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T h e  M a n n i c h  c o n d e n s a t i o n  i n v o l v i n g  t h e  i n t e r a c t i o n  
b e t w e e n  a n  a m i n o  group,  a c a r b o n y l  f u n c t i o n ,  a n d  a 
c a r b a n i o n  c e n t e r  p r e s e n t  in  a m i n e s  a n d  a ldehydes ,  de-  
r i v a b l e  f rom a m i n o  ac id  p r e c u r s o r s  (excep t  for a ce tone -  
d i c a r b o x y l i c  acid,  d e r i v a b l e  f r o m  ci t r ic  acid) has  s e r v e d  
as t h e  bas is  for t he  successfu l  c o r r e l a t i o n  a n d  e v e n  pre-  
d i c t i o n  of t he  c h e m i c a l  s t r u c t u r e  of a lka lo id s  o b t a i n a b l e  
f rom v a r i o u s  p l a n t s  2. W h e r e a s  t h e  overa l l  c a r b o n - n i t r o -  
gen  s k e l e t o n  of m o s t  a lka lo ids  c an  be  f o r m u l a t e d  b y  t h i s  
r eac t i on ,  t h e  l a t t e r  s o m e t i m e s  b e i n g  a s s u m e d  to  be  t he  
p h y t o c h e m i c a l  process  of a lka lo id  e v o l u t i o n  in t he  p l a n t  a, 
t h e  f ine r  p o i n t s  in  t h e  s t r u c t u r e  of a lka lo ids ,  i .e. ,  t h e  
s u b s t i t u e n t s ,  o f t en  r e m a i n  u n e x p l a i n e d .  

T h e  e v e r - r e c u r r i n g  a l icyc l ic  N - m e t h y l ,  a r o m a t i c  O- 
m e t h y l  a n d  m e t h y l e n e - d i o x y  g r o u p i n g s  h a v e  been  con-  
s ide red  as  a r i s i ng  f r o m  a n  i n t e r r u p t e d  bas ic  b i o g e n e t i c  
r eac t i on ,  one  w h e r e i n  a r e d u c t i v e  s t ep  fol lows t h e  i n t e r -  
a c t i o n  of f o r m a l d e h y d e  ( d e r i v a b l e  f r o m  glycine)  a n d  
N - H  or  O - H  (excep t  for  t h e  m e t h y l e n e - d i o x y  group ,  
w h i c h  wou ld  be  f o r m e d  b y  t h e  c o n d e n s a t i o n  of t h e  
s econd  h y d r o x y l  g r o u p  w i t h  t h e  O H - f o r m a l d e h y d e  com-  
plex) a n d  t h u s  s u p e r c e d e s  t h e  n o r m a l  c a r b a n i o n  a t t a c k  
on  t he  a m i n e - a l d e h y d e  c o m p l e x  4. T h i s  i n t e r p r e t a t i o n  
h a s  b e e n  q u e s t i o n e d  a n d  h y p o t h e s e s  i n v o l v i n g  t r a n s -  
m e t h y l a t i o n  4, or  f o r m y l a t i o n  fol lowed b y  r e d u c t i o n  s 
h a v e  been  a d v a n c e d .  

