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I n t r a m o l e c u l a r  R e a c t i o n s  i n  t h e  O x i n d o l e  S e r i e s  

In  his  i n g e n i o u s  f o r m u l a t i o n  of t h e  b iogenes i s  of t he  
c i n c h o n a  a lka lo id s  PRELOG 1 i n t r o d u c e d  a m o n g  o t h e r  
t h i n g s  a n o v e l  s t r u c t u r a l  c h a n g e  of a n  indo le  i n t o  a 
q u i n o l i n e  n u c l e u s  ; -  be s t  i l l u s t r a t e d  b y  t h e  c h a n g e  in 
p o s i t i o n  of  c a r b o n  a t o m s  1 -4  f r o m  c i n c h o n a m i n e  (I) to  
c i n c h o n i n e  (II) .  W h i l e  t h i s  t y p e  of r e a r r a n g e m e n t  is 
w i t h o u t  a n a l o g y  in t h e  c h e m i s t r y  of indoles ,  i t  is k n o w n  
w i t h  c o m p o u n d s  of  h i g h e r  o x i d a t i o n  s t a t e ,  as  exempl i -  
f ied b y  t h e  t r a n s f o r m a t i o n  of 3 - c a r b o x y m e t h y l o x i n d o l e  
(IV) i n t o  2 - h y d r o x y - 3 , 4 - d i h y d r o c i n c h o n i n i c  ac id  (V). 
Th i s  m a y  be  of b i o g e n e t i c  s ign i f i cance  espec ia l ly  s ince 
q u i n a m i n e  ( I I I ) ,  t h e  o n l y  o t h e r  i n d o l e - c o n t a i n i n g  
c i n c h o n a  a lka lo id ,  a lso a p p e a r s  in  a more  ox id i zed  form.  

M u c h  c o n f u s i o n  ha s  e x i s t e d  in t h e  l i t e r a t u r e  r e g a r d i n g  
t h e  f o r m a t i o n  a n d  s t a b i l i t y  of " o x i n d o l e - 3 - a c e t i c  a c i d "  
(IV) a n d  i ts  d e r i v a t i v e s  2. In  fac t ,  m o s t  s t r u c t u r e s  
c o n t a i n i n g  t h e  o x i n d o l e  nuc l eus  h a d  to  be r ev i sed  to  
d e r i v a t i v e s  of 2 -qu ino lone .  O n l y  m o s t  r e c e n t l y  ha s  
a u t h e n t i c  3 - c a r b o x y m e t h y l o x i n d o l e  (IV) b e e n  i so la t ed  3. 
S ince  al l  f o r m e r  m o d e s  of p r e p a r a t i o n  of  s u c h  ox indo l e  
d e r i v a t i v e s  i n c l u d e d  a h y d r o l y t i c  t r e a t m e n t  a n d  s ince 
t h e  s i x - m e m b e r e d  l a c t a m  of o - a m i n o p h e n y l s u e c i n i c  acid,  
t h e  h y d r o l y s i s  p r o d u c t ,  is k n o w n  t o  be  m o r e  t h e r -  
m o d y n a m i c a l l y  s t a b l e  t h a n  t h e  5 - m e m b e r e d  cyclic 

1 R. GOUTAREL, M.-M. JANOT, V. PRELOG, and W. I. TAYLOR, 
Helv. chim. Acta 33, 150 (1950). 

2 For the best review see P. L. JULIAN, E. W. MEIER, and H, C. 
PRINTY, in Heterocyclic Compounds, Vol. III (John Wiley & Sons, 
Inc., New York, 1952), Chapter 1, pp. 161 and 225. 

