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Short Communications and Preliminary Notes 

Oxidative N-dealkylation 

T h i s  I lo te  d e s c r i b e s  p r e l i m i n a r y  r e su l t s  ~m the  chen l i ca l  and  e n z y m i c  r e a c t i o n s  <d N-,~xidcs. 
\ V h e n  N , N - d i m e t h y l t r y p t a n f i n e  oxide ,  a e o n s t i t u e n t  ~)f t he  s eeds  of [)i[~ta(l('llitl m m r o c a r p a  

B e n t h .  l, was  w a r l n e d  in ac id ic  a q u e o u s  s o l u t i o n  ill t he  prese l /ce  of ferr ic  ioDs, ~1 r e a r r a n g e m e n t  
l e a d i n g  to  N - n ~ e t h y l t r y p t a m i n e  occur red .  \ s t u d y  of t i le  r e a c t i o n  c o n d i t i o n s  i n d i c a t e d  t h a t  ac id s  
s u c h  as  h y d r o c h l o r i c ,  formic,  and  oxa l i c  eouh l  be used.  b u t  oxa l i c  ac id  was  p re fe r red ,  s i nce  b \ -  
p r o d u c t s  w e r e  f l ) rmed  in t i le  p r e s e n c e  (~1 formic  and  h y d r o c h l o r i c  acids .  The  r e a c t i o n  tlCC/ll-re(~ 
r e l a t i v e l y  r a p i d l y  a t  t e m p e r a t u r e s  in t i le  r a n g e  (~o l oo  : for e x a m p l e ,  a t  95 ioo  wi th  3 m(~le 
e q u i w d e n t s  of Fe  +a t h e r e  was  n~ a p p a r e n t  c h a n g e  in t he  y ie ld  (Jf m o n o a m i n e  in t he  r a n g e  7.5 0(, 
m i n u t e s .  "['lie a n l o u n t  of I:e':* was  c r i t i c a l  in t h a t  ira)re t h a n  c a t a l y t i c  a l n o u i l i s  were  r e q u i r e d ,  
w h i l e  a l a rge  excess  (9 mole  e q u i v a l e n t s )  r e s u l t e d  in t o t a l  d e s t r u c t i o n  ()f tilt.  ox ide .  Meta l  i,m~ 
w h i c h  w e r e  ine f fec t ive  (at  3 mole  e q u i v a l e n t s  level)  in a f o r m a t e  or c h l o r i d e  s \ : s t em were  ( ' , , ' e  
Ni  2, Mg  ~2, M n  ~2, a n d C w  e. 

U n d e r  t y p i c a l  c o n d i t i o n s  (u io/~.~1 N , N - d i l n e t h y l t r y p t a l n i n e  ox ide .  3 ° u31 ferr ic  n i t r a t e  
n o n a h y d r a t e ,  and  3 7 p 3 1  o x a l i c  ac id  d i h y d r a t e  in I m l  of w a t e r ;  p H  J .3;  h e a t e d  a t  05 J o o  hw 
3 ° m i n u t e s )  t i l e  f o r m a t i o n  of N - m e t h y l t r y p t a m i n e  was  a c c o n l p a n i e d  by  t i le  l o r m a t i o n  of an  ap-  
p r o x i m a t e l y  e q u i v a l e n t  a l l l l )u l l t  of N , N - d i m e t h y l t r y p t a m i n e ,  ~md some  N o x i d e  was  rec , )vered.  
T h e  i n d o l e  c c m s t i t u e n t s  were  s e p a r a t e d  by  p a p e r  c h r o m a t c ) g r a p h y  (~-pr%~yl a lcohol  i N ;m~ 
m o n i u m  h y d r o x i d e  5 / I )  and  were  i den t i f i ed  b y  c o m p a r i s o n  x\ i th  a u t h e n t i c  s a m p l e s  u s ing  p a p e r  
c h r o m a t o g r a p h y  (four  s y s t e m s )  a n d  ionoph<)resis  (b(~ratc buffer ,  p l t  8.5). In a d d i t i o n ,  the  is, datc~/ 
N , N - d i m e t h y l t r y p t a n m / e  a n d  i t s  N - o x i d e  were  \den t \ l i ed  by  t h e i r  i n t e r c o n v e r s i o n .  [ `he ;llniHe 
m a y  b e  o x i d i z e d  o n  pape r ,  heft)re c h r o m a t o g r a p h y ,  w i t h  a d r o p  of 3 ' ! '  h y d r o g e n  p e r ( , x i d e  ~m,1 
t he  N - o x i d e  m a y  be  r e d u c e d  to t i l e  al l] \ l ie  w i th  zinc d u s t - a c e t i c  ac id  in a s e p a r a t e  r e a c t i o n  beh,l-c 
c h r o m a t o g r a p h y .  The  N - m e t h y l  l )ase  is no t  i )x id ized  u l /de r  t h e s e  c (mdi t i (ms ,  and  it ina.v ~l~,  
be d i s t i n g u i s h e d  from N.N d i n l e t h y l t r y l m l m i n e  by  i<m~q)horesis a t  p I l  8.5 a n d  by  ch r (mmt(~r~ lph \ -  
i l l  a t ) r o p a l l o l - a n l m o l l i a  sys te l l / .  

