
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 30 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Spectroscopy Letters
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597299

A Carbon-13 NMR Study of the Structure of 9-Acridanone and 9-
Thioacridanone in Neutral and Acidic Media
R. Faurea; J. P. Galya; E. J. Vincenta; A. M. Galyb; J. Barbeb; J. Elgueroc

a Laboratoire de Chimie organique physique, Université d'Aix-Marseille III, Marseille Cedex, France b

Laboratoire de Chimie minérale, Faculté de Pharmacie, Marseille Cedex, France c Instituto de Quimica
Medica, Madrid, Spain

To cite this Article Faure, R. , Galy, J. P. , Vincent, E. J. , Galy, A. M. , Barbe, J. and Elguero, J.(1983) 'A Carbon-13 NMR
Study of the Structure of 9-Acridanone and 9-Thioacridanone in Neutral and Acidic Media', Spectroscopy Letters, 16: 6,
431 — 439
To link to this Article: DOI: 10.1080/00387018308062362
URL: http://dx.doi.org/10.1080/00387018308062362

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597299
http://dx.doi.org/10.1080/00387018308062362
http://www.informaworld.com/terms-and-conditions-of-access.pdf


SPECTROSCOPY LETTERS, 1 6 ( 6 )  , 431-439 ( 1 9 8 3 )  

A CARBON-13 NMR S T U D Y  OF 1 H E  STRUCTURE OF 
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INTRODUCTION 
The a n t i m i c r o b i a l  and a n t i p a r a s i  t i c  p r o p e r t i e s  o f  

a c r i d i n e  d e r i v a t i v e s  a r e  known f o r  a l o n g  t i m e ' ;  more 
2 r e c e n t l y  t h e i r  a n t i c a n c e r  a c t i v i t y  has been  r e p o r t e d  . 

Amongst t h e  a c r i  d i n e s  , t h e  d e r i v a t i v e s  o f  9 - a c r i  danone 
1 and  o f  9 - t h i o a c r i d a n o n e  ; have i n t e r e s t i n g  p r o p e r t i e s  . 
S i n c e  t h e s e  compounds show a p r o b l e m  o f  t a u t o m e r i s m  , 
i t  w o u l d  b e  i m p o r t a n t  t o  s t u d y  t h e i r  b e h a v i o u r  i n  o r d e r  
t o  u n d e r s t a n d  t h e  a c t i v i t y  o f  a c r i  danones and  t h i o a c r i  - 
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Figure 1 

danones i n  med ia  o f  d i f f e r e n t  a c i d i t y .  The p r e s e n t  pu -  
b l i c a t i o n  d e a l s  w i t h  t h e  s t u d y ,  b y  means o f  13C NMR,  o f  
t h e  s t r u c t u r e  o f  compounds 1 and 5 ( F i g u r e  1) i n  DMSO- 
d 6  and  i n  t r i f l u o r o a c e t i c  a c i d .  F i v e  o t h e r  d e r i v a t i v e s ,  
3 t o  5 ( F i g u r e  l), used  as model compounds, were  a l s o  
s t u d i e d  i n  t h e s e  c o n d i t i o n s .  

N 

h) 

EXPERIMENTAL 

The ?3C NMR s p e c t r a  were  r e c o r d e d  a t  20.0 MHz i n  t h e  
FT-mode on  a V a r i a n  FT-80A s p e c t r o m e t e r .  T y p i c a l  e x p e r i -  
m e n t a l  c o n d i t i o n s  a r e :  sweep w i d t h ,  5000 Hz; p u l s e  w i d t h ,  

8 ~ s ( 4 5 " ) ;  a c q u i s i t i o n  t i m e ,  0 .8  s ;  d a t a  p o i n t s ,  8192; 
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9-ACRIDANONE AND 9-THIOACRIDANONE 4 3 3  

t e m p e r a t u r e ,  28 * 2°C. Because o f  t h e  l o w  s o l u b i l i t y  o f  
t h e  N - m e t h y l  9 - t h i o a c r i d a n o n e  2 b  i n  DMSO-d6 i t s  1 3 C  NMR 
s p e c t r u m  has been  r e c o r d e d  a t  50.3 MHz on a B r u c k e r  WP 
200SY s p e c t r o m e t e r .  

