ibod ie s  a p p e a r  in  t he  b lood s t r e a m  (HAwN 
a n d  JANEWAy1; GERMUTH2; GERMUTH, PACE, a n d  
TIPPETT 3) while  t h e  a n t i g e n  is still  p resen t ,  is in acco rdance  

w i t h  th i s  hypo thes i s .  A d s o r p t i o n  of t h e  a n t i g e n  a t  t he  cell 
sur face  a n d  i ts  s u b s e q u e n t  b i n d i n g  to  t h e  a n t i b o d y  a p p e a r s  
t he re fo re  to  be  t h e  d a m a g i n g  fac to r  of cell s t ruc tu res .  

I n  t h i s  s t u d y  I h a v e  cons idered  o x i d a t i v e  p h o s p h o r y -  
ta t ion,  w h i c h  is a mos t  precise  a n d  sens i t ive  i n d e x  of t h e  
f u n c t i o n  a n d  s t r u c t u r e  of m i t o c h o n d r i a ,  w h i c h  a re  con-  
ce rned  w i t h  some of t he  m o s t  i m p o r t a n t  aspec t s  of 
ce l lu lar  life. 

I n v e s t i g a t i o n s  were ca r r ied  o u t  in t h r e e  d i rec t ions ,  i.e. : 
(1) Ac t ion  of specific a n t i s e r u m  on o x i d a t i v e  p h o s p h o r y -  
l a t ion  in m i t o c h o n d r i a  o b t a i n e d  a t  va r ious  i n t e r v a l s  f rom 
a n i m a l s  i n j ec t ed  w i t h  co r r e spond ing  an t igen .  (2) In f luence  
of t h e  a n t i g e n - a n t i b o d y  complex  on  o x i d a t i v e  p h o s p h o r y -  
l a t i on  a f t e r  r e m o v a l  of t he  p rec ip i t a t e .  (3) B e h a v i o u r  of 
o x i d a t i v e  p h o s p h o r y l a t i o n  in m i t o c h o n d r i a  a f t e r  a n t i g e n  
a d s o r p t i o n  a n d  s u b s e q u e n t  t r e a t m e n t  w i t h  c o r r e s p o n d i n g  
se rum.  

Methods. Anima l s  : Alb ino  r a t s  we igh ing  on  t he  ave r age  
100-120 g were  used.  T h e  r a t s  were fed o n  a s t a n d a r d  d i e t  
a n d  were ki l led b y  d e c a p i t a t i o n .  

I so l a t i on  of m i t o c h o n d r i a :  M i t o c h o n d r i a  were o b t a i n e d  
b y  c e n t r i f u g a t i o n  (Serva l l  SSI  cen t r i fuge)  f rom 10% 
h o m o g e n a t e  of l iver  a n d  k i d n e y  p r e p a r e d  in  a cold r o o m  
a t  + 2°C w i t h  0.25 M sucrose  a n d  0.02 M Tris-HC1 buf fe r  
p H  7.4. The  m i t o c h o n d r i a l  s e d i m e n t  was  t h e n  r e suspended  
in 0.25 dPI sucrose  a n d  0.02 M Tris  buffer .  T h e  s y s t e m  used  
for  t he  s t u d y  of o x i d a t i v e  p h o s p h o r y l a t i o n  cons i s t ed  of:  
0.013 M N a 2 H P O 4 - K H 2 P O  4 p H  7.4; 0.01 M Tris  buf fe r  
p H  7.4; 0.005 M MgCt2; 0.0I M KC1; 0.00001 M MnC12; 
0.02 M A T P ;  0.02 M K F ;  0.02 M glucose ; 0.03 M sucrose  ; 

1 Z. VAN HAWN and C. A. JANEWAY, J. exp. Med. 97, 257 (1953). 
2 F.G. GERMUTH, J. exp. Med. 97, 257 (1953). 
a F. G. GERMUTH, M. G. PACE, and J. C. TIPPETT, J. exp. Med. 101, 

135 (1955). 
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0.00001 M c y t o c h r o m e ;  0.01 M K g l u t a m a t e ;  0.03 M 
y e a s t  h e x o k i n a s e  (S ig ma ' s  T y p e  II) a n d  m i t o c h o n d r i a  
c o r r e s p o n d i n g  to  100 m g  fresh t i ssue .  

P r e p a r a t i o n  of i m m u n e  s e rum.  Crys t a l l i ne  a l b u m i n e  
p r e p a r e d  f ro m  horse  s e r u m  (k indly  p rov ided  b y  I. V. Tos-  
cano  Sclavo) was  used  as  an t igen .  I m m u n e  s e r u m  was  ob- 
t a i ned  f rom rabb i t s ,  fol lowing in jec t ion  of 350 m g  a lbu -  
min ,  d iv ided  in to  f ive s u b c u t a n e o u s  in jec t ions  wh ich  were 
g iven  in t h e  course  of one  m o n t h .  Ten  d a y s  a f t e r  t he  las t  
in jec t ion ,  t h e  p rec ip i t in  t i t e r  of t he  s e r u m  was  d e t e r m i n e d  
b y  t h e  zone reac t ion ,  wh ich  was  pos i t ive  a t  a m a x i m u m  
a n t i g e n  d i lu t ion  of 0.001 to  10 ml  sal ine.  

Exper imenta l .  (1) I n  vivo: 10 a lb ino  r a t s  were each  
in j ec ted  w i t h  2 m g  c rys t a l l i ne  a l b u m i n  d i lu t ed  in 1 ml  
sal ine.  T h e y  were  t h e n  kil led 2, 6, 12, 24 h and  2 d a y s  a f te r  
in jec t ion .  M i t o c h o n d r i a  were p r e p a r e d  f rom l iver  a n d  
k idney .  0.20 m l  a n t i - a l b u m i n - s e r u m  were  a d d e d  to  t h e m  
in t h e  e x p e r i m e n t a l  co n d i t i ons  desc r ibed  for t he  s t u d y  of 
o x i d a t i v e  p h o s p h o r y l a t i o n .  T h e  a i m  of t h i s  i n v e s t i g a t i o n  
was  to  see w h e t h e r  t h e  in jec ted  a n t i g e n  was  f ixed by  
m i t o c h o n d r i a  a n d  w h e t h e r  t he  a d d e d  a n t i b o d y  would  
r e a c t  w i t h  it, t h e r e b y  u n c o u p l i n g  t h e  P :  O rat io.  

(2) I n  vitro: 0.50 ml  of a n t i a l b u m i n  s e r u m  was  a d d e d  
to  10 m g  a l b u m i n  d i sso lved  in 2 ml  0 .88% NaC1. T h e  
m i x t u r e  was  i n c u b a t e d  for 1 h a t  37°C. T h e  r e su l t i ng  
p rec ip i t a t e  was  t h e n  r e m o v e d  b y  h igh  speed  c e n t r i f u g a t i o n  
(30 rain a t  20000 X g  Serval l  SSI)  0.5 ml  of  t he  supe r -  
n a t a n t  was  a d d e d  to m i t o c h o n d r i a  su spens ion .  T h e  a i m  of 
t h i s  i n v e s t i g a t i o n  was  to  see w h e t h e r  a tox ic  s u b s t a n c e  
capab l e  of m o d i f y i n g  t h e  P : O  ra t io  was  p r o d u c e d  by  t he  
a n t i g e n - a n t i b o d y  reac t ion .  

(3) I n  vitro: m i t o c h o n d r i a  o b t a i n e d  f rom 1 g r a t  l iver  
a n d  k i d n e y  were w a s h e d  in 0.25 M sucrose  c o n t a i n i n g  3% 
c rys t a l l i ne  a l b u m i n .  T h e  m i t o c h o n d r i a  were s u s p e n d e d  in 
a su i t ab l e  m e d i u m  a n d  m i x e d  w i th  a n t i - a l b u m i n  s e rum,  
w i th  a n d  w i t h o u t  t h e  a d d i t i o n  of c o m p l e m e n t .  The  a im  of 
th i s  i n v e s t i g a t i o n  was  to  see w h e t h e r  t he  a n t i g e n  was  ad-  

so rbed  on m i t o c h o n d r i a  su r faces  a n d  w h e t h e r  the  specif ic 
i m m u n e  s e r u m  c a use d  the  u n c o u p l i n g  of t he  P : O  ra t e  by  
r e a c t i ng  wi th  it. 

T h e  resu l t s  are  s h o w n  in t he  Tab le s  a n d  po in t  o u t  t h a t  
m i t o c h o n d r i a  of a n i m a l s  in jec ted  a t  va r i ous  t ime s  w i th  
horse  a l b u m i n  do no t  show a n y  apprec iab le  mod i f i ca t i on  
of o x i d a t i v e  p h o s p h o r y l a t i o n  w h e n  m i x e d  wi th  the i r  
r e spec t ive  a n t i b o d y .  T h e  m o s t  p laus ib le  e x p l a n a t i o n  is 
t h a t  t he  a n t i g e n  ha s  no t  come  in to  c o n t a c t  w i th  the  an t i -  
body ,  e i ther  because  it is no t  p r e s e n t  in m i t o c h o n d r i a  or 
be c a use  it is no t  in a su i t a b l e  f o rm  to  react .  I t  is ve ry  
l ikely t h a t  cell a nd  m i t o c h o n d r i a l  m e m b r a n e  p e r m e a b i l i t y  
to  p ro t e in  molecu les  is i nvo lved  in t he  p h e n o m e n o n .  