T h e  r e a c t i o n s  i n v o l v e d  a r e  c \ ' i d e n t l v  t h e  hdh~wing:  
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. \ n  N - o x i d e  r e a r r a n g e m e n t  l e a d i n g  to an N m e t h y h f l a m i n e  (11) is ii()t U l l expec ted  ~. \ t  the  p l l  
of t h e  r e a c t i o n  m i x t u r e ,  t he  N - m e t h y l o l  g r o u p  is h y d r o l y z e d  r a p i d l y  to  t he  <~l)served lm)mnne t l~v l  
c o m p o u n d  and  to  f l ) r m a l d e h y d e .  A s u b s e q u e n t  o x i d a t i o n - r e d u c t i o n  re~lction r e su l t s  ill t he  h u  
m a t \ o n  of f o rmic  ac id  a n d  t i le  N , N - d i m e t h y l a m i n e  c o r r e s p o n d i n g  t~> I. 

S e p a r a t e  e x p e r i m e n t s  (by 1)r. C. C. S'WEELE'Y) i n d i c a t e d  t h a t  a simih~r d e m e t h v l a t i ~ m  
r e a c t i o n  o c c u r r e d  u n d e r  the  s a m e  c o n d i t i o n s  for h o r d e n i n e  o x i d e  ( p r e p a r e d  in the  s a m e  way  ;t> 
s y n t h e t i c  N . N - d i m e t h y l t r y p t a m i n e  ox ide l ) ,  i n  b o t h  cases  t he  p r e s e n c e  of formic  ac id  ill tilt. 
r e a c t i o n  m i x t u r e  w a s  d e m t m s t r a t e d  by  l l l eans  o f  t h e  f o r n m l d e h y d e  c h r o m o t r o p i c  aci~i c~hn- tc~t 
of ]E~EGRI\VE a. The  d i s t i l l a t e  f rom the  r e a c t i o n  m i x t u r e  was  t r e a t e d  w i t h  d i l u t e  hydrochh~r ic  ; . i d  
a n d  m a g n e s i u m  to r e d u c e  t he  formic  ac id  b a c k  to  f o r m a l d e h y d e .  \ ( h l i t i o n  of chrom() t r ( ,p i (  ~nd 
s u l f u r i c  a c i d s  i n  t h e  p r e s c r i b e d  m a n n e r  p r o d u c e d  t l le  v i o l e t - p i n k  color  t : ha r ac t e r i s t i c  of t h i s  te~t. 
On l a r g e r  r u n s  (5 o / t 3 1  of N , N - d i m e t h y l t r y p t a m i n e ) ,  t he  color  t e s t  d e m o n s t r a t e d  tl /~ p r e s o m c  
of a s m a l l  a m o u n t  of f o r m a k l e h y d e ,  a l o n g  w i t h  t he  fo rmic  a~id, ill t he  ~)riginal d i s t i l l a t e .  