The  r e l a t i v e l y  h i g h  s t a t e  of o x i d a t i o n  of t h e  a v e r a g e  
a lka lo id  (a t  l eas t  as c o m p a r e d  to  i t s  a m i n o  ac id  pre-  
cursor)  is a n o t h e r  s t r i k i n g  c h a r a c t e r i s t i c  of t h e  n a t u r a l  
p r o d u c t .  W h i l e  t h e  s i te  of o x i d a t i o n  is l oca t ed  in b o t h  
t h e  a r o m a t i c  a n d  a l i p h a t i c  or  a l icycl ic  p a r t s  of m o s t  
a lka lo ids ,  on ly  t he  f o r m e r  ha s  a r o u s e d  e x p e r i m e n t a l  a n d  
t h e o r e t i c a l  i n t e r e s t .  T h u s  t he  b i o c h e m i c a l  i n t r o d u c t i o n  
of o x y g e n  a t o m s  i n t o  t h e  a r o m a t i c  r ing  has  been  dis- 
cussed  a n d  r e v i e w e d  a b l y  b y  WITKOP 6. T h e  o x i d a t i v e  
p h e n y l - p h e n y l  i n t e r a c t i o n  ha s  b e e n  a l o n g - k n o w n  p h e n o -  
m e n o n  in t he  b iogenes i s  of a lka lo ids  2. T h e  a p o r p h i n e  a n d  
m o r p h i n e  g r o u p s  are  e x a m p l e s  of t h i s  o x i d a t i o n ,  w h e n  
i t  r e su l t s  in  c a r b o n - c a r b o n  b o n d  f o r m a t i o n  (i.e.,  p r o d u c -  
t i o n  of t h e  d i p h e n y l  sys t em) ,  whi le  t h e  b i s coc l au r ine  
g r o u p  exempl i f i e s  t h e  s a m e  r e a c t i o n  i n v o l v i n g  c a r b o n -  
o x y g e n  b o n d  f o r m a t i o n  (i .e. ,  d i p h e n y l  e t h e r  sy s t em) .  
O x i d a t i v e  n i t r o g e n - p h e n y l  i n t e r a c t i o n  h a d  b e e n  s h o w n  

I Department of Chemistry, Iowa State College, Ames Iowa. 
2 G. K. HUGHES and E. RI'rcHIE, Rev. pure App. Chem. 2, I25 

(1952). 
3 G. K. HUGHES and E. RITCHIE, Rev. pure App. Chem. 2, 125 

(1952). - R. F. DAWSON, Adv. Enzymology 8, 203 (1948). 
4 F. CHALLENGER, Cheni. Rev. 36, 315 (1945). 
5 F. CHALLENGER, Chem. Rev. 36, 315 (1945). - Cf.: S. KIRK- 

WOOD and L. MARION, Can. J, Chem. 29, 30 (1951). 
n B. WITKOP and S, GOODWIN, Exper. 8, 377 (1952). 

c h e m i c a l l y  poss ib le  in  19321 , a n d  is one  of t he  s teps  in 
t he  f o r m u l a t e d  b iogenes i s  of t h e  a lka lo id s  of t he  d e h y d r o -  
l audanoso l ine~  a n d  o t h e r  p y r r o c o t i n e  t y p e s  a. F ina l ly ,  
t he  o x i d a t i v e  c l eavage  of t h e  a r o m a t i c  nuc l eus  was 
p o s t u l a t e d  e l e g a n t l y  b y  WOODWARD* as a n  i m p o r t a n t  
f e a tu r e  of t h e  b iogenes i s  of t h e  s t r y c h n o s  a lka lo ids .  This  
o x i d a t i o n  is i n c o r p o r a t e d  now in  t h e  s u g g e s t e d  b iogenes i s  
of a lka lo ids  as v a r i e d  as t h e  c i n c h o n a ,  r auwol f i a ,  a l s t o n i a  
species  s, e m e t i n O  a n d  f l -e ry thro id ine% 

