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A number  of inves t iga t ions  has been published recen t ly  on the deve lopment  of a technology for  the produc-  
tion of e x t r a c t s  f rom coniferous  raw m a t e r i a l  [1]. The main component of the e s sen t i a l  oil of Abies  s i b i r i c a  
{Siberian f ir) ,  r e spons ib le  for  the smel l  of the oil ,  is  bornyl  ace ta te  [2]. 

Seve ra l  methods of de te rmin ing  the amount of e s t e r s  a r e  used:  saponif ica t ion [3], gas ch roma tog raphy  
[2], and c r y s t a l l i z a t i o n  out f rom the e s s e n t i a l  oil (for bornyl  acetate)  [2]. The s tandard  method of sponif ica t ion 
based  on the t i t r a t ion  of the ac ids ,  is  inappl icable  to a CO 2 e x t r a c t  of the f i r ,  s ince  the l a t t e r  has a pronounced 
co lo r  and t i t r a t ion  of the acids  does not show a d i s t inc t  change in the co lor  of the ind ica tor .  The gas chromato-  
graphic  method is  unsui table  for  working with s m a l l  amounts  of CO 2 ex t r ac t s ,  s ince  these  e x t r a c t s  contain a 
l a rge  amotmt of nonvolat i le  subs tances ,  and working with sma l l  s amples  does not enable the amount  of nonvola- 
t i le  f rac t ion  to be de te rmined .  C rys t a l l i z a t i on  out f rom the e s sen t i a l  oil  cannot be used in the case  of CO 2 ex- 
t r a c t s  because  the p r e s e n c e  of waxes,  s t e r o l s ,  and r e s i n  ac ids  in the CO 2 ex t r ac t s  i m pa r t s  a v i scous  cons i s ten-  
cy to i t  which i n t e r f e r e s  wi th the  fo rmat ion  of c r y s t a l s  and is a s soc i a t ed  with l a rge  l o s s e s .  

We have used the r eac t ion  of e s t e r s  with an a lka l ine  solution of hydroxylamine  [4]. This reac t ion  fo rms  
hydroxamic  ac ids .  The product  of the reac t ion  of these  ac ids  with sa l t s  of t r iva len t  i ron  gives the solution a 
p ink-ye l low co lor  (pH 2.0 +0.2). The r eac t ion  takes  p lace  in accordance  with the equations 

NaOH 
RCOORt + NH,, ~ RCONHOH + R1OH, 

3RCO (NHOH) q- FeCla -+ 3HCI + Fe [RCO (NHO)]a. 

E X P E R I M E N T A L  

By using a scheme for the planning of expe r imen t s  by the method of s t e e p e s t  ascen t ,  we found the opt imum 
condit ions for  p e r f o r m i n g  the r eac t ion  [5]. As the opt imizat ion  p a r a m e t e r  we used the opt ical  densi ty  of the 
co lo red  produc t  Y formed.  As the independent va r i ab l e s  we chose the following: 

X 1- the amount  of hydroxylamine  hydroch lor ide ,  ml;  • 
X2- the  amount of NaOH, ml;  
X a - t h e  t ime for  the f i r s t  s tage of the p r o c e s s ,  min;  
X4- the  amount of HC1, ml ;  
X s - t h e  amount  of FeC1 a, ml;  
X6- the  time" for  the second s tage  of the p r o c e s s ,  min. 

