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I3C-NMR STUDY OF SOME SUBSTITUTED 9-ACRIDANONE 

DERIVATIVES 
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o r b i t a l  ca lcu la t ions ,  Cor re la t ions ,  

Acridanones. 
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Laboratoire de Chimie Minerale, Facu l t6  d e  Pharmacie, 

ABSTRACT : I3C-NMR spectra o f  several  9-acridanones w i t h  d i f f e r e n t  

subs t i tuents  bo th  on the  r i n g  (R,, = CH3, OCH3, NH2, NICH312, NOZ) 

and a t  the  n i t rogen  atom (R2 = H, CH C H CH -C H CZC-CH 

(CH2I2N(C2H5l2.  CH=C=CH21 have been recorded. The 

s h i f t s  are discussed as a f u n c t i o n  o f  the  nature o f  t he  subs t i tuent ,  

the  importance o f  p e r i  s t e r i c  i n t e r a c t i o n s  and the  e l e c t r o n i c  

s t ruc tu re  o f  the  acridanone r i n g .  There i s  a good l i n e a r  r e l a t i o n -  

ship between the t o t a l  e l e c t r o n i c  dens i ty  and the chemical s h i f t s .  

3 '  3 2 5 '  2 6,3' 
C-NMR chemical 

INTRODUCTION 

Acridanone d e r i v a t i v e s  which are  s i g n i f i c a n t  1)eterocycli.c 

compounds i n  therapy, car ry  ou t  polybiovalency. Over and above t h e i r  
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224 FAURE ET AL. 

1 a n t i v i r a l  , an t i -a l l e rgy '  o r  ana lep t i c  p roper t ies3 ,  these drugs can 

be used as radio protective^^ or ant i tumor agents . I n  the  l a t t e r  

case, a s t e r i c  i n t e r a c t i o n  w i t h  DNA i s  Consequently, 

the b i o l o g i c a l  response i s  ma in ly  dependent on the  conformat ional  

s t ruc tu re  , i .e .  i s  governed by e l e c t r o n i c  and s t r u c t u r a l  parameters. 

I n  connection w i t h  o ther  researches i n t o  the  sub jec t  , r e s u l t s  

about a I3C-NMR study on some 9-acridanone d e r i v a t i v e s  are  analysed 

below. Th is  method indeed, i s  a s u i t a b l e  one, f o r  stereochemical 

i nves t i ga t i ons  . The compounds s tud ied  are g iven i n  Table 3 .  
The methodology i s  t he  same one already used w i t h  some o ther  medi- 

c i n a l  compounds 

5 

8 

9-1 3 

14.15 

16-18 

EXPERIMENTAL 

I3C-NMR spectra were recorded i n  the  FT mode on a Var ian CFT-20 

spectrometer. A 8 L s e c  pu lse  corresponding t o  a t i l t  angle o f  45' 

was used. Accumulation of 5,000-50,000 t r a n s i e n t s  - according t o  the  

s o l u b i l i t y  o f  the  compounds - were made a t  a s p e c t r a l  w id th  o f  

5,000 Hz. The compounds were s tud ied  as so lu tes  i n  DMSO-d a t  

28 2OC. The l a t t e r  was used e i t h e r  as l ock  o r  reference. Chemical 

s h i f t s  were measured i n  the  decoupled no ise  mode i n  reference t o  

the  c e n t r a l  l i n e  o f  the  solvent.  They were co r re la ted  t o  the  TMS 

+ 39.6 i n  which 6 i s  s i g n a l  us ing  the  r e l a t i o n  

given i n  ppm. The accuracy o f  the measure o f  chemical s h i f t s  

was b e t t e r  than 0.1 ppm. 

6 

19 
'TMS = dDMSO-d6 

E l e c t r o n i c  d e n s i t i e s  were ca l cu la ted  by means o f  CNDO/Z MO 

method us ing  a mod i f ied  version" o f  QCPE 14Iz1. Acridanone bond 

lengths  and angles are  spec i f i ed  i n  F igure  1. 

