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Structures for the new alkaloids codonopsine (I) and codonopsinine (III) isolated from Codonopsis 
c lematidea have been proposed previously [1, 2] on the basis  of chemical react ions and spectral  cha rac -  
t e r i s t i cs  (Fig. 1). 

In o rder  to establish the spatial s t ructue of these alkaloids, we have studied the NMR spect ra  of the 
bases  and their  acetyl der ivat ives  (II and IV) (see Fig. 1 and Table 1). 

The NMR spect rum of (I) (Fig. 1, I) c lear ly shows the signals of all the methyl protons: singlets at 
6.26 and 6.36 ppm (each 3 H -  two a r o m a t i c - O C H  3 groups), singlet at 7.82 ppm {-N-CH3) , and doublet at 
8.72 ppm [3H, J = 6.5 Hz ( -CH-CH3) ]. Three aromat ic  protons give a signal in the 2.7-3.3 ppm region and 
the signals of two hydroxylic protons are found at 3.5 ppm in the form of a broadened singlet. This as -  
signment was confirmed by the spectrum of (I) recorded  with the heating of the sample.  In this case,  the 
signal at 3.5 ppm underwent a diamagnetic  shift. 

The signals of the four methine protons of the N-methylpyrrol idine ring in the spectrum of (I) were 
found in the 5.3-6.3 ppm region, while the signal of one of them was superposed on the signals of the p ro -  
tons of the methoxy group. Consequently, we pe r fo rmed  the asignment of these signals in the spectrum 
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*s - singlet; d - doublet; t - triplet;  q -  quartet; dd - doublet of 
doublets; b s -  broadened singlet; ws - w i d e  signal; m -  multiplet. 
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Fig. 1. NMR spect ra  of codonopsine in [D]pyr- 
idine (i), of codonopsine acetate in CC14 (II), of 
codonopsinine in [D] pyridine WII), and of codonop- 
sinine acetate in CC14 (IV}. 
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Fig. 2. Newman projections of the molecule 
of (iI). 

of the acetyl derivative of codonopsine (see Fig. 1, 
II), in which the signals of all the four methines were  
clear ly separated.  

Under double resonance conditions with the 
saturat ion of the doublet with r 8.84 ppm in the spec-  
t rum Of (IQ, the complex quartet  (octet) at 6.73 ppm 
with 3J1=7.5 Hz and 3J2=2.2 Hz was converted into 
a broadened singlet and, conversely,  on saturat ion 
of the quartet  at 6.73 ppm the doublet at 8.84 ppm was 
converted into a singlet; i .e. ,  the quartet at 6.73 ppm 
rela tes  to the HIC-CH3 proton. The double-resonance 
method also showed that the doublet at 6.46 ppm with 
3j =6.1 Hz interacts  with the weak-field quartet  at 
5.11 ppm with ~11= 6.1 Hz and 3J2= 2.2 Hz; and the 
t r iplet  at 5.37 ppm with 3J 1 = 3J 2 = 2.2 Hz with the quar -  
tet at 5.11 and 6.73 ppm. 

Thus, the resul ts  of double resonance show that 
the weak-field quartet  at 5.11 ppm with 3j l = 6.1 Hz 
and 3J 2 = 2.2 Hz is due to H 3 interact ing with a high 
vicinal s p i n -  spin coupling constant with H 4 at 6.46 
ppm and with a small constant with H 2 at 5.37 ppm; 
i.e., the following ass ignment  of the chemical shifts 
(CSs) and the s p i n - s p i n  coupling constants of the 
signals of the protons follow unambiguously: H i - 
6.73 ppm; H 2 - 5.73 ppm; H 3 - 5.11 ppm; H 4 - 6.46 
ppm; 3JHIH2= 2.2 Hz; 3JH2H3=2.2 Hz; and 3jH3H4= 6.1 
Hz. Analogous resul ts  were  obtained in an analysis 
of the spect rum of (IV). By a cor re la t ion  of the ex-  
perimental  values of the constants with the c o r r e -  
sponding dihedral angles according to Karplus [3] for 
(II) and (IV) we found the following approximate values 

/ \  , / \  
of the angles: ~F1 (HIH2) ~ 1 1 0 ° ,  ~2(H~H3) ' '110~ and 

: j " \ \  

~3 (H3H4) ~ 40 ° • Consequently, the -OCOCH 3 group 
and also the H 1 and H 2 and the H 2 and H 3 protons are 
in the part ial ly eclipsed {transoid) conformation, and 
the H3 and H 4 protons in the skew (gauche) conforma-  
tion (Fig. 2, Newman projections) ,  

On considering spatial models  of the molecule 
of (iI) and the values of the s p i n - s p i n  coupling con- 
stants obtained for the H 1, H 2, H3, and H4 protons,  it 
can be seen that the N-methylpyrrol id ine  ring A has 
the ha l f -chai r  conformation with the relative* mutual 
positions and orientations of the protons and groups 
according to the formula given (see Fig. 1): Hi and 
H 3 -c~-pseudoequator ia l ,  H 2 and P h -  fl-pseudoequa- 
tor ia l  and C -  CH 3 - /3-pseudoaxia l ,  -OC3OCH z - c~- 

pseudoaxial,  -OC4OCH3 - fl-pseudoaxial, and H 4 - ~-pseudoaxial .  It is  apparently difficult to determine 
unambiguously the orientat ion of the N - C H  3 group and, correspondingly,  that of the lone pair  of e lect rons  
of the ni t rogen on the basis  of the resu l t s  of NMR spectroscopy.  

EXPERIMENTAL 

The spec t ra  were  obtained on a JNM-4H-100 spec t romete r  with a working frequency of 100 MHz. 
The experiments  on double p r o t o n - p r o t o n  resonance with field and frequency sweeps were  performed on 

*Relative to C -  CH3, the configuration of which is taken as /3. 
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on the s p e c t r o m e t e r  mentioned,  fitted with a double - resonance  unit. The values  of vl and v 2 were  m e a -  
s u r e d w i t h a  record ing  f r e q u e n c y - m e t e r  to an accuracy  of 0.1 Hz. 

The chemical  shifts were  de te rmined  with an accuracy  of 0.01 ppm. The NMR spec t r a  of codonop- 
sine (I) and codonopsinine (III) we re  taken in deuteropyr id ine  (c ~ 10%) and those of the i r  acetyl de r iva t ives  
(II) and (IV) in carbon te t rach lor ide .  The internal  s tandard  was TMS, the signals  of the protons of which 
were  taken as 10 (T scale) .  

S U M M A R Y  

The spatial  s t ruc tu res  of codonopsine and codonopsinine have been de termined  by h igh-resolu t ion  
NMR spec t roscopy .  
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