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INFLUENCE OF SOLVENTS ON THE PARAMETERS 

OF THE NMR SPECTRA OF Vinea  ALKALOIDS. V 

K. L. S e i t a n i d i ,  M. R. Y a g u d a e v ,  
and V. M. Ma l ikov  

UDC 577.94 : 543.42 : 542.61 

Continuing a study of the influence of solvents on the pa ramete r s  of the NMR spect ra  of alkaloids [1], we 
give the resul ts  for  a number of hydroxyindole bases belonging to the allo ser ies  (majdine (i), isomajdine (IlL 
and N-acetylviner ine (iII), and the epiallo ser ies  (vineridine (IV)). In addition, for the purpose of comparing 
resul ts  and checking our conclusions concerning the influence of solvents on the pa ramete r s  of the PMR spec-  
t ra  of alkaloids of the hydroxyindole se r ies  we have studied the indole alkaloid reserpinine (V). The s te reo-  
chemis t ry  and absolute configurations of bases  (I-V) have been established previously [2, 3]. 

I. R:RI=OCH3, R2= 

-,F -,, ~ T EI~].. H 

. . . . . .  k J , " £  

¥ 

: H, 7S, 3S, 4R 
IlL R=OCH3, RI= H, 

R2 = Ac, 7S, 3S, 4R 
IV. R = OCH3, R1 = R2 = 

= H, 7S, 3R, 4S 

Influence of Aromatic  Solvents on the Chemical Shifts (CSs) of the Bases (I-IV). As can be seen f rom 
Tables 1-4, the CSs of the Cls-CH3 protons in benzene for  majdine, isomajdine, and N-acetylvinerine shift 
upfield by +0.18 ppm, and in vineridine by +0.36 ppm. The signal of the His proton in alkaloids (i-III) under-  
goes an appreciable paramagnet ic  shift, while in the base (IV) this signal is shifted upfield. It has been es-  
tablished previously [4] that the difference in the CSs of C19-CH 3 and Hi9 in solutions of CDC13 in the alkaloids 
of the allo and epiallo se r ies  are  due mainly to the descreening influence on them of the unshared e lectron 
pa i r  {UEP) of the N 4 nitrogen atom. It is known that the benzene molecule, in the main, s t r ives  to place itself 
as far  as possible f rom the negat ively-charged par t  of the molecule [5, 6]. As can be seen f rom Dreiding 
s tereomodels ,  in the allo alkaloids the protons at the C19 carbon atom are  located between the unshared elec-  
t ron pa i rs  of the N 4 and O18 atoms and, obviously, the lat ter  prevent  the interaction of C6D 6 with this par t  of 
the molecule.  In the epiallo bases,  the UEP of the N 4 atom is s -or ien ted  and the approach of the molecules 
of the benzene solvent to the protons at C19 is facilitated. In view of this, the values nf AC~D~ for C19-CH 3 v_ _ CDC13 

differ in magnitude while for HI9 the sign is different. Consequently, differences in the configuration of the N 4 
center  of the compounds investigated not only cause changes in the CSs of the protons mentioned above but are  
also the cause of the different influences of benzene on the CSs of these groups, 
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T A B L E  1, C h e m i c a l  Shif ts  of the  P r o t o n s  of M a j d i n e  in  V a r i o u s  So l -  
ven t s  and T h e i r  R e l a t i v e  D i f f e r e n c e s  A = 6CDC13 - 6 so lven  t 

S o l v e n t  ll-OCH~ ]12-OCH3 

CDCI3 
CCI~ 

CS: 

CD3CN 

C D3OD 

(CDD2CO 

DMF 

TFA 

C~D~N 

CaD~ 

19-- CH 3 COtCH3 

1,39 3,62 3,89 
1,39 3,56 3,83 
0,00 +0,06 +0,06 
1,39 3,47 3,74 
0,09 ±0,15 +0,15 
1.36 3,57 3.79 

+0,03 +0.05 +0,10 
! ,38 3,60 3,81 

+0,01 +0,02 +0,08 
1,36 3,57 3,79 

+0,03 +0.05 +0,10 
1.38 3,59 3,78 

+0,01 +0,03 +0,11 
1,61 3,82 4,02 

--0,21 --0,20 --0,13 
1,31 3,46 3,79 

+0,08 +0,16 +0,10 
1,20 3,26 3,37 

+0,19 +0,36 +0,52 

T A B L E  2. C h e m i c a l  Shifts  
So lven t s  and T h e i r  R e l a t i v e  

