
 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



Chapter 7                                                                                    Column chromatography and pure compounds 161 

Table 7.2.  Table of possible pure compounds, listed from left to right:  the NMR tube number 
and the eluent ratio the chromatogram was developed with (bottom label of each row’s first 
column), milligram of material (m) and composition (fraction numbers).  The deuterated solvent 
for all compounds was chloroform. 
 

Tube no Chromatogram Mg m Fractions 
bota ar1 
 
C: M 
(8: 2) 

  
 

 

C* 
*Needle like 
crystals 
dissolved with 
difficulty 

7.7 15C 16C
16H 17C 
17H 

bota ar2 
 
C: M 
(8: 2) 

 
 

1.8 31C 32C 

bota ar3   
 
C: M 
(9: 1) 
 
 

    
 

5.4 
 
 
 

G14 – 17 C 
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Tube no Chromatogram Mg m Fractions 
bota ar4    
 
C: M 
(9: 1) 
 
 

  
 

4.3 
 
 
 

     G12 – 16H 
 
 
 

bota ar5  
 
C        

  
 

2.0 J7,8 

bota ar6 
 
C: M 
(9: 1) 
 

   
 

2.1 L6,7H 

bota ar7 
 
C: M 
(9: 1) 

 
 

12.0 
 

E12 - 14 C 
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Tube no Chromatogram Mg m Fractions 
bota ar8 
 
C: M 
(9: 1) 
 
 

 
  

4.1 
 
 
 

E9,10 C 
 
 
 

bota ar9 
 
C: M 
(9: 1) 

 

9.3 E15, 16 C +M 

bota 
ar10 
 
C 
 
 
 
 

  
 

3.8 
 
 
 

F9  
 
 
 

bota 
ar11 
 
C 

  
 

3.6 
 
 
 

F10 
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Tube no Chromatogram Mg m Fractions  
bota ar12 
 
C 

  
 

2.6 F11 

bota ar13 
 
C 

 
 

2.7 41 
 

bota ar14 
 
C 

    
 

3.5 60,1, 2 

bota ar15 
 
C 

 
 

3.9 72 
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Tube no Chromatogram Mg m Fractions  
bota ar16 
 
C 

 
 

3.4 3 6,7,8 

bota ar17 
 
C 

 
 

3.3 4 5,6,7 

                         
       
 
The compounds were all send for NMR analysis -  firstly the proton spectrum, then the 13C 

spectrum and lastly 2-dimensional spectra.  After each spectrum, a compound was re-evaluated 

for purity and structure type. 

 

7.3.4  Nuclear magnetic resonance 

Proton spectra of NMR analysis indicated structures of terpenoids for the first two (Figures 7.8 

and 7.9) and twelfth (Figure 7.10) pure compounds.  The 13C NMR graph of the pure compound 

bota ar1 is shown in Figure 7.11.  The two-dimensional NMR graphs, heteronuclear multiple 

quantum correlation (HMQC)  and correlated spectroscopy (COSY) of bota ar1 is shown in 

Figures 1.12 and 7.13 respectively. 

 

 
 
 



 

                                      
 

                                                             Figure 7.8.  The proton spectra from NMR analysis of the first (bota ar1) pure compound. 
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                                     Figure 7.9.  The proton spectra from NMR analysis of the second (bota ar2) pure compound. 
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                                                     Figure 7.10.  The proton spectra from NMR analysis of the twelfth (bota ar12) pure compound. 
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        Figure 7.11.  The 13C NMR graph of the pure compound bota ar1. 
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                                                    Figure 7.12.  The two-dimensional heteronuclear multiple quantum correlation (HMQC) NMR graph of bota ar1. 
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                                                  Figure 7.13.  The two-dimensional correlated spectroscopy (COSY) NMR spectrum of bota ar1. 
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When compound bota ar1 dried, it crystallised as colourless needle-like crystals. 

 
Attempts to elucidate the two-dimensional structure of the second compound failed since the 

material was insufficient (1,8 mg) to obtain the necessary detail. 

 
The 15 other possible pure compounds’ structures were not elucidated.  They were 

contaminated by the contents of the deuterated chloroform bottle that was not deuterated 

chloroform.  Efforts to purify these compounds again on Sephadex columns yielded only 

masses less than 2 mg.   

 
Data from the two-dimensional nuclear magnetic resonance spectra of the first pure compound 

bota ar1, was compared with similar natural compounds.  In Table 7.3, the pure compound 

isolated (bota ar1) from P. myrtifolia leaves, and other similar pentacyclic triterpenes (like 

taraxerol (2), taraxerone (3), myricadiol (4), and epitaraxerol (5) are listed.  It was the same as 

that of authentic samples of taraxerol, whose details were published in several sources (Sakurai 

et al., (1987), Takasaki et al., (1999)). 

 
Table 7.3.  13C NMR values of the pure compound isolated, bota ar1 (1) from P. myrtifolia 
leaves, taraxerol (2), taraxerone (3), myricadiol (4), and epitaraxerol (5).  Values for (2) – (5) are 
from Sakurai et al. (1987).  
 

ppm 

Carbon No. 
  1 

(bota ar1) 
2         

taraxerol 
3 

taraxerone 
4 

myricadol 
5 

Epitaraxerol 
C-I 38.0 38.1 38.4 37.8 37.8 
C-2 27.2 27.3 34.1 28 25.2 
C-3 79.1 79.2 217.3 78.2 76.3 
C-4 39.0 39.1 47.6 41.4 39.1 
C-5 55.5 55.7 55.8 56 49.4 
C-6 18.8 19.0 20 19.2 18.8 
C-7 35.1 35.3 35.2 36.3 33.9 
C-8 38.8 38.9 38.9 39.3 38.9 
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C-9 48.7 48.9 48.7 45.6 48.9 
C-10 37.7 37.9 37.6 37.8 37.9 
C-11 17.6 17.7 17.5 I7.9 17.5 
C-12 35.8 35.9 35.8 31.2 35.2 
C-13 37.6 37.9 37.7 38.3 37.9 
C-14 158.0 158.1 157.6 158.7 158.1 
C-15 116.8 117.0 117.2 116.8 166.6 
C-16 36.7 36.9 36.7 33.2 36.8 
C-17 38.0 38.1 37.7 38.3 38.1 
C-18 49.3 49.4 48.8 49.6 49.1 
C-19 41.3 41.4 40.7 41.7 41.4 
C-20 29.4 29.0 28.8 28.8 29.0 
C-21 33.7 33.9 33.6 33.8 33.2 
C-22 33.1 33.2 33.1 28.7 32.4 
C-23 28.0 28.1 26.2 28.4 33.1 
C-24 15.5 15.6 21.5 16.5 22.0 
C.25 14.2 15.6 14.8 15.7 30.0 
C-26 31.9 30.1 29.9 30.1 26.5 
C-27 25.9 26.0 25.6 26.2 30.0 
C-28 29.9 30.1 29.9 64.6 21.2 
C-29 33.4 33.5 33.4 33.8 28.1 
C-30 21.4 21.5 21.4 22.0 15.1 

 

Bota ar1 gave a molecular ion peak at m/z 426.3834 corresponding to the molecular formula 

C30H50O  (calculated  426.3861). The 1H NMR spectrum gave signals for eight tertiary methyl 

groups:  at (δ): 0.98 (H3-23), 0.80 (H3-24), 0.93 (H3-25), 1.09 (H3-26), 0.95 (H3-27), 0.82 (H3-28), 

0.91 (H3-29), 0.91 (H3-30), 3.19 (dd, J = 4.9, 10.9 Hz, H-3α), a typical 3-αH  adjacent to 3β-OH 

and olefinic proton at 5.53 (dd, J = 34, 8.0Hz, H-14).   

 
The chemical shifts in the 1H and the 13C NMR spectra of bota ar1 closely resembled those of 

�14-taraxerene derivatives, particularly the chemical shift and multiplicities of the olefinic proton 

and the chemical shifts of ring C, D and E carbon atoms.  The relative stereochemistry of 3-C, 

was confirmed by NOE difference measurements.  Irradiation at δ3.71 (6- βH) resulted in a 

9.12% NOE at δ1.10 (26-H3), a 7.6% NOE at δ0.97 (25-H3) and a 10.99% NOE at δ0.90 (24-
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H3).  Irradiation at δ0.90 (24-H3) resulted in a 12.10% NOE at δ3.71 (6-βH), a 15.6% NOE at 

δ0.97 (25-H3) and a 6.6% NOE at δ1.4 (2-H2).  Irradiation at δ0.97 (25-H3) resulted in an 8.25% 

NOE at δ3.71 (6-βH), a 17.2% NOE al δ1.10 (26-H3), a 14.1% NOE at δ0.90 (24-H3) and a 

5.2% NOE at δ1.4 (2-H2).  Finally irradiation al δ1.10 (26-H3) resulted in an 8.9% NOE at δ3.71 

(6-βH), a 16.3% NOE at δ0.97 (25-H3) and a 7.7%NOE at δ1.37 (12-H2).  

 

The 1H and the 13C NMR data of bota ar1 is the same as data published previously for taraxerol, 

and is therefore taraxerol.  Taraxerol had a melting point of 281 - 282°C  (Takasaki et al., 1999).     

