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DERIVEBETULINFROM KYRGYZ BIRCH BARK(BETULAKIRGHISORUM) THROUGH
ALKALINE HYDROLYSIS AND MICROWAVE RADIATION METHODS

Abstract: the work is devoted to the isolation of the pentacyclic triterpenoid betulin from Kyrgyz birch
bark. Kyrgyz birch (Betulakirghisorum) is an endemic plant listed in the Red Book of Kazakhstan. The
collection of raw materials was carried out on the territory of the Kent forestry of the Karkaralinsky state
national natural park. A study of the dependence of the quantitative yield of betulin from Kyrgyz birch on the
duration of extraction and the concentration of an aqueous solution of alkali was carried out. The maximum
yield of betulin under the conditions of the classical method of hydrolysis is observed when birch bark is boiled
for 3 hours in a water-alcohol solution of alkali. Betulin was identified using IR and NMR spectroscopy,
HPLC. Using the characteristic absorption frequencies in the IR spectra and the chemical shift in the 1H NMR
spectra, the presence in the compound of various groups of atoms and bonds characteristic of the betulin
molecule was determined. Qualitative and quantitative analysis of betulin was carried out by HPLC. This
substance has been isolated from Kyrgyz birch for the first time.

In order to intensify the process of betulin isolation from brist bark of Kyrgyz birch, the method of
microwave extraction was used. The greatest yields of betulin are observed when exposed to a microwave field
for 9 minutes. Compared with the classical methods of betulin extraction, the extraction rate in the microwave
field increases 15-20 times.

Key words: betulin, Kyrgyz birch, birch bark, extraction, microwave field, filtrate.

Introduction. Birch is a genus of deciduous in the extracts of which pentacyclic terpenoids of
monoecious trees and shrubs of the birch family. the lupane series predominate, with betulin being
Usually there are 120-140 species of birch trees in the main component [5, 6]. The steadily growing
the temperate and cold zones of the world and in the interest in betulin and its derivatives is due, first of
mountains of the subtropics. The chemical all, to a very wide range of its application in various
composition of the bark of many birch species fields. The availability and biological activity of
(Betula pendula Roth., BetullapubescensEhrh., betulin makes it one of the most valuable natural
Betulladavurica Pall., Etc.) has been studied in compounds; therefore, the development of various
sufficient detail [1-3]. On the territory of methods for the extraction of betulin is currently an
Kazakhstan, there are 15 species of birches, urgent task [5].
including 4 endemic: thick-barbed birch, Talas The currently known methods for producing
birch, Kyrgyz (Kazakh) birch, Yarmolenko birch. betulin have the following disadvantages: a low
The last three species are included in the Red Book degree of extraction, multistage and duration of the
of the Republic of Kazakhstan. Kyrgyz birch isolation process, as well as a large consumption of
Betullakirghisorum grows in a relatively small alkali [9]. Existing methods for the isolation of
territory of Kazakhstan. According to literary and betulin can be divided into two main groups. One of
Internet data, it is found on the territory of the them is based on the extraction of the outer layer of
Karkaralinsky State National Natural Park and the the bark various solvents in the Soxhlet apparatus
Naurzum State Natural Reserve [4]. and the extraction of betulin from the obtained

Birch bark serves as a source of various extracts. The second group of methods includes
extractives, the betulin (triterpene alcohol) content alkaline hydrolysis of birch bark and subsequent
of which ranges from 10 to 40%. The richest in alcohol extraction of betulin. The maximum degree
extractives is the outer bark of various birch species, of betulin extraction is achieved with complete
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hydrolysis of birch bark. However, exhaustive
hydrolysis of crushed birch bark (1-3 mm) proceeds
under rather harsh conditions: alkali concentration
20-25% and duration of birch bark hydrolysis 6-8
hours [6].

In order to intensify the process of betulin
release and increase its yield, the authors proposed
to first activate birch bark under conditions of
"explosive" autohydrolysis, then carry out alkaline
hydrolysis of autohydrolyzed birch bark and extract
betulin with lower aliphatic alcohols [7]. The
proposed method can significantly reduce the
duration of alkaline hydrolysis and achieve 95% of
the recovery of betulin from birch bark.

