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There  a r e  many  publ icat ions on the influence of solvents  in NMR spec t ro scopy  [1-3]; neve r the lb s s ,  
it appea r s  of in te res t  to cons ide r  the act ion of so lvents  on the spec t r a l  p a r a m e t e r s  of such complex  sub-  
s tances  as alkaloids.  Ot t inger  and Boulvin, studying the influence of so lvents ,  have given an ass ignment  of 
the N - C H  3 s ignals  in caffeine and its de r iva t ives  [4]. Informat ion  a lso  ex is t s  on the re la t ionship  between 
solvents  and the p a r a m e t e r s  of the NMR s p e c t r a  of alkaloids of the colchicine s e r i e s  [5]. 

The p r e sen t  p a p e r  gives the resu l t s  of a s tudy of the influence of so lvents  on the chemica l  shifts  (CSs) 
and s p i n - s p i n  coupling constants  (SSCCs) of the s ignals  of the protons of the alkaloid haplophyllidine [6]. 
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Its NMR spectrum has been studied previously [7]. A l l  the spectra were obtained on a JNM-4H-100/  
100 MHz ins t rument  at r o o m  t e m p e r a t u r e  (22-23°C) with constant  concentra t ions  of the solut ions (5~c), with 
the exception of the solution in C6D12 (the ma jo r i ty  of na tu ra l  compounds a r e  insoluble o r  a r e  spar ing ly  so l -  
uble in C6D12, and because  of this the poss ib i l i ty  of using it as an iner t  solvent  is excluded). 

Te t r ame thy l s i l ane  (TMS) was used as internal  s tandard .  The spec t r a l  c h a r a c t e r i s t i c s  a r e  given in 
Table  1. The chemica l  shif ts  w e r e  de te rmined  with an a c c u r a c y  of ± 0.01 ppm and the SSCCs with an ac -  
cu r acy  of ± 0.1-0.2 Hz. Carbon t e t r ach lo r ide  was chosen as the iner t  solvent  s ince it is l e s s  capable  (than 
CDC13) of assoc ia t ing  with a po la r  functional group of the solute [8]. Pos i t ive  values  of ,x denote a d i amag-  
netic shif t  r e la t ive  to CC14. 

Influence of Aroma t i c  Solvents.  It  can be seen  c l ea r l y  f r o m  the table  that the s ignals  of all the p r o -  
tons (with the exception of the OH proton) of haplophyllidine in deuteropyr id ine  appea r  in a weake r  field than 
in deuterobenzene.  The chemica l  shif ts  of the gem-d ime thy l ,  the ArOCH3, the Hfl, and the H¢~ protons  in 
benzene a r e  shif ted upfield as c o m p a r e d w i t h  CC14, and the OCH 3 and H - - C - O H  signals  downfield. The 
f igures  in Table  1 show that pyridine causes  a pa r amagne t i c  shif t  of all  the s ignals  apa r t  f r o m  those of the 
gem-d ime thy l  groups ,  the CSs of which can be cons idered  constant ,  and the signal  of A r - O C H 3 ,  which 
shif ts  upfield by 0.14 ppm. These  shif ts  of the s ignals  of the protons  in haplophyllldine can apparent ly  be 
explained by the a r o m a t i c  in te rac t ion  of the solvent  and the solute [8-12]. 

Influence of P o l a r  Solvents.  In an analys is  of the r e su l t s  of the influence of such highly po l a r  solvents  
as acetone,  ethanol,  d tme thy l fo rmamide  (DMF), dimethyl  sulfoxide (DMSO), and ace toni t r i le  the following 
facts  may  be noted. The chemica l  shif ts  of the gem-d ime thy l  groups move upfield in ethanol while r e m a i n -  
ing p rac t i ca l l y  unchanged in the o ther  solvents .  A sl ight d iamagnet ic  shift  is obse rved  a lso  for  OCH a in 
CDaCN and DMSO, while ArOCH 3 undergoes a s l ight  pa r amagne t i c  shift  in acetone,  ethanol,  and DMF. The 
s ignals  of the olefinic pro ton  and of H - C - O H  change insignificantly.  
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The Hfl and H a protons of the furan r ing are  affected most  s t rongly in these solvents;  their  signals 
undergo a ve ry  pronounced diamagnetic shift (see Table 1). 