3,89 
3,83 

+0,06 
3,80 

+0,09 
3,86 

+0,03 
3,86 

+0,03 
3,86 

+0,03 
3,88 

+0,01 
4,09 

--0,20 
3,86 

+0,03 
3,63 

+0,26 

H~o H,o 

4,55 6,56 
4,51 6,40 
-0,04 +0,16 
4.4'; 6,41 
-0,13 +0,15 
4,4C 6.67 
-0,15 -0,11 
4,46 6,66 
0,09 --0,10 
4,49 6,64 
0.06 --0,08 
4,43 6.70 
0,12 --0,14 
4,22 6,95 
0,33 --0,39 
4,77 6,64 
0,22 ---0,08 
4.72 6,24 
0,17 +0,32 

H~ HI7 

i 
6,86 7,48 
6,74 7,38 

+0,12 +0.10 
6,71 7,31 

+0,15 +0,17 
6,97 7,49 

-0,11 -0,01 
6,94 7,51 

-0,0~ --0,03 
6,97 7,47 

-0,11 +0,01 
7,07 7,54 

-0.21 --0,06 
7,2~ 7,81 

-0,4C --0,33 
7,01 7,66 

-0,15 -0,18 
6,64 7.63 

~-0,29 --0,15 

of the  P r o t o n s  of l s o m a j d i n e  in V a r i o u s  

D i f f e r e n c e s  A = 6 C D C I ~ -  6 so lven  t 

Solvent tig_cH~ CO~CH~ II_OCH~ m_OCl% H,,, H,o H, [ H~t H,z 

I 
CDCI 3 [ 1,37 
TFA [ 1,58 

1--0.21 
C,~D~N ] 1,42 

I -o.o5 
C6D~ I 1,23 

+0,14 

3,58 
3,81 

--0,23 
3,49 

+0,08 
3,28 

-t 0,30 

3,78 
4,01 

--0,23 
3,76 

+0.02 
3,31 

+0,47 

3,81 
4,08 

--0,27 
3,86 

+0,05 
3,68 

+0,13 

4,30 
4,44 

--0,14 
4,60 

--0,30 
4,50 

--0,20 

6,4] 
6,8~ 

--0,4'; 
6,6( 

-0,1 c 
6,6~ 

--0, I c 

6,86[ 0,78 
7,351 1,7C 

-0,591-0,9:~ 
7,18[ 1,3~ 

--0,32t--0,57 
7,181 1,2t 

--0,321-0,44 

7,40 
7,81 

--0,41 
7,60 

~0,20 
7,59 

--0,19 

T A B L E  3. C h e m i c a l  Shif ts  of the  P r o t o n s  of N - A c e t y l v i n e r i n e  in 
V a r i o u s  So lven ts  a n d T h e i r  R e l a t i v e  D i f f e r e n c e s  A = 6CDC13 - 6 so lven  t 

° i 
Solvent 19-CH3 I1 CO,CH~ I1-OCH~ H~ 

N--C - C H.....2 

CDCI3 1 41 2,70 3.631 3 , 8 4  4,30[ 
CCl, I~39 I 2,64 3.561 3 , 8 2  4,261 

+0,02 : +0,06 +0,071 +0,02 +0,04 I 
CD3CN 1,38 i 2,60 3 ,55[  3,79 4.32 I 

+0,03 +0,10 +0,081 .+0.05 -0,02t 
CDaOD 1,41 2,64 i 3.60t 3,82 4,33[ 

0,00 +0,06 +0,031 +0,02 -0,03[ 
(CDa)~CO 1,40 2,64 3,551 3,82 4 351 

+0,01 +0.06 70.o81 +0,02 --0,05/ 
DMF 1,42 2,66 3 .58[  3,81 

--0,01 +0,04 +0,051 +0.01 
DMSO 1,38 2,61 3,54j 3,77 4 19 

+0,03 +0,09 +0,091 +0,07 +0',111. 
TFA 1,59 2,90 3 ,82[  4,02 4,52t 

--0,18 --0,20 --0,19[ --0.18 -0,22[. 
C:,D.~N 1,39 2,61 3 ,49 [  3,70 4,49 I 

+0,02 +0,09 +0,14{ +0,14 -0,19]- 
C~D~ 1,20 2,36 3 26F 3 36 4,37{ 

+0,21 +0.34 +0[37 -~0,48 -0,07 I 
p 

* M a s k e d  by  s i gna l  of the  so lven t .  
• ~ S u p e r p o s i t i o n  of the  s i g n a l s  of  two p r o t o n s .  

H~ H~o H~ l H~7 

6,74[ 7,22[ 7,41 
6.531 7,111 7,28 
0,21[+0,11[+0.13 
6,77[ 7,29] 7,40 
0,03[--0, 07[ + 0,01 
6.7~] 7,35[ 7,45 
0,05[--0,13]-0,04 
6,78[ 7,32[ 7,36 
0 041--0,10[+0.05 
6,86[ 7,361 7,43 
0,12]-0,141--0,02 
6,82[ 7,261 7,41 
0,081-0,041 0,00 
7.051 7,57[ 7,78 
0,31]--0,35[-0,37 
6,86] 7,40[ 7,58 
0,12[--0,18]--0,17 
6,64[ * [ 7,55 
0,101 [--0,14 

H~4 

0,89 
0,78 

+0,11 
0,76 

+0,13 
0,72 

+0.17 
0,89 
0,00 
0,82 

+0,07 
0,74 

+0.15 
? 

1.15 
--0,26 

1,13 
-0 ,2 t  

The  m e t h o x y c a r b o n y l  g r o u p  (CO2CH3) in  v i n e r i d i n e  u n d e r g o e s  a d i a m a g n e t i c  sh i f t  by +0.19 p p m  as  a r e -  
su i t  Of the  a c t i o n  of C6D 6 (see  T a b l e s  1-4) .  In b a s e s  (I-III)  in  b e n z e n e  a s  s o l v e n t  the  CO2CH 3 s i g n a l  sh i f t s  up -  
f i e ld  by  + 0 . 3 0 - 0 . 3 7  p p m .  In t he  a l k a l o i d  (IV), the  CO2CH 3 g r o u p  i s  l o c a t e d  f a i r l y  c l o s e  to the  a r o m a t i c  r i n g  A, 
which,  a s  a c o n s e q u e n c e  of i n t e r a c t i o n  with  the  r c u r r e n t s  of the  benzene  so lven t ,  has  a c o n s i d e r a b l e  in f luence  
on the  s t e r e o c h e m i s t r y  of the  s u b s t a n c e  + s o l v e n t  c o m p l e x e s  f o r m e d .  Th i s  p r o b a b l y  l e a d s  to the  s i t u a t i o n  tha t  
the  m o l e c u l e s  of  the  so lven t ,  b e i n g  l o c a t e d  in  t he  d i r e c t i o n  away  f r o m  r ing  A, have  only a s m a l l  i n f luence  on 
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T A B L E  4. C h e m i c a l  Shif ts  of the  P r o t o n s  of V i n e r i d i n e  i n V a r i o u s  
So lven ts  a a d T h e i r  R e l a t i v e  D i f f e r e n c e s  A = 6CDCL - 6 so lve n  t 

SolveD.t: 19-CHa CO2CHs II-OCHa Ht~ HLI HLo 

CDCla 
CC14 

CDaCN 

CD3OD 

(CD~2CO 

D1MF 

DMS() 

TFA 

CsDsN 

C~D~ 

1.25 
1,22 

+0,03 
1,20 

+0,05 
1,23 

+0,02 
1,23 

+0,02 
1,24 

+O,01 
1,19 

+0,06 
1,42 

-0,17 
1,10 

-~ 0,15 
0,89 
0,36 

3,43 
3,36 

-0,07 
3,38 

+0,05 
3,39 

+0,04 
3,37 

+0,06 
3,42 

+0,01 
3,32 

+O,11 
3,72 

--0 29 
3,44 

--0,01 
3,24 

+0,19 

3,80 
3,70 

+0,10 
3,77 

+0,03 
3,78 

+0,02 
3,77 

+0,03 
3,79 

+0,01 
3,73 

"4, 0,07 
4,01 

--0,21 
3,67 

+0,13 
3,36 

+0,44 

4,21 
4,16 

+0,05 
4,22 

--0,01 
4,22 

--0,01 
4,25 

--0,04 
* 

4,24 
--0,03 

4,46 
--0,25 

4,13 
-0,03 

3,91 
+0,30 

* M a s k e d  by the  s i gna l  of the  so lven t .  

6,57 
6,53 

+0,04 
6,50 

40,07 
6,49 

+0,08 
6,55 

+0,02 
6,52 

+0,05 
6,38 

4-0,19 
6,99 

-0,42 
6,70 

-0,13 
6,58 

-O,01 

6,52 
6,38 

+0,14 
6,55 

--0,03 
6,55 

+0,03 
6,50 

+0,02 
6,56 

--0,04 
6,47 

+0,05 
6,92 

--0,40 
6.66 

-0,14 
6,46 

-i O, 06 

H~ Ht~ 

7,01 7,34 
6,91 7,25 

+0.1¢ +0,09 
7,0.2 7,34 

.0 .0i  0,00 
7,0:~ 7,33 
0,01 -: 0,01 
7,05 7,32 

--0,04 +0,02 
7,11 7,38 

--0, I0 --0,04 
7,01 7,32 
0,001+0,02 
7,30 7,76 

-0,2? - 0  42 
7,i4 7158 

--0,13 --0,24 
6,75 7,52 

40,26 0,18 

the  CS of  the  CO2CH s g r o u p  A= + 0.19 p p m ) . I n  b a s e s  (I-III) ,  t h i s  g roup  i s  l o c a t e d  a t  a c o n s i d e r a b l e  d i s t a n c e  f r o m  
r ing  A,  and t h e r e f o r e  u n d e r g o e s  a g r e a t e r  i n f luence  of the  m o l e c u l e s  of C6D 6 as  the so lve n t  (see  T a b l e s  1-3).  