R e g a r d i n g  t h e  o x i d a t i o n  of t h e  a l icycl ic  p o r t i o n  of an 
a lka lo ida l  r ing  ske le ton ,  WITKOp r e c e n t l y  sugges t ed  7 
t h a t  (a t  l eas t  in  t h e  case  of t h e  indo le  a lka lo ids )  the  
l ike ly  s i tes  of o x i d a t i o n  would  be  a t  pos i t i ons  a d j a c e n t  
to  c a r b o n - c a r b o n  a n d  c a r b o n - n i t r o g e n  d o u b l e  bonds .  
S ince  ox id i zed  cen t e r s  a p p e a r  also a t  pos i t i ons  n o t  ac- 
t i v a t e d  b y  a d j a c e n t  u n s a t u r a t e d  bonds ,  t h e  a b o v e  mech-  
a n i s m  is n o t  un ique .  Cur ious ly ,  howeve r ,  t he  p o i n t  of 
o x i d a t i o n  m o s t  r e p e a t e d  in  a v a s t  m a j o r i t y  of a lka lo ids  
is t h e  c a r b o n  a t o m  b o n d e d  to  a n i t r o g e n  a t o m .  Thus  
a m i d e s  (I), c a r b i n o l a m i n e s  (II) ,  a m i n o  k e t o n e s  or al- 
d e h y d e s  ( I I I ,  IV),  e r i e -amines  (V), i m i n e s  (VII ) ,  an- 
h y d r o n i u m  sa l t s  (VI) a n d  bases  a n d  he te rocyc l i c -a ro -  
m a r i e  nuc le i  are  c o n t i n u o u s l y  r e c u r r i n g  f u n c t i o n a l  groups  
in a lka lo id  c h e m i s t r y .  Since all t he se  f u n c t i o n s  are  re- 
l a t e d  to  c a r b i n o l a m i n e s ,  i t  b ecomes  n e c e s s a r y  to  in te r -  
p r e t  t h e  o r ig in  of t h i s  l inkage .  
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On e l e m e n t a r y  i n s p e c t i o n  of t h e  ene rge t i c s  of ox ida t i on  
a t  c en t e r s  of h y d r o g e n ,  s a t u r a t e d  c a r b o n  a n d  n i t rogen  
a t o m s ,  i t  is a p p a r e n t  t h a t  t h e  l a s t  wou ld  be  t h e  mos t  
su scep t i b l e  s i te  to  o x i d a t i o n  a n d  t h a t  t h e  p r i m a r y  prod-  
uc t  wou ld  be a n  a m i n e  ox ide  (or a h y d r o x y l a m i n e  de- 
r i v a t i v e )  8. F u r t h e r m o r e ,  t h e  l a t t e r  wou ld  r equ i r e  s imply  
a r e a r r a n g e m e n t  to  f u r n i s h  a c a r b i n o l a m i n e ,  t h e  pre- 

1 R. ROBINSON and S. SWGASAWA, J. Chem. Soc. 1932, 789. - 
C. SCHOEPF and K. TItlERFELDER, Ann. Chem. 497, 22 (1932). 

2 j .  EWING, G. K. ttUGIIES, E. RITCHIE, and "W. C. TAYLOR, 
Nature 169, 618 (1952). 
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rAGE, and E. J. AGNELLO, J. Amer. Chem. Soe. 7G 2550 (1952). 
7 B. WITKOP, J. Amer, Chem. Soc. 75, 3361 (1953). - B. WITKOP 

and S. GOODV¢IN, J. Amer. Chem. Soc. 76, 3371 (1953). 
s One previous suggestion regarding the use of a N-oxide as a 

biogenetic intermediate was made by ROBINSON [Chem. Ind. 1952, 
358] in his interpretation of the origin of the 7-hydroxy group in 
natural hydroxyindole derivatives. The mechanism of this oxidation, 
however, was not explained. 
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cursor to the various functional groups discussed above. 
Such rearrangements  are common in the chemical litera- 
ture and probably the most representat ive among them 
is the Polonovski reactionL While this reaction,-- the 
spontaneous decomposition of a quaternary  acyloxy- 
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ammonium salt into a carbinolamine acylate or its equiv- 
alent2,--has been used mainly with acetic anhydride on 

1 M. POLONOVSKI and M. POLONOVSKI, Bull. Soc. chim. 39, 1147 
(19"26), and succeeding papers. - This is a much-neglected reaction 
even though it seems to be as good as, if not superior to, the yon 
Braun cyanogen bromide degradation of tertiary amines. 

