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We have previously  repor ted  that, on being dissolved in concentrated sulfuric acid,pentacyclic t r i t e r -  
penoids form substances having, without isolation f rom the reaction medium, a charac te r i s t i c  maximum at 
310 nm [1]. The conditions of per forming  this react ion given by various authors a re  different, and there 
is no single opinion on this [2-8]. Considering the analytical possibi l i t ies  of this react ion,  we set ourselves  
the task of studying the optimum conditions for its per formance .  In order  to determine the optimum con- 
ditions of the react ion of pentacyelic t r i terpenoids  with concentrated sulfuric acid,we used one of the meth-  
ods of the mathemat ica l  planning of experiments  - the method of s teepest  ascent  with respec t  to the r e -  
sponse surface [9]. The initial conditions and resul ts  of the f i r s t  se r ies  of experiments  a re  given in Ta-  
ble 1. The exper iments  were ca r r i ed  out on samples  of oleanolic and ursol ie  acids, which belong to dif- 
ferent  groups of t r i terpenoids  - the a -  and f l -amyrin groups. The resul ts  of the react ions are  given in the 
form of log e. The experimental  resu l t s  permi t ted  the coefficients of the regress ion  equation to be calcu-  
lated f rom the formulas  [9] 

bo_ X y. ~, _ 23x, .y X ~, "~j-y - - ~ - "  n " h i 1 - -  n ' 

where x is  the coded value of the var iables  x i and x2; bij is  the coefficient for the effect of interaction;  n is 
the number  of experiments;  b 0 is the free member  of the equation; y is the resul t  of the reaction; and bi is 
the coefficient for  the variable.  

The following values of the regress ion  coefficients were obtained: 
for  oleanoIic acid 

for ursol ic  acid 

b o = 3.817; b 1 : + 0.016; b 2 -----'+ 0,087; bl, 2 = + 0.0060. 
y = 3.817 + 0,016 x, + 0,087 x2 q- 0 n60 xlx2; 

bo=3'813; b 1=0.021; b 2=+0054; bl, 2=+0.130. 

y = ,3,813 + 0,021 xl + 0.054 x2 + 0.0130 xlx ~. 

The significance of the regress ion  coefficients was evaluated f rom the formulas  

For  oleanolic acid, Sy= 0.0033; Sbi =0.0016; Abi= 0.0051 (here all the regress ion  coefficients are  signifi- 
cant); for urso l ic  acid Sy= 0.0050; Sbi= 0.0024; Abi=0.0076 (all the regress ion  coefficients are  significant); 
Sy was determined by the usual methods [9]. 

The values of the regress ion  coefficients obtained permit ted  the following conclusions to be drawn: 
log e rises with a rise in the temperature (b i in this case is significant and has a + sign) and with an in- 
crease in the reaction time (b 2 is significant in beth cases and has a + sign). 
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TABLE 1. Levels of  the Factors and the Planning 
Matrix 

Characteristic 
Temp., 

ursolic 
acid 
(Y2) 

Zero level 
Range of variation 
Upper level + 1 
Lower level - 1 

Experiments 
1 
2 
3 
4 

°C(x 1) 

50 
20 
70 
30 

Time, 
rain (x 2) 

Result of the reac- 
tion (log e) 

oteanolic 
acid(y 1 ) 

+ l  

-1 

20 
12 

+I 4.020 
3.650 
3.716 
3,868 

3.980 
3,687 
3.828 
3,774 

TABLE 2. Steepest Ascent with Respect to the 

Response Surface 

Characteristic 

Zero level 
Range of variation 
Coefficient 
Product 
Step 

Experiments 
1 
2 
3 
4 
5 
6 

Ursolic acid 

x l  x l  Yl 

20rain 
IZminl 
0.0541 
0.648] 

IUminl 

2Uminl 
30rain I 
40mln I 
50min I 
60 m inl 
70mini 

3,959 

3,965 

4,050 
4,052 

Oleanolic acid 

50 ° 
20 ° 

+0.021 
0.42 
6 ° 

50 ° 
55 ° 
60 ° 
65 ° 
70 ° 
750 

x, I xs I y, 

50 ° 20rain -- 
20 ° 12rain -- 
0,016 0,087 -- 
0.32 1.044 -- 
3,2 ° 10min --  

50 ° 20rain 3,900 
55 ° 30rain 
60 ° 40rain 3,920 
65 ° 50rain 
70 ° 60min 4,159 
75 ° 70rain 4,162 

