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THE TECHNOLOGICAL CLASSIFICATION OF ALKALOIDS AND METHODS 

OF OBTAINING THEM FROM PLANTS 

Kh. N. Aripov UDC 547.94+615.45+615.32 

About i00 individual alkaloids are produced on the industrial scale [i]. In spite of 
this, there is no acceptable classification and systematization of the technology of the al- 
kaloids that would lead to a generalization of all the experience accumulated in this field. 
In our opinion, this situation is due to the fact that insufficient attention has been de- 
voted to the connection of the method of obtaining alkaloids with their structure, composi- 
tion, and properties. 

Academician B. M. Kedrov, generalizing methodological questions of chemistry, has put 
forward the scheme 

Propert ie~ ,,, S t ruc tu re  
\ / 
Compos i t i on  

[2], in which chemical technology does not have its due reflection. At the same time, from 
hydrogen to kurchatovium, from methane to protein, in all cases the method of preparation de- 
pends on the composition, structure, and properties. It is impossible to find even one ex- 
ample where the above-mentioned parameters of the compound being isolated has not been taken 
into account in technology. 

On the basis of literature information and our own experiments on the development of a 
technology for producing the alkaloids of V~noa ~ota we consider the following scheme to be 
the most correct: 

Proper t ies  
. / I ~Com.osition Method  oI p r e p a r a t i o n  ] ~ 1, 

\ S t ruc ture  / 

since as the properties, composition, and structure of a substance become known so is the 
method for its preparation developed. 

In order to find a parameter which to some extent would give a quantitative characteri- 
zation of the main properties of an alkaloid and at the same time would be accessible to di- 
rect measurement, we have begun the study of the behavior of alkaloids in heterogeneous sys- 
tems consisting of chloroform and buffer solutions, since the main processes of alkaloid tech- 
nology do in fact involve heterogeneous systems: extraction, sorption, liquid--liquid extrac- 

tion, etc. [3]. 
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Distribution of Alkaloids in a Heteroseneous System 

In the distribution of the combined alkaloids of V. ~recta between chloroform and buffer 
solutions (BS's) it was found that there is a sequence of transition of a number of the main 
alkaloids that is repeated in all experiments [4]: 

Akaloid [1] pH of Passage into the Buffer 
Tombozine 5 ,5 -  6,0 
Vineanidine 5,0--5,5 
A kuammidine 4,5--5,0 
Vinearine 3,5--4, 5 
Vincanine 3,0--3, 5 
Vineamine 9, 0--3,0 
Ervamine 10% H~SO4 

Assuming that the sequence of passage into buffers should correspond to the arrangement 
of the alkaloids according to the values of their dissociation constants, we determined the 
ionization constants pK a of the same alkaloids by the potentiometric method [5]. 

Alkaloid pK a in 20% pK a in Chloro- 
Methanol form 

Tombozine 7, 54 6,30 
Vinearfidine 6,84 5,91 
Akuammidine 6,66 5, ! 5 
Vincarine 6,91 5,75 
Vineanine 7, 79 5, 72 
Vincamine 6,62 5,81 

In view of the absence of a clear relationship between the pH values of transition and 
the pK a values in water, we determined the pK a values in chloroform-- the phase in equilibri- 
um with the aqueous layer of the heterogeneous system [6]. It is not difficult to see that 
the relationship between the pH of transition and the pK a value of the substance undergoing 
partition has a fairly complex nature both in water and in chloroform. 

The same can be said concerning the main opium alkaloids, the pK a and transition pH val- 
ues of which are known from the literature: 

Optimum pH of the 
Alkaloid Buffer [7] pK a [8] 

MoO,rpbine 6, 2 7,87 
~eine 4,6 7,90 

Thebaine 1,0 7,00 
Nareotine <0,6 5, 80 
Papaverine <0,6 5,90 

The complexity of finding the relationship pK a = f (pH of transition) is also due to the 
fact that the pH value for the transition of an alkaloid is determined not only by its basic- 
ity but also by its solubility in the two phases of the heterogeneous system and depends on 
the properties of the heterogeneous system, etc. Furthermore, the pK a value is determined in 
a homogeneous system and the distribution in a heterogeneous system. 

