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T h e  R e a c t i o n  o f  trans-Decahydroquinoline 
w i t h  M o l e c u l a r  O x y g e n  t 

W h e n  a s t e a d y  s t r e a m  of o x y g e n  was  b u b b l e d  t h r o u g h  
t rans-decahydroquinol ine (m.p.  48 °) a t  a t e m p e r a t u r e  
of 80 -100  ° for  a p e r i o d  of t e n  a n d  m o r e  hour s ,  n o  t r a c e s  
of  pe rox id ic  m a t e r i a l  were  d e t e c t a b l e  a t  a n y  t ime .  In  
c o n t r a s t  to  t h e  o x y g e n a t i o n  of cis -2 a n d  trans-decalin 3 
a n y  h y d r o p e r o x i d e  i n i t i a l l y  f o r m e d  in t h i s  case  would  
p r o b a b l y  be  c o n v e r t e d  to  t h e  c o r r e s p o n d i n g  c a r b i n o l  
b e c a u s e  of t h e  s e c o n d a r y  a m i n o  g r o u p  p r e s e n t  in  t h e  
molecu le  4. 

T h e  r e a c t i o n  m i x t u r e  was  s e p a r a t e d  i n to  pheno l ic ,  
bas ic  a n d  n e u t r a l  f r ac t ions .  T he  bas ic  p a r t  cons i s t ed  of 
s t a r t i n g  m a t e r i a l  a n d  4 -8  % of a m u c h  w e a k e r  base ,  viz.,  
5, 6, 7, 8 - t e t r a h y d r o q u i n o l i n e ,  i so l a t ed  as t h e  p ic ra te ,  
m .p .  158 °5. F o u n d :  C, 4 9 . 6 7 % ;  H,  3 - 9 3 % ;  N, 15 .64%.  
C a l c u l a t e d  for  CgHnN-C~HaNaO 7 : C, 49.73 % ; H,  3-87 % ; 
N, 15.46 %. O x y g e n  t h u s  h a s  e f fec ted  a d e h y d r o g e n a t i o n  
of t h e  h e t e r o c y c l i c  m o i e t y  of t h e  b icyc l ic  s y s t e m  in ac- 
c o r d a n c e  w i t h  t he  course  of t he  d e h y d r o g e n a t i o n  of 
cis- a n d  trans-decahydroquinol ine e a n d  - i soqu ino l ineL  
T h e  c o n v e r s i o n  of N - m e t h y l y o h i m b a n e  to  t h e  c a t i o n  of 
N - m e t h y l t e t r a d e h y d r o y o h i m b a n e  b y  t h e  a c t i o n  of 
c a t a l y t i c a l l y  exc i t ed  o x y g e n  a t  r o o m  t e m p e r a t u r e  s is a 
r e l a t e d  case.  

T h e  pheno l i c  c o m p o u n d  f o r m e d  t r a n s p a r e n t  p r i s m s  
f rom e the r ,  m.p .  198-200  °. F o u n d  : C, 68.08 % ; H,  7.45 % ; 
N, 8 -58% ( c o m p o u n d  d r i ed  a t  r o o m  t e m p e r a t u r e ) .  
C a l c u l a t e d  for  C , H n N O - 1 / 2 H ~ O :  C, 6 8 . 3 3 % ;  H,  7 . 6 5 % ;  
N, 8"85%.  T h e  p i c r a t e  c r y s t a l l i z ed  f rom m e t h a n o l  in 
t u f t s  of ye l low needles ,  m.p .  208-211°C.  F o u n d :  C, 
4 7 . 8 8 % ;  H,  3 . 8 1 % ;  N, 14.47 %. C a l c u l a t e d  for 
CgHnNO'CeHnN3OT: C, 47"62%;  H,  3 -73%;  N, 14 .81%.  

T h e  c o m p o s i t i o n ,  t h e  p h e n o l i c  c h a r a c t e r  a n d  t h e  
s i m i l a r i t y  of  t h e  u l t r a v i o l e t  a b s o r p t i o n  d a t a  w i t h  t hose  
of 3 - h y d r o x y p y r i d i n e  9 (Table)  s ugges t  t he  s t r u c t u r e  of 