F o r  the  c o r r e c t  a s s i g n m e n t  of the  s i g n a l s  of the CO2CH 3 g r o u p s  which,  in b e n z e n e  so lu t i ons ,  b e c a u s e  of 
the c l o s e n e s s  of t h e i r  CSs,  can  e a s i l y  be  t aken  as  the  s i g n a l s  r e l a t i n g  to  the  l l - O C H  3 o r  12-OCH 3 g roup ,  we 
a d d i t i o n a l l y  i n v e s t i g a t e d  b a s e s  (I-IV), m a k i n g  use  of e x p e r i m e n t s  on the  o b s e r v a t i o n  of the  i n t r a m o l e c u l a r  
n u c l e a r  O v e r h a u s e r  e f f ec t  (NOE). In b a s e  (III) in  CsDsN with s a t u r a t i o n  of l l - O C H  3 s igna l  wi th  v 2 =367 Hz, 
the  o n e - p r o t o n  doub le t  wi th  6 6.86 p p m  r e l a t i n g  to H~0 b e c o m e s  m o r e  in t ense .  Th i s  shows  tha t  the  s i n g l e t  
(3 H) wi th  6 3.70 p p m  r e l a t e s  to the  l l - O C H  3 g roup  and the s i n g l e t  wi th  6 3.49 p p m  to the  CO2CH 3 g roup .  In 
v i n e r i d i n e ,  a s  a r e s u l t  of the  s a t u r a t i o n  of the  l l - O C H  3 s igna l  wi th  v 2 =367 Hz, the  i n t ens i t y  of the  Hi2 s i g n a l  
(6 6.70 ppm)  i n c r e a s e s  by  12%, whi le  the  i n t ens i t y  of the  H 9 s igna l  does  not  change .  Consequen t ly ,  the 3.67 
p p m  s igna l  r e l a t e s  to the  l l - O C H  3 g roup  and the s i n g l e t  with 6 3.44 p p m  to the  CO2CH 3 g r o u p .  It has  a l s o  
b e e n  found by  the  NOE method  in m a j d i n e  and i s o m a j d i n e  the CSs of the  l l - O C H  3 g r o u p s  in CsDsN so lu t i on  
a r e  3.79 and 3.76 ppm,  r e s p e c t i v e l y .  The  CSs  of the  12-OCH 3 and CO2CH 3 g r o u p s  w e r e  d e t e r m i n e d  by  d i lu t ing  
the  s u b s t a n c e s  in CDC13 with  p y r i d i n e .  

I t  is  obv ious  tha t  the  v a l u e s  of AC6D6 found fo r  the  p r o t o n s  c o n s i d e r e d  - C19-CH3, CO2CH3, and Hi9 - 
--CDC13 

m a y  be  r e g a r d e d  a s  c r i t e r i a  fo r  d i s t i n g u i s h i n g  and iden t i fy ing  the  h y d r o x y i n d o l e  a l k a l o i d s  of the  a l l o  and ep i -  
a l lo  s e r i e s .  

The  f u r t h e r  a n a l y s i s  of the  f i g u r e s  of T a b l e s  1-4 shows that  the  m e t h y l  p r o t o n s  of  the  11-OCH 3 g roup  on 
the a r o m a t i c  nuc leus  in b a s e s  (I-IV) u n d e r g o  a p p r o x i m a t e l y  the s a m e  d i a m a g n e t i c  in f luence  of b e n z e n e  (ix = 
+0.44 to +0.52 ppm) .  Some s c a t t e r  of the  v a l u e s  of A is  n a t u r a l ,  s i n c e  the s u b s t a n c e s  s tud i ed  have  de f in i t e  
s t r u c t u r a l  d i f f e r e n c e s .  At  the  s a m e  t i m e ,  the  in f luence  of b e n z e n e  on the CSs of the  12-OCH 3 g r o u p s  in b a s e s  
(i) and (iI) is  +0.26 and +0.13 ppm,  r e s p e c t i v e l y .  It i s  l i k e l y  tha t  the  s p e c i f i c  va lue  of A, a v e r a g i n g  +0.48 ppm,  
i s  c h a r a c t e r i s t i c  only f o r  the  I I - O C H  3 p r o t o n s ,  which  m a y  s e r v e  as  an a dd i t i ona l  f ac t  p e r m i t t i n g  the  a r r a n g e -  
m e n t  of the  l a t t e r  in the a r o m a t i c  nuc l eus  of the h y d r o x y i n d o l e  a l k a l o i d s  to be  d e t e r m i n e d .  

