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P o l a r o g r a p h i c  Kinet i c s  of R e a c t i o n s  w h i c h  P r o c e e d  v ia  C a r b o n i u m  Ion  I n t e r m e d i a t e s  

W e  wish to descr ibe  f u r t h e r  work  on  ti le p o l a r o g r a p h y  
of t he  c a r b o n i u m  ion I I  ~ a n d  on  i ts  use in  t h e  k ine t ics  of 
r eac t ions  p roceed ing  v ia  th i s  i n t e rmed ia t e .  

To ach ieve  a r igorous  a s s i g n m e n t  of t i le  obse rved  
po l a rog raph i c  waves  to t h e  c a r b o n i u m  ion I I  we h a v e  f i rs t  
of all  d e t e r m i n e d  t i le  N M R - s p e c t r u m  of t h i s  species a n d  
cor re la ted  i t  w i t h  i ts  U V - a b s o r p t i o n  m a x i m u m .  

The  N M R - s p e c t r u m  of a so lu t ion  of d i m e t hy l -p -  
m e t h o x y p h e n y l  ca rb ino l  I in  abso lu te  f luorosu lphonic  
acid a t  - -10 ~ clearly,  d e m o n s t r a t e s  t he  presence  of on ly  
one species i.e. t h e  c a r b o n i u m  ion I I .  ~Sharp s ing le t  (6H) 

= 7.54 p p m  (-C=(CH~)2) , s h a r p  s ingle t  (3H) z = 6.27 p p m  
+ 

(-O-Ct-Ia), q u a d r u p l e t  (4H) z = 2.19, 2.29, 3.41, 3.51 p p m  
(a romat i c  H)].  Th i s  s p e c t r u m  is cons i s t en t  w i t h  t he  N M R  
of t h e  p - m e t h o x y p h e n y l  m e t h y l  c a r b o n i u m  ion d e t e r m i n e d  
b y  OLAH ~. 

T h e  U V - s p e c t r u m  oI a so lu t ion  of t h e  a lcohol  I in  
abso lu t e  f luorosu lphonic  acid a t  - -10 ~ d isp lays  a n  
a b s o r p t i o n  m a x i m u m  a t  357 n m  (e = 2.6 • 104). I n  v iew 
of t h e  p receed ing  we m u s t  ass ign t h i s  a b s o r p t i o n  m a x -  
i m u m  to  t he  c a r b o n i u m  ion I I .  

I n  m i x t u r e s  of su lphur ic  acid a n d  w a t e r  c o n t a i n i n g  ti le 
a lcohol  I a U V - a b s o r p t i o n  m a x i m u m  a t  361 n m  (e = 
2 .6 •  a n d  a one e lec t ron  po l a rog raph i c  r e d u c t i o n  
wave  [E~/2 = - -0 .49  V vs  S.C.E.~ m a y  be s imp ly  shown  to  
be long  to t i le same  species wh ich  c o n s e q u e n t l y  m u s t  be  
t he  c a r b o n i u m  ion I I  3. 

I n  acet ic  ac id -ch lo roform m i x t u r e s  c o n t a i n i n g  a sma l l  
a m o u n t  of su lphur ic  acid p - m e t h o x y  2 -pheny l  prolSylene 
I I I  gave  a well  def ined po l a rog raph i c  wave  (El/2 = - - 0 . 4 V  
vs  S.C.E.) wh ich  decreased  w i t h  t i m e  to  a l im i t i ng  value.  
This  wave  r e sembled  closely t he  po l a rog raph i c  r educ t i on  
wave  of t he  Carbon ium ion I I  a n d  t h e  a g r e e m e n t  of 
h a l f w a v e  p o t e n t i a l  if we cons ider  t he  d i f fe ren t  so lven t  
s y s t e m  is sa t i s fac tory .  

The  wave  was i n d e p e n d e n t  of m e r c u r y  pressure  4-6 a n d  
su r fac t an t s ,  l i nea r ly  d e p e n d e n t  on t h e  c o n c e n t r a t i o n  of 
I I I  a n d  gave  s m o o t h  ' i - t '  p a r a b o l a s  w i t h  a n  e x p o n e n t  
k = 0.65-0.687,4, ~. Consequen t ly  we are  dea l ing  w i t h  a 
ful ly r a t e  con t ro l l ed  v o l u m e  r eac t ion  in  wh ich  t h e  r a t e  of 
p r o d u c t i o n  a n d  t he  r a t e  of d i s a p p e a r a n c e  of t h e  c a r b o n i u m  
ion I I  con t ro l s  t he  wave  he ight .  