A r e l a t e d  o x i d a t i v e  d e m e t h y l a t i o n  r e a c t i o n  was  r e c e n t l y  d e s c r i b e d  bv  "l'st:Yt: El, ST x H Sl:\  X X,  

A N D  C A \ I D A  4 f(~r . c t a m e t h y l p y r o t / h o s p h o r a m i d e  ( " S c i l r a d a n " ) .  : \n  N-ox ide  was  t he  f i r s t - fo rmed  
p r o d u c t ,  a l l d  t h i s  u n d e r w e n t  r e a r r a n g e m e n t ,  w i t h o u t  a d d e d  c a t a l y s t ,  t(~ forlll ~1 seCOlld Stl[~St~lll/ ~' 

whose  h y d r o l y s i s  p r o d u c t s  were  t i le  N - m e t h y l  c o m p o u n d  a n d  f o r l n a h l e h y d e .  The  i l / t e rmedi ;~ lc  
c o r r e s p o n d i n g  to  [1 w a s  f o r m u l a t e d  as an O - m e t h y l l D ' d r o x y l a m i I ~ e ,  b u t  it is m o r e  l ike ly  .~  
N methvlc~lamine .  Tlne N - o x i d a s e  was  o b t a i n e d  by  bo th  c h e m i c a l  and  lfioh)Ricat ~,xidati,  m. 



VOL. 1 8  (1955) SHORT COMMUNICATIONS, PRELIMINARY NOTES 565  

These resul ts  ind ica te  t h a t  (A) m a y  be a general  reaction,  subjec t  to the f inding of app rop r i a t e  
c a t a l y s t s  for the  r e a r r a n g e m e n t  step. While (A) has not  ye t  been observed to occur in the  reverse  
di rect ion,  it should be theore t i ca l ly  possible to reverse each step, and  if th is  is correct,  the  sequence 
is a model  "energy  l adde r "  which m a y  be useful in s tudy ing  enzymic  m e t h y l a t i o n  and d e m e t h y -  
l a t ion  react ions.  A number  of observa t ions  bear ing  on th is  poss ib i l i ty  have  been made.  

BLASCHKO 5 has po in ted  out  t h a t  monoamine  oxidase sys tems  have  been found in all ve r te -  
[)rates e x a m i n e d  and are wide ly  d i s t r ibu ted  th roughou t  different tissues. Some t ime  ago BEmXHEI~I 
AND BERNHEIM 6 repor ted  the isolat ion of two monoamine  oxidase f ract ions  from rabb i t  liver, 
One was associa ted wi th  the mi tochondr iaI  fraction, and  one was in the  s u p e r n a t a n t ;  however,  
the  same enzymic  sys tems  m a y  have  been involved in each fraction, since t h e y  were abou t  equa l ly  
ac t ive  in the  ox ida t i on  of t y r a m i n e  and mescaline.  In  a recent  s t u d y  of the  local izat ion of amine  
ox idase  in the  r a t  l iver  cell, HAWKINS 7 found abou t  two- th i rds  of the  enzymic  a c t i v i t y  present  
in the  m i t o c h o n d r i a ;  the  r ema inde r  was in the microsome fraction.  Again there  was no evidence 
to  ind ica te  a difference in the type  of enzymic  act ion involved  in the  two fractions.  W i t h  regard  
to enzymic  dea lky la t ion ,  the  work  of BRODIE et al. s has demons t r a t ed  t h a t  N-deme t hy l a t i on  
(of m e t h y l a m i n o a n t i p y r i n e  and  d i m e t h y l a m i n o a n t i p y r i n e )  can occur in l iver  naicrosomal sys tems  
and  t h a t  the  l a t t e r  requi res  T P N H  and oxygen  to be effective. 

