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II.  DERIVATIVES OF PENTACYCLIC ALCOHOLS AND ACIDS. 

ANALYSIS OF ACIDS FROM PLANT EXTRACTS 

G.  A .  F o k i n a  a n d  N.  V .  B e l o v a  UDC 547.92:542.952 

Continuing a study of the ch roma tog raph ic  mobi l i ty  of t r i t e rpenoids  under the conditions of g a s - c h r o -  
ma tograph ic  ana lys i s ,  we have used the phase  OV-17 together  with the phase SE-30 for  the f i r s t  t ime.  In the 
p r e sen t  pape r  we give the r e su l t s  obtained for  var ious  t r i t e rpene  pentacycl ic  alcohols and acid de r iva t ives  
belonging to the u r sane ,  lupane, and oleanane groups and the modif ied oleanene group (Tables 1 and 2). 

TABLE 1. Rela t ive  Retent ion Volumes  of Pentacycl ic  Alcohols and The i r  Der iva t ives  

Substance 

Cholestane 

Compounds of the oleanane group 
~ -Amyr in  
f l -Amyrin  aceta te  
ep i - f l -Amyr in  ace ta te  

Compounds of the modif ied oleanane 
,group 

a I D - F r i e d o  ( ta raxerane)  de r iva t ives  
T a r a x e r o l  
T a r a x e r o l  ace ta te  
TMS der iva t ive  of t a r a x e r o l  
Ep i t a r axe ro l  
Epitaraxerol acetate 
TMS derivative of epitaraxerol 
Taraxerone 

b)D: A- Friedo (friedelane) 
derivatives 

Friedelinol 
TMS derivative of friedelinol 
Epifriedelinol 
TMS derivative of epifriedelinol 
Friedelin 

c) E: B-Friedo (Nhopane) derivatives 
Simmiarol 
TMS derivative of simmiarol 
Episimmiarol 
TMS derivative of episimmiarol 
Simmiarone 

Compounds of the u r s ane  group 
a - A m y r i n  

OH 

3~ 
3fiOAc 
3aOAc 

3 a  
3 aOAc 

3f3 

39 

3a 

3f~ 

C-----O 
OSi 
(CH2) 

Relat ive  re tent ion 
volume 

1.5~ OV-17, Chro- 
mosorb W, 80-100 
mesh 

1.00 
(2.6 min) 

4.73 
6.25 
5.85 

4.82 
5.85 
3.45 
4.55 
5.61 
2.55 
4.50 

7.78 
6.04 
7.17 
5.32 
8.32 

8.05 
5.04 
7.91 
5.58 
7.69 

5.55 
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TABLE 2.  Re la t ive  Re ten t ion  Volumes  of D e r i v a t i v e s  of T r i t e r p e n e  Acids  

Substance 

Compounds of the oleanane group 
Methyl oleanolate 
M.ethyl katonate 
Acetate of methyl katonate 
TM8 derivative of methyl katonate 
Methyl epikatonate 
Acetate of methyl epikatonate 
TMS derivative of methyl 

C=C OH 

3~OAc 

38 
31~OAc 

OCH~ 

Relative rete_..._nntion volum.__.~e 
O ~ l  I 1 5~; SE-30. Gas- 1.5 ~ OV-17, Chro- 
~ . . s / a  chrom O 60--80 mosorb W. 80 - 100  

I mesh mesh 

epikatonate 

12 
12 
12 
12 
12 
12 

Methyl macedonate 
Methyl dioxomacedonate 
Methyl meristotropate 
Methyl dioxomeristotropate 
Methyl machaerate 
Methyl motolate 
Methyl echinocystate 

12 
11,13(18) 3~,21= 

36 

3J], 16~ 
3[~OAc 

c=o 

28 
29 
29 
29 
29 
29 

29 
29 
29 
23 

Diacetate of methyl echinoocystate 
Methyl c~- glycyrrtietate 
Acetate of methyl a-glycyrrhetate 
Ethyl co- glyc yrrl-¢et ate 
Acetate of ethyl c~-glycyrrhetate 
Dimethyl gypsogenate 
Acetate ofdimethyl gypsogenate 

Compounds of the ursane group 
Acetate of methyl ursulate 
Acetate of methyl bryonolate 

Compounds of the lupane group 
Methyl betulinate 
Acetate of methyl betulinate 
TMS derivative of methylbetulinate 
Methyl epibetulinate 
TMS derivative of methyl epibetulinate 

Note.  