I n  DMSO-d6 s o l u t i o n s ,  t h e  c h e m i c a l  s h i f t s  were  mea- 

s u r e d  i n  t h e  n o i s e  d e c o u p l e d  mode w i t h  r e s p e c t  t o  t h e  
c e n t r a l  l i n e  o f  t h e  s o l v e n t  and r e f e r r e d  t o  t h e  TMS s i -  

g n a l  b y  t h e  r e l a t i o n s h i p 5 : d T M S  = dDMso-d6 t 39.6  ( d i n  
ppm). I n  t h e  c a s e  o f  t r i f l u o r o a c e t i c  a c i d  s o l u t i o n s ,  
f i e l d l f r e q u e n c y  c o n t r o l  was e f f e c t e d  b y  means o f  t h e  
d e u t e r i  um r e s o n a n c e  o f  DMSO-d6 p l  aced  i n  an i n t e r n a l  
c a p i l l a r y  t u b e ;  c h e m i c a l  s h i f t s  were  t h e n  d e t e r m i n e d  
w i t h  r e s p e c t  t o  TMS as an i n t e r n a l  s t a n d a r d .  The a c c u r a -  
c y  o f  t h e  c h e m i c a l  s h i f t s  i s  b e t t e r  t h a n  0 . 1  ppm. 

c i a l  p r o d u c t s  $ + 5 )  o r  p r o d u c t s  p r e p a r e d  b y  c o n v e n t i o n a l  
The samples  used  i n  t h i s  s t u d y  were  e i t h e r  commer- 

methods  (z6,;?a ,;b 8 9  , i a  and ftb 10 ) .  

RESULTS A N D  D I S C U S S I O N  
P h y s i c o c h e m i c a l  s t u d i e s  14,15 c o n c l u d e  t h a t  t h e  h y -  

d r o x y  t a u t o m e r  l a  i s  n o t  p r e s e n t  a t  t h e  e q u i l i b r i u m  i n  
t h e  case  o f  9 - a c r i d a n o n e  2 ,  even  i n  non p o l a r  s o l v e n t s  

( s e e  a l s o  '). T h i s  r e s u l t  a l l o w s  t h e  d e t e r m i n a t i o n  o f  
t h e  e f f e c t s  p r o d u c e d  b y  t h e  N - m e t h y l a t i o n ,  b y  c o m p a r i s o n  
o f  t h e  c h e m i c a l  s h i f t s  o f  9 - a c r i d a n o n e  d e r i v a t i v e s  L b  

and  3b ( F i g u r e  2 ) .  

I n  t u r n ,  t h e s e  SCS can  be u s e d  t o  c a l c u l a t e  t h e  
c h e m i c a l  s h i f t s  on  t h e  9 - t h i o a c r i d a n o n e  t a u t o m e r  ;b f r o m  
t h e  v a l u e s  o f  t h e  N - m e t h y l  d e r i v a t i v e  4b ( F i g u r e  3 ) .  Un- 
f o r t u n a t e l y ,  t h e  absence o f  r e s u l t s  c o n c e r n i n g  t h e  S -  
m e t h y l a t i o n  e i t h e r  i n  n a p h t a l e n e  and a n t h r a c e n e  d e r i v a -  
t i v e ~ ' ~  p r e v e n t  t h e  c a l c u l a t i o n  o f  t h e  c h e m i c a l  s h i f t s  
o f  t h e  t h i o l  t a u t o m e r  2a f rom t h e  v a l u e s  o f  t h e  S - m e t h y l  
d e r i v a t i v e  4a 
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4 34 FAURE ET AL. 

F i g u r e  2 .  S u b s t i t u e n t  c h e m i c a l  s h i f t s  (SCS) p r o d u c e d  b y  

t h e  N - m e t h y l a t i o n  

122.75 

133.8 

F i g u r e  3 .  C a l c u l a t e d  c h e m i c a l  s h i f t s  o f  t h e  t h i o n e  
t a u t o m e r  L b  

However ,  an e s t i m a t i o n  o f  t h e  e q u i l i b r i u m  c o n s t a n t  
2 a ~ 2 b  i s  p o s s i b l e  f r o m  t h e  1 3 C  NMR d a t a  o f  c a r b o n s  C-4 
and C-4a ( u n d e r l i n e d  i n  F i g u r e  3 ) .  The r e a s o n  i s  t h a t  
f i r s t l y ,  t h e  c h e m i c a l  s h i f t s  o f  t h e s e  c a r b o n s  m u s t  be  
v e r y  s i m i l a r  i n  s t r u c t u r e s  2a and L a ,  s e c o n d l y ,  t h e y  
mus t  be  v e r y  s e n s i t i v e  t o  t h e  t a u t o m e r i c  change ,  b e i n g  
n e a r  t h e  n i t r o g e n  a tom N-10. S i n c e  t h e  p r e c i s i o n  on  t h e  
t a u t o m e r i c  c o n s t a n t  i s  r e l a t e d  t o  t h e  v a l u e  o f  t h e  d i f -  
f e r e n c e  be tween  t h e  c h e m i c a l  s h i f t s  o f  t h e  two  f o r m s  i n  
e q u i l i b r i u m ' * ,  t h e  p r e c e d i n g  c h o i c e  o f  c a r b o n  seems r e a -  

N C V  

cv 

s o n a b l e  (66 a b o u t  12 ppm). A s i m p l e  i n t e r p o l a t i o n  a f -  
f o r d s  a v a l u e  o f  1 5  5 3  o f  t a u t o m e r  La  a t  t h e  e q u i l i -  
b r i u m .  L i t e r a t u r e  r e s u l t s  ( U V  and I R  c o m p a r i s o n s )  
o n l y  c o n c l u d e  t o  t h e  p r e d o m i n a n c e  o f  t h e  t h i o n e  f o r m  Lb .  
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4 36 FAURE ET AL. 