In considering this question, we have undertaken a more detailed investigation of the 
behavior of alkaloids (with, as examples, the bases of V. erecta and others) in chloroform-- 
buffer solutions systems under various conditions [9]. It was established by special experi- 
ments that in all cases the distribution process takes place by pure salt formation. The 
main criterion of partition is the partition coefficient K, defined by the formula 

K-- CBS 
Cchl 

Below we give the partition coefficients of some alkaloids in chloroform--buffer solution 
systems: 

625 



pH Vincamine Vincanine Vincarine Akuammidine Vincanidine Tombozine 

8,0 0 0 0 0 0 0 
7,5 0 0 0 0 0 0 
7,0 0 0 0 0 0,07 0,3 
6,5 0 0 0 0 0,36 0,5 
6,0 0 0,062 0 0,14 0,50 1,3 
5,5 0 0,13 0,2 0,80 2,0 5,0 
5,0 0,007 O, 17 0,6 1,30 8,80 17,0 
4,5 0,18 0,35 3,1 2,60 29.0 6- 
4,0 0.41 0.59 5,3 5.0 + + 
3,5 O,/6 1 2 17,0 23.0 + 4- 
3,0 2.14 12~0 + + + + 
2,5 6.05 33,0 + + + 4_ 
2,0 13.t + + + + + 

Thus, the partition coefficients of the alkaloids vary within wide limits as functions 
of the pH of the buffer solution. 

To compare the partition results, we made use of the value of the pH of the buffer solu- 
tion extracting just half the amount of a base from the equilibrium organic phase, i.e., the 
value of the pH at K = i. This value, which is denoted by pHI/2, is determined from a plot 
of the relationship K = f(pH) (Fig. i). 

From the information given above we determined the pHx/a value for each alkaloid simi- 
larly: 

PIll/2 from Chloro- Base 
forffa pKa 

6, 35 Tombozine 7,54 
5,80 Vineanidine 6,84 
5,35 Akuammidine 6,66 
4,90 Vincafine 6,9 l 
3,60 Vincanine 7,79 
3,30 Vineamine 6,62 

The sequence of the alkaloids according to their pHt/a values coincides with the sequence 
of extraction of the same alkaloids in the partition of the combined alkaloids, but it does 
not coincide with their pK a values. The same thing can be said about the main opium alka- 
loids: 

PHi:3 Alkaloid pK a 
>9,0 Morphine 7,87 

5,80 Codeine 7,9,5 
3,80 Thebaine 7,00 

< 1,5 Papaveflne ,5,90 
< 1,5 Narcotine 6,18 

It is known from the literature that "...under the influence of nonaqueous solvents not 
only does the strength of bases (pK a) change but also the ratio of their strengths" [8]. To 
evaluate the influence of a change in the organic phase of the value of pH,~a we have per- 
formed similar investigations in benzene--buffer solution systems as well [9j: 

Alkaloid PH1 2 ehl PIll '2 benzene APril 2 

Tombozine 6,:35 7,50 1, ! 5 
Vincanidine 5,80 7, ! 0 1,30 
Akuammidine 5135 6,30 0,95 
Vinearine 4,90 6,3O 1,4O 
Vineanine 3.60 5 70 2 10 
Vincamine. 3.30 4160 1 ] 30 

As the results given show, in benzene-'buffer solution heterogeneous systems the magnitude 
of ApHx/2 rises from 0.95 to 2.10 with no change in the sequence relative to the chloroform 

system [i0]. 

Although the value of pHx/a depends on many factors, one of the determining factors is 
the basicity of the alkaloid, and therefore a differentiation of the basicity of alkaloids 
according to the pH,/= values may be extremely useful for technological purposes. It must be 
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Fig. i. Partition curve of vincanine. 

mentioned that constants analogous to pHx/a are used in the chemistry and technology of com- 
plex compounds [ii] and also for determining "the true partition coefficients of a number of 
tropane alkaloids" [12]. 

Investigations of the partition of various alkaloids forming drug preparations between 
buffer solutions and chloroformare performed on a fairly large scale. We have determined 
the following pH:/2 values on the basis of literature information: 

Alkaloid P~/l~2 chl Literature 
Confine 9,55 13 
Nareeine > 8,0 14 
Seeurinine > 8,0 15,16 
Cocaine > 8.0 17 
Anabasine 8,0 t 8 
Ethylmorphine 8.0 19 
Norhyoscyamine 7, 8 ) 12 
Pilocarpine 7,85 20 
Nornieotine 7,63 12 
Atropine 7,4 2 l 
Hyoseyarnine 7,00 12 
Valeroidine 6,67 12 
Melliefine 6,00 22 
Scopolamine 5,90 2:~ 
Nicotine 5,75 12,24 
Trichodesmine 5,50 25 
Hyoscyine 5,48 12 
Galanthamine 5, ! 5 26 
Tigloidine 5,03 12 
Apoatropine 4,65 12 
Colehamine 4, OO 27 
Thebaine 3,80 2,5 
Theophylline 2,7,5 oc 
Papavefine < 1.6 30 
Colehieine < 1,5 3 I 
Caffeine < 1,4 32 
Narcotine < !, o 33 

