
HETEROCYCLES, Vol. 27, No 6. I988 

20 'H- 13c HETERONUCLEAR NMR STUDY OF 9-METHOXYELLIPTICINE AND OF THE RELATED INDOLE 

AND CARBAZOLE DERIVATIVES 

G6rard comnengesa and Renee C. ~ a o ~ * '  

a ~ a b o r a t o i r e  de Chimie de Coordination, CNRS, 205 Route de Narbonne, 31077 Toulouse 
Cedex, France 

b ~ a b o r a t o i r e  de Pharmacologie e t  de Toxicologie Fondamentales, CNRS, 205 Route de 
Narbonne, 31400 Toulouse Cedex, France 

+ 
Present address : Sanofi Recherche, 195 Route d'Espagne, 31036 Toulouse Cedex, France 

1 1  1 13 Abstract  - Unambiguous assignment based on ZD H- H homonuclear and H- C - 
heteronuclear co r re la t i ons  i s  given f o r  the  ' ~ N M R  spectrum o f  9-methoxye l l ip t ic ine  

( 3 )  i n  DMSO-d6, s e t t l i n g  the  discrepancy e x i s t i n g  between the e a r l i e r  data. The 

spectra of 5-methoxyindole (11, and 1.4-dimethylcarbazole ( 2 ) ,  which have been used as 

model compounds f o r  the  e a r l i e r  13c assignments of ( 3 )  have a lso  been re invest iga ted.  

INTRODUCTION 

Since t h e  antitumour a c t i v i t y  o f  n a t u r a l l y  occur r ing  e l l i p t i c i n e s  has f i r s t  been recognized1, there  

have been i n tens i ve  searches f o r  more a c t i v e  and l ess  t o x i c  analogs. 

'H-NMR spectroscopy has been r o u t i n e l y  used fo r  i d e n t i f y i n g  the intermediates as we l l  as the  f i n a l  

products obtained i n  t h e  course o f  many syntheses of e l l i p t i c i n e  and e l l i p t i c i n e  de r i va t i ves  t h a t  

have thus been c a r r i e d  out2 '6*7 .  The more recen t  i n t e r e s t  i n  t h e  1 3 ~ - ~ ~ ~  spectra o f  these 

1 de r i va t i ves  i s  concerned w i t h  the  p o s s i b i l i t y  o f  using 13c together w i t h  H-NMR spectroscopy, 

e i t h e r  f o r  studying t h e i r  i n t e r c a l a t i o n  between nuc le i c  ac id  bares3, o r  f o r  recogniz ing the 

t e t r a c y c l i c  system c h a r a c t e r i s t i c  o f  e l l i p t i c i n e s ,  when a r i n g  c losure  i s  invo lved i n  the  syn the t i c  

4 process . Complete 13c assignments o f  a number o f  e l l i p t i c i n e  de r i va t i ves ,  i nc lud ing  (31, have been 

~ u b l i s h e d ~ - ~ ' ~ ,  most of these  assignment^^-^ being deduced from c a r e f u l  chemical s h i f t  comparisons 

w i t h  c l ose l y  r e l a t e d  compounds such as the  re levant  indole,  carbazole, i soqu ino l ine ,  o r  py r i d i ne  

de r i va t i ves .  The assignments o f  these model compounds were usua l l y  based on data  obtained from 

8 c l a s s i c a l  one-dimensional (1D) NMR experiments wh i le  the  most recent study used the INEPT 



technique together w i t h  subst i tuent  increments t o  reassign the I3c spectrum o f  e l l i p t i c i n e .  

However, even when every precaut ion regarding the experimental cond i t ions  t o  ensure meaningful 

comparisons i s  taken, conclusions drawn from empi r ica l  chemical s h i f t  comparison are not always 

unambiguous. This seems indeed t o  be the case f o r  (3) as there  i s  no f u l l  agreement between the 

data already p u b l i ~ h e d ~ - ~ .  We decided there fore  t o  engage on an NMR study using t h e  r e s u l t s  o f  
1 1  1 13 homonuclear H- H d ipo la r  cor re la ted as we l l  as heteronuclear H- C chemical s h i f t  co r re la ted  

two-dimensional (2Dl NMR experiments t o  re inves t i ga te  the  13c assignments o f  (3 ) ,  and o f  the  two 

model compounds (11 and (2 ) .  

1 1 13 The H spectrum was assigned f i r s t ,  fo l lowed by the  assignment o f  t h e  I 3 c  spectrum using H- C 

1 s h i f t  co r re la t i ons  e i t h e r  3 JCH t o  prov ide the assignments f o r  protonated carbons o r  

long-range couplings t o  prov ide assignments of quaternary carbons. The 13c assignments thus 

obtained are c l e a r l y  unambiguous. 

RESULTS AND DISCUSSION 

9 1 E a r l i e r  we had completely assigned the H spectrum of (11, (21 and (31 using se lec t i ve  homonuclear 

decoupling and 10-NOE experiments. I n  the  case o f  intercalating drugs such as e l l i p t i c i n e  

1 der ivat ives10, the  H chemical s h i f t s  may be expected t o  be concentration-dependent due t o  the 

existence o f  in termolecu lar  i n te rac t i ons  leauing t o  v e r t i c a l  stacking o f  the  aromatic heterocyc l ic  

system c h a r a c t e r i s t i c  o f  t h i s  ser ies  o f  molecules. As the so lu t ions  used f o r  the  previous 

ID-experiments were a t  l e a s t  f i v e  t imes l ess  concentrated than the so lu t ions  used i n  the present 

1 1 1  work, we reassigned the H spectra by performing H- H d ipo la r  co r re la ted  2D-NMR experiments 

1 13 (NOESY) on the more concentrated so lu t ions  used f o r  obta in ing the H- C connec t i v i t i es .  