The influence of shock-acoustic action
(ACA) on the process of extraction of betulin with
an alkaline water-alcohol solution has been studied.
It was revealed that the ASW at a temperature of
70°C for 5 minutes intensifies the process of
hydrolysis of birch bark.

It is known that one of the effective methods
for the extraction of plant materials is microwave
treatment in a microwave (microwave) field. The
nature of the effect of the microwave field is similar
to the intense moisture-thermal treatment carried
out by a combination of the effects of conductive
heating and live steam, but the destruction of the
birch bark structure under the microwave field
occurs to a greater extent. The effect of the
microwave field creates excess pressure in certain
zones of the plant structure due to vaporization and
expansion of air in capillaries and voids [5].

This work shows the possibility of
intensifying the process of betulin release from
birch bark of Kyrgyz birch using microwave
exposure. Betulin (3B, 28-dihydroxy-20 (29) -
lupen) belongs to the pentacyclic triterpenoids of
the lupane series and is one of the main components
obtained from birch bark. Recently, the biological
activity of betulin and its derivatives in different
countries of the world has been widely studied [6 -
10]. However, there are no works devoted to the
isolation and study of lupane triterpenoids from the
bark of Kyrgyz birch, an endemic plant in the
Republic of Kazakhstan.

Lens nHacrosmei pa6OTLI —HCClIEeJ0BaHUE
METOOOB BBIACIICHUSI W KOJIMYCCTBCHHOI'O BBIXOJ4
OerynuHa w3 OepecThl Oepe3bl  KHPTU3CKOH
(Betulakirghisorum) B 3aBucuMoOCTH OT YCIOBHI
SKCTPAKIIHH.

The purpose of this work is to study the
methods of deriving and quantitative yield of
betulin  from brist bark of Kyrgyz birch
(Betulakirghisorum), depending on the extraction
conditions.

Experimental part.

Collection and preparation of raw
materials. The collection of birch barks of Kyrgyz
birch was carried out on the territory of the Kent
forestry of the Karkaralinsky state national natural
park in the summer and late autumn of 2020. The
outer part of the birch bark (birch bark) was crushed
to particles with a size of 1-5 mm, dried at 100°C to
constant weight.

Methods for separating betulin from birch
bark by the classical method. Extraction was
carried out according to a well-known technique [4].
In a round bottom flask with a volume of 2 liters,
equipped with a stirrer and a reflux condenser, was
charged 400 grams of raw material. 300 ml of
sodium  hydroxide  solution  of  various
concentrations and 750 ml of isopropyl alcohol
were poured into the flask. Then the reaction
mixture was boiled in a water bath for 2-4 hours
with vigorous stirring. After boiling, the reaction
mixture was quickly filtered from the remains of
non-hydrolyzed birch bark on a Buchner funnel. In
a water-alcohol mixture, the crude betulin
precipitated, it was separated by filtration and dried
to constant weight in a drying oven at 60°C. The
product was recrystallized in isopropyl alcohol.

Methods for isolating betulin from birch
bark by microwave exposure. Extraction was
carried out in a microwave installation, inside which
a 500 ml extraction flask with a reflux condenser
was built, as well as in a Monowave 400 microwave
reactor, Anton Paar, in a 30 ml vial (Fig. 1).

Figure 1- a) Microwave installation with
extraction flask and reflux condenser,s) microwave
reactor Monowave 400, Anton Paar
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Methods for studying the quantitative
yield of betulin. In this work, we pursued the
following goal: 1) to study the dependence of the
guantitative yield of betulin from Kyrgyz birch on
the duration of extraction by the classical method
and the concentration of an aqueous solution of
alkali, 2) to study the intensification of the process
of betulin release from birch bark using a
microwave field.

All betulin samples extracted from birch bark
are white powders.

Physical and chemical research of the
product. The resulting substances were identified
using thin layer chromatography (TLC) on Silufol
plates.

Melting points were determined on a
StuartSMP 10 instrument.