The Connection of the RfValues of Alkaloids with T h e i r  pHx/~ Values 

One of the widely used heterophase processes is thin-layer chromatography (TLC) [44]. 
The question of the existence of a correlation between the pHx/2ch I and the Rf values (in the 

chloroform-methanol (9:1) system; the Rf values were determined [34] in a thin layer of LS 
5/40 ~m silica gel and Silufol) is of interest: 

ALkaloid PHt.z chl R f_+0,02 
LS 5/40~m Silufol 

Opium Alkaloids 

Morphine >9,0 0,07 0. I1 
Codeine 5,80 0; 23 0,26 
Thebaine 3.80 0.49 0.39 
Papavedne > l, 6 0.83 0,96 
Narootine > 1,0 0, 88 0,96 

Isoquino]2ne Alkaloids 
Salsoline 8, 15 0,66 0,05 
Salsolidine 6,20 0,18 0, 16 
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Indole Alkaloids 

Tombozine 6,35 0,16 0,19 
Vincanidine 5,89 0.20 0,26 
Akuammidine 5,35 0,40 0, 35 
Vineadne 4,90 0.46 0,37 
Vincanine 3,60 0,50 0,43 
Vineamine 3,30 0,53 0.71 

With a fall in pHi/2 the value of R F rises for all the alkal~ids but it still does not 
appear possible to derive a definite mathematical relation pH~/~ f(Rf). A similar correla- 
tion is observed in a comparison of the values of pH1/2benzen e with R~ values in the benzene-- 
methanol (9:1) system [34]. 

The Partition of Some Alkaloids between Water and Chloroform 

To investigate the possibility of the partition of alkaloids in a weakly dissociated 
form (in the form of the bases) the partition of a number of alkaloids between water (dis- 
tilled) and chloroform has been studied. The values of the partition coefficients (Kbase = 
Cwater/Cchl) were compared with the pHI/= values and the R~ values on TLC. The alkaloids 
were determined qualitatively with a 1% solution of cerium ammonium sulfate in concentrated 
sulfuric acid [35], Dragendorff's reagent, and tungstosilicic acid. 

As the experimental results show, a definite relationship exists between R~, Kbase, and 
pHz/2; the smaller the value of R~ and the larger the value of pHz/2 the better are the alka- 
loids extracted by water from chloroform solution in the form of bases. The phenolic bases 
morphine, salsoline, and vincanidine have relatively high values of Kbase, which is apparent- 
ly due to the hydrophillcity of the phenolic hydroxy group. Alkaloids with Rf > 0.45 are ex- 
tracted extremely feebly by water from chloroform solution. Alkaloids are distributed be- 
tween water and chloroform in the following way: 

Alkaloid pHIj 2 Kbase R/ 
Opium Alkaloids 

Morphine > 9,0 7,00 0,07 
Codeine 5,80 0,20 0,26 
Thebaine 3,80 0.00 0 39 
Papaverine < 1 6 0,00 0,95 
Nareotine ...... ~"~'~ < ] 16 0,C0 0,96 

hoquinoline Alkaloids 

S alsoltne 8,15 0,60 0,06 
S alsolidine 6,20 0,13 0,13 

Indole Alkaloids 

Tombozine 6, 35 0,50 0,16 
Vineanidine 5,80 1,00 0,20 
Akuammidine 5,35 0,33 0,40 
Vincarine 4, 90 0,00 0,46 
Vincanine 3,60 0,00 0,50 
Vincamine 3,30 0,00 0,53 

The Connection.between the pH~/~ and RfValues 

of an Alkalold and Its Structure . 

Among the compounds that we have investigated there are bases similar in structure [i, 
36] such as codelne--thebaine, vincanidine-vincanine, and salsoline--salsolidine, and a number 
of alkaloids and their nor derivatives. It was of interest to compare these substances with 

respect to their Rf, pHz/2, and pK a values. 

0 -GH3 
Codeine: R = H, p}tl/2 = 5,8, /71 = 0.23 

Thebaine: R = CHa, PHIj2 = 3,8, / ? / ~  0.49 
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N 
Vincanidine: R - -  OH, pH: ~ = 6,8 R / =  0.20 

Vincanine: R = H, pH: ~ = 3,6, /~j = 0.50 

3 NIi S alsoline: 

ti 3 G ~ H,5 S alsolidine: 

R = H ,  pH m - 8 , 1 5 ,  Rt=O.06 
R = CHa PHI,..o = 6,15, R/= 0.13 

Thus, the presence of a--OH functional group causes an increase in the pH:/2 value by 
approximately two units and a decrease in Rf. 