2 The mechanism of the POLONOVSKI reaction (vide supra], never 
seriously suggested before, most likely involves the internal abstrac- 
tion of a proton from the carbon adjacent to the positive nitrogen 
atom thus forming an ylid which cyclically breaks up yielding the 
carbinol amine acylate or its conjugate acid. The original removal 
of a proton is reminiscent of the stryehnine-to-neostryehnine con- 
version [R. B. WOODWARD and W. J. BREAM, J .  Amer. Chem. Soe. 
70, ~2107 (1948)] and the general formation of ylides [G. WITTIG, 
Angew. Chem. 68, 15 (1951)]. Whereas these examples are higher 
energy reactions involving external bases and the production of 
mesomerie benzyl or allyl carbanions, the case of the Polonovski 
reaction must be due to the availability of the internal base, the 
neighboring acetoxyl group. The carbanion, once formed, then could 
displace acetic acid from nitrogen, possibly even in a concerted 
reaction, e.g.: 

- L x H ~ . . O  # J  I /OAe  

(II * tNi ® s x O  -C" 

N . . . .  / 2 C , .  - N ,  
- i \ ' o - / C \ c u = ,  x ® / \  o ' /  " c . ~ ,  x ®  i " H ,  x® 

But this mechanism at least cannot be general since the reaction also 
proceeds on compounds containing nitrogen at a bridgehead thus 

precluding the formation of a - - C =  N - -  intermediate [M. POLO- 
I I 

NOVSKI, M. DARMON, and P. RAJZMAN, C. r. Acad. Sci., Paris 234, 
108 (1952)]. Consequently, the carbanion must attack the car- 
bonyl group with a eoncommitant cleavage of the N-O bond. 
This phase of the reaction is the five-membered cyclic analogue 
to the three-membered cyclic mechanism of the Stevens rearrange- 
ment [G. WITTm, vide supra], while the unorthodox attack on 
the earbonyl group is the same as the one proposed for the zinc 
reduction of cz-halo-, c~-oxy- IR. B. WOODWARD, F. SONDHEIMER, 
I). TAUB, K. HEOSLER, and W. M. McLAMORE, J. Amer. Chem. Soe. 
z4, 42~a (195:2)], 0t-amino-, and (z-thioketones IN. J. LEONARD and 
J. FmOEROS, Jr., J. Amer. Chem. Soc. 74, 917 (1952), and preceding 
papers]. 

N-methyl  containing alkaloids (almost always yielding 
the N-acetyl-nor compounds), other conditions are also 
p o s s i b l e L  I n  fac t ,  t h e  d i c h r o m a t e  (or  c h r o m a t e ) - i n d u c e d  
N - o x i d e - t o - c a r b i n o t a m i n e  c o n v e r s i o n  m a y  p r o c e e d  b y  a 
s i m i l a r  r o u t e  : 

_ L / H  CrzO7= _ ~ . / H  ? _ ~ / H %  

1 1~ I ~ I ~ i + CrO4 = 
-NO;' - IqQ - N .  .C r -O  

I \ o ®  i \ ° C r 2 ° 7 -  I \ ° / ( ~  

i® o\ ,   c/OCr0:,H I / 0 .  
_ --C / 

lb { C r O s H - " ' - +  t - - - +  t + (CrOa) 

-7 -o / 
G e n e r a l l y  tile r e a c t i o n  p r o c e e d s  p a s t  tile c a r b i n o l  a m i n e  
s t a g e  a n d  p r o d u c e s  a m i d e s  (or N - d e a l k y l a t e d  a m i d e s )  2, 
b u t  p r i m a r y  o x i d a t i o n  p r o d u c t s , - - e . g . :  n o r c o d e i n e  a n d  
p s e u d o s t r y c h n i n e  ( a long  w i t h  1 8 - o x o s t r y c h n i n e )  f r o m  
t h e  N - o x i d e s  of code ine  a n d  s t r y c h n i n e  r e s p e c t i v e l y  a , -  
a l so  h a v e  b e e n  o b t a i n e d .  T h e  o x i d a t i o n  of a m i n e s  b y  
p e r m a n g a n a t e  p r o b a b l y  t a k e s  an  i den t i ca l  c o u r s e :  