1 Though the H chemical s h i f t s  were indeed found t o  be sens i t i ve  t o  concentrat ion,  and p a r t i c u l a r l y  

f o r  (31, the  independent assignments obtained here confirmed the e a r l i e r  ones (Table 11. 

1 With the  H assignments complete and cer ta in ,  unequivocal assignments o f  protonated and quaternary 

1 13 
carbon s igna ls  were obtained f o r  (11, (21 and (3 )  by using 20 H- C s h i f t  c o r r e l a t i o n  methods 

(Table 21. 
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Among the e a r l i e r  assignments o f  ( I I ~ * ~ ~ - ~ ~  on ly  one15 has been obtained f o r  t h e  compound i n  

15 so lu t i on  i n  DMSO-d6 and our r e s u l t s  f u l l y  conf i rm the data g iven by Ernst  and Kang . I n  t h e  case 

4 of (2) ,  one o f  the  two previous used a l so  DMSO-d6 as the  solvent.  Comparison w i t h  our 

r e s u l t s  shows t h a t  the  assignments of t h e  carbon p a i r s  C-2 and C-3, C-4a and C-4b, C-5 and C-7 

4 proposed by Sainsbury et. must be reversed. The two assignments o f  ( 3 )  were bo th  

given f o r  (3 )  i n  s o l u t i o n  i n  DMSO-d6. From the comparison o f  t h e  o lde r  data3 w i t h  ours, i t  fo l l ows  

t h a t  the  assignment proposed by Ahond 9. i s  cor rec t ,  though i t  r e s u l t s  from the comparison o f  

the  chemical s h i f t s  o f  ( 2 )  i n  s o l u t i o n  i n  CN13 w i t h  those o f  (3 )  i n  so lu t i on  i n  DMSO-d6, whereas 

4 the  more recent assignment proposed f o r  (31 disagrees w i t h  ours f o r  C-4, C-5, C-7, C-8, C-10, 

C-lOa, C-lob, C-11 and C- l l a .  

Table 1. 'H spectrum assignments of (11, (21, and (31 

EXPERIMENTAL 

The NMR experiments were performed on a Bruker WM 250 spec t rme te r  equipped w i t h  an Aspect 3000 

computer. The probe temperature was (313 * IK)  f o r  a l l  the  experiments and quadrature de tec t i on  was 

used throughout. Chemical s h i f t s  are measured r e l a t i v e  t o  the  cen t ra l  peak o f  t h e  

dimethylsulphoxide m u l t i p l e t  and converted t o  the  te t ramethy ls i lane scale using $MSO = 2.62 ppm 

1 f o r  H and hSO = 39.60 ppm f o r  13c. 

1 1 The pulse sequence used fo r  t h e  NOESY experiments was Dl-(n/2, HI-r-(rr/2, H I - D ~ - ( ~ ~ / Z , ~ H )  acquire. 

1 13 For the  H- C chemical s h i f t  cor re la t ions ,  the  app l ied  pu lse  sequence was t h a t  o f  Bax and 

11 1 13 Mor r i s  . The p o l a r i z a t i o n  t ransfer  delays were opt imized e i t h e r  f o r  d i r e c t  H- C coupl ings t o  



1 13 o b t a i n  d i r e c t  H- C connections o r  fo r  5 Hz long-range coupl ings which permi t ted  unequivocal 

assignment o f  t h e  quaternary carbons. 

Table 2.  13c spectrum assignments of ( 1  1, (21,  and ( 3 )  

C (1) (2) (3) 
- 

1 .  - 117.4 149.6 

2 125.8 125.6 

3 101.1 119.5 140.3 

4 102.0 129.6 115.9 

4. . 120.5 132.3 

4b . 123.8 

5 153.5 105.5 107.8 

5% - 141.2 

6 111.3 152.9 

6. - 137.3 

7 112.1 113.4 111.0 

8 131 3 111.3 115.1 

8r . 134.8 

9 128.3 - 153.1 

9a - 139.9 

10 107.8 

IOa - 123.6 

lob - 121.6 

I1 123.3 

11% . - 128.0 

OMS 55.4 55.6 55.7 

M r l  . 16.6 

Mc4 - 20.1 

Me-5 - 11.7 

Me-ll . 14.2 

The chemical s h i f t s  were found t o  be insen- 

s i t i v e  t o  concent ra t ion  i n  t h e  range 

5 x 10-'M t o  5 x 1 0 - I  M. 
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CONCLUSION 

The assignment of some of the  chemical s h i f t s  of ( 3 )  was uncer ta in  and even cont rad ic tory .  

1 1  1 13 The use o f  20 H- H homonuclear and H- C heteronuclear co r re la t i ons  has enabled us t o  asslgn 

unambiguously the  13c NMR spectrum of (11, (21, and (31 i n  so lu t i on  i n  DMSO-d6 ; some of the  

e a r l i e r  assignments o f  (21, and (31 are thus corrected, whereas those o f  I11  are f u l l y  confirmed. 

D e f i n i t i v e  data are thus provided fo r  these compounds conta in ing the important i ndo le  

chromophoric group. 
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