In cu r ren t  exper iments ,  us ing N , N - d i m e t h y l t r y p t a m i n e  as a subs [ ra te  wi th  nlouse l iver  
h o m o g e n a t e  in the  presence of added  DPN,  nicot inamide,  and  AMP*, the  amine  gave  four t rans-  
format ion  products .  The ma jo r  p roduc t  was ident if ied as the  N-oxide  (I, R = indolyl-3-  ), and  
a second p roduc t  was found to be indole-3-acet ic  acid. The fo rmat ion  of the  oxide was found 
to be D P N  dependent .  ATP was s ubs t i t u t e d  for AMP wi t hou t  effect, and  added  Mg ~2, Mn +2, 
or versene ~'ere w i t h o u t  effect, When  a mi tochondr ia l  p r epa ra t i on  from the  mouse l iver  homo- 
gena te  was  used (prepared by  the me thod  of KIELLEY A~'D KIELLE¥ 9 using isotonic sucrose 
solution),  i t  was found t h a t  N , N - d i m e t h y l t r y p t a m i n e  was  la rge ly  conver ted  in to  indole-3-acet ic  
acid. Unde r  ident ica l  condi t ions  the  N- Inonomethy l  base was  conver ted  a t  a h igher  ra te  to the  
same end-produc t ,  and  the sys t em was not  s t imu la t ed  by  added  DPN.  When  the  N-oxide  was 
used as a subs[ra te ,  i t  was recovered after  incubat ion,  and  no other  indoles were formed. F rom 
th is  i t  m a y  be concluded  t h a t  the free N-oxide  is not  an i n t e rmed ia t e  in the  monoamine  oxidase  
reac t ion  of mouse  l iver  mi tochondr ia .  

The fo rma t ion  of the N-oxide  from the  pa ren t  base was found to occur by  enzymic  reac t ion  
in a f rac t ion  from mouse  l iver  homogena te  from which the  mi tochondr i a  had  been removed.  
Other  indole p roduc t s  were not  observed in this  case. When  the N-oxide was used as a s u b s t r a t e  
wi th  homogena t e  and  added  DPN,  n ico t inamide ,  and  AMP, a smal l  a m o u n t  of indole bases 
resul ted.  The q u a n t i t y  was too low to pe rmi t  ident if icat ion,  and  fur ther  work  is concerned with 
ra is ing  the y ie ld  of these  products .  

In  eacia case the  a pp rop r i a t e  control  runs were made.  These inc luded runs  wi th  added  factors  
bu t  w i t h o u t  homogena te ,  homogena te  and  added factors  w i t h o u t  subs t ra te ,  and  a boiled homo- 
gena te  wi th  added  factors  and subs[ra te .  No indole t r ans fo rma t ion  p roduc t s  were ob ta ined  in 
these  incuba t ions .  Separa t ion  of the  indole compounds  was carr ied out  by  pape r  c h r o m a t o g r a p h y  
in p ropano l - ammonia .  The ident i f ica t ions  were based on paper  c h r o m a t o g r a p h y  (four sys tems)  
and  ionophoresis  (borate buffer, pH  8.5). 
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* The quan t i t i e s  and  condi t ions  for these expe r imen t s  were as follows : Liver- isotonic  p o t a s s i u m  
chlor ide  t /3 homogena t e  from which the nuclei  were removed  by  cen t r i fuga t ion  (3 rot); the  added  
factors  were 6 -  7 t,3I subs[ra te ,  5 I *M DPN, 2o I, AI AMP, ioo  tzM n ico t inamide  and 4 ° t , 3 t  of 
p h o s p h a t e  buffer, pH  7-7. The m i x t u r e  was made  to a final wflume of .5 ml  wi th  isotonic p o t a s s i u m  
ch lor ide  solution.  I n c u b a t i o n  was a t  37 ° for two hours. 