11,13118) 
11,13(18) 
11,113(18) 

18 
12 
12 
12 
12 
12 
12 
12 
12 

12 
12 

16~O Ac 3# 
3~OAc 

3}OAc 

31~O..~ c 
3~OAc 

38 
3[~o \c 

3= 

20(29) 
2{3(29) 
2~(29) 
20(29) 
20(29; 

29 
28 
28 
28 
28 

30 
30 

30 GEl 
39 OEt 
23,28 
23,28 

28 
29 

A dash m e a n s  that  no a n a l y s i s  was p e r f o r m e d .  

3~2 

1,00 (17,8 
1,38 
1,43 
1,08 
1,44 
1,83 

1,59 
1,54 
1,35 

1,68 
1,12 
I, 56 
2,39 

1,90 
2,64 
2,95 
3,00 
1.68 
1,93 

1,41 
1,68 

1,02 
1,35 

28 
28 
28 
28 
28 

min) 

3 

3 

,00(27,2 min) 
0,36 
1,50 
0,18 
0.55 

0,38 
2.29 
1,89 
2,34 
2.30 
2,29 
0,93 
2,03 

2;7 

2~4 

1,29 
m 

0,97 
1,15 
0,69 
0,91 
0,50 

TABLE 3. Re la t ive  Re ten t ion  Volumes  of D e r i va t i ve s  of U r s o l i c  
and Oleanol ic  Acids  

1.5~ SE-30. Gas- 1.5 ~SE-30.  Chr0- 1.5 ~ OV-17, Chro- 
S u b s t a n c e  ~hrom O. 6 0 - 8 0  mosorb 9,'. 80 -100  mosorb W.80--100 

mesh mesh mesh 

Methyl oleanolate 

TMS derivative of methyl 
oleanolate 

Methyl ursolate 
TMS derivative of methyl 

ursolate 

1,00 
(17,Stain) 

1,14 
1,15 

1,24 

1,00 
(10.8 min) 

1,08 
1,09 

1,25 

1,00 
(27,2 rain ) 

m 

To ca lcu la te  the r e l a t i ve  r e t e n t i o n  vo lumes  of the a lcohols  and some  of t he i r  de r iva t i ve s ,  as the s t a n d a r d  
we took cho le s t ane  (see Table  1), and in the ca lcu la t ions  of the c o r r e s p o n d i n g  va lues  for e s t e r s  of t r i t e r p e n e  
acids  we used  methy l  o leana te  as s t a n d a r d  (Tables  2 and 3). 

The dependence  of the r e t e n t i o n  t ime  of t r i t e r p e n e  compounds  on the n u m b e r  and na tu re  of the subs t i tuen t s  
r e p o r t e d  p r e v i o u s l y  [2, 3 ,4]  was o b s e r v e d  in ch roma tog raphy  on both SE-30 and on OV-17.  

We t r a c e d  this  r e l a t i o n s h i p  c l e a r l y  for de r i va t i ve s  of ce -g lycyr rhe t i c  acid (the me thy l  e s t e r ,  the ethyl  
e s t e r ,  and the ace ta te  of the ethyl  e s t e r )  in  c h r o m a t o g r a p h y  u s i ng  SE-30 and for d e r i v a t i v e s  of gypsogenic  acid 
(d imethyl  e s t e r ,  and the ace ta te  of the d imethy l  e s t e r )  and of ech inocys t i c  acid (methyl  e s t e r ,  d iace ta te  of the 
methy l  e s t e r )  in  g a s - l i q u i d  a n a l y s i s  u s ing  a co lumn con ta in ing  OV-17 as the s t a t i o n a r y  phase (see Table  2). 

Whi le  the r e p l a c e m e n t  in t r i t e r p e n e  compounds  of a hydroxy group by an ace ty l  group led to an i n c r e a s e  
in the r e t e n t i o n  t ime  in c h r o m a t o g r a p h y  both on SE-30 and on OV-17, the r e l a t i v e  r e t e n t i o n  vo lumes  of the 
TMS e the r s  of the t r i t e r p e n o i d s  p roved  to be s m a l l e r  on OV-17 than those of the c o r r e s p o n d i n g  in i t i a l  c o m -  
pounds;  for example ,  for  f r ' e d e l i n o l  (7.78) and for the TMS e the r  of f r i ede l ino l  (6.04) (see Table  1). 