 
7.3.5  Mass spectrometry 

The mass spectrum (Figure 7.14) was characteristic of the �14-taraxerene series of triterpenes.  

In these molecules a retro-Diels-Alder decomposition would be expected to operate and the 

collapse of ring D should occur (Indicated in Figure 7.15).  The mass spectrum graph of bota 

ar1 was the same as that of taraxerol. 

 
The mass spectra of members of the �14-Taraxerenes (taraxerone, taraxerol, and myricadiol 

diacetate) have been measured, thus offering the necessary labels for assigning structures to 

the major fragments (Budzikiewicz et al., 1963).  Mass spectrometry can be of great value in the 

structure elucidation of pentacyclic triterpenes.  In general, the presence and position of a 

nuclear double bond control the fragmentation behaviour, which frequently allow assignment of 

membership of a given triterpene in one of the major classes (saturated and unsaturated 

members of the α- and β-amyrin group as well as members of the taraxerol, bauerene, 

friedelane and lupane series).  In addition, the location of functional groups can often be 

narrowed down by consideration of the fragment pattern (Budzikiewicz et al., 1963). 

 
 
 

 
 
 



   

                            

 

 

 

 
                                                                          Figure 7.14.  The mass spectrum of bota ar 1. 
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A two-dimensional representation of the structure of taraxerol, with a likely retro-Diels-Alder 

decomposition which would be expected to operate with collapse of ring D, is presented by 

Figure 7.15. 

                                                                                                                           29           30 
                    
 

                                                                                                                       
                                                                                                                                    20     
                                                                                                             27          19             21 
                                                                                                                                                                                                                                                                                                                                                                                                                                                                 

                                                                                                 12                      18             22    
                                                                                                                                    17 
                                                                           25          11             13                      
                                                                                                                                           

                                                                                                          14                   16 
                     1                     9            

                                                        2                    10              8                      15                      
 

                                                        3               5                     7            
                                                                4                     6 
                                        OH 
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D 

E 

 
Figure 7.15.  A two-dimensional representation of taraxerol.  (A retro-Diels-Alder decomposition 
would be expected to operate with the collapse of ring D).   
 

According to literature sources, the alcohol isolated here, taraxerol, C30H50O was first isolated 

from Taraxacum root, by Burrows & Simpson (1938) who prepared the acetate and benzoate 

form, but had insufficient material for further study.  In 1942, it was isolated from the Japanese 

Skimmia species and largely characterized by Takeda.  Although taraxerane derivatives occur 

in nature in abundance, little study has been done on the parent hydrocarbon in the years 

before 1962.  Confusion arose from literature because Takeda prepared 14α-Taraxerane which 

he called dihydroskimmiene (Rahman, 1986).  In the same year Winterstein assumed Takeda’s 

dihydroskim-miene was oleanane (β-amyrane) and it is so described in Elsevier’s Encyclopedia 

of 1952 (Corbett and Cumming, 1955).  Taraxer-14-en-3α-ol was isolated in a previous study in 

1962 from the bark of Suttonia australis.  At that time, it had not been reported to occur 

naturally, but has since been isolated from Euphorbia from Hong Kong and several other plants.  
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The configuration of rings A and B of 14α-taraxerane is the same as that of ursane, lupane, 

oleanane and 18α-oleanane (Rahman, 1986).  

 

More recent investigations of taraxerol, indicated that it is identical to skimmiol (Rahman, 1986).  

14-Taraxeren-3-ol has a molecular formula of C30H50O and a molecular weight of 426.724.  Its 

synonym is D-Friedoolean-14-en-3-ol.  Its appearance is colourless needle-like crystals.  The 

3α-form is also called Epitaraxerol and the 3β-form Taraxerol or Skimmiol.  The 3α-form has 

been found in Euphorbia royleana, Suttonia australis, Macranga denticulate, Skimmia wallichii 

and other plants.  The 3β-form has been found in Taraxacum officinale (dandelion), Alnuss spp, 

Skimmia japonica, Rhododendron spp, Euphorbia spp and other plants.  It is probably identical 

with Pertusarin from the lichen Pertusaria communis, described by Hesse in 1898 (Takasaki et 

al., 1999).   

 

7.4  Conclusions 

Pure compounds were isolated from a bacterially active fraction from P. myrtifolia leaves.  One 

pure compound’s structure was elucidated as a pentacyclic triterpenoid, taraxerol (C30H50O) 

(synonyms: 14-taraxeren-3-ol, D-friedoolean-14-en-3-ol, or skimmiol).  No reports on taraxerol’s 

MIC values for bacteria or tests against human cancer cell lines could be found. 
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