HPLC study of the samples was carried out
using a ShimadzuLC - 20 Prominence liquid
chromatograph, a Zorbax column with a size of 150
* 4.6 mm, and a spectrophotometric SPD 20 AV
detector. The mobile phase was a mixture of
solvents: acetonitrile - water (3: 1). Elution was
performed isocratic. Column temperature - 40°C.
The volumetric flow rate is 0.8 ml / min. The
analysis time is 25 minutes. The detector cell
temperature is 40°C.

The registration of IR spectra was carried out
on a Fourier spectrometer FSM - 1201, in the
wavelength range of 500 - 4000 cm -1 in KBr
tablets.

NMR spectra were recorded on a
BruckerAvanceAV-300  spectrometer at a
frequency of 300 MHz = (1H) according to the
standard technique, solvent CDCls.

Resultsand  Discussion. In order to
determine the influence of the concentration of
alkali in an alcohol solution, the duration of
hydrolysis and an increase in the yield of betulin
from birch bark of Kyrgyz birch, a series of
experiments were carried out, the results of which
are presented in Table 1.

Table 1- Data on the yield of betulin extracted by
butanol from birch bark of Kyrgyz birch,
hydrolyzed in the presence of sodium hydroxide

Concentration | Duration of hydrolysis of birch bark
NaOH, % with butanol, hour
2 3 4
15 2,9 4,9 2,5
20 6,5 10,9 5,9
25 59 7,6 5,5
30 39 5,2 2,7

As can be seen from the data presented in
table 1, the maximum vyield of betulin under the
conditions of the classical hydrolysis method is
observed in a 20% alkali solution for 3 hours.

All betulin samples extracted by butanol from
birch bark hydrolyzed in the presence of sodium
hydroxide after recrystallization from ethanol are
white powders with a melting point of 243°C.

The substances obtained as a result of the
experiments were analyzed using IR spectroscopy.
Using the characteristic frequencies of the
absorption bands, the presence in the molecule of
various groups of atoms and bonds characteristic of
the betulin molecule was determined. We identified
absorption bands characteristic of the following
groups of atoms: there is a broad absorption band
belonging to the stretching vibrations of hydroxyl
groups at 3433 cm?; stretching vibrations
characteristic of C - H groups of the lupane skeleton
at 2920 and 2851 cm ~*; stretching vibrations of the
C = C double bond at 1639 cm™; deformation
vibrations of CH, groups are observed at 1466cm™;
stretching vibrations of the C - O group are observed
at 1111 cm "*; deformation vibrations of CHs groups
-at883cm .

HPLC analysis of the qualitative and
quantitative determination of betulin shows that the
retention time for betulin is 5.1 minutes and the
purity of the isolated substance is 97%.

Further, the sample was analyzed through the
method SMP (Fig.2). Analysis of 1H NMR
spectrum shows that it corresponds to the
characteristic spectrum of betulin. Thus, the
multiplet is 3.20 ppm. corresponds to the C*H
proton. Multiplet 2.39 ppm - proton C*° H. Singlet
0.98 ppm - protons C**H, singlet 0.77 ppm - to
protons C**H. Doublet of doublets 3, 20 ppm -
protons C?® H, The doublet at 4.62 ppm
corresponds to the C? H, vinyl protons.
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Thus, it has been established that the substance
isolated from the bark of Kyrgyz birch is betulin

(Fig. 3).
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Figure 3-Structural formulaofbetulin

To intensify the process of separating betulin
from birch bark, the method of microwave
extraction was used. Data on the yield of betulin
extracted using a microwave field in the presence of
sodium hydroxide from birch bark of Kyrgyz birch
are given in Table 2.