The  sequence  of r e t en t i on  t imes  (ace ta tes  > f ree  t r i t e r p e n o i d s  > TMS e thers )  in GLC on OV-17 is  s i m i l a r  
to the analogous  r e l a t i o n s h i p  e s t a b l i s h e d  for  s t e ro id s  in c h r o m a t o g r a p h y  on XE-60 [6]. 
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Fig. 1. GL c h r o m a t o g r a m  of t a r a x e r o l  der iva t ives  (1.5~ OV- 
17, T 240°C, VAr 75 m l / m i n ) :  1} choles tane;  2) TMS de r iva -  
t ive of ep i t a r axe ro l ;  3) TMS der iva t ive  of t a r axe ro l ;  4) t a r a -  
xerone .  

Fig. 2. GL c h r o m a t o g r a m s  of methyl  e s t e r s  of t r i t e rpene  
acids (T 240°C; VAr 75 m l / m i n ) :  a) 1.5~ SE-30;  mix tu re  of 
methyl  oleanate and methyl  u r so la te ;  b) 1.5~ OV-17; 1 )methy l  
oleanolate ;  2) methyl  u r so la te .  

The re  is informat ion in the l i t e r a tu re  [3, 4] on the GLC of some t r i t e rpene  ketones and alcohols on SE- 
60, f r o m  which it follows that re tent ion t imes  of ketones a r e  g r e a t e r  than those of the cor responding  alcohols .  

In the GLC of t r i t e rpene  compounds on OV-17, the re la t ive  re tent ion  vo lumes  of ketones proved to be 
e i ther  s m a l l e r  than those of the cor responding  alcohols ( taxerone,  s immiarone)  or  ve ry  sl ightly g r e a t e r  
(friedelin) (see Table  1}. 

On the whole, however ,  the d i f fe rences  between the re la t ive  re tent ion vo lumes  for t r i t e rpenoids  with 
hydroxy groups and for the i r  oxo de r iva t ives  a re  smal l  both on OV-17 and on SE-30 [1, 2]. This fact  can 
p robab ly  be explained by the "nonselect iv i ty"  of SE-30 and OV-17 with r e s p e c t  to these compounds,  by analogy 
with s t e ro ids  [5, 6]. 

We have also studied the ch romatograph ic  behav ior  of a number  of ep imer i c  alcohols and der iva t ives  
of e p i m e r i c  acids (see Tables  1 and 2). It was found that  the re tent ion t imes  of t r i t e rpenoids  with equator ia l  
subst i tuents  in ch roma tog raphy  both with SE-30 and OV-17 a re  g r e a t e r  than for subs tances  with axial sub-  
s t i tuents ,  which is in ha rmony  with l i t e r a tu re  informat ion  obtained for  the s ta t ionary  phase XE-60 [4]. 

It  was imposs ib le  to s epa ra t e  a mix tu re  of e p i m e r s  on e i ther  of the two s ta t ionary  phases  used, and 
separa t ion  could be achieved only in the case  of the s i ly la ted  product .  As an example ,  Fig. 1 gives a ch ro -  
m a t o g r a m  of a mix tu re  of TMS der iva t ives  of t a r axe ro l ,  ep i t a raxe ro l ,  and t a r a x e r o n e  on OV-17. 

We have r ep o r t ed  [2] the ch roma tog raphy  of a mix tu re  of (~- and f i -amyr ins  on SE-30.  When these 
compounds were  ch romatographed  on OV-17 it was poss ib le  to achieve the separa t ion  of a mix tu re  of these 
compounds,  but a mix tu re  of ~-  and f l -amyr ins  and f l - s i tos tero l  was s c a r c e l y  s epa ra t ed .  