-C I / ' H  1%inO4 O - C  / O 

-N -N~ . M n - - O  -N Q 
I t \ o / !  o ! N o  / 

O 

I / C h i n O s  HO I / O H  
- C  / -C"  

I ~ i + (MnOa ®) 
-N  - N  

Carbinolamines, amides or further reaction products 
t h e r e o f  are  t h e  c o n s e q u e n c e  (e .g. ,  n o r n i c o t i n e ,  n o r t r o -  
p ine ,  o x y l u p a n i n e  f r o m  n i co t i ne  4, t r o p i n e  5 a n d  l u p a n i n e  e 
respectivelyT). Various other inorganic reagents foster 
the N-oxide rearrangement  especially in heterocyclic 
aromatic systems s, al though some of them may be 
applicable in alicyclic nitrogen compounds. 

I t  would appear tha t  in principle any active bio- 
logically available ions or enzyme surfaces would be 
capable of the simple electron transfer inherent  in the 
N-oxide-to-carbinolamine transformation.  Furthermore,  
the alkaloid skeleton, oxidized to the amine oxide by a 
plant  oxidase, would not survive generally as such but  
be  m e t a b o l i z e d  to  t h e  c a r b i n o l a m i n e  or  i t s  e q u i v a l e n t s .  
I t  is t h u s  n o t  s u r p r i z i n g  t h a t  o n l y  f ew  a m i n e - o x i d e -  

1 M. POLONOVSKI and M. POLONOVSK1, Bull. Soc. chim. 39, 1147 
(1926), and succeeding papers. 

2 P.J .  ScHEUER, W.I .  KIMOTO, and K.OHINATA, J. Amer. Chron. 
Soc. 7`5, 3029 (1953). 

a p . j .  SCHEUER, W.I.  KIMOTO, and K.OHINATA, J. Amer. Chem. 
Soc. 7.5, 3029 (1953). - O. I)IELS and E. FISCHER, Ber. dtsch, chem. 
Ges. 49, 1721 (1916). 

4 E. SPAETH, l.. MARION, and E. ZAjm, Ber. dtsch, chem. Ges. 
69, 251 (1936). 

5 G. MERLING, Amer. Chem. J. 216, a43 (lS83). - R. W,LLSrXT- 
TER, Ber. dtsch, chem. Ges. 29, 1579, 1637 (1896). 

G. R. CLEMO and R. RAPER, J. Chem. Soc. 1933, 644, and ple- 
ceeding papers. 

7 It is noteworthy that in the case of the permanganate oxidation 
of benzyldialkylanfines, benzyloxy compounds are the main prod- 
ucts. This would be expected on the basis of a lower-energy transition 
state involving a benzyl earbanion. 

S ]~. OCHIAI, J. Org. Chem. lS, 534 (1953). 
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c o n t a i n i n g  a lkalo ids  h a v e  been  d i scovered  (e .g . :  gen-  
eserine,  t r a c h e l a n t h i n e ,  t r i lup ine ,  o x y m a t r i n e ,  d i lupine ,  
oxyche l idon ine) .  T h e y  all, however ,  a re  in  close bio-  
logical and  chemica l  assoc ia t ion  w i t h  a lka lo ids  of one 
h ighe r  or  lower  o x i d a t i o n  s t a t e .  