Table2-Mass of betulin extracted by
microwave field method, g

Concentrat Time of exposure to the microwave
ion field, min
NaOH, % 3 6 9 12
15 3, 5, 15, 7,6
05 60 55 2
20 3, 8, 17, 9,4
23 47 26 6
25 3, 9, 18, 10,
24 13 25 15

As can be seen from table 1, under the
conditions of the classical hydrolysis method, the
maximum betulin yield of 10.9 g is observed when

birch bark is processed for 3 hours. Under
conditions of exposure to a microwave field with an
alkali concentration of 20-25%, within 6 minutes,
the yield of raw betulin is 8.47 and 9.13 g. The
highest betulin yields in 15.55-18.25 g are observed
when exposed to microwave - fields for 9 min.
Consequently, in comparison with the classical
methods of betulin extraction, the extraction rate in
the microwave field increases 15-20 times. With a
further increase in the duration of the extraction
process, the yields of the target product decrease.
Apparently, this is duetother esinificationofbetulin.

Raw betulin, obtained by the method of
microwave extraction, is a light gray powder,
odorless and  foreign inclusions.  After
recrystallization from isopropyl alcohol, betulin is a
white powder.

Conclusion. A study of the dependence of
the quantitative yield of betulin from Kyrgyz birch
on the duration of extraction and the concentration
of an aqueous solution of alkali was carried out. The
maximum yield of betulin under the conditions of
the classical method of hydrolysis is observed when
birch bark is boiled for 3 hours in a water-alcohol
solution of alkali. To intensify the process of betulin
isolation from birch bark of Kyrgyz birch, the
method of microwave extraction was used. The
greatest yields of betulin are observed when
exposed to a microwave field for 9 minutes. In
comparison with the classical methods of betulin
extraction, the extraction rate in the microwave field
increases 15-20 times. With a further increase in the
duration of the extraction process, the yields of the

target product decrease.
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(BETULAKIRGHISORUM) KbIPFbI3 KANBIHBIHBIH KABBIFBIHAH CITLIIK THAPOJIN3
"KOHE MUKPOTOJIKbIH/bI COVJIEJEH/IPY OAICTEPIMEH BETYJIMH/I BOJII ATY

AHHOTAIMSA: )KYMBIC KBIPFbI3 KaHbIHBIHBIH KaOBIFBIHAH MICHTAIUKII/II TPUTEPIICHOU T OSTYINHII Oemin
amyra apHanrad. Keipreiz kaiieigel (Betulakirghisorum) Kasakcranusry KpI3ell KkiTaObIHAa €HTIi3LITEH
9HAEMUKAJBIK ociMaik Oomeim Tabbutazpl. [llukizaTTsl skmHay Kapkapaibl MeMJIEKETTIK YITTHIK TaOUFd
napkiniH KeHT opMaH miapyalbUIbIFBIHBIH ayMaFbIH A KYPTi3iiai. KelpFbi3 KalibIHBIHAH alIbIHATBIH OCTYTUH
LIBIFBIMBIHBIH, SKCTPAKIUs Y3aKTHIFbIHA JKOHE CITiHIH CYJBI epPITIHIICIHIH KOHICHTPAMSIChIHA TOYENIiIIr
OoHbIHINIA 3epTTeynep XKyprizinmi. KiaccwkanmblKk THAPONU3 >KarMalbIHAAFbl OCTYIMHHIH MaKCHMAIlIbI
IBIFBIMBI KaWbIH KAOBIFBIH CUITIHIH CYJIBI-CIIMPTTI epITiHAICIHE 3 caraT OOWbI KaliHATY Ke3iHjae OaliKaiajbl.
Berynun upentudukanumsicer XKTCX, UK xone AMP — cmektpockonusi aficTepiH HaigaiaHy apKbLIbI
Kyprizinai. UK — criekTprepide ToH XKyThUTy sKonakTapsl MeH SIMP'H — criekTprepiHeri XUMHSITBIK BIFBICY
MOHJIEPiHIH KOMETIMEH KOCHUIBICTa OETYJIMH MOJIEKYJIachlHA TOH dPTYPIIi aToMaap MeH OalmaHbIcTapabIH O6ap
exenziri anbikTaaabl. JKTCX omiciMeH O€TyJNWHIE CaHIBIK JKOHE CamajblK Tangay xkypriziimi. Kelprbi3
KaibIHBIHAH OYJI 32T aJFamnl peT OeIiHIM allbIH b
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KpIpFpI3 KalBIHBIHBIH KaOBIFBIHAH OCTYJNHHII OOl ary YpAIiCiH KBUIIaMIaTy YIIiH MUKPOTOJIKBIH]IBI
SKCTpaKmusl OHiCi KOMAAHBUIABI. BeTynwHHIH XOFaphl MIBIFBIMAAPE] MUKPOTOJKBIHABI OPICTIH 9 MHHYT
IIHgeri ocepi HOTWKeCiHAe Oalikanaabl. BeTynuHAI SKCTpaKIMsJIAyJbIH KIACCHKAIBIK 9IiCTepIMEH
CaJIBICTBIPFaH]1a, MUKPOTOJIKBIHBI ©PICIHCT] SKCTPAKIUS KbUIAaMIBIFbI 15-20 ece apTajbl.
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BBIJEJIEHUE BETYJUHA U3 BEPECTHI BEPE3bI KNPTU3CKOM (BETULAKIRGHISORUM)
METOJAMMH IEJOYHOI'O I'NAPOJN3A U MUKPOBOJIHOBOI'O N3JIYUEHUA