1 O x i d a t i o n  Mechan i sms .  XIV .  P r e c e d i n g  p a p e r :  B. ~VITKOI, a n d  
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t h e  h i t h e r t o  u n k n o w n  3 - h y d r o x y - 5 , 6 , 7 , 8 - t e t r a h y d r o -  
q u i n o l i n e  ( I I I ) .  T h e  bathochromic sh i f t  o b s e r v e d  in t h e  
u l t r a v i o l e t  s p e c t r u m  on t h e  f o r m a t i o n  of t h e  a n i o n  (or 
ca t ion)  is t y p i c a l  of p h e n o l i c  c o m p o u n d s  a n d  ru les  o u t  
t h e  a n a l o g o u s  2- a n d  4 - t e t r a h y d r o q u i n o l o n e s  w h i c h  
would  show a hypsochromic s h i f t L  

T h e  n e u t r a l  f r a c t i o n  c o n t a i n e d  a t  l eas t  t w o  d i f f e r e n t  
c o m p o u n d s  so fa r  n o t  o b t a i n e d  c r y s t a l l i n e  b u t  c h a r a c -  
t e r i z ed  b y  i n f r a r e d  d a t a .  T h e  f r ac t i on  m o r e  eas i ly  
e l u t e d  f rom A1203 b y  b e n z e n e  c o n t a i n i n g  1% c h l o r o f o r m  
s h o w e d  (in CHCIa) c a r b o n y l  b a n d s  a t  5.84 a n d  6.15 ft. 
T h e  s u b s e q u e n t  f r ac t ion ,  d i s t i l l a b l e  a t  170°/0.3 m m  
s h o w e d  (in CHCIa) a weak  b a n d  a t  2.94 ( > N H ) ,  a s h a r p  
a n d  s t r o n g  b a n d  a t  6.05 a n d  6-90 (~>CO-NH) ,  i n d i c a t i n g  
a c o m p o u n d  pos s ib ly  r e l a t e d  to  t h e  k n o w n  5, 6, 7, 8- 
t e t r a h y d r o :  or t rans-octahydrocarbostyr i l  s, e x c l u d i n g  
c a r b o s t y r i l  ( b a n d s  a t  3.0; 6-06s; 6"24m; 6"44m; n o  b a n d  
a t  6-90) a n d  1,2, 3, 4 - t e t r a h y d r o c a r b o s t y r i l  (2.98 ; 5"998; 
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6.30s; 6.80s). H o w e v e r ,  t h e  absence  of s e c o n d a r y  a m i d e  
b a n d s  in t h e  6.5 # region more  or  less e l i m i n a t e s  a n y  
( h y d r o g e n a t e d )  c a r b o s t y r i l  s t r u c t u r e s ;  t h e  t w o  n e u t r a l  
f r a c t i o n s  a re  r a t h e r  t h e  p r o d u c t s  of a c o m p l i c a t e d  
s equence  of o x i d a t i o n  a n d  r e a r r a n g e m e n t  r e a c t i o n s  to  
be  r e p o r t e d  e l sewhere  (ref. 4). 

T h e  pheno l i c  3 -hyd roxy -5 ,  6, 7, 8 - t e t r a h y d r o q u i n o l i n e  
( I I I )  is p r o b a b l y  f o r m e d  b y  f u r t h e r  o x i d a t i o n  of t h e  
p a r e n t  I I  r a t h e r  t h a n  b y  d e h y d r o g e n a t i o n  of t h e  h y p o -  
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Solvent 

E tOH 
0.1N-HCI-EtOH 
0-1N-KOH-EtOH 

Pheno l i c  O x i d a t i o n  P r o d u c t  of 
trans-Decahydroquinoliue 

).max (log e) 

292 (3.71) 
303 (3.84) 
315 (3.72) 

A2 

+11 
+22  

Solven t  

MeOH 
0.1N-HCI-MeOH 
0.1N-KOH-MeOH 

3 - H y d r o x y p y r i d i n e  ~ 

).max (log e) 

277 (3-61) 
284 (3.81) 
301 (3.62) 

42 

+ 7 
~- 24 

Absorption maxima of the phenolic oxidation product from I and of 3-hydroxypyridine; A$ signifies the bathochromie shift when 
going from the free base (or zwitterion) to the cation or anion. 
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t he t i ca l  3 - h y d r o x y d e c a h y d r o q u i n o l i n e  (IV). The fo rmer  
course of ox ida t i on  is ana logous  to  the  i n t r o d u c t i o n  of 
f l -hydroxy  groups  in to  p y r i d i n O  a n d  qu ino l ine  z on 
biological  ox ida t ion .  The l a t t e r  rou te  would  be c o m p a r -  
able  to  t he  f l -oxygena t ion  of t rans -deca l ine  (-% /~-de- 
calone) 3. The poss ib le  i n t r o d u c t i o n  of a h y d r o x y  g roup  
in t he  2-posi t ion is r e m i n i s c e n t  of t h e  o x i d a t i o n  of 
niacine 4 a n d  qu in ine  5. 