It must be observed that in a number of alkaloids the pHi/2 value is less than that of 
the corresponding nor bases. 

(~H2OH 

Norhyoscyamine: 7~ = H, p i l l ,  ., - -  7.89 

H yoscyamine: R = CH a, pH:i 2 = ZOO 

2Jc7  R 

Nomicotine: R --- H, pH:~ = 7.63 

Nicotine: R = CH a, pH:j 2 = 6.00 

i1313-- N-- CI] 
I I ~R 
co c N( 
I II •//> 

H~ -- N --.C 

Theophylline: R - -  H, pH 1,~ = 2.75 

Caffeine: ]~ = CHa, PIl l  2 - -  1.5 

These examples give grounds for concluding that the functional groups of an alkalaid 
have a considerable influence on its pHi/2 value. 

Technolo$ical Classification of Alkaloids 

The facts given above confirm that it is possible to use the pH:/2 value as a technologi- 
cal parameter characterizing the heterophase processes of alkaloid technology. 

According to their technological characteristics, alkaloids can be provisionally grouped 
in the following way: 

Stron$ Bases. These can be extracted from chloroform solution with water and buffer so- 
lutions having pH > 7. The majority of them are quaternary and phenolic alkaloids which are 
well sorbed onto molecular and Ion-exchange sorbents but are poorly eluted. They have the 
following constants: 

• o < R j  -o.1: 9.0 :~p I l i : ch l ,  chl - 

Bases of Medium Strensth. These pass satisfactorily from chloroform into a buffer so- 
lution and from an aqueous solution (after alkalinification) into chloroform. They are sorbed 
and desorbed fairly well: 

1.5 ~ pH: ~chi '~ 9.0; 0.1 .% R S h l ~  0.80; 

Weak Bases. These are not extracted from chloroform by water. They are extracted poorly 
or not at all from chloroform by buffer solutions and even by 10% H2SO, solution. They are 
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poorly sorbed and are almost always eluted with the first fraction of the eluate: 

PHl,eehl~,( 1.,5; / ~ / e h #  0.80. 

In our opinion, this classification is convenient, takes many physicochemical properties 
of the alkaloids into account, permits their isolation and separation to be carried out pur- 
posefully, and makes classifications proposed previously [37-43] more concrete. 

Let us consider methods for obtaining alkaloids with different basicities and attempt to 
elucidate the differences between them. Since several methods of preparation exist for many 
alkaloids, we have dwelt mainly on the industrial method, which is the most rational and eco- 
nomic and, consequently, takes into account more fully the physicochemical characteristics of 
the substance. Laboratory methods are subordinate only to the aim of the maximum isolation 
of the total alkaloids and are not restricted by the discarding of a cheap solvent or by 
technical safety, etc. For a number of bases the pH1/a values are unknown, and therefore we 
have used the Rfvalues of the alkaloids on TLC in chloroform-methanol and chloroform-~thanol 
systems. 

Strongly Basic Alkaloids. Methods of obtaining the alkaloids given below have been 
studied: 

Alkaloid R/[44. 45] Literature 

Morphine 0,03 46 
Ergometrine 0,00 47. 48 
Arecoline 0.00 49. 50 
Berberine 0,00 49--51 
Sparteine 0,00 49 
Spherophysine 0,00 52, 53 
T uboeurarine 0,00 49 
Musearine 0,00 54 

A feature of the technology for the production of strongly basic alkaloids is the ab- 
sence of a liquid--liquld extraction (LLE) process: in the production of d-tubocurarine, spher- 
ophysine, berberine, and muscarine there is no such process at all, and in the isolation of 
arecoline and sparteine it is used once and, moreover, from concentrated solutions of these 
alkaloids; for morphine and ergometrine a sorption process is used with desorption carried 
out at a high temperature. The main cause of the limited use of LLE in the technology of the 
strongly basic acids is the better solubility of the bases in water than in organic solvents. 

In almost all methods the extractant used for obtaining the alkaloids from the plant raw 
material is water, aqueous solutions of acids, or alcohols, which readily extract them from 

the raw material. 

Alkaloids of Medium Basicity. The technologies of the production of the following bases 
have been considered: 

Alkaloid Rf [44. 45] Literature 
Piloearpine 0,32 49 
Yohimbine 0,33 49,50 
Ephedrine 0 36 59 
Emetine 0 ', 38 49 
Scopolamine O, 46 49 58 
Vincamine 0,53 55 
Lobeline 0.55 49.57 
Strychnine 0,57 49.50 
Eserine 0,59 49,50 
Reserpine 0,63 58 

Characteristic for the alkaloids of medium basicity is the possibility of using within 
wide limits the values of the partition coefficients as functions of the pH, which frequently 
permits the use of LLE in the development of the technology of obtaining the bases of this 

group. 