From the  p o i n t  o f  view o f  an averaged t ime, i t  can be assumed 

t h a t  r i n g s  are belonging t o  a same plane because o f  the  r a p i d  n i -  

t rogen invers ion .  As f o r  t he  values o f  subs t i t uen t  atomic d i s tan -  

ces and bond angles, they are  those a r i s i n g  ou t  o f  t h e  l i t e r a -  
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9-ACRIDANONE DERIVATIVES 225 

F i g u r e  1. Atomic  d i s t a n c e s  and  bond a n g l e s  o f  
9 - a c r i d a n o n e s .  

ture”. Some of t h e  compounds u s e d  were p r e p a r e d  and  i s o l a t e d  

a c c o r d i n g  t o  a p r e v i o u s l y  p u b l i s h e d  p r o c e s s ” .  S y n t h e s i s  o f  t h e  
2 3  o t h e r  o n e s  w i l l  be s t a t e d  l a t e r  . 

RESULTS AND DISCUSSION 

A s s i g m e n t s  were made i n  a c c o r d a n c e  w i t h  

c h e m i c a l  s h i f t s   consideration^'^, p a r t i c u l a r l y  a b o u t  s u b s t i -  ( a )  

t u e n t  e f fec ts  i n  b e n z e n i c  series , 

( b )  s i g n a l  m u l t i p l i c i t i e s  d e t e r m i n e d  from a c o h e r e n t  o f f -  

r e s o n a n c e  d e c o u p l i n g .  

( c )  p e a k  i n t e n s i t i e s ,  

[ d )  t h e  a s s u m p t i o n  t h a t ,  c h e m i c a l  s h i f t s  of a n  u n s u b s t i t u t e d  

b e n z e n e  r i n g  are s l i g h t l y  c h a n g e d  by v a r i o u s  s u b s t i t u t i o n s ,  e x c e p t  

i f  t h e r e  a r e  p e r i  s teric i n t e r a c t i o n s .  C h e m i c a l  s h i f t s  are c o l l e c t e d  

i n  T a b l e s  2 a n d  3 w h e r e a s  s u b s t i t u e n t  e f fec ts  are g a t h e r e d  i n  

T a b l e  4. 

S u b s t i t u t i o n  a t  t h e  n i t r o g e n  atom 

24 

It c a n  b e  g e n e r a l l y  p o i n t e d  o u t  t h a t  t h e  s h i e l d i n g  of t h e  r i n g  

c a r b o n s  i s  s l i g h t l y  a f f e c t e d  by s u b s t i t u t i o n  a t  t h e  n i t r o g e n  atom. 

However, t h e  l a t t e r  b r i n g s  a s h i e l d i n g  effect  as f a r  as t h e  y p o s i -  

t i o n  i s  c o n c e r n e d  - C-4 o r  C-5 - e x c e p t  w i t h  3 9  i n  w h i c h  s u c h  a n  

effect  i s  c o m p e n s a t e d  by t h e  d e s h i e l d i n g  o n e  b r o u g h t  a b o u t  b y  t h e  
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methyl  groupsz5. Moreover. t he re  i s  an unexpected desh ie ld ing  - 

dd 
I n  accordance t o  the  good c o r r e l a t i o n  between chemical s h i f t s  and 

e l e c t r o n i c  d e n s i t i e s  which w i l l  be emphasized below, such a desh ie l -  

d ing  can proceed from a decrease o f  t he  r e a c t i v i t y  of  these carbons 

towards e l e c t r o p h i l i c  reagents. 

= 2.5 ppm - a t  the C-2 o r  C - 7  l e v e l  w i t h  a p ropyny l  s u b s t i t u t i o n .  

S u b s t i t u t i o n  on the  r i n g  

subs t i t u ted  benzenesz4 are  given i n  Table 5. 

