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20 NMR STUDY OF AJMALINE 
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A b s t r a c t  - A  h i g h  f i e l d  20 NMR s tudy  o f  a jmal ine 1 i s  presented, s e t t l i n g  

t h e  d isc repancy  e x i s t i n g  i n  t h e  i n t e r p r e t a t i o n  of t h e  e a r l i e r  r e s u l t s .  

Comon t o  t h e  a j rnal lne t y p e  i n d o l e  a l k a l o i d s 1  i s  t h e  r i g i d  h e x a c y c l i c  mo lecu la r  framework, as 

represen ted  i n  t h e  paren t  s t r u c t u r e  of a jma l ine  1 i t s e l f .  The group r a r m ~ s t s  of Some 50 n a t u r a l l y  

o c c u r r i n g  p l a n t  bases most abundant i n  t h e  genus Rauvo l f i a  (Apocynaceae). Complete s t r u c t u r e  1 

f o r  a jma l ine ,  f l r s t  i s o l a t e d  i n  t h e  e a r l y  1 9 3 0 ' s , ~  was worked o u t  b y  Woodward i n  1956. 3 

Ajma l ine  i t s e l f  i s  i n  c u r r e n t  use f o r  t rea tment  o f  ca rd iac  arrhythmia,  and severa l  of i t s  

analogues and m o d i f ~ c a t i o n s  have shown p r o m ~ s i n g  pharmacological p r o p e r t i e s .  New p l a n t  bases of 

r e l a t e d  S t r u c t u r e  a r e  c o n s t a n t l y  b e i n g  i s o l a t e d ,  and t h e i r  s t r u c t u r e s  a r e  deduced f rom chemical  

and spec t roscop ic  c o r r e l a t i o n s  t o  t h e  a l r e a d y  known s t ruc tu res .  
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Nuclear magnetic resonance techniques provide an especially powerful means of obtaining 

structural information on molecules in solution. This is especially the case with modern two- 

dimensional (20)  method^,^ which allow for direct independent elucidation of atom,connectivities 
without having to rely on correlations to similar structures. Combined with the development of 

high-field magnets and computer instrumentation, selective pulse sequences prov~de structural 

and conformational information in reasonable time. 

1 Recently, a 400 MHz H NMR study of several ajmaline type indole alkaloids was reported by one 

5 of U S .  AS pointed out in that report, a discrepancy exists between that and an older work.6 

We have now undertaken a more comprehensive study on ajmaline 1 using 20 NMR methods on 500 MHz 
level, and have been able to confirm the spectral assignment given in Ref. 5. 

The NMR work was performed on a Bruker WM 500 spectrometer, and the pulse sequences are 

1 described in the ~iterature.~ Normal one-dimensional H NMR spectrum showed severe broadening 

of lines at r.t., probably due to conformational equilibration. 

However, at slightly elevated temperatures (40°c), the line shapes were much improved. Therefore, 

all subsequent spectra were acquired at 40'~ 

Fig. 1. COSY spectrum of ajmaline 1. 
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Homonuclear J-resolved experiment allowed us t o  locate  ind iv idua l  protons and t h e i r  respect ive 

m u l t i p l i c i t i e s  and coupl ing constants. The proton - proton connec t i v i t i es  were deduced from a 

8 
COSY spectrum (F igure  1 ) .  The spectral  data are co l lec ted i n  the Table 1. The fo l lowing po in ts  

deserve special  comments. H-2 i s  sh i f t ed  up f i e l d  due t o  the sh ie ld ing e f fec ts  exerted by the  cage- 

l i k e  s t ruc tu re  present i n  the molecule. The c o u p l ~ n g s  between H-3 and H-148, and between H-140 and 

H-15 are c lose t o  zero, lrnplying a geometry where the C-14 i s  t i l t e d  down, away from the C-16 - 

H-17 br idge. Strong long-range ( W )  couplings are observed between the pa i r s  H-6a and H-17, and H-2 

and H-6R, a consequence of proper o r i en ta t i on  o f  the  respective protons f o r  nea r l y  planar alignment. 

Concerning the assignments f o r  protons H-17 and H-21, based on the connec t i v l t i es ,  we must 

conclude t h a t  the  one absorbing a t  lower f i e l d  ( 6  4.43) 1s H-17 and the one a t  s l i g h t l y  higher 

f i e l d  (6  4.26) i s  H-21. 

Table 1. 'H NMR Data of Ajmaline 1 (CDCI,, TMS=Ol. 
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Coupling constants: 

J2,3 < 0.5 Hz; J2,60 a 0.5 Hz; J3,14a = 10 HZ; J5,6a a 1 HZ; J5,6B = Hz; J5,16 a J6u,68 
12.5 HZ; J6a,17 = 1 HZ; J ~ ~ ~ , ~ ~ ~  = 14 HZ;  J ~ ~ ~ , ~ ~  = 4.4 HZ; JI5,16 = 4.4 Hz; J15,20 = 3.2 HZ; 

J16,17 < 0.5 Hz; J 18,19 = 7 HZ; J ~ ~ , ~ ~ ,  = 7 HZ; J ~ ~ .  ,20 = 4.5 HZ; J20,21 m 0.5 Hz. 



In  summary, ED NMR spectroscopy has enabled us t o  assign the ra the r  complicated NMR spectrum of 

ajrnal~ne 1 unambiguously. The power o f  20 NMR methods i s  re f l ec ted  i n  the fac t  the t o t a l  t ime 

required fo r  acqu i r ing  and transforming the spectra was l ess  than three hours. 
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