These bases can be extracted from the plant both by organic solvents (after the plant 
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has been moistened with solutions of ammonia or caustic soda) and by aqueous solutions of 
acids. 

It is striking that from the chemical point of view the group of alkaloids of medium 
basicity has been studied most fully because of the relative ease of their isolation from 
the plant. 

Weakly Basic Alkaloids. Industrial methods for obtaining a number of bases of this 
group have been described in the literature: 

Alkaloid /?/[44, 45] Literature 

Solasodine - -  60 
. Nareotine 0,81 3,5 .59 

Papaverine 0 85 36,59 
Caffeine '-- 59 
Hydrastine -- 49 
Colehicine -- 49 

LLE is hardly used in the preparation of these alkaloids. They do not give salts that 
are stable in aqueous solutions, because of which they cannot be extracted completely from 
chloroform solution with aqueous solutions of acids, and they are poorly extracted from the 
plant by cold water and aqueous solutions of acids but are extracted better by organic sol- 
vents. 

The existence of fairly distinct differences in the properties of the alkaloids as func- 
tions of their basicities, and also in industrial methods for their isolation enables us to 
consider that an acceptable classification of methods for obtaining the alkaloids is the fol- 
lowlng: 

i) the technology of the strongly basic alkaloids; 
2) the technology of the alkaloids of medium basiclty; and 
3) the technology of the weakly basic alkaloids. 

This technological classification of methods for obtaining alkaloids is shown in gen- 
eralized form below. 

j _ _  

Weakly basic Alkaloids of medium Strongly basic 
alkaloids basicity alkaloids 

1.5<ptI12 1.5~P!q12 %0 9.0c-pH!e 
/¢/ .~-0.$ 0.I ~<fef 40.8 0.0.,<R/ -.<0.I 

Extracted from the raw material  with 

I i I 
I i I I 

Aqueous solu- Organic Alcohol Aq.ueous~o-., 
tions of aoias sorvents l l l t i o n s  O t  a t l a s  

LILE Aonnads°'rP=metrioa LL~ Purification Adsorption 

I ! 
Hot water Or, g anic 

solvents 

b 
Preoipita- Evaporation 

non  [ 
Crystallization 

The Development of a Basic Tgchnolo$ical Scheme 

for the Isolation of the Alkaloids of Y. er~ota 

The hydrochlorides of vincanine, ervinine and vincamine -- the main alkaloids of V. er~c- 
%a -- and also quaternary derivatives of vincanine and vincanidine have been approved by the 
Pharmacological Committee of the Ministry of Public Health of the USSR for use in medical 
practice. Thus, the necessity has arisen for developing a rational technological method for 
their production from this plant. 
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These alkaloids belong to the medium basicity group. According to the scheme given, 
three methods may be recommended for their production: 

i) extraction of the raw material with organic solvents followed by reextraction with 
acid solutions, etc.; 

2) extraction of the raw material with aqueous solutions of acids, sorption on ion- 
exchange resins, desorption, etc.; and 

3) extraction of the raw material with aqueous solutions of acids with the subsequent 
use of LLE with organic solvents. 

The first method has been developed previously [61, 62]. In our investigations we have 
confirmed the suitability of the use of the second and third methods in the production of 
these alkaloids [61-75]. 

We have checked the proposed classification and the basic ideas of this work in the de- 
velopment of a technology for the production of peganine hydrochloride from Peganum harmala 
[76-78] and in the performance of the polybuffer separation of complex mixtures of alkaloids 
from the plants Vinca erecta [4, 79], Petili~ raddeana [80], Buxus semperv~rens [81], Pe@a- 
hum harmala [82], and Nitraria schoberi [83]. 

LITERATURE CITED 

i. S. Yu. Yunusov, Alkaloids [in Russian], Tashkent (1974). 
2. B.M. Kedrov, Zh. Vses. Khim. Obshchestva im. D. I. Mendeleeva, ~, 122 (1970). 
3. V. B. Kogan, Heterogeneous Equilibria [in Russian], Leningrad (1968). 
4. Kh. N. Aripov, Author's Abstract of Candidate's Dissertation, Tashkent (1967). 
5. A. Albert and E. SerJeant, Ionization Constants of Acids and Bases, Methuen, London/ 

Wiley, New York (1962). 
6. T. Artykova, Kh. N. Aripov, and T. T. Shakirov, Khim. Prirodn. Soedin., 57 (1973). 
7. L. I. Brutko, The Polybuffer Distribution of Substances [in Russian], Moscow (1975). 
8. N.A. Izmailov and T. V. Mazharova, Zh. Fir. Khim., 34, No. 8, 1709 (1960). 
9. T. Artykova, Kh. N. Aripov, and T. T. Shakirov, Khim. Prirodn. Soedin., 25 (1975). 