The  s i gna l  of the  H~7 o le f in i c  p r o t o n  in  a l k a l o i d s  (I-IV) in  C6D 6 a s  s o l v e n t  sh i f t s  downf ie ld  by a p p r o x i -  
m a t e l y  0.15 ppm,  which  is  obv ious ly  exp l a ined  by  the f ac t  t ha t  t h i s  p r o t o n  c o m e s  into a d e s c r e e n l u g  p lane  of  
the  s o l v e m  m o l e c u l e .  

On c o n s i d e r i n g  the  in f luence  of b e n z e n e  on the CSs of the  H 9, Hi0, and HI2 a r o m a t i c  p r o t o n s ,  we took into 
accoun t  the  f ac t  tha t  v a r i o u s  f a c t o r s  wi l l  i n f luence  the f o r m a t i o n  of c o m p l e x e s  of the so lven t  in the  a r o m a t i c  
p a r t  of the  m o l e c u l e  in a l k a l o i d s  (I-IV). In the  f i r s t  p l a c e ,  an a p p r e c i a b l e  in f luence  on the CS of the H 9 a r o -  
m a t i c  p r o t o n  i s  e x e r t e d  by the UEP of the  N 4 n i t r o g e n  a tom,  which  m a k e s  a de f in i t e  c o n t r i b u t i o n  to the  a r r a n g e -  
m e n t  of the  s o l v e n t  m o l e c u l e s .  In the  second  p l a c e ,  the  d i f f e r e n t  n u m b e r s  of me thoxy  g r o u p s  in  the  a r o m a t i c  
nuc l eus  of  the  c o m p o u n d s  i n v e s t i g a t e d  m u s t  have  an  effect ,  c a u s i n g  c ha nge s  in the  ~ r -e l ee t ron  d e n s i t y  on the  
r i n g  c a r b o n  a t o m s  a t  d i f f e r e n t  d e g r e e s  of i n t e r a c t i o n  wi th  b e n z e n e .  F u r t h e r m o r e ,  the  p r e s e n c e  in  a lka lo id  
(IV) of a N - a c e t y l  g roup  a l s o  a f f ec t s  the  i n t e r a c t i o n  of the  so lve n t  and the s u b s t a n c e  in the  r e g i o n  of  r i n g  A. 
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The action of the combination of these fac tors  leads to the situation that the values of A for  the individual 
aromat ic  protons in C6D 6 do not coincide for  these alkaloids. In all eases  (see Tables 1-4), pyridine causes  
paramagnet ic  shifts of the  signals of these protons.  

The next important  conclusion was made in a detailed analysis  of the influence of various solvents on 
the CSs and SSCCs of the a romat ic  protons of vineridine. The One-proton signal at 6.57 ppm was previously 
assigned to the Hi7 proton.  In CDC13 solution it appears  in the form of a singlet, since its multiplicity is masked 
by the signal of the Hi0 proton, the CS of which is 6.52 ppm. However, in benzene solution the H10 and His a ro -  
matic  protons become nonequivalent. As a resul t  of this, the CSs and SSCCs differ distinctly. F rom the SSCC 
value J=2 .2  Hz,  corresponding to the meta  constant, of the signal of the proton with 5 6.57 ppm we have con- 
eluded that this signal re la tes  to His. Consequently, the one-proton signal in the 7.34 ppra region with anSSCC 
of 2.0 Hz beIongs to the Hi7 olefinic proton. It has been established by the double-resonance method that the 
doublet splitting of the Hi7 olefinic proton is due to long-range (allyl) eoupling with HI5 and, in view of  the 
s tereospeeif ic i ty  of the allyl SSCC, is charac te r i s t i c  only for  the epiallo alkaloids [4]. An analogous conclu- 
sion has been made for  a number  of other polar  solvents. 

Influence of Polar  Solvents. Analysis  of Tables 1-4 showed that the influence of polar  solvents, with the 
exception of TFA, on the CSs of the protons of the compounds investigated is basically slight. The results  that 
we have obtained on the influence of po la r  solvents on the CSs of the protons of the hydroxyindole alkaloids 
shows that the signals of all the methyl radicals  of the C19-CH3, CO2CH3, and OCI-I 3 groups are  shifted upfield. 
The value of A in individual eases  for  the protons of these groups reaches  0.11 ppm. Consequently, the H 9, 
Hi0 , and Hi2 aromat ic  protons undergo paramagnet ic  shifts. 