There i s  a g r a t  s i m i l a r i t y  between these and those o f  the  series 

studied. That i s  cons is ten t  w i t h  t h e o r e t i c a l  ca l cu la t i ons26  pre-  

d i c t i n g  a considerable d e l o c a l i z a t i o n  o f  t he  r i n g  n c l o u d .  Conse- 

quent ly,  the fo l l ow ing  molecular formula i s  al lowed f o r  the  a c r i -  

Subs t i tuent  chemical s h i f t s  [SCS) f o r  a few selected mono- 

0 danone subs t i t u ted  d e r i v a t i v e s  : 

I 

R 
Table 5.  - I 3 C  subs t i t uen t  chemical s h i f t s  i n  monosubsti tuted 

benzene f o r  some selected compounds. 

Subs t i tuents  P o s i t i o n  Solvent 

i p s 0  o r tho  meta para 

9.0 0.6 -0.1 -3.0 OMSO 
CH3 

DCH3 31 .O -14.4 1.2 -7.9 OMSO 

NH2 
20.7 -14.3 0 .5  -12.5 DMSO 

N(CH312 22.6 -15.8 0.5 -12.0 aceton 

19.5 -4.9 1.6 7.0 DMSO 
N02 
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However, t h e r e  a r e  d i f f e r e n c e s  between t h e  two ser ies  which a r e  

compared above owing t o  s t e r i c  o r  e l e c t r o n i c  i n t e r a c t i o n s  non- 

e x i s t i n g  i n  t h e  benzenic compounds. As a m a t t e r  of example, methy- 

l a t i o n  i n  p o s i t i o n  l leads  t o  a n o t i c e a b l e  i p s 0  e f fec t  o f  14.5 ppm. 

That can be exp la ined  by a U-rc i n t e r a c t i o n ,  i . e .  hypercon juga t ion  

o f  t h e  m e t h y l  group, as i t  i s  shown i n  t h e  f o l l o w i n g  scheme : 

R 
Besides, t h e  s h i e l d i n g  o f  t h e  m e t h y l  carbon i s  i n  agreement w i t h  t h e  

p r o p o s a l  t h e  more so as a s i m i l a r  behav io r  i s  observed w i t h  t h e  

1,4-naphtoquinone. I n  t h e  l a t t e r  compound, t h e  i p s 0  e f f e c t  o f  t h e  
27 m e t h y l  group i s  c l o s e  t o  1 5  ppm . 

0 
On t h e  o t h e r  hand,the unsymmetr ica l  o r t h o  e f f e c t  no ted  w i t h  

amino, dirnethylamino and methoxy s u b s t i t u e n t s  can be a s c r i b e d  t o  

t h e  favoured  c a n o n i c a l  s t r u c t u r e  B p resen ted  i n  t h e  f i g u r e  2 .  

F i n a l l y ,  i f  t h e r e  a r e  p e r i  s t e r i c  i n t e r a c t i o n s  (5,7,12,14,19, 

22,271 SCS a r e  changed w i t h  r e g a r d  t o  t h e  benzenic  s e r i e s .  The 

magnitude o f  t h e  i n t e r a c t i o n  can be p o r t r a y e d  by  t h e  d e s h i e l d i n g  

o f  t h e  a s u b s t i t u e n t  carbons : 
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F i g .  2 

I 

cH3/ 6 =  33-7 0 

6 ~ 1 7 . 9  

0 

I 

CH3CH3 
/ 1 

6=. 42.3 6s 22.5 

C o r r e l a t i o n  between chemica l  s h i f t s  and t h e  t o t a l  

e l e c t r o n i c  d e n s i t i e s  

An a t t e m p t  f o r  c o r r e l a t i n g  c h e m i c a l  s h i f t s  o f  some 

9 - a c r i d a n o n e  d e r i v a t i v e s  [1,2,5-10,12-15,22,25-271 w i t h  t h e  

t o t a l  e l e c t r o n i c  d e n s i t i e s  c a l c u l a t e d  by means o f  a CND0/2 

method leads t o  t h e  f o l l o w i n g  good enough r e l a t i o n s h i p  : 

d13C = (-108.2) 2.5)Q,+n + 558.9 8.9 

The c o r r e l a t i o n  c o e f f i c i e n t  i s  0.96. 
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