Amine  ox ides  s eem to  be t h e  miss ing  l ink  in t he  o f t en -  
d iscussed  b iogene t i c  i n t e r r e l a t i o n s h i p  of a lka lo ids  x. Thus  

/ 

I 
O 

X 

the  N-ox ides  (VIII)  a n d  (IX) of c o m p o u n d s  de r ivab le  
f rom t w o  molecules  of d i o x y p h e n y l a l a n i n e  a n d  one of 
g lycine  are  t h e  l ikely  i n t e r m e d i a t e s  in t h e  f o r m a t i o n  of 
t h e  be rbe r ine  (X), c r y p t o p i n e  (XI) ,  b e n z o p h e n a n t h r i d i n e  
(XI I )  a n d  benzy l i soqu ino t ine  ( X I I I )  a lkaloids .  Pa r t i c -  
i p a t i o n  of c a r b o n s  6-8-14, 14, 6-14, a n d  6-(8)-14 respec-  
t i v e l y  in N - o x i d e  r e a r r a n g e m e n t s  would  be requi red .  

o\ / \ / \  
61 
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XII  

In  like fash ion  the  N-ox ides  X I V ,  X V  and  X V I  of 
c o m p o u n d s  de r ivab le  f rom t r y p t o p h a n ,  d i o x y p h e n y l -  
a l an ine  a n d  glycine  are  t he  logical p recur so r s  of s e m p e r -  
v i r ine  (XVII )  (and some  a lkalo ids  of  the  a l s ton ia  and  
r auwol f i a  species) ,  c i n c h o n a m i n e  ( X V I I I )  (qu inamine  
a n d  the  q u i n o l i n e - t y p e  c i n c h o n a  alkaloids) ,  vomic ine  
( X I X )  (via f i r s t  t he  n o r m a l  b iogene t i c  p a t h w a y  of t h e  
s t r y c h n o s  alkaloids~), some  m i t r a g y n a  species  (XX)  3 

1 G. K. Ht~GHES and E. R[TCmE, Rev. pure App. Chem. e, 125 
(1952). - R. B. TURNER and R. B. WOODWARD, in R. H. F. MANSKE 
and H. L. HOLMES, The Alkaloids, Vol. III (Academic Press, Inc., 
Publishers, New York, 1953), p. 54. 

R, B. WOODWARD, Nature 16Z, 155 (1948). 
s The oxindole moiety in mitraphylline, rhyneophylline and 

formosanine (J. W. CooK, R. M. GAXLEY, and J, D. LONDON, Chem. 
Ind. 1953, 640) may arise from the oxidation of the indolenine part 
of XV or from the oxidation and hydration-dehydration of a 3-sub- 
stituted indole (XXII) [A. EK, H. KISSMAN, J .B.  PATmCK, and 
B. WIVKOP, Exper. 8, 86 (1952)]. See Formulas XXII and XXIII. 
Whereas the intermediate XXII requires a slightly different bio- 
genetic elaboration of its amino acid precursors than XIV or XV, 
an analogy can be drawn with intermediates proposed in the for- 
mation of some pyrrocoline bases (E. W~NKER% Chem. Ind., 1953, 
1088). Final differentiation between paths XV-XX and XXII-  
XXIII will have to await total elucidation of structures in the mitra- 
gyna series. 
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a n d  g e l s e m i n e  ( X X I )  x. T h e  a m i n e  o x i d e  r e a r r a n g e m e n t s  w o u l d  i n v o l v e  e a c h  of t h e  f o l l o w i n g  s e t s  of  c a r b o n  a t o m s  
r e s p e c t i v e l y :  a -b-c ,  b,  a, a, a n d  b. 