Fo r  so lu t ions  of (III)  in acet ic  acid,  15% ch lo ro fo rm 
(v/v),  6% su lphur ic  acid (v/v) a n d  0.0005% gelat in ,  t he  
in i t ia l  wave  h e i g h t  was  4.03 •  -~ of t he  t heo re t i ca l  

d i f fus ion c u r r e n t  (i~o/ia). The  w a v e  d e c r e a s e d  as a f i r s t  
order  r eac t ion  w i t h  a r a t e  c o n s t a n t  kex~ = 9.65 • 10 -~ s -1, 
u n t i l  i t  r eached  a c o n s t a n t  h e i g h t  of 2.56 • 10 .2 of t he  
t heo re t i ca l  d i f fus ion  c u r r e n t  (i~/ia). The  curves  were  
recorded  a t  25 ~ w i t h  cap i l l a ry  cha rac te r i s t i c s :  m (outf low 
veloci ty)  = 2.95 m g  s -1, t (drop t ime)  = 2.87 s. The  
t heo re t i ca l  d i f fus ion curre~at va lues  were e s t i m a t e d  f rom 
t h e  k n o w n  d i f fus ion-cont ro l led  waves  of ace tophenone .  

I n  t he  same  s y s t e m  a U V - a b s o r p t i o n  m a x i m u m  was 
obse rved  a t  368 n m  wh ich  decreased  a t  t h e  same  r a t e  as 
t h e  po l a rog raph i c  wave.  W e  aga in  ascr ibe  t h i s  a b s o r p t i o n  
m a x i m u m  to  t h e  species II .  The  a b s o r b a n c e  a t  t i m e  zero 
o b t a i n e d  b y  e x t r a p o l a t i o n  was 2.28 • 10 -3 of t h a t  de ter -  
m i n e d  for t h e  c a r b o n i u m  ion I I  (vide supra) .  

The  decrease  of t h e  k ine t i ca l ly  con t ro l led  po la rog raph ic  
wave  of t he  c a r b o n i u m  ion I I  w i t h  t i m e  to  a c o n s t a n t  
l im i t i ng  va lue  m e a n s  c lear ly  t h a t  a n  equ i l ib r ium is be ing  
es t ab l i shed  and  t h a t  t he  c a r b o n i u m  ion I I  pa r t i c i pa t e s  in  
th i s  equ i l ib r ium.  

The  on ly  scheme  w h i c h  is a ccep t ab l e  f rom t h e  p o i n t  of 
v iew of mechan i s t i c  organic  c h e m i s t r y  a n d  wh ich  a t  t he  
same  t i m e  accoun t s  for al l  t h e  facts  is t he  convers ion  of I I I  
i n to  a n  equ i l i b r i um m i x t u r e  of I I I  a n d  I V  v ia  a r ap id  
equ i l i b r ium w i t h  t h e  c a r b o n i u m  ion I I .  

Such  a scheme  fo rma l ly  closely resembles  t he  scheme 
for t he  m u t a r o t a t i o n  of D-glucose w i t h  cons ide ra t ion  of 
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t h e  i n t e r m e d i a t e  a ldehydeS,"  and  b y  a s imi la r  set  o f  
a r g u m e n t s  i t  is possible  to  der ive  t h e  k ine t ic  c u r r e n t  of 

t he  c a r b o n i u m  ion a t  t i m e  zero (leo) and  t i m e  in i f in i ty  

(i~oo) as func t ions  of t he  theo re t i ca l  dif fusion c u r r e n t  (~a) 
a n d  t he  4 r a t e  c o n s t a n t s  kl, k_l, ks, k_~(1,2.) 

leo~is = 0.886 tl/Shl/(k_lq-ks)~/~ = 4.03 x10 -~ (1) 

i~z/ia = 0.886 tl/2klk_s(k_l +ks)l/2/(h_lk_~ +kzk_2 +klk2) = 
2.56•  -s (2) 

The  overa l l  r eac t ion  r a t e  can  be s impl i f ied  to  

hex;o = (klk2+k-lk-2)/(k-l+k2) = 9.65 X lOg-s -1 (3) 
The  f o u r t h  e q u a t i o n  needed  to  ca lcu la te  all  t h e  4 

u n k n o w n  r a t e  c o n s t a n t s  is p r o v i d e d  b y  t he  e x t r a p o l a t e d  
e x t i n c t i o n  a t  268 n m  to  t i m e  zero. This  va lue  yields t he  
c o n c e n t r a t i o n  of I I  a t  t i m e  zero and  cons equen t l y  i t  
yields t he  equ i l ib r ium c o n s t a n t  of the  r ap id ly  es tab l i shed  
equ i l ib r ium be tween  I I  and  I I I .  

kl /k_ 1 = 2.28 x l 0  -3 (4) 

F r o m  equa t i ons  (1), (2), (3) and  (4) t he  4 r a t e  c o n s t a n t s  
are  as follows: k~ = 0.32 s -1, k-x = 140 s-l ,  k s = 0.15 s -1, 
k-~ = 6.2 • 10 -~ s -1. 