I0. L. M. Batuner and M. E. Pozin, Mathematical Methods in Chemical Technology [in Russian], 

Leningrad (1968). 
ii. O. Petrukhin and Yu. A. Zolotov, in: The Chemical Principle of the Extraction Method of 

Separating the Elements [in Russian], Moscow (1966). 
12. W. Bottomly and P. Mortimer, Aust. J. Chem., ~, 189 (1954). 
13. V. M. Yanchishin, Farmats. Zh., No. 4, 56 (1975). 
14. Z. S. Rokach, E. V. Bokshan, and B. I. Shvidkii, Farmats. Zh., No. 6, 51 (1969). 
15. V. V. Mikhno, Farmats. Zh., No. 2, 26 (1965). 
16. V. V. Mikhno, Farmats. Zh., No. i, 28 (1968). 
17. V. P. Kramarenko, Farmats. Zh., No. i, 23 (1960). 
18. S. I. Baik, Farmats. Zh., No. 4, 51 (1965). 
19. B. I. Shvidkii and L. G. Galeta, Farmatsiya, No. 2, 38 (1971). 
20. O. A. Okopyan and M. S. Savina, Farmatsiya, No. 4, 46 (1970). 
21. O. A. Akopyan and V. P. Kramarenko, Farmers. Zh., No. 2, 38 (1960). 
22. V. L. Bazarnyi, Farmats. Zh., No. 5, 84 (1967). 
23. O. A. Akopyan and V. P. Kramarenko, Farmatsiya, No. 6, 64 (1969). 
24. S. I. Balk, Farmers. Zh., No. 6, 44 (1964). 
25. M.V. Ikramova, Farmatsiya, No. 4, 49 (1972). 
26. V. V. Mikhno, Farmats. Zh., No. 3, 44 (1965). 
27. V. I. Svetlichnaya, Farmats. Zh., No. 5, 54 (1972). 
28. Z. S. Rokach, Farmats. Zh., No. 4, 55 (1965). 
29. A. I. Shkadova, Farmatsiya, No. I, 56 (1970). 
30. B. I. Shvidkii, V. P. Kramarenko, and G. S. Dyughenko, Farmatsiya, No. 3, 49 (1971). 
31. V. I. Svetlichenaya, Farmats. Zh., No. 4, 48 (1972). 
32. O. A. Akopyan and T. M. Dolotova, Farmers. Zh., No. 2, 57 (1969). 
33. Z. S. Rokach, Farmats. Zh., No. 6, 48 (1964). 
34. T. Artykova, Kh. N. Aripov, and T. T. Shakirov, Khim. Prirodn. Soedin., 28 (1975). 
35. Sh. Z. Kasymov, Kh. N. Aripov, T. T. Shakirov, and S. Yu. Yunusov, Khim. Prirodn. Soedin., 

352 (1967). 
36. A. P. Orekhov, The Chemistry of the Alkaloids [in Russian], Moscow (1955). 
37. G. Dragendorf, Die gerichtlich chem. Ermittlung yon Giften (1895). 

632 



38. 
39. 

40 
41 
42 
43 
44 
45 
46 

47. 
48. 
49. 

J. Schmidt and V. Grave, Alkaloide (1920). 
J. Gadamer, Lehrbuch der chemischen Toxikologle, 2nd ed., Vandenhoek and Ruprecht, 
G~ttingen (1924). 
F. Sabalichka, The Chemical Detection of Poisons [in Russian] (1934), 
B. Stepanov, Forensic Chemistry [in Russian] (1939). 
L. N. Yakhontov, Usp. Khim., 26, No. 2, 239 (1957). 
N. Svoboda and H. Gordon, Lloydia, 27, 299 (1964). 
E. Stahl, Thin-Layer Chromatography, Allen and Unwin, London (1969). 
Handbook of Chemistry [in Russian], IV, Moscow--Leningrad (1965). 
N. A. Izmailov, Yu. V. Shostenko, S. Kh. Mushinskaya, N. G. Bozhko, and A. K. Franke, 
Trudy KhNIKhFI [Proceedings of the Khar'kov Sclentlfic-Research Institute of Pharmaceu- 
tical Chemistry], ~, 2 (1957). 
GFR Patent No. 946841 of July 19, 1956. 
N. G. Sinilova, Author's Abstract of Candidate's Dissertation, Khar'kov (1962). 
F. Hamerslag, The Technology and Chemistry of Alkaloids, Van Nostrand, New York (1950). 