/ 

.~N / \  ® , II " q / o  

\2\  ?\"/~ 
""T1 

%F/\o 
X I V  0 

.~ \__ /% Z \  I/\CHO OH 

" , ~ / \  

XVli \~ xw,I 
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........... . ¢ 
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XV X I X  

X X  0 

2 \ - - 1  ..... ~®-o~ FII I 7- 

6 
X V I  

2 \ _  I- I ' \ / X / °  
I,, I I I "-->~,< I 
-~/ N~O // X /No  

X X I  

I n  t h e  r e a l m  of  t h e  t o b a c c o  a l k a l o i d s  n i c o t i n e  h a s  been  
s h o w n  d e f i n i t e l y  t o  be  t h e  p r e c u r s o r  of  n o r n i c o t i n e  
( X X V I )  in  t h e  p l a n t  S. T h e  r e m o v a l  of  t h e  N - m e t h y l  
g r o u p  h a s  b e e n  a s c r i b e d  t o  a p r o c e s s  of  t r a n s m e t h -  

1 The introduction of N-oxides as biogenetic intermediates pre- 
cludes the necessity for the use of unusual processes in the formation 
of gelsemine. In the original scheme [M. S. GIBSON and R. ROBINSON, 
Chem. Ind. 1951, 93. - R. GOUTAREL, M.-M. JANOT, V. PRELOG, 

R. P. A. SNEEUEN, and W. I. TAYLOR, Helv. chim. Acta 2,4, 1139 
(1951)] both tryptophan and (oxy-)phenylalanine were assumed to 
act as aldehydes, a proposal now supereeded by the route XVI -XXI .  
- An alternative suggestion for the origin of the oxindole part of 
gelsemine, other than the oxidation of the indolenine group in XVI, 
might be the oxidation and hydration-rearrangement-dehydration 
of the indole XXIV [C].: B. WrrKoP and A. EK, J. Amer. Chem. 
Soc. 73, 5664 (1951). - B. WITKOP and J. B. PATRICK, ibid. 75, 2572 
(1953)]. 

2 R. F. DAWSON, Adv. Enzymology 8, ~03 (194S). 
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y l a t i o n  1, a l t h o u g h  in v i ew  of t h e  l a ck  of d i r ec t  e v i d e n c e  
a b i o g e n e t i c  r o u t e  v ia  t h e  N - ox i de  ( X X V - X X V I )  is 
s t i l l  n o t  p rec luded .  T h e  f o r m a t i o n  of m y o s m i n e  ( X X V I I )  
( f rom t o b a c c o  smoke)  m u s t  fo l low a s i m i l a r  rou te .  T h e  
a m i n e  ox ide  h y p o t h e s i s  in  t h e s e  cases  is s t r e n g t h e n e d  
b y  t he  r e c e n t  e l u c i d a t i o n  of t h e  s t r u c t u r e s  of b a c t e r i a l  
d e g r a d a t i o n  p r o d u c t s  of n i c o t i n e L  T h e  p r i m a r y  p r o d u c t  
is n i co t ine  ox ide  ( X X V )  w h i c h  is s u c c e e d e d  b y  N - m e t h y l  
m y o s m i n e  ( X X V I I I )  a n d  f u r t h e r  o x i d a t i o n  p r o d u c t s .  

~ / \ . ~ /  
N 

/ \ O  ® 

X X V  

I i ~ 

. # ~ / \  ~ . / \  / ~ \ 1 /  

X X V I  X X V I I  X X V I I I  

T h e  a - a m i n o  a lcohol  g r o u p  (or i t s  e q u i v a l e n t )  is a n  
ox id i zed  s u b s t i t u e n t  n e x t  in  p r o m i n e n c e  to  t h e  c a r b i n o l  
a m i n e .  I t  a p p e a r s  f r e q u e n t l y  in  t h e  senecio,  t r o p a n e ,  
py r ro l i d ine ,  py r id ine ,  e p h e d r a ,  p h t h a l i d e i s o q u i n o l i n e  a n d  
o t h e r  a lka lo ids .  W h e r e a s  i t s  or ig in  is qu i t e  obscure ,  m o s t  
of "WITKOt"'S e l e g a n t  work  o n  t h e  o x i d a t i o n  of indo le  
d e r i v a t i v e s  3 sugges t s  t he  fo l lowing  b i o g e n e t i c  p a t h w a y :  