We u s e d  a 20% solut ion of hydroxylamine  hydroch lor ide ,  a 0.5 N solution of NaOH, a 5 N solut ion of HC1, 
and a 6% solut ion of FeC1 a p r e p a r e d  in 0.1 N hydroch lor ic  acid.  Al l  the solut ions were  used  in the f r e sh ly  p r e -  
p a r e d  s ta te .  The planning m a t r i x  for  the expe r imen t  and the r e s u l t s  a r e  shown in Table 1. 
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TABLE 1. P l a n n i n g  Ma t r ix  of the E x p e r i m e n t  and the R e s u l t s  

Independent 
variables, x 1 x 2 x a x~ x 5 x 6 "YD 

Upper level 
Lower level 
Range o.f 

vain_non 
Exptq ~ 1 

2 
3 
4 
5 
6 
7 
8 

Re~ression coeffi- 
cient bi 

Step (t) 
Expt, 1 

2 
3 
4 
5 

1,0 
0,5 

± 

--0,281 
--0,07 

0,43 
0,36 
0,29 
0,22 
0,15 

+_- 
4̀- 

`4-0,269 
+0,15 

3,15 
3,30 
3,45 
3,60 
3,75 

15 
10 

2,5 

--0,216 
+o,~ 
15,5 
16,0 
16,5 
17,0 
17,5 

1,5 
0,5 

0 

m 

--0,223 
--0,II 

0,39 
0,28 
0,17 
~ ,06 

0,5 
+ 

+ 

255 
13 

1 87 
174 
1 61 
l 48 
l 35 

.4- 

+ 0 . 2 0 7  
40,5 
10,5 
11,0 
11,5 
12,0 
12,5 

0,13 
0,13 
2,12 
0,2t 
0,20 
0.14 
0,36 
0,17 

0,13 
1,47 
1,15 
0 
0 

Note.  The s t e e p e s t  a s c e n t  was p e r f o r m e d  a f t e r  d i lu t ion  (threefold) 
i n  c o m p a r i s o n  with the f i r s t  s e r i e s  of e x p e r i m e n t s .  

F i r s t  we p e r f o r m e d  a s e r i e s  of e x p e r i m e n t s  with p lann ing  in  a c c o r d a n c e  with the s c h e m e  of a f r a c t i o n a l  
26-3 e x p e r i m e n t .  Af te r  the c a l c u l a t i o n  of the r e g r e s s i o n  coef f ic ien ts  we d e t e r m i n e d  the s tep  in  the d i r e c t i o n  of 
s t e e p e s t  a s c e n t  and p e r f o r m e d  a s e r i e s  of e x p e r i m e n t s  i n  the d i r e c t i o n  of s t e e p e s t  a s c e n t .  

The s t e e p e s t  a s c e n t  p r o c e d u r e  gave the fol lowing o p t i m u m  va lues  of the v a r i a b l e s  : X 1 = 0.36; X 2 = 3.3; 
X 3 = 1 6 . 0 ;  X 4 = 0 . 2 8 ;  X 5 = 1 . 7 ;  X 6 = 1 1 . 0 .  

Fo r  the d e t e r m i n a t i o n  of the e s t e r s ,  about  0.5 g of the e x t r a c t  was  d i s so l ve d  in  25 m l  of e thanol .  The 
e thano l i c  so lu t ion  was  p a s s e d  through a co lumn of a l u m i n a  (ac t iv i ty  g rade  II) to f r e e  i t  f rom the p i g m e n t s  which 
i t  con ta ined .  The i r r e v e r s i b l e  a d s o r p t i o n  of the e s t e r s  on the co lumn was 11%. To c o m p e n s a t e  these  l o s s e s ,  a 
c o r r e c t i o n  coef f i c ien t  a v e r a g i n g  1.11 m u s t  be in t roduced  into the ca lcu la t ion .  

To 5 m l  of the so lu t ion  obta ined  were  added 0.36 m l  of the hyd r oxy l a mi ne  hyd r oc h l o r i de  so lu t ion  and 3.3 
ml  of the NaOH so lu t ion .  The so lu t ions  w e r e  s t i r r e d  and a l lowed to s tand  for  16 min ,  and then  0.28 ml  of the 
HC1 so lu t ion  and 1.7 m l  of the FeC13 so lu t ion  w e r e  added. The m i x t u r e  was s t i r r e d ,  and a f t e r  11 min  i t s  opt ica l  
d e n s i t y  was d e t e r m i n e d  on an  F]~K-56 p h o t o c o l o r i m e t e r  with the fifth f i l t e r .  A b lank  e x p e r i m e n t  was p e r f o r m e d  
in  p a r a l l e l .  A c a l i b r a t i o n  cu rve  was plot ted for  b o r n y l  ace ta t e  a t  c o n c e n t r a t i o n s  of 0 .2-2 .2  rag. 