50. Yu. Shvitser, Alkaloids [in Russian], Leningrad (1930). 
51. M.M. Tadzhibaev, I. N. Zatorskaya, K. L. Lutfullin, and T. T. Shakirov, Khim. Prirodn. 

Soedin., 48 (1974). 
52. A. A. Ryabinin, Zh. Obshch. Khim., 17, 2265 (1947). 
53. M. A. Romanchuk and L. G. Demina, in: Investigations in the Field of Ion-Exchange Chro- 

matography [in Russian], Moscow (1957). 
54. C.H. Engster, Adv. Org. Chem., ~, 427 (1960). 
55. Hungarian Patents No. 146703 (1960) and 147282 (1960). 
56. D. G. Kolesnikov et el., Med. Prom SSSR, ~, 40 (1959). 
57. I. S. Simon, YuA V. Shostenko, G. V. Zakharevskaya, and N. G. Bozhko, in: Investigations 

in the Field of the Industrial Use of Sorbents [in Russian], Moscow (1961), p. 172. 
58. N. G. Bozhko, in: Investigations in the Field of the Industrial Use of Sorbents [in 

Russian] (1961), p. 179. 
59. L. S. Maiofis, The Chemistry and Technology of Pharmaceutical Chemicals [in Russian], 

Leningrad (1964), p. 569. 
60. V. V. Panina, L. Sh. Gorodetskii, et al., Khim.-Farmats. Zh., I0, 31 (1972). 
61. S. Yu. Yunusov and P. Kh. Yuldashev, Dokl. Akad. Nauk UzSSR, No. 12, 24 (1952). 
62. S. Yu. Yunusov, P. Kh. Yuldashev, and N. V. Plekhanova, Dokl. Akad. Nauk UzSSR, No. 7, 

13 (1956). 
63. Kh. N. Aripov, T. T. Shakirov, and P. Kh. Yuldashev, Khim. Prirodn. Soedin., 293 (1966). 
64. Kh. N. Aripov, V. M. Malikov, and T. T. Shakirov, Khim. Prirodn. Soedin., 286 (1967). 
65. Kh. N. Aripov and T. T. Shakirov, Khim.-Farmats. Zh., No. 7, 56 (1967). 
66. Kh. N. Aripov, T. T. Shakirov, P. Kh. Yuldeshev, M. B. Sultanov, E. E. Korotkova, and 

S. Yu. Yunusov, USSR Inventors' Certificate No. 200734; Byull. Izobr., No. 17 (1967). 
67. Kh. N. Aripov and T. T. Shakirov, USSR Inventors' Certificate No. 219750; Byull. Izobr., 

No. 19 (1968). 
68. Kh. N. Aripov, T. T. Shakirov, Sh. Sh. Karabaev, P. Kh. Yuldashev, and S. Yu. Yunusov, 

USSR Inventors' Certificate No. 237339; Byull. Izobr., No. 8 (1968). 
69. Sh. Sh. Karabaev, Kh. N. Aripov, and T. T. Shakirov, Khim. Prirodn. Soedin., 196 (1969). 
70. Kh. N. Aripov, Sh. Sh. Karabaev, and T. T. Shakirov, Khim.-Farmats. Zh., No. i0, 51 

(1974). 
71. K. T. Akhmedzhanov, Kh. N. Aripov, and T. T. Shakirov, Khim. Prirodn. Soedin., 279 

(1973). 
72. U. Osmanov, Kh. N. Aripov, and T. T. Shakirov, Khim. Prirodn. Soedin., 278 (1973). 
73. U. Osmanov, Kh. N. Aripov, and T. 5. Shakirov, Khim. Prlrodn. Soedin., 442 (1973). 
74. Kh. N. Aripov, K. T. Akhmedzhanov, T. T. Shaklrov, V. M. Malikov, P. Kh. Yuldashev, and 

S. Yu. Yunusov, USSR Inventors' Certificate No. 371941; Byull. Izobr., No. 13 (1973). 
75. Kh. N. Aripov, U. Osmanov, T. T. Shakirov, S. Yu. Yunusov, P. Kh. Yuldashev, and V. M. 

Malikov, USSR Inventors' Certificate No. 384817; Byull. Izobr., No. 25 (1973). 
76. Kh. N. Aripov, T. T. Shakirov, B. K. Mirzakhmedov, M. V. Telezhenetskaya, N. I. Shara- 

kh±mov, and S. Yu. Yunusov, USSR Inventors' Certificate No. 460056; Byull. Izobr., No. 
6 (1975). 