® 
OH OH H OH 

I ~ I t t 
- N = C - - C -  • - N - - C - - C -  

® J 1 ~ I 

I n  t h e  f u n d a m e n t a l  r e a c t i o n  of a lka lo id  b iogenes i s  4 
a m i n e s  a n d  a l d e h y d e s  a re  c o n s i d e r e d  g e n e r a l l y  t h e  re- 
a c t i n g  species.  T h e i r  a c t u a l  f o r m a t i o n  in  t h e  p l a n t  f r o m  
a m i n o  acid  p r e c u r s o r s  is s t i l l  e x t r e m e l y  vague ,  if a t  al l  
real .  I f  t h e i r  ex i s t ence ,  h o w e v e r  t r a n s i e n t ,  be  va l id ,  a 
p i c t u r e  (strictly [ormal) of t h e i r  o r ig in  i n v o l v i n g  spon-  
t a n e o u s  r e a c t i o n s  can  be  d r a w n .  B y  a n  o x i d a t i v e  s tep,  

1 R. F. DAWSON, Adv. Enzymology 8, 203 (1948). 
E. WADA and K. YAMASAKI, Science 117, 152 (1953). 

a A. EK, H. KXSSMAN, J. B. PATRICK, and B. WITKOP, Expel  8, 
36 (1952)]: B. WlTKOP and A. EK, J. Amer. Chem. Soe. 73, 5664 
(1951). - B. WITKOP and J. B. PATRICK, ibid. 75, 2572 (1953}. 

4 G. K. HUGHES and E. RITCHJE, Rev. pure App. Chem. 2, 125 
(1952). 

a g a i n  a t  t h e  s i te  of a n i t r o g e n , a n  i n t e r m e d i a t e  is o b t a i n e d  
w h i c h  in ef fec t  is a f i - h y d r o x y  acid.  T h e  l a t t e r  would  
be  e x p e c t e d  to  u n d e r g o  d e h y d r a t i o n  or  d e h y d r a t i o n -  
d e c a r b o x y l a t i o n .  A l t h o u g h  t h e r e  is no  e v i d e n c e  for  t h i s  

H O  

R-CH-COOH ~ R-OH-COOH , ' RgC-rC-'O"-H -> 
I ® ~ H 2  :*1": NHz NH 

OH O(~H, 

-->R-C-COOH ~ R-CO-COO 
r~ 
NH 

OH~ 
H 
I 

R CHO < R-C CO z H @ ~ R CH2NH 2 
11 

NH 

OH2 

scheme ,  i t  is i n t e r e s t i n g  to  no t e  t h a t  in  p r i nc ip l e  i t  is 
i d e n t i c a l  w i t h  t h e  m e c h a n i s m  p roposed  for t h e  p y r i d o x a l -  
i n d u c e d  d e c a r b o x y l a t i o n ,  d e a m i n a t i o n ,  d e a m i n a t i v e  de- 
c a r b o x y l a t i o n  a n d  o t h e r  r e a c t i o n s  of a m i n o  ac ids  pre-  
v a l e n t  in  a n i m a l  m e t a b o l i s m  1. 

Zusammen/assung 

A m i n o x i d e  w e r d e n  als i n t e r m e d i / i r e  O x y d a t i o n s s u b -  
s t a n z e n  de r  A l k a l o i d b i o g e n e s e  vo rgesch l agen .  Versch ie -  
d e n e  Beisp ie le  in  d e m  G e b i e t  de r  A lka lo ide  w e r d e n  
e rw/ ihn t ,  u m  die H y p o t h e s e  zu erkl / i ren .  

1 E. E. SNELL, 211d Congr. intern, biochim., Chim. biol. V, Sym- 
posium metabolisme microbien (Paris) 10.52, 47. - The positive 
nitrogen atom in the pyridine nucleus of the pyridoxin complex 
(XXIX) acts in the manner as the positive oxygen in the hydroxy- 
amino acid complex above. 
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