By  con t r a s t ,  A 1 (g)_octahydroquinol ine ,  be ing a t e r t i a r y  
u n s a t u r a t e d  a m i n e  w i t h  on ly  one  a c t i v a t e d  t e r t i a r y  
c e n t e r  for t h e  a t t a c k  of oxygen ,  eas i ly  forms,  as do 
s imilar  bicycl ic  s y s t e m s  of th is  t y p e  a beau t i fu l ly  c rys ta l -  
line h y d r o p e r o x i d e  6. 

B. WITKOP 

N a t i o n a l  Ins t i tu tes  o[ Heal th ,  W a s h i n g t o n  ld,  D.C. ,  
A p r i l  21, 1954. 

Z u s a m m e n ] a s s u n g  

D e m  p h e n o l i s c h e n  O x y d a t i o n s p r o d u k t ,  das  b e i m  
Durch l e i t en  yon  Saue r s to f f  d u r c h  geschmolzenes  trans- 
D e k a h y d r o c h i n o l i n  e n t s t e h t ,  wi rd  auf  G r u n d  der  Ana lyse  
und  s p e k t r o p h o t o m e t r i s c h e n  D a t e n  die K o n s t i t u t i o n  I I I  
e ines  3-Oxy-5,  6, 7, 8 - t e t r a h y d r o c h i n o l i n s  beigelegt .  Seine 
E n t s t e h u n g  er fo lg t  wahr sche in l i ch  t iber das  gleichfal ls  
geb i lde te  5, 6, 7, 8 -Te t r ahydroch ino l in .  
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S p e c t r o p h o t o m e t r i c  D i f f e r e n c e s  b e t w e e n  

A m i n o h e t e r o c y c l i c  B a s e s  a n d  T h e i r  S a l t s  

W h e n  an  open  or cycl ic  base  of t he  SCHIFF t y p e  
con t a in ing  the  e l e m e n t  > C = N - -  passes  in to  t he  ca t ion  

® 
> C = N H -  t h r e e  m a j o r  spec t roscop ic  changes  are  
o b s e r v e d  in t he  u l t r av io l e t  a n d  in f ra red  a b s o r p t i o n  
s p ec t r a  : 

(1) A b a t h o c h r o m i c  sh i f t  in t he  u l t r av io l e t  r ang ing  
be tween  1 and  50 mff a n d  more  d e p e n d i n g  on the  t y p e  
of c o m p o u n d  and  the  p resence  of a u x o c h r o m i c  g roupsL  
A h y p s o c h r o m i c  sh i f t  on sa l t  f o r m a t i o n  usual ly  ind ica tes  

® 
the  p a r t i c i p a t i o n  of t he  ca t ion  > C = N H - -  in pa r t i a l  or 
c o mp le t e  in tra-  or i n t e rmolecu lar  add i t i on  r eac t ions  *. 
P y r i d i n e  and  i ts  de r iva t ives  are  n o t  n o r m a l l y  looked  
upon as cyclic SCHIFF bases,  a l t h o u g h  a n u m b e r  of 
chemica l  r eac t ions  (1 ,2 -add i t ion  a n d  r educ t i on ,  such  as 
add i t i on  of a lkyl  l i th ium,  HAMMICK reac t ion ,  acyloin-  
like c o n d e n s a t i o n s  w i th  a ldehydes ,  etc.) c lear ly  ind ica te  
the  i n d e p e n d e n c e  of t he  " a m m o n o - a l d e h y d e "  (MORTON) 
sys tem.  In  o t h e r  r e spec t s  py r id ine  exh ib i t s  a r o m a t i c  
charac te r .  This  dual i s t ic  b e h a v i o r  is r e f l ec ted  in t he  
effect  of sa l t  f o r m a t i o n  on the  u l t r av io le t  a b s o r p t i o n  of 
pyr id ines  which  m a y  v a r y  f rom h y p s o c h r o m i c  to  b a t h o -  
ch romic  (Table I). 

1 C/" B. WITKOP, J. B. PATRICK, and H. M. KISSMA~, Ber. dtsch. 
chem. Ges. 85, 949 (1952). 

C.L E. D. BERGMA.~, Chem. Rev. 53, 309 (1953). 