77. B. K. Mirzakhmedov, Kh. N. Aripov, and T. T. Shakirov, Khim. Prirodn. Soedln., 456 
(1969). 

78. Kh. N. Khashimov, M. V. Telezhenetskaya, and S. Yu. Yunusov, Ehim Prirodn. Soedin., 456 
(1969). 

633 



79. D. A. Rakhimov, M. Sharipov, Kh. N. Aripov, V. M. Malikov, T. T. Shakirov, and S. Yu. 
Yunusov, Khim. Prirodn. Soedin., 713 (1970). 

80. B. Babaev, Kh. N. Aripov, and T. T. Shakirov, Khim. Prirodn. Soedin., 776 (1970). 
81. B. U. Khodzhaev, R. Shakirov, Kh. N. Aripov, T. T. Shakirov, and S. Yu. Yunusov, Khim. 

Prirodn. Soedin., 108 (1975). 
82. B. K. Mirzakhmedov, B. Kh. Zharekeev, M. V. Telezhenetskaya, Kh. N. Aripov, T. T. Sha- 

Kirov, and S. Yu. Yunusov, Khim. Prirodn. Soedin., 404 (1976). 
83. A. A. Ibragimov, I. Yu. Novgorodova, and Kh. N. Aripov, Khim. Prirodn. Soedin., 84 

(1977). 

PARTIAL ME T HYL A T I 0 N OF CARBOHYDRATES 

PARTIAL METHYLATION OF METHYL 8-L-ARABINOPYRANOSIDE 

E. V. Evtushenko and Yu. S. Ovodov UDC 547.917+543.544.45 

We have previously [I] studied the kinetics of the partial methylation of methyl 8-L- 
arabinopyranoside by Purdie's method. We have now obtained information on the methylation of 
methyl B-L-arabinopyranoside by other methods. 

As can be seen from Tables 1-3, in the initial stages of the partial methylation of meth- 
yl 8-L-arabinopyranoside the 2-O-methyl ether predominates in the monomethyl ether fraction, 
and the amount of 3-O-methyl ether formed is greater than that of the 4-O-methyl ether. 

It must be noted that in methylation by Kuhn's method in the presence of barium oxide 
the amount of 2,3-di-O-methyl ether rises sharply toward the end of the reaction (50.6% after 
1.5 h), and this method is therefore suitable for the preparative production of the 2,3-di-O- 
methyl ether. The rate of methylation of methyl B-L-arabinoside by this method is consider- 
ably less than the rate of methylation of methyl 8-D-xyloside [2]. The exhaustive methylation 
of the latter was complete in i h, while the conversion of methyl g-L-arabinoside into the 
fully methylated derivative was only 84% complete even after 2 h. 

TABLE I. Partial Methylation by Haworth's 
Method 

I I~ t ia l  
Time, [ arabino- 
rain t~ide, % 

10 I 63,2 20 45,1 
30 32,4 
45 24,7 
60 14.9 

120 4,0 

Meth' ri ether, % 

2 

14,5 
17,6 
19,2 
18,3 
16,5 
7,2 

8,5 
10,6 
9,7 
8,7 
6,0 
2,1 

7,0 
8,4 

10,0 
9,7 
9,0 
3,8 

2,3 I 2,44-3,4 

3,8 2,4 
8,5 6,8 

13,3 9,6 
14,5 12,2 
18,9 14,5 
17,2 11,2 

TABLE 2. Partial Methylation by Kuhn's 
Method (Ag20 + CH31) 

2,3,4 

0,6 
3,0 
5,8 

tl ,9 
20,2 
54,5 

~ I~itial 
Time. i arabino- 
rain iside, % 

60 
90 

120 
180 
240 
480 

10  78.3 
20 67.3 
30 43,7 
45 25,5 

13,7 
1,6 

I - -  

~8  
1019 
21 2 
2176 
18,9 
12,7 
11,7 

Methyl ether. % 

4 2,3 

7, 4.1 
12, 6,5 
17. 9,6 
25, 13,2 
35, 11,4 
35, 8,2 
19, 7,9 ~i 3,0 

2,2 
_, 1,1 

2,5 
4,6 

10.4 
20, l 
15,.~ 
36.7 
33,5 
25,8 

2,4+3,4 

-[2 
57  
9,1 
9.8 

18.6 
17.0 
15,6 
14 
10,6 

2,3,4 

0 , 3  
0,7 
3,3 

13,1 
37.1 
43,4 
60,4 
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