AHHOTanus: paboTa TMOCBSIICHA BBIACICHUIO MEHTAIMKINYECKOr0 TPUTEpIIEHOMAa OeTynnHa M3
Oepecthl Oepe3sl kuprusckoil. bepesa xuprusckas (Betulakirghisorum) ssisiercst SHAEMUYHBIM PAcTCHUEM,
3a"HeceHHBIM B KpacHyro kHmry Kazaxcrana. COop chIpbs OBIT NMpOBEACH Ha TeppuTropuu KeHTckoro
JecHH4YecTBa KapkapalnHCKOTO TOCYZapCTBEHHOTO HAI[MOHAIBHOTO TIpuUpoAHoro mapka. IIpoBexeno
HCCIIEIOBAaHNE 3aBHCUMOCTH KOJMYECTBEHHOTO BBIXOJa OeTyluHa W3 Oepe3bl KUPTH3CKOH  OT
NPOJOJKUTEIBHOCTA 3KCTPAKUMU M KOHLEHTpAlMM BOJHOIO pacTBOpa IIeNo4Hd. MaKCHUMAalbHBIA BBIXOJ
OeTylIMHa B YCIOBHUAX KIACCHYECKOTO METO/1a THAPOJIH3a HAabIogaeTcs pH KUIITICHNH OepecThl B TEUEHHE
3 yacoB B BOAHO-CIMPTOBOM pacTBOpe MIenoud. beTynnH naeHTHPUIUPOBaIl C MCIOIb30BAHUEM METOJ0B
UK- u JAMP - cnexrpoxonuu, BOXX. C nmomormpio XapakTepUCTUYECKUX YacTOT MOIJIOIIEHUS B CIIEKTpax
UK n xumugeckoro cisura B IMPH - criektpax 6b110 ONpe/ieNieHo HaIHIHe B COeIMHEHHH Pa3TNYHbBIX TPYII
aTOMOB W CBS3€H, XapaKTEepHBIX AJS MOJIeKylbl OeTynuHa. Merogom BOXKX mpoBeneHbsl kauyecTBEHHBIH U
KOJINYECTBEHHBIN aHaiu3 OeTynuHa. 13 Oepesbl KUPru3cKol JaHHOE BELIECTBO BBIJICJIICHO BIIEPBBIC.

s uHTeHCH(hMKannK mpoliecca BeIAeNeHHs OeTymHa 13 OepecThl Oepe3bl KHPTH3CKOW UCTIONh30BAITH
meron CBU-skctpakmuu. Hanbonpmme BeIXoAbl OeTyinmHa HabmomaroTcs mpu Bosxaeiictsun CBU-momns B
TeueHne 9 muH. [lo CpaBHEHHIO C KIACCHYECKUMH METOJaMU SKCTPAarupoBaHHs OETyJIMHA CKOPOCTb
skcTparupoBanus B CBY- none nossimaercs B 15- 20 pas.

KuaroueBsle cjioBa: OeTynuH, 6epesa kuprusckas, oepecta, skcrpaknus, CBU-mone, hunsTpar.
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