We r e c o r d e d  the s p e c t r a  of the p roduc t s  of the i n t e r a c t i o n  of f e r r i c  ch lo r ide  with the e s t e r s  of the CO 2 
ex t r ac t ,  the e s s e n t i a l  oil ,  and a r e f e r e n c e  s a m p l e  (bornyl  acetate)  on an  S F - 4  s p e c t r o p h o t o m e t e r  in e thanol  in  
the Visible  r e g i o n  (Fig.  1). The s p e c t r a  of the b o r n y l  ace ta te ,  the CO 2 ex t r ac t ,  and the e s s e n t i a l  oil  each  have 
two m a x i m a  in  the wave leng th  r a n g e s  400-450 n m  (1) and 500-550 n m  (2). The co inc idence  of the m a x i m a  of the  
bo rny l  ace ta te ,  the CO 2 ex t r ac t ,  and the e s s e n t i a l  oil  p e r m i t t e d  this  r eg ion  to be u sed  for  d e t e r m i n i n g  the opti-  
cal  dens i ty  of these  s u b s t a n c e s .  

C o m p a r a t i v e  r e s u l t s  of the d e t e r m i n a t i o n  of the a m o u n t  of e s t e r s  in  a CO 2 e x t r a c t  of the S i b e r i a n  f i r  by 
the p roposed  method and the s t a n d a r d  method,  ca lcu la ted  as  b o r n y l  ace ta te ,  a r e  given below (%): 

Expt.  No. 

1 
2 
3 
4 
5 

Mean 

Amoun t  of E s t e r s  A c c o r d i n g  to Amount  of E s t e r s  Acco rd ing  
the P r o p o s e d  Method to the S tandard  Method 

15.53 12.07 
15.16 13.63 
16.36 13.00 
16.21 
16.54 

15.96 12.9 

4.5%, and that  of the s t a n d a r d  method  9.7%. The r e l a t i v e  e r r o r  [5] of the p roposed  method  is  

2 7 0  
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Fig .  1. S p e c t r a l  c h a r a c t e r i s t i c  of the p r o d u c t s  of the 
r e a c t i o n  of  f e r r i c  c h l o r i d e  with the  e s t e r s  of the CO 2 
e x t r a c t ,  the  e s s e n t i a l  o i l ,  and b o r n y l  a c e t a t e :  1) b o r n y l  
a c e t a t e ;  2) e s s e n t i a l  o i l ;  3) CO 2 e x t r a c t .  

In v iew of  the  g r e a t  d i v e r s i t y  of the  e s t e r s  in p l an t  m a t e r i a l s  and t h e i r  i n a d e q u a t e  a v a i l a b i l i t y ,  we p e r -  
f o r m e d  a c o m p a r a t i v e  d e t e r m i n a t i o n  of the  e s t e r s  c a l c u l a t e d  a s  b o r n y l  a c e t a t e  and a s  e thy l  a c e t a t e ,  and c a l c u -  
l a t e d  a c o n v e r s i o n  f a c t o r  of 4 .88.  

C o m p a r a t i v e  r e s u l t s  of  the d e t e r m i n a t i o n  of the  e s t e r s  c a l c u l a t e d  as  b o r n y l  a c e t a t e  and a s  e thy l  a c e t a t e  
a r e  g iven  be low (%): 

Expt .  No. A m o u n t  of E s t e r s C a t c u l a t e d  A m o u n t  of E s t e r s  C a l c u l a t e d  
as  Borny l  A c e t a t e  a s  E thy l  A c e t a t e  

1 15.53 3.20 x 4.88 = 15.61 

2 15.16 3.08 x 4.88 = 15.03 

3 16.36 3.32 × 4.88 = 16.20 

4 16.21 3.34 × 4.88 = 16.29 

5 15.54 3.41 × 4.88 = 16.74 

Mean 15.96 3.27 x 4.88 = 15.96 

The  use  of e thy l  a c e t a t e  a s  a r e f e r e n c e  s a m p l e  p e r m i t s  the p r o p o s e d  me thod  to be  u s e d  unde r  the cond i -  
t ions  of a f a c t o r y  l a b o r a t o r y .  

S U M M A R Y  

The cond i t i ons  fo r  the  r e a c t i o n  of e s t e r s - b o r n y l  a c e t a t e - w i t h  an a l k a l i n e  so lu t i on  of h y d r o x y l a m i n e  have  
been  s t u d i e d  by  the m e t h o d  of s t e e p e s t  a s c e n t .  A me thod  has  been  d e v e l o p e d  fo r  d e t e r m i n i n g  e s t e r s  in a CO 2 ex -  
t r a c t  of A b i e s  s i b i r i c a .  
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P R O D U C T I O N  OF A P Y R I D I N E  D E R I V A T I V E  

O F  G R O S S H E M I N  

K. S.  R y b a l k o ,  R .  I .  E v s t r a t o v a ,  
a n d  V. I .  S h e i c h e n k o  
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Information has appeared in recent  years  on new sesquiterpene laetones isolated f rom plants. The poor 
solubility of the susqui terpene lactones in water  complicates  their biological testing and, consequently, their  
pract ical  use. In view of this, attempts have been made to conver t  the sesquiterpene lactones into soluble com- 
pounds. Thus, for example, for some compounds containing an ~-methylene- 'y- lac tone r ing derivat ives w i th  
p r ima ry  and secondary  amines have been obtained which, in their  turn, give water-soluble  salts [1, 2]. The re-  
action of sesqui terpene lactones with t e r t i a ry  amines has not been established. 

We repor t  the prepara t ion of a pyridine derivative of grosshemin,  which is formed by the react ion of pyri-  
dine and hydrochlor ic  acid with g rosshemin  (I) in the presence  of acetic anhydride. 

The pyridine derivative of g rosshemin  (II), C20H2404NCI -H20, mp 160-165°C, [~]~+ 71.23 ° (c 1.33; water) 
is readily soluble in water ,  soluble in ethanol, and spar ingly soluble in other organic solvents.  

The pryr idine derivative is formed only in the presence  of acetic anhydride, which is a cata lyst  in this re -  
action. Grosshemin acetate (III) does not  form a pyridine derivative,  and the pyridine derivative,  of g rosshemin  
is acetylated only under more  severe  conditions. 

The IR spec t rum of (II) has absorption bands at (cm -1) 3450 (OH) and 3300 (H20), 1770 (~/-lactone), 1745 
(cyclopentanone), and 1640 and 1620 (double bonds in conjugation). 

: The NMR spec t rum of (II) (Fig. 1) has the following signals (ppm): doublet at  1 . 1 1 - 3  H15; tr iplet  at  3 .96-  
H4; multiplet  at 4 .28-H6;  two singlets at 4.54 and 4 . 8 5 - 2  H14; quartet  at  5.64 (Jla-t3' = 13.8 Hz; Jt~,13 = 9.0 
Hz)-H13; quartet  at  5.89 (J13, t3' = 13.8 Hz; Jlt,  13' = 5.0 Hz)-Ht3, ;  two tr iplets  at 8.02 (2 H) and 8.40 (t  H); and 
a doublet at 9.90 (2 H) -py r id ine  protons.  

2H a 

9Hp 

14 
CH~ O~ OH 

it ° ppm 

Fig. 1. NMR spec t rum of the pyridine derivative of g r0sshemin  in d-pyr id ine .  
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