Table I 
Influence of Salt Formation on the Ultraviolet Absorption 

Pyridines (solvent ethanol if not stated otherwise). 
of Some 

Pyridoxamine 
Pyridoxal  
Pyridineb. 
Nicotine b . 
2,6-Lutidine b 
3-Vinylpyridine b 
Nicotyrine b 

2max ;tmax salt A~, 
free base 

308 (3"86) s 
300 (3-76) 
257 (3-43) c 
262 (3-46) 
267 (3-48) a 
278 (3"44) 
288 (3"99) 

293 (3.95) 
288 (3-93) 
256 (3-73) 
260 (3.68) 
272 (3.68) 
287 (3"53) 
310 (4'04) 

- 1 5  
- 1 2  
- 1 
- 2 
+ 5 
+ 9 
+22 

a Measured in 0.1 N NaOH : A. MEISTER, E. A. I3ETERSON, and H. A. 
SOBER, J. Amer. Chem. Soe. 76, 169 (1954). b M. L. SWAIN, A. EIS- 
NER, C. F. WOODWARD, and B. A. BRIeE, J. Amer. Chem. Soc. 71, 
1341 (1949), measured in 95% alcohol, e CI. H. V. DAENIKER, HelD. 
chim. Acta 36, 1955 (1952). d Measured in isooctane: R. A. FRIEDEL 
and M. ORCmN, Ultraviolet Spectra oJ Aromatic Compounds (John 
Willey and Sons, Inc., New York, 1951), p. 106. - F. G. tlERINGTON, 

Discussions of the Faraday Society 9, 26 (1950). 

a- and  7 - a m i n o p y r i d i n e s  are no longer  f o r m u l a t e d  as 
~¢- or 7 -py r idone  imines  b u t  as cycl ic  (vinylogous)  
amid ines ;  t he  t rue  N - m e t h y l  p y r i d o n e  imines  wh ich  are  
on ly  p r e s e n t  in a n h y d r o u s  ine r t  so lven t s ,  ab s o rb  a t  
m u c h  longer  wave  l en g t h  t h a n  the i r  t a u t o m e r i c  amid ine  
ca t ions ;  in th is  r e s p ec t  t h e  sa l t  f o r m a t i o n  has  a h y p s o -  
ch ro mi c  effect .  A s l igh t  h y p s o c h r o m i c  ef fec t  is also 
o b s e rv ed  w h e n  fo rmi n g  the  sa l t  of a - ami n o i n d o l en i n e ,  
t he  p rope r t i e s  of wh ich  (Table I I I )  are b e s t  e x p l a i n e d  b y  
fo rmula  I r a t h e r  t h a n  I I  1 or I I I  2, or  of a cyclic amid ine  
where  t h e  a m i n o  g roup  fo rms  p a r t  of a second  r ing as 
in vas ic ine  (peganine,  IV, Tab le  I I I ) .  
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(2) The  in f ra red  a b s o r p t i o n  of t h e  > C = N - -  g roup  
(6.10-6.15 in a r o m a t i c  SCHIFF bases ,  6-24-6.28 in py r id -  
ines 8) on sa l t  f o r m a t i o n  i n v a r i a b l y  m o v e s  to  s h o r t e r  
wave  l en g t h  (5.98-6-08 in SCHIFF bases ,  6 .07-6.13 in 
pyr id ines) .  This  h y p s o c h r o m i c  sh i f t  is even  s t r o n g e r  in 
open  a n d  cyclic amid ines  (Table I I  and  I I I )  and  c lear ly  

1 H. RINDERKNECHT, H. KOECRLIN, and C. NIEMANN, J. Org. 
Chem. 18, 971 (1953). 

2 R. PSCHORR and G. HoePE, Ber. dtseh, chem. Ges. 43, 2543 
(1910). 

3 The assignment of the band 6*28# (1590 cm -1) to the group 
> C = N - -  in pyridines (H. M. RANDALL, R. G. FOWLER, N. FUSON, 
and J. R. DANGL, In/rared Determination o/ Organic Structures 
[D. Van Nostrand Co., New York, 1949], p. 32) or pyrimidines (C/. 
I. A. BROWNLIE, J. Chem. Soe. 1950 3062), or other heterocycles is 
a simplification convenient for the purpose of comparison with the 
hydrochlorides. Normally no absolute assigmnents to > C = C <  or 
> C = N - -  in conjugated systems can be made with certainty (C/. 
E. R. BLO~JT, M. FIELDS, and R. KARPL~JS, J. Amer. Chem. Soe. 70, 
194 [1948]). 