The  va lue  k 1 is in  a g r e e m e n t  w i t h  the  ra tes  of p r o t o n a -  
t ion  of s u b s t i t u t e d  s ty renes  in acet ic  acid su lphur ic  acid 
m i x t u r e s  ~0 

P o l a r o g r a p h i c  k ine t ic  cu r r en t s  p rove  to be  a nove l  tool  
for  the  s t u d y  of chemica l  r eac t ions  p roceed ing  v ia  
c a r b o n i u m  ion in t e rmed ia t e s .  

Zusammen/assung. Mit  Hilfe  der  Po l a rog raph i e  wi rd  die 
K i n e t i k  der  Solvolyse yon  p -Me thoxy - i sop ropa l akoho l  
b e s t i m m t .  
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A New Reaction in Histochemistry:  Structure and Mechanism of Formation of Fluorescent Compounds 
in the Reaction of Tryptamine and Carboxyl Substituted Tetrahydro-/~-Carbolines with Glyoxylic Acid 

Glyoxyl ic  acid (I) has  been  found  to  r eac t  w i t h  biogenic  
amines  (e.g. indo leamines ,  ca techo lamines ) ,  b o t h  in 
t issues and  in solut ion,  w i t h  t h e  f o r m a t i o n  of h i g h l y  
f luorescen t  compounds .  This  r eac t ion  seems to  offer  a 
new v e r y  sens i t ive  m e t h o d  for t h e  h i s tochemica l  d e m o n -  
s t r a t i on  of such  amines  in t i ssues  1. 

d H2~ IH cN I  -"CHCO2H :021"4 
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Thus ,  t he  yellow, h igh ly  f luorescen t  c o m p o u n d  fo rmed  
a f te r  t r e a t m e n t  of t r y p t a m i n e  hyd roch lo r ide  (II) w i t h  a 
4 m o l a r  excess of (I) (monohydra t e )  in  n - B u O H  a t  r oom 
t e m p e r a t u r e  has  been  cha rac t e r i zed  a n d  found  to be  t he  
q u a t e r n a r y  2 - c a r b o x y m e t h y l -  3.4-dihydro-/Y-carbolinium 
chloride,  I I I  (Scheme) ;  IIR (KBr)  : 3100, 2750, 2500, 1720, 
1630, 1540, 1340, 880 a n d  760 cm-1;  N M R  (DMSO-d~, 100 
~ H z ) :  3.32 (t, 2H,  j = 9.0 Hz , -CH~-CHs- ) ,  4.12 (t, 2H,  
J = 9 . 0  H z , - C H 2 - C H 2 -  ), 4.96 (s, 2H,  pyr-N-CHs-) ,  7.5 
(m, 5H,  Ar-H a n d  ind-NI~), 9.21 (s, 1FI, l-H), 12.86 
(broad  s, 1H, -COOH);  f luorescence:  375/500 r im; mass  
s p e c t r u m  a t  70 eV (m/e ( re la t ive  i n t e n s i t y  %) lV[+ 229 
(0.3), 212 (3), 186 (13), 185 (6), 172 (6), 169 (6), 144 (17), 
143 (100), 142 (10), 128 (6), and  115 (17); a f t e r  N a B H  4- 
r e d u c t i o n :  M + 230 (5), 186 (10), 169 (3), 156 (5), 143 (100), 
130 (7), 128 (7), 115 (23), 102 (7) a n d  89 (7). 

F o r m a t i o n  of I I I  in t he  r eac t ion  of I w i t h  te t rahydro- /3-  
ca rbo l ine - l - ca rboxy l i e  adic  (IV) ( i n t e rmed ia t e  in  t he  
f o r m a t i o n  of I I I  fo rm I a n d  II) ,  h a s  been  found  to  be  
more  t h a n  80 t imes  as r ap id  as t he  ana logous  r eac t ion  of 
I w i t h  te t rahydro- /~-carbol ine  s, (V) (Pseudo f i r s t -o rder  
cond i t ions  in  n - t3uOH a t  84~ 

Owing to  s ter ic  and  i n d u c t i v e  effects f rom t h e  ca rboxy l  
group i n t r o d u c e d  in IV, t he  pyr-nitrogen in  t h i s  c o m p o u n d  
o u g h t  to  be  less r eac t ive  aga ins t  I t h a n  t he  pyr-nitrogen 
in  V. However ,  s ince t he  molecu la r  g e o m e t r y  in IV  is so 
a r r anged  t h a t  ca t a ly t i c  ass i s tance  f rom the  ca rboxy l  g roup  
m a y  be  possible,  (bo th  in t h e  r eac t ion  of t he  pyr-nitrogen 
w i t h  t he  c a r b o n y l  c a r b o n  in I, as well  as in  t he  s u b s e q u e n t  
d e h y d r a t i o n  r eac t ion  of t he  ca rb ino lamine ,  VI1), t h i s  m a y  
be an  e x p l a n a t i o n  for t he  r ap id  f o r m a t i o n  of I I I  f rom I 
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