In o rde r  to give a sa t i s fac tory  explanation of the influence of nonaromat ic  polar  solvents,  Onsager  
put forward the theory of the "react ion field" [13]. The shifts resul t ing f rom this effect are  usually small  
and are  a lmost  always in the downfield direct ion [14]. An approximately l inear  relat ionship exists between 
the shift due to the solvent and (e - 1 ) / ( e  +1) [14]. 

As can be seen f rom Table 1, for  polar  solvents most  of the CSs of the protons of haplophyllidine un- 
dergo a downfield movement,  but there is no sa t i s fac tory  corre la t ion  between A and ( e - 1 ) / ( e  +1), which is 
apparently connected with the complexity of the contribution of the other  pa rame te r s  of the magnetic shield-  
ing of the protons.  Klinck [15] and Schaefer  [16], studying the influence of acetone on the CSs of protons,  
assumed that one of the positions in the substance was always an acceptor ,  and a s t ronger  hydrogen bond 
was formed at this position. The chemical  shift of the proton part icipat ing in the H bond is displaced con-  
s iderably  in the downfield direction. Starting f rom this fact and the f igures in Table 1,the hypothesis can 
be put forward that the fl proton in haplophyUidine is a s t ronger  acceptor  than the ~ proton. 

The grea tes t  changes in the CSs of the signals of the protons in haplophyllidine a re  found in CF3COOH. 
The signals of the gem-dimethyl  groups and of the olefinic proton are  shifted upfield and those of OCH3, 
ArOCH3, and, par t icu lar ly ,  Hfl and H a are  shifted downfield. In haplophyllidine the paramagnet ic  shift of 
OCH 3 ( ~ = - 0 . 3 2 )  is s t ronger  than in the other  solvents in which we pe r fo rmed  measurements .  Wilson and 
Williams [17]. studying the influence of CF3COOH on OC H 3 in anisole and p-ni t roanisole  observed that the 
signal of the methoxy group undergoes a g rea t e r  downfield shift than was assumed according to the " r eac -  
tion field" theory.  It is reasonable to assume that the protonation of the OCH 3 is an important  factor  in de- 
termining the downfield shift of the signal of the protons adjacent to the oxygen atom. 

Influence of Nonpolar and Weakly Po la r  Solvents. On comparing the figures in Table 1 for  polar  and 
nonpolar solvents,  the following facts can be observed:  the changes in the CSs caused by nonpolar  solvents 
(C6D12 , CS2, and CDC13) are  considerably sma l l e r  than in polar  solvents even for the Hfl and Ho~ protons of 
haplophyllidine, the signals of which undergo considerable  shifts in all the other  solvents.  Fu r the rmore ,  
in C6D12 and CS 2 there  is a tendency to shift upfield (with the exception of =CHh CCI,-C'~D'° =0.1) and in polar  

solvents the opposite phenomenon is observed.  

For  nonpolar and weakly polar  solvents,  the van der  Waals theory of interaction between solvent and 
solute has been proposed to explain the shifts. Buckingham et al. [1] used the heat of evaporation of the 
solvent H b at the boiling poinf as a measure  of the van der  Waals interaction. The absence of a corre la t ion  
between H b and A for  haplophyllidine can be explained by the additional influence of the change in the CSs 
of the magnetic anisotropy of the solvent molecule,  the effect of the "react ion field," and the possibi l i ty of the 
format ion of associa tes  between the solvent and the solute. 

Influence of Solvents on the SSCCs. It was considered that solvents do not appreciably affect SSCCS 
if they do not lead to conformational  or  configurational changes. However, a large number  of publications 
on the influence of solvents on Jgem areknown [18-25]. So far  as concerns the action of solvents on the 
s p i n - s p i n  coupling constants of the protons of haplophyllidine, it must  be observed that although cons ider-  
able changes in the vicinal SSCCs are  observed,  these changes are  difficult to interpret ,  since in complex 
sys tems  they depend on many fac tors  of the interaction of the substance and the medium. 

S U M M A R Y  

1. The chemical  shifts and s p i n - s p i n  coupling constants of the protons of the alkaloid haplophyllidine 
in 12 solvents have been studied. 

2. It has been shown that in deuteropyridine the signals are  located in a weaker  field than in deutero-  
benzene. 

3. The protons of the furan r ing undergo the s t ronges t  influence of solvents.  
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