3 p. L. JULIAN, H. C. PRINTY, R. KETCHAM, and R. DOONE, 
J. Amer. Chem. Soe. 75, 5305 (1953). 
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a m i d e  1,2 t h e  r e a r r a n g e m e n t  ha s  b e e n  be l i eved  to  be  a 
c o n s e q u e n c e  of a h y d r o l y s i s  of t he  ox indo l e  n u c l e u s  to  
a d iba s i c  ac id  a n d  a s u b s e q u e n t  l a c t a m i z a t i o n  of t h e  
l a t t e r  to  a qu ino lone .  T h i s  e x p l a n a t i o n ,  howeve r ,  is 
i n c o m p l e t e  as i t  ignores  t he  r e l a t i ve  s t a b i l i t y  of t h e  
o x i n d o l e  nuc l eus  t o w a r d  hydro lys i s .  I t  t h u s  b e c o m e s  
o b v i o u s  t h a t  t h e  p r e s e n c e  of t h e  s i d e - c h a i n  c a r b o x y l  
g r o u p  is t h e  m a j o r  f a c t o r  t h a t  c o n t r i b u t e s  t o  t h e  ease  
of t h e  r e a r r a n g e m e n t .  I n t e r a c t i o n  b e t w e e n  t h i s  f u n c t i o n  
a n d  t h e  c a r b o n y l  g r o u p  of t he  l a c t a m ,  a p rocess  well-  
k n o w n  for  7 -ke toac ids ,  cou ld  be e n v i s a g e d  to  y ie ld  t h e  
p s e u d o - a c i d  IVa .  S ince  t h e  l a t t e r  is also a p s e u d o - a n h y -  
r ide,  i t  wou ld  be in e q u i l i b r i u m  w i t h  t he  a c t u a l  a m i n o -  
a n h y d r i d e  which ,  in t u r n ,  b y  a s im i l a r  p a t h  wou ld  fo rm 
the  q u i n o l o n e  V (as f o r m a l l y  p i c t u r e d  above ) .  T h e  
ove r - a l l  e q u i l i b r i u m  would  be ac id -or  b a s e - c a t a l y z e d  a n d  
a n y  of t h e  r e a c t i o n  i n t e r m e d i a t e s  m i g h t  i n d e e d  be 
h y d r o l y z e d  to  o - a m i n o p h e n y l s u c c i n i c  ac id  u n d e r  co r r ec t  
e x p e r i m e n t a l  c o n d i t i o n s  a l t h o u g h  t he  l a t t e r  is no t  a n  
e s sen t i a l  p r e c u r s o r  of t he  qu ino lone .  

1 It is interesting to note that the cyclization of compounds con- 
taining two hetero atouls results in the formation of 5-membered 
laetams; e.g. : 
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IP. W. NEBER, Ber. dtsch, cheln. Ges. 55, 8'26 (19"22). -- P. W. NEBER 
and H. KEPPLER, Ber. dtsch, chem, Ges. 57, 778 (1924). J. MARTI- 
NET and O. I)ORNIER, C. r. Aead. Sci. 172, 1415 (1921). - F. J. DI 
CARLO, J. Amer. Chem. Soc. 6a, 1420 {1944)]. 

2 p. L. JULIAN, E. W. MEIER, and H. C. PRINTY, Note 1, p. 418. 
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The  presence of s ter ic  factors  which m a y  res t r ic t  t he  
ro t a t ion  of t he  s ide-chain  c a r b o x y l  group and  hold it  
r ig idly  in close p r o x i m i t y  to  t he  l a c t a m  l inkage  wou ld  
d iminish  t h e  s t ab i l i ty  of t he  ox indo le  nucleus .  Such  is 
the  case wi th  s u b s t i t u t e d  c a r b o x y m e t h y l e n e o x i n d o l e s L  
The  base-or  ac id -ca t a lyzed  condensa t ion  p roduc t s  of  
isat in wi th  malonic  acid de r iva t ives  (af ter  hydrolysis) ,  
malonic  acid itself, or  pheny l ace t i c  acid,  and  the RE- 
FORMATSKY reac t ion  p roduc t s  of va r ious ly  N - s u b s t i t u t e d  
isat ins h a v e  been p roved  to  possess t he  1- and /o r  3- 
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I n t r a m o l e c u l a r  r eac t ions  be tween  a he t e ro  a t o m  at  
the  end of a Ca-si tuated two-ca rbon  s idecha in  and  the  
l a c t a m  or imine  func t ions  of ox indoles  or  indolenines,  
respec t ive ly ,  are  qu i t e  c o m m o n .  H e n c e  the  f o r m a t i o n  of 
t e t r a h y d r o f u r o -  and  t e t r a h y d r o p y r r o l o - i n d o l e s  t h rough  
such reac t ions  as pe rac id  o x i d a t i o n  of  indoles,  e.g. 
WITKOPS'S convers ion  of  c inchonamine  (I) to  q u i n a m i n e  
(III)  1 a lky la t ion  of t r y p t a m i n e -  or  t r y p t o p h o l - G r i g n a r d  
complexes~,  and  chemica l  r educ t ion  of  s u b s t i t u t e d  oxy-  
t r y p t a m i n e s ,  e.g. JULIAN'S synthes is  of physos t igmine  ~, 
ind ica te  t he  gene ra l i ty  of th is  in te rac t ion .  An  in te res t ing  
s imi lar  case invo lves  the  convers ion  of 3 -phenylace ty l -  
ox indo le  ox ime  (X) to  3 -pheny le thy l indo le  (XII )  on 
ca t a ly t i c  h y d r o g e n a t i o n  4. Ac id - induced  cyc l iza t ion  to  
an i soxazole  fol lowed by  hydrogeno lys i s  could  be en- 
v i saged  to  y ie ld  3 -pheny lace ty l indo le  ox ime  (XI) ,  which  
in t u r n  wou ld  unde rgo  h y d r o g e n a t i o n  and  hyd rogeno-  
lysis p roduc ing  the  indole  (XI)L  (Form.  X,  XI ,  X I I ) .  

