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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 

c~_C02 (vii) 
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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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and  IV c o m p a r e d  to  w h a t  is obse rved  for t he  r eac t ion  of I 
w i t h  V. 

If  t h i s  is t he  case, I a n d  t e t rahydro- f i -ca rbo l ine -3-  
ca rboxy l i c  acid 3 (VI) o u g h t  to  r eac t  m u c h  fas t e r  t h a n  I 
a n d  V. Th i s  a s s u m p t i o n  ha s  been  verif ied,  a n d  f o r m a t i o n  
of I I I - 3 - C O O H  f rom I a n d  V I  ha s  been  found  to be  more  
t h a n  40 t i m e s  as r ap id  as f o r m a t i o n  of I I I  f rom I a n d  V. 

I n  ana logy  w i t h  t he  d i f fe ren t  p K , - v a l u e s  found  for 
indole -2-carboxyl ic  acid * (5.28) a n d  indole -3-carboxyl ic  
acid s (7.00), I V  m a y  be  s o m e w h a t  s t ronge r  a n  acid t h a n  
VI ,  wh ich  should  increase  t h e  ca t a ly t i c  eff ic iency of t he  
c a r b o x y l  g roup  in I V  over  t h a t  in  VI .  Th i s  is also ref lec ted  
in t h e  d i f f e ren t  r a t e s  for t o r m a t i o n  of I I I  a n d  I I I - 3 - C O O H  
in t h e  r eac t ions  of I w i t h  t V  respec t ive ly  VI .  

Thus ,  t he  r ap id  f o r m a t i o n  of I I I  f rom I a n d  I V  m a y  be  
i n t e r p r e t e d  in t e r m s  of a m e c h a n i s m  invo lv ing  in t r a -  
molecu la r  acid ca ta lys i s  of t he  f o r m a t i o n  of t he  i m l n o n i u m  
c o m p o u n d  V I I I  (Scheme).  Concer ted  d e c a r b o x y l a t i o n  of 
V I I I  v i a  t h e  zwitterion a n d  t a u t o m e r i c  r e a r r a n g e m e n t  to  
gain  r e sonance  s t ab i l i za t ion  resu l t s  in  t he  fo rn l a t i on  of 
I I I  (Scheme).  

The  r eac t ion  of I w i t h  V I  can  be  descr ibed b y  a s imi la r  
m e c h a n i s m ,  bu t ,  in  t h i s  case d e c a r b o x y l a t i o n  does no t  
t ake  place. 

Also  o t h e r  c a r b o n y l  compounds ,  e.g. fo rma[dehyde ,  
benza ldehyde ,  ace tone  etc., r eac t  w i t h  I V  to  fo rm yellow, 

h igh ly  f luorescen t  compounds .  Moreover ,  f i -phene thyl -  
amines  h a v e  also been  found  to  undergo  r eac t ion  w i t h  I 
y ie ld ing  f luorescen t  compounds ,  p r e s u m a b l y  b y  a s imi la r  
m e c h a n i s m .  

F u r t h e r  s tud ies  Oil t he  h i s tochemica l  app l i ca t i on  of t he  
r eac t ion  descr ibed  in th i s  p a p e r  are  in  p rog re s sk  

Zusammen/assung. Die Iden t i f i z i e rung  u n d  der  Bi ldungs-  
m e c h a n i s m u s  des f luoresz ie renden  P r o d u k t e s  aus  Glyoxyl-  
s~ture u n d  T r y p t a m i n  wi rd  beschr ieben .  E ine  in t r a -  
mo leku la re  s~ture-katalysier te  R e a k t i o n  wi rd  fiir die 
B i l dung  des f luoresz ie renden  P r o d u k t e s  vorgeschlagen .  
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D e h y d r o o c o t e i n e  a n d  D i d e h y d r o o c o t e i n e  f r o m  Ocotea puberula 

Ocote ine  (I) has  been  i so la ted  f rom Ocotea puberula 
(Nees e t  Mart . )  ~N~EES 1 a n d  f rom Thalictrum minus L. ~, 
T. isopyroides C. A. MEu ~, T. ]endleri Enge lm.  ex A. G r a y  4 
and  Phoebe porphyria (Gris.) Mez. 5. IACOBIJCCI s r epo r t ed  
t h e  p resence  of a second  a lka lo id  in t he  benzene  e x t r a c t  
of Ocotea puberula. 

Whi le  t he  m e t h a n o l i c  e x t r a c t  of t he  b a r k  af forded on ly  
ocote ine  (I) a n d  t h e  o x o a p o r p h i n e  I I L  f rom t h e  l i gh t  
p e t r o l e u m  e x t r a c t  i t  was  possible  to  i so la te  in  0.8%0 yie ld  
a n o t h e r  bas ic  s u b s t a n c e  which,  pur i f ied  b y  p r e p a r a t i v e  

OCH a OCHa 

H C / O ~ ; ~ / ' ~  / O .  / ~ . . / ~  

ill; 

t - I a C O / ' ~  
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I II 

OCH B OCH B 

\ o / l - ~ / ' - . ~ j z ~ \  cH 2 

OCH~ OCH 3 

IIi IV 

TLC a n d  crys ta l l ized  f rom e thy l  ace ta te ,  m e l t e d  a t  
203-204~ and  a n a l y z e d  for C21H~iNO 5. I t  was  homo-  
geneous on  severa l  TLC sys t ems  a n d  u n s t a b l e  to  l ight .  

The  U V - s p e c t r u m  suggests  s t r u c t u r e  I I I  for t i le com- 
pound ,  w i t h  a c o n j u g a t e d  c h r o m o p h o r e  of t h e  dehydro -  
a p o r p h i n e  t y p e  s-10, w i t h  m a x i m a  a t  220, 263 a n d  335 n m  
(log e 4.56, 4.80 and  4.06). Besides,  t he  I R  b a n d  a t  1590 
cm -~ due  to  ske le ta l  C=C in -p l ane  v ib ra t ions ,  is more  
i n t ense  t h a n  in  ocote ine  (I). 

The  N M R  s p e c t r u m  shows a n  N - m e t h y l  g roup  (6 3.10, 
s, 3H), 3 m e t h o x y  groups  (8 4.08, s, 6H,  and  6 4.12, s, 3H),  
a m e t h y l e n e d i o x y  group  (~ 6.12, s, 2H),  a n d  a r o m a t i c  
p r o t o n s  (d 6.60, s, 1H;  8 7.10, s, 1H, a n d  d 8.45, d(?) ,  lt-I). 
These  va lues  are  t y p i c a l  of t h e  d e h y d r o a p o r p h i n e  alka-  
loidsS-l~ t h e  N - m e t h y l  g roup  is sh i f t ed  f rom d 2.53 in 
ocote ine  to  d 3.10, a n d  t he  2 h y d r o g e n  a t o m s  of t he  m e t h y -  
lene d ioxy  r ing  are now m a g n e t i c a l l y  e q u i v a l e n t  due  to  
t he  p l a n a r i t y  of t h e  p h e n a n t h r e n e  sys tem.  The  s ignal  a t  
d 8.45 which  is t yp i ca l  of t h e  C-11 p r o t o n  appea r s  as a n  
a s s y m m e t r i c  double t ,  sugges t ing  t h a t  t h e  i so la ted  base  
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