Tab. I. Oxidative phosphorylation in rat mitochondria. The animals 
were injected with 2 mg albumin and were killed after variyng in tervals. 
Liver and kidney mitoehondria were mixed with O.2O ml anti-albumin 

s e r l l n t .  

No. Exp. Mitochondria isolated frmn Time after injection P:O rate 

1 liver 1/2 h "2.~7 
2 liver 2 h 2.70 
3 liver 24 h 2.,10 
4 kidney "2 h 2.10 
5 kidney 21 h 2.:~o 
6 kidney -18 h ;L I 0 

Tab. If. (Ixidative phosphorylation in rat mitochondria after 
addition in vitro of 0.50 ml antigen-antibody solution after removal 

of precipitate. 

No. Exp. 1 2 "5 .I 5 

Mitochondria isolated from liver liver liver liver liver 
P:() rate 2.111 2.20 2.70 '2.85 '2.15 

Fig. 1. Mitochondria from normal rat liver suspended in o.25 M Fig. 2. The same mitochondria as in Figure 1, after addition of the 
sucrose containing 3% crystalline horse serum albumin, specific anti-albumin serum. 
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The  a n t i g e n - a n t i b o d y  complex  p lays  no p a r t  in oxi- 
da t ive  p h o s p h o r y l a t i o n  once th9  p rec ip i t a t e  has  been  re- 
moved .  On the  con t ra ry ,  as shown  b y  Table  I I I ,  mi to -  
chondr i a  which  have  adsorbed  the  a lbumin  an t igen  and  No. Mitochon- 
are  t h e n  mixed  wi th  t he i r  respec t ive  a n t i b o d y  show a Exp. dria iso- 
clear  uncoup l ing  of phosphory l a t i ons  f rom oxidat ions ,  lated from 
which  seems to  be e n h anced  by  the  add i t ion  of comple-  
ment .  1 liver 

Mi tochondr ia  clearly show a h igh  adsorb ing  vower  2 liver 
t o w a r d s  a he tero logous  p ro te in  such  as horse  s e rum 3 liver 

4 liver 
a lbumin ;  the  an t igen  is f ixed b y  t h e m  even a f te r  wash ing  5 liver 
wi th  0.25 M sucrose. T h e  mi tochondr i a l  m e m b r a n e  is 6 liver 
obvious ly  d a m a g e d  b y  the  a n t i g e n - a n t i b o d y  react ion,  as 7 liver 
shown  b y  the  swelling, agg lu t ina t ion  (Fig. 1 and  2) and  8 liver 
by  uncoupl ing  of t he  P :  0 rate .  9 liver 

10 liver 
Riassunto. Mitocondr i  di lega to  e rene di r a t t o  adsor-  11 liver 

12 liver 
b o n e  l ' a l bumina  del siero di caval lo;  facendo agire sn 13 liver 
ques t i  in secondo t e m p o  l ' immuns ie ro  specifico an t i -  
a lbumina ,  i m i tocondr i  p r e sen t ano :  agglut inazione,  r igon- 
f i amen to  e dissociazione delle fosforilazioni dalle ossida- 
zioni. L ' a u t o r e  m e t r e  in ril ievo c h e l a  reazione an t igene-  
an t i corpo  al livello mi tocondr ia le ,  ne dannegg ia  grave-  
m e n t e  la s t r u t t u r a  e la funzione.  
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Tab. III. Oxidative phosphorylation in mitochondria after ad- 
sorption of antigen, subsequently mixed with specific antibody. 

Additions P: O rate 

0.2 ml lmznun serum 
0.2 ml Immun serunl 
0.2 ml nnmun serum 
0.2 ml lmmun serum 
0.2 ml immun serum + 0.1 complement 
0.2 ml lmmun serum + 0.1 complement 
0.2 ml lmmun serum + 0.1 complement 
0.2 ml normal serum 
0.2 ml normal serum 
0.2 ml normal serum 
0.2 ml normal serum 
0.2 ml normal serum +0.1 complement 
0.2 ml normal serum + 0.1 complement 

1.1 
1.80 
1.25 
1.40 
0.50 
0.53 
0.35 
2 
2.69 
2.09 
2.25 
2.20 
1.85 

L. MICHELAZZI 

Department o/ General Pathology, University o/ Geneva 
(Italy), April  4, 1961. 