S t u d y  o f  t h e  s t r u c t u r e s  i n  a c i d i c  medium 
P r o t o n a t i o n  s h i f t s  a r e  g a t h e r e d  i n  T a b l e  1. These 

v a l u e s  s h o u l d  be  c o r r e c t e d  t a k i n g  i n t o  a c c o u n t  s o l v a t i o n  

e f f e c t s 2 '  o f  t h e  D M S O - d 6 / t r i f l u o r o a c e t i c  a c i d  p a i r .  How- 
e v e r ,  i n  a f i r s t  a p p r o x i m a t i o n  i t  c o u l d  b e  assumed t h a t  

t h e s e  e f f e c t s  w o u l d  be  t h e  same f o r  a s e r i e s  o f  r e l a t e d  
compounds. 

s i m i  1 i t u d e  i n  p r o t o n a t i o n  e f f e c t s  o f  o x y g e n a t e d  d e r i  va -  
t i v e s  Lb and  3,". L i k e w i s e  t h e  c o m p a r i s o n  o f  t h e  c h e m i c a l  
s h i f t s  i n  t r i f l u o r o a c e t i c  a c i d  p r o v e s  t h a t  t h e  p r o t o n a -  
t i o n  o f  9 - a c r i d a n o n e s ,  l,b and  Lb ,  and o f  9 - m e t h o x y a c r i -  
d i n e  3," l e a d s  t o  a c a t i o n  h a v i n g  t h e  same e l e c t r o n i c  
s t r u c t u r e  ( F i g u r e  4 ) .  

The s i m i l i t u d e  o f  p r o t o n a t i o n  e f f e c t s  ( d  v a l u e s ,  
T a b l e  1 )  o f  compounds 3a and 5 ( a c r i d i n e  i t s e l f )  s t r o n g -  
l y  i n d i c a t e s  t h a t  t h e  p o s i t i v e  c h a r g e  i s  l o c a t e d  i n  t h e  
a c r i d i n e  r i n g  and  n o t  i n  t h e  m e t h o x y  s u b s t i t u e n t ,  as i n  
t h e  c a n o n i c a l  f o r m  r e p r e s e n t e d  i n  f i g u r e  4.  

F o r  s u l f u r  d e r i v a t i v e s  a s i m i l a r  c o n c l u s i o n  c o n c e r -  
n i n g  t h e  f o r m a t i o n  o f  a common c a t i o n  c a n  be d rawn  f r o m  
t h e  a n a l y s i s  o f  t h e  c h e m i c a l  s h i f t s  i n  t r i f l u o r o a c e t i c  
a c i d .  However,  c o n s i d e r i n g  t h e  l a r g e  e f f e c t  on  C-9 (d = 

21 .75  ppm) o b s e r v e d  f o r  t h e  p r o t o n a t i o n  o f  9 - t h i o m e t h o -  

A n a l y s i s  o f  T a b l e  1 d a t a  ( d  v a l u e s )  shows a g r e a t  

ry 

e R,R': H orCHg 

F i g u r e  4. S t r u c t u r e  o f  t h e  c a t i o n  0 b t a i n e . i  b y  pro:ona- 
t i o n  o f  9 - a c r i d a n o n e s  and  9 - m e t h o x y a c r i d i n e s  
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+ 
SR 

R,R' = H or CH3 

I 
R' 

F i g u r e  5 .  S t r u c t u r e  o f  t h e  c a t i o n  o b t a i n e d  b y  p r o t o n a -  
t i  on o f  9 - t h i o a c r i  danones and 9 -  t h i  o m e t h o x y a c r i  d i  n e s .  

x y a c r i d i n e  La, a c a n o n i c a l  f o r m  w i t h  t h e  p o s i t i v e  c h a r g e  
l o c a t e d  on  t h e  s u l f u r  a tom mus t  c o n t r i b u t e d  l a r g e l y  t o  
t h e  resonance  h y b r i d  ( F i g u r e  5 ) .  

The R u s s i a n  a u t h o r s  p r e v i o u s l y  q u o t e d 1 6  have c o n c l u -  
ded t h a t  t h e  c a t i o n  has  a 9 - m e r c a p t o a c r i  d i  n i  um s t r u c t u r e  
b u t  a c a n o n i c a l  f o r m  s i m i l a r  t o  t h a t  o f  f i g u r e  5 has 

been p r o p o s e d  t o  e x p l a i n  some e f f e c t s  i n  4-thiomethoxy- 
q u i n o l i n e .  
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