It is des i rable  to cons ider  the influence of TFA in more  detail, since it causes considerable shifts of 
all the signals of the protons and in individual cases  the values of A may be charac te r i s t i c .  Thus, on analyzing 
the f igures of Tables 1-4 it can  be seen that the signals of the C19-CH3, CO2CH 3, 11-OCH3, and 12-OCH 3 groups 
and that of the methyl radical  in the acetyl group of the alkaloid (III) undergo paramagnet ic  shifts averaging 
0.24 ppm. The H 7 proton undergoes a considerable  downfield shift (from - 3 . 0  to - 0 . 4 2  ppm). This shift in 
acid solution may be a consequence of several  factors ;  the formation of ~ complexes between the double bond 
and the solvent [7], the effects of protonation, the effect of the react ion field of the medium, the formation of 
oxonlum salts,  and specific interact ions which can take place in this par t  of the molecule.  

The signals of the protons of the a romat ic  ring in alkaloids (I-IV) in TFA solution are  located in aweake r  
field than in other  solvents.  A compar i son  of the values of ~ for  the individual proton in each alkaloid shows 
that the re  is no c l ea r  dependence of the change in the CS on the configuration of the molecules  investigated. 
The decisive fac tor  of the changes in the CSs of the protons that have been found is probably effects of con- 
jugation, as a resul t  of which the degrees  of protonation by acid of the individual par ts  of the molecule are  
different. Fu r the rmore ,  the react ion field of the medium, TFA, introduces additional changes into the CS 
values of the a romat ic  protons.  

It is known that on being heated in acetic acid solution the hydroxyindole alkaloids i somer ize  at the C7 
and C 3 cen te rs  [8, 9]. Thus, for  example, majdine i somer izes  to form isomajdine and epimajdine [10]. On 
analyzing the NMR spec t ra  of majdine and isomajdine in TFA solution it can be seen that the signal of the Ha 
proton shifts downfield by approximately 0.90 ppm. This shift is difficult to explain solely by the action of the 
react ion field of the medium or  by the effects of the protonation of the N 4 nitrogen atom, all the more  since 
this pro ton  is located in the/~ position to the nitrogen. It has been established that the Hi9 signal appears  in 
the allo bases  in the fo rm of a sextet  with JH~gH20=9.0-11.0 Hz, and in the epiallo alkaloids, because of the 
convers ion of r ing D f rom one cha i r  conformation to another, it has the form of a quartet  with JH19H20 = 1.5- 
2.0 Hz [4]. In the NMR spect rum of the allo base of majdine in TFA, the signal of the HI9 proton appears  in 
the fo rm of a quar te t  and shifts upfield by 0.33 ppm, although because of the superposit ion of the signals of the 
other  protons it is difficult to determine the SSCC value for Hi9 and H20. 

Thus, the paramagnet ic  shift of the H~4 signal by 0.90 ppm and the t r ans fo rmat ion  of the signal of the Hi9 
proton f rom a sextet to a quar te t  with a simultaneous downfield shift by 0.33 ppm in TFA as solvent is a con- 
sequence of the i somer iza t ion  of majdine at C 7 and C a. Analogous changes in the NMR spect ra  of the bases  
(iI)-(IV) in TFA solution also show their  isomerizat ion.  

Influence of Solvents on the P a r a m e t e r s  of the NMR Spectra of Reserpinine.  This indole alkaloid belongs 
to the pentacyclic heteroyohimbine ser ies  and has complete analogy in the s t ruc ture  and s t e reochemis t ry  of 
rings D and E with bases  (I-IV). Fur thermore ,  the position of the methoxy substituent of the aromat ic  nucleus 
in (V) coincides with that for (III) and (IV). 
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TABLE 5. Chemical  Shifts of  the Protons  of Reserp in ine  in Var ious  