Nachbargruppeneffekt des Pyridinringes 
beschleunigt alkalische Ester-Hydrolyse 

I m  Z u s a m m e n h a n g  mi t  U n t e r s u c h u n g e n  fiber die Wir-  
kungsweise  yon  PAM (Pyr id in -2 -a ldox im-metho jod id )  
war  es notwendig ,  das  reak t ive  Ve rha l t en  yon  Py r id in -  
ana logen  Chol ines tern  bei  der  a lkal i schen Hydro ly se  
kenncnzu le rnen .  D u r c h  po t en t i ome t r i s che  T i t ra t ion  bei 
k o n s t a n t e m  p H  1 f anden  wir, dass  der  Benzoes/ iurees ter  I 
y o n  2 - H y d r o x y m e t h y l - N - m e t h y l p y r i d i n i u m c h l o r i d  m i t  
O H - - I o n e n  m e h r  als d oppe l t  so schnel l  reagier t  als der  
, ak t iv ie r te  E s t e r ,  2 Benzoylchol in  I I  (vergleiche Tabelle I). 
Dieses R e s u l t a t  schien zun/ ichst  f iber raschend;  es w/ire 
n/ imlich zu e r w a r t e n  gewesen,  dass  sich der  e lektro-  
s ta t i sche  E f f e k t  2 be im Chol ines ter  st~irker auswi rk t  als bei  

H3C\/CH2--C~,  
CHz H3C--~, ~ 0 

H3C / 0--C 

I ~Ph I Ph 

Fig. 1 

Tab. I 

Versuch Nr. 1 2 3 4 

k 1 - 10 * (rain -1) 
Ester I 10,74 9,47 9,81 11,60 

II 3,24 3,43 3,65 3,18 

pH: 11,00 i 0,03; Temperatur: I9,6°; c o = 0,025 Mol/l (Anfangs- 
konzentration des Esters in bidest. Wasser); Ionenstfirke p = 
0,5 Mol[1 NaCI. Aus dem Verlauf der Titrationskurven wurde nach 
dem zweiten (halbgraphischen) Verfahren yon GUGGENUEIM ~ die 

Reaktionsgeschwindigkeitskonstante erster Ordnung k I ermittelt. 

I, well wegen  der  vielsei t igen Resonanzm6gl i chke i t en  im 
N - A l k y l - p y r i d i n i u m s y s t e m  a die posi t ive  L a d u n g  a m  
St icks tofI  tei lweise i n t r amoleku la r  k o m p e n s i e r t  ist .  De r  
e lek t ros ta t i sche  E f f e k t  allein v e r ma g  also die ge fundenen  
T a t s a c h e n  n i c h t  zu deuten .  Berf icks icht ig t  m a n  j edoch  
ausserdem,  dass  der  P y r i d i n i u m - E s t e r ,  n i ch t  aber  der  
Chol ines ter  zur  nuc leophi len  Add i t i on  von  Anionen  be-  
f/ihigt is t  4, so k o m m t  m a n  zu einer  be f r i ed igenden  Er -  
kl/irnng. Wir  n e h m e n  an (vergleiehe F igur  2), dass  zun/ ichst  
die E s t e r - Ca r b o n y l g r u p p e  y o n  der  pos i t iven  L a d u n g  an-  
gezogen und  in r / iumliche  N a c h b a r s c h a f t  zum St icks tof t  
g e b r a c h t  wird (III)  (e lek t ros ta t i scher  Ef fek t ) ;  d a d u r c h  
wird die Po la r i sa t ion  der  C = O - G r u p p e  noch vers t / i rk t  und  
der  Angri f f  du rch  das O H - - I o n  er le ichter t .  Gleichzei t ig  
erfolgt  in t r amoleku la re  Addi t ion  des Carbony lsauers to f f s  

~ .  CHf"'O 0/CHz~ 0 
I ° o /  / o 

lr Ph / iv, Ph 

/ 

/.0 CHzOH 
I ~ 

,3c - 

Ph/C~OH-- O= C --0 ° 
I 

v v[ Ph 
Fig. 2 

1 Zur pH-Stat-Methodik vgl. C. F. JACOBSEN, J. LfSoNis, K.LINDER- 
STR~iM-LANG und M. OTTESEN, Methods of Biochemical Analysis 4, 
171 (1957). 

2 E. SCH~,TZLE, M. ROTTENBERG und M. TIIORKAUF, Helv. claim. 
Acta 42, 1708 (1959). 

a F. KR6HNKE, Angew. Chem. 65, 605 (1953). 
4 Vgl. die ausfiihrliche Arbeit yon K. WALLENFBLS und H. SCHOLY, 

Liebigs Ann. 6~1, 86 (1959). 