The ch roma tog raph ic  behav ior  of methyl  u r so la te  and methyl  oleanolate  has been studied by the GLC 
method on the s t a t ionary  phases  SE-30 and OV-17 (see Table 3). It was imposs ib le  to s epa ra t e  a mix tu re  of 
these  subs tances  on SE-30 (Fig. 2A}, and only the silyl  de r iva t ives  of the methyl  e s t e r s  were  s epa ra t ed .  At 
the s a m e  t ime,  on OV-17 good separa t ion  of the methyl  e s t e r s  t h e m s e l v e s  of these  acids was obse rved ,  the 
re tent ion t imes  of the subs tances  being re la t ive ly  smal l  and the peaks  sha rp  (Fig. 2B). Then, under the s ame  
conditions, we inves t igated the acid f rac t ions  of ch lo ro fo rm ex t r ac t s  of s e v e r a l  spec ies  of rhododendrons:  
gold ma t  rhododendron,  L e d e b o u r ' s  rhododendron,  and the Caucas ian  rhododendron,  in which oleanolic and 
u rso l i c  acids have been identified by GLC. 

Samples  of t r i t e rpeno ids  were  kindly given to us by L. G. Matyukhina, I. A. Saltykova, and A. D. Zorin,  
and s amp le s  of  methyl  epibetul inate  and of the aceta te  of 3 - e p i - f l - a m y r i n  by Dr .  Herz  (State Univers i ty ,  Flor ida,  
USA) and Dr .  Ito (Sendai Univers i ty ,  Japan) .  
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EXPERIMENTAL 

Gas-liquid chromatography was performed on a Pye series 104 instrument with a flame ionization de- 
tector at a rate of flow of Ar of 75 ml/min and a column temperature of 240°C. Glass columns (I00 × 0.4 cm) 

containing 1.5~ of SE-30 on Gas-chrom G (60-80 mesh), 1.5%of SE-30 on Chromosorb W (80-100 mesh), and 

1.5% of OV-17 on Chromosorb W (80-100 mesh) were used. Samples of pure markers in the form of 1 #l of a 
0.5% solution in chloroform were injected into the column with a Hamilton syringe. The trimethylsilyl deriva- 
tives were obtained by the method of Ikekawa et al. [3] and were introduced directly into the chromatograph. 

To prepare samples of the methyl esters of the acids from the rhododendron extracts, the extracts ob- 
tained after the treatment of the plant raw material with chloroform were separated into acidic and neutral 
fractions. The acidic fraction (0.5 g) was treated with a solution of diazomethane in diethyl ether. After the 
elimination of the solvent, the residue was dissolved in 3 ml of chloroform, and 1-2 pl of the mixture was 
introduced directly into the chromatograph. 

SUMMARY 

1. The chromatographic  mobi l i t ies  of 52 t r i t e rpenoids  on the s ta t ionary  phases  SE-30 and OV-17 have 
been studied. 

2. It  has been es tab l i shed  that  the re tent ion t imes  of t r i t e rpenoids  depend on the number ,  nature,  and 
s t e r i c  or ienta t ion of the functional groups .  

3. It has been shown that the GLC method can be used for the invest igat ion of the t r i t e rpene  composit ion 
of the acidic f rac t ions  of plant e x t r a c t s .  The use of OV-17 in the analys is  of methyla ted  products  gives the 
bes t  r e su l t s .  

1. 
2. 
3. 
4. 
5. 
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At the p r e sen t  t ime,  the g a s - c h r o m a t o g r a p h i c  analysis  of s te ro id  compounds is one of the analytical  
methods used both in the study of the me tabo l i sm and chemical  t r ans fo rmat ions  of s te ro ids  and in the produc-  
tion of s te ro id  drugs .  As s ta ted in the ma jo r i ty  of publications,  s te ro id  compounds a re  analyzed af ter  their  
p rev ious  convers ion  into the more  volat i le  t r imethyls i ly l ,  acetyl ,  or  t r i f luoroace ty l  der iva t ives  [1]. This is 
due to the high polar i ty  and except ional ly  low vapor  p r e s s u r e  of the ma jo r i ty  of compounds of the group under 
d iscuss ion.  F u r t h e r m o r e ,  the gas ch romatography  of the f ree  s te ro ids  under the usual conditions is compl ica ted 
by the format ion  of diffuse " ta i ls"  which marked ly  impai r  resolut ion and reduce the sensi t iv i ty  of the ch ro ma-  
tographic  sy s t em.  In view of the fact  that in a number  of cases  a considerable  reduction in retent ion t ime and 
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