Solvents and T h e i r  Re la t ive  Differences  A = 5CDC13 - 6solven t 

Solvent 19-CHa CO~CH~ II-OCH3 Ht9 H.~ H~o Ho H~ 

CDCla 
CCI, 

CDaCN 

CD3OD 

(C D3).~CO 
DMF 

DMS£) 
TFA 

CsDaN 

C6D~ 

*Masked by a s ignal  of the 

1,39 3,76 
1,36 3.73 

+0,03 +0.03 
1.40 3.72 

--0.01 +0.04 
1,40 3,77 

--0,01 --0,01 
1,37 3,70 

+0,02 +0,06 
1,39 3,72 
0,00 -t 0.04 
1,38 3,70 

+0,01 +0,06 
1,57 3,96 

--0,18 --0,20 
1,36 3,58 

+0,03 +0,18 
1,20 3,55 

+0,19 +0,21 

3,82 4,49 
3,77 4,47 

+0,05 +0,02 
3,80 4,40 

+0.02 +0.09 
3,80 4,55 

+0,02 --0,06 
3,76 4,47 

+0.06 +0,02 
3,79 

+0,03 
3,74 4,40 

+0,08 +0,09 
4,10 4,57 

--0,28 --0,08 
3,74 4,58 

+0,08 --0,09 
3,61 4,43 

+0,21 +0,06 

solvent.  

6,79 
6,60 

+0,19 
6,83 

--0,04 
6,84 

--0,05 
6,85 

--0,06 
6,89 

--O,lO 
6,76 

+0,03 
7,15 

--0.36 
7,15 

--0.36 
6,70 

-7 0,09 

6,70 7,3 7,57 
6,60 7,1: 7,49 

+0,10 +0,1, 0,08 
6,65 7,2~ 7,56 

+0,05 +0,0~ +0,01 
6,63 7,2~ 7,60 

+0,07 --O,Oi --0,03 
6,63 7,2; 7,49 

+0,07 +0,08 +0,08 
6,65 7,97[ 7,54 

+0,05 +0,04[+0,03 
6,58 7,20 7,53 

+o,]2 I+O,.111+o,o4 
6,971 7,451 7,86 

--0,27 I--O.141-o 19 
7,00 I 7,541 7:67 

--0,30 1-0,231--0,10 
6,94 I 7,361 7,70 

--0,24 I- 0,051-0,13 

Ana lys i s  of the r e s u l t s  obtained (Table 5) shows that  the pro tons  of the Ct9 methyl  group undergo a d ia -  
magnet ic  shift in C6D 6 solution by 0:19 ppm, as in the case  of b a s e s  (I-III). This value of A is not unexpected.  
As ,~lready mentioned,  the influence of benzene on the CSs of the pro tons  in th is  p a r t  of the molecu le  depends 
on the c lo senes s  of the UEP of the N 4 n i t rogen  atom to the cen te r  of the methyl  r a d i c a l  at  C19. In the hydroxy-  
indole a lka lo ids  o f  the a l lo  s e r i e s ,  this  mutual  a r r a n g e m e n t  of the UPE of N 4 and CIg -CH 3 affects  complex-  
fo rmat ion  with the solvent  and leads  to only s l ight  changes in the CSs of the methyl  group.  The value of AC6D6 CDCI3 
of the C~9--CH 3 group in r e se rp in ine  can  be explained s i m i l a r l y .  The magnitude of the change in the HI9 CS 
under  the act ion of benzene in {V) is i n t e rmed ia t e  between AHI9 in the a l lo  and in the epia l lo  hydroxyindole 
b a s e s  (see Tables  1-5). The d i f fe rences  in the values of ACID6 for  Hi9 in a lka lo ids  (I-IV) and (V) a r e  ob- 

CDC13 
viously due to the s t r u c t u r a l  fea tu res  of these  a lka lo ids .  Thus, for  example ,  a l ac t am group in the hydroxy-  
indole bases  has an influence both on the His CS and on the s t e r e os pe c i f i c i t y  of the fo rmat ion  of complexes  
with benzene.  It follows f rom Table  5 that  the COzCH ~ signal  in C6D 6 as solvent  is  shifted upfield by A = +0.21 
ppm. Such a value of A c o r r e s p o n d s  to the changes in the CS of the ca rboxymethy l  group in base  (IV) and is 
c~m~arab le  with those for  {I-III). On analyzing the f igures  in Tables  1-5, we a l so  found tha t  the value of 
AC6 6 = - 0 . 1 6  ppm for H17 is c h a r a c t e r i s t i c  for  the a lka lo ids  inves t iga ted .  

CDC13 

The facts  given enable us to c o n s i d e r  that the value of A that  we have found fo r  C19-CH 3, CO2CH 3, H19, 
and Hi7 in benzene solut ions a r e  c h a r a c t e r i s t i c  for  the hydroxyindole a lka lo ids  and can be used in s t r uc tu r a l  
and s t e r e o e h e m i c a l  inves t iga t ions  of the bases  of this  s e r i e s .  