C o n s e q u e n t l y ,  t o  a c h i e v e  t h e  o p t i m u m  c o n d i t i o n s  f o r  t h e  r e a c t i o n  i t  i s  n e c e s s a r y  to  i n c r e a s e  i t s  t e m -  

p e r a t u r e  and  t i m e .  F o r  t h i s  p u r p o s e  a s t e e p e s t  a s c e n t  w i t h  r e s p e c t  to  t h e  r e s p o n s e  s u r f a c e  w a s  p e r f o r m e d  

( T a b l e  2). Of  t h e  c a l c u l a t e d  s t e p s ,  e x p e r i m e n t s  1, 3, 5, and  6 w e r e  r e p r o d u c e d .  In e x p e r i m e n t s  5 and  6 

t h e  o p t i m u m  r e g i o n  w a s  a c h i e v e d ,  s i n c e  a f u r t h e r  i n c r e a s e  in  t h e  t e m p e r a t u r e  a n d  t h e  t i m e  c a u s e d  an i n -  

s i g n i f i c a n t  i m p r o v e m e n t  in  t h e  r e s u l t  of  t h e  r e a c t i o n .  T h e  m e a s u r e m e n t  o f  t h e  o p t i c a l  d e n s i t y  of  t h e  s o l u -  

tiQn in  t h e  12 h o u r s  a f t e r  t h e  b e g i n n i n g  of  t h e  e x p e r i m e n t  s h o w e d  t h a t  t h e  o p t i c a l  d e n s i t y  r e m a i n e d  m~- 

c h a n g e d .  

T h u s ,  t h e  o p t i m u m  c o n d i t i o n s  f o r  p e r f o r m i n g  t h e  r e a c t i o n  o f  t r i t e r p e n o i d s  w i t h  c o n c e n t r a t e d  s u l f u r i c  

a c i d  m a y  be r e g a r d e d  a s  h e a t i n g  t h e  s o l u t i o n s  a t  70°C f o r  60 ra in .  B e l o w  we  g i v e  an e x a m p l e  o f  t h e  c a l c u -  
l a t i o n  of  t h e  c o e f f i c i e n t s  f o r  o l e a n o l i c  a c i d .  

b0 == 3.980 + 3.687 + 3.828 + 3.774 = 3.817; 
4 

bx = (+ | ) 3.980 q- (q- 1) 3.867 -b (-- 1 ) 3.828 q- ( -  1) 3.774 = 0.016 and so on. 
4 

EXPERIMENTAL 

A m e a s u r i n g  f l a s k  (20 ml )  w i th  a g r o u n d - i n  s t o p p e r  w a s  c h a r g e d  w i t h  a s a m p l e  (0 .001  g) of  o l e a n o l i c  

a c i d .  A s a m p l e  (0 .001 g) of  u r s o H c  a c i d  w a s  p l a c e d  in  a f l a s k  of  t h e  s a m e  c a p a c i t y .  T o  e a c h  f l a s k  w a s  
a d d e d  l 0  m l  o f  c o n c e n t r a t e d  s u l f u r i c  a c i d  (d 1 .835 ) , and  t h e  c o n t e n t s  of  t h e  f l a s k  w e r e  s h a k e n  u n t i l  t h e  s u b -  

s t a n c e  h a d  d i s s o l v e d  c o m p l e t e l y .  A f t e r  t h i s ,  0 . 5 - m l  s a m p l e s  o f  t h e  c o l o r e d  s u l f u r i c  a c i d  s o l u t i o n s  w e r e  

t a k e n  f r o m  e a c h  f l a s k ,  t h e i r  v o l u m e  w a s  m a d e  up to  10 m l  wi th  s u l f u r i c  a c i d ,  and  t h e y  w e r e  t h e r m o s t a t t e d  
a t  v a r i o u s  t e m p e r a t u r e s  a n d  f o r  v a r i o u s  t i m e s  a c c o r d i n g  to  t h e  p l a n n e d  m a t r i c e s  o f  t h e  e x p e r i m e n t s  ( s e e  
T a b l e s  I a n d  2).  T h e  o p t i c a l  d e n s i t i e s  o f  t h e  s o l u t i o n s  w e r e  d e t e r m i n e d  in an  S F - 4 A  s p e e t r o p h o t o m e t e r  a t  
a w a v e l e n g t h  o f  310 n m  ( l a y e r  t h i c k n e s s  in  t h e  c e l l s  10 turn)  r e l a t i v e  to  p u r e  s u l f u r i c  a c i d .  
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SUMMARY 

The conditions for the reaction of tri terpenoids with concentrated sulfuric acid have been studied by 
the method of mathematical planning, and the optimum conditions for performing this reaction have been 
found. 
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