E.  WENKERT a n d  TH. I,. REID 

Department o/ Chemistry, Iowa State College, Ames, 
Iowa, December 21, t953. 

Zusammen/assung 

Es  werden  ve r sch iedene  R e a k t i o n e n  in der  Oxindol -  
re ihe d iskut ie r t .  Man  k a n n  sic sich als 5hnl iche  Mecha-  
n i smen  vors te l len ,  da al]e fiber i n t r a m o l e k u l a r  gebi lde te  
Zwischenp roduk te  bzw. E n d p r o d u k t e  taufen.  

s u b s t i t u t e d  2 -hydroxyc inchon in i c  acid  s t r u c t u r e  (VII) .  
The  shor t - l i ved  i n t e r m e d i a t e  c a r b o x y m e t h y l e n e  com- 
pounds  would  be expec t ed  to  exis t  exc lus ive ly  in the i r  
pseudo-ac id  f o r m  (VI). The  l a t t e r  has  an  exce l l en t  
ana logue  in the  r ecen t ly  ass igned s t ruc tu re  of t h e  au tox i -  
da t i on  p ro duc t  of m e n t h o f u r a n  (VIII)*.  I n t e r n a l  in ter -  
ac t ion  as i l lus t r a t ed  in VI  can  be expec t ed  o n l y  in 
s te reo isomers  whose  c a r b o x y l  and  amide  groups  are  cis 
t o w a r d  each  other ,  i.e. in c o m p o u n d s  whose  R g roup  is 
equa l  to  or  la rger  t h a n  the  ca rboxy l  group,  Thus  the  
s t ab i l i t y  of the  c a r b o x y m e t h y l e n e  c o m p o u n d  m o s t  
r ecen t l y  ob t a ined  by  the  base -ca ta lyzed  reac t ion  of  
ox indo le  and  p y r u v i c  acid or  its ace t imino  de r i va t i ve  a is 
no t  surpr is ing.  The  pos i t ion  of the  c a r b o x y l  g roup  in th is  
p ro d u c t  m u s t  be in a t r ans  re la t ionsh ip  to  the  l a c t a m  
func t ion  (vide IX) .  

1 p. L. JULIAN, E. W. MEIER, and H. C. PRINTY in Heterocyclic 
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authors express their thanks to Professor WOODWARD for permission 
to include the above data in this article. 

5 As a sidelight to the above discussion, the interesting thermal 
rearrangement of 3-acylindole hydrazones should be noted [C. AL- 
BERTI, Gazz. Chim. ital. 77, 398 (1947)]. This reaction may be 
postulated to proceed via an internally interacted intermediate 
which breaks up into the more thermodynamically stable amino- 
phenylpyrazole: 
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