On compar ing  the values  of A C6D6 for  the l l - O C H  3 group in bases  (I-V) it can be seen that  the methoxy 
CDC13 

group in r e s e r p i n i n e  undergoes  a d iamagnet ic  shift  of +0.21 ppm which di f fers  cons ide rab ly  f rom the c o r r e -  
sponding values of A in the hydroxyindole  a lka lo ids .  The conjugation of the a r o m a t i c  r ing with the p y r r o l e  
r ing leads  to a definite r ed i s t r i bu t ion  of the x - e l e c t r o n  dens i t i es  on the ca rbon  a toms of r ing A o f r e s e r p i n i n e  
which di f fer  f rom the x - e l e c t r o n  dens i t i es  in the hydroxyindole bases  (I-IV). As a resul t ,  the in t e rac t ion  of 
benzene with this  p a r t  of the molecule  must  differ  in the indole a lka lo ids  f rom what it is in the hydroxyindole 
a lka lo ids .  In view of this ,  d i f fe rences  a r e  observed  in the A values not only for  l l - O C H  3 but a l so  for  the p r o -  
tons of the a r o m a t i c  nucleus.  Pyr id ine  shif ts  the s ignals  of the H 9, Hlo, Hi2, and H17 a r o m a t i c  pro tons  of 
r e s e r p i n l n e  downfield, as  in the ca se  of the hydroxyindole bases ,  but no numer ica l  coincidence of the values  
of A is observed .  A common qual i ta t ive  gene ra l i za t ion  for  the hydroxyindole a lka lo ids  (I-IV) and the indole 
a lkaloid  (V) inves t iga ted  in pyr id ine  solut ion is the observed diamagnet ic  shif ts  of the s ignals  of the methyl  
pro tons  in the pa ramagne t i c  shif ts  of those  of the methine pro tons .  

The influence of p o l a r  solvents ,  with the except ion of TFA, on the CSs of the pro tons  of r e s e r p i n l n e  is 
s l ight  and has a somewhat  chaotic nature ,  and the re fo re  at  the p r e s e n t  t ime it is diff icult  to give any r e c o m -  
mendat ions wha tever  for  using p o l a r  solvents  in inves t igat ions  of the s t ruc tu r e  of the a lka lo ids  of the indole 
s e r i e s .  The change in the CSs of the function groups  of r e s e r p i n l n e  in acid a r e  comparab l e  with the c o r r e -  
sponding values of A found for  the a lka lo ids  of the hydroxyindole  s e r i e s  (I-IV). 
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A cons idera t ion  of the values  of the SSCCs of the protons  in alkaloids (I-V) that  have been obtained has 
shown that, with the exception of solut ions in TFA, the conformat ions  of the compounds invest igated do not 
change. 

SUMMARY 

On the bas i s  of the r e su l t s  o f  a study of the influence of var ious  solvents  on the p a r a m e t e r s  of the NMR 
spec t r a  of some  hydroxyindole alkaloids,  the following cha rac t e r i s t i c  values  of A for  the protons  have been 
found: 

a) ACDC13C6D6 for  C19-CH 3 in the allo bases  is +0.18 ppm; b) in the epial lo bases  it is +0.36 ppm;cC) AC-6D6sD CDCI~ 

for  CO2CH 3 in the allo ba se s  is +0.30 to +0.37 ppm; d) in the epial lo bases  it is +0.19 ppm; and e) ACDC13 for  

the l l - O C H  3 group in the hydroxyindoles is +0.44 to +0.52 ppm. 

It has been  es tabl i shed that in the epial lo bases  benzene c a u s e s  a diamagnet ic  shift, and in the a l l o b a s e s  
a pa ramagne t i c  shift, of the His signal .  It is poss ib le  to p e r f o r m  a s t e r eochemica l  identification of the hydroxy-  
indole alkaloids on the bas i s  of the value of AC~D~ 6, for  C19-CH~, CO2CH3, and H~ pro tons .  

Analys is  of the s ignals  of the a romat i c  protons  of vineridine in C6D 6 solution and in a number  of other  
solvents  has pe rmi t t ed  the i r  a s s ignments  to be refined and a long- range  (allyl) coupling of the H17 and H15 
pro tons  with an SSCC of 2.0 Hz that is c h a r a c t e r i s t i c  of the epiallo alkaloids to be found. It has been  shown 
that the change in the CSs of the protons  of r ings D and E of the hydroxyindole alkaloids and the indole alkaloid 
r e se rp in ine  as a resu l t  of the influence of var ious  solvents  mainly  has a symbat ic  nature .  The im, ar iabi l i ty  of 
the SSCCs of the pro tons  in the solvents  invest igated with the exception of solutions in TFA, shows that the 
conformat ions  of r ings  C, D, and E in them do not change. The changes in the CSs and SSCCs of the protons  
in the alkaloids invest igated in TFA a r e  an indication of the i somer iza t ion  of these  compounds in the acid. 
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