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alkali solution of organic acid salts, acidifying said salt solution, isolating chlorophilline acids and a fatty and resin acid fraction therefrom by
retention, dividing the sum of diterpenic and higher fatty acids, distilling the solvent from neutral substances and in dividing said neutral
substances. The diterpenic and higher fatty acid sum is treated in a low-molecular alcohol by adding a sulphuric acid in the form of a catalyst.
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OCTAaTOK, PacTBOPMMBIH B aueroHe. [Ipn mepepaboOTKe oCTaTka CnMPTOM, OTACNAIOT CyMMY IMTEPTEHOBBIX CIHPTOB, OMbLICHUEM KOTOPBIX
HONY4alOT KOHUEHTPAT NOAHNPEHONOB, H3 KOTOPOro XpoMarorpagueit BLIACAAIOT NONHNPEHOMBI.
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METHOD OF PROCESSING PLANT RAW MATERIALS

Yechnological area of invention

The invention pertains to the field of forest-chemistry industry, and specifically, to methods of
comprehensive processing of plant raw matenals 1o obtain a range of valuable products for
utilisation in pharmaceutical and cosmstics industry, agriculture, and common chemical
products.

Plant raw materials include green needles of the following conifer species: common pine
(Pinus silvestris), Siberian pine (Pinus sibinca), common and European spruce (Ficea
obovata, Picea abies (L) Karst), Siberian fir (Abies sibirica), China fir (Cunninghamia
lanzeolata) and tree foliage of deciduous species: Gingko biloba.

L evel of technological invention

Currently, there are certain known methods for processing green needles of canifer species,
which result in obtaining products with a wide spectrum of utilisation.

There is a known method of processing fir needies (RU Ne 2183630, C0O7 D 309/40, C 08 F
1/00, 2000). This method includes extraction of fir green needles, setting of extract,
separation of crystalline fraction from the green needies extract with subsequent processing
of the latter into feed flour. This method differs in that the settling of the extract is performed
at 0-24°C for 16-24 hours; afier separation, the crystalline part is rinsed with low-polar
organic solvent with a ratio of substance:solvent being at least 1:4; then, the low-polar
solvent is removed from the crystalline fraction and maltol crystals are isolated using
sublimation at 895-105°C at decreased atmospheric pressure. Extraction of fir green needles is
performed using hquid CO,. The obtained maital is 98-99.9% pure. This method allows for

obtaining nat only maltol, but alsc carbon dioxide extract, feed flour or compost green
needles from green fir needles.

A Known method tor deep processing of green conifer needles (RU Ne 2015150, CO9 F 1/00,
C 11 B 1/10, 1991) includes extraction of green needles using organic solvent; separation of
coniferaus wax by settling and filtration while cooling; saponification of obtained solution of
extractive compounds with a hydrocarbon solvent using an alkaline solution; separation of
saponified solution into a fraction containing a solution of neutral compounds in a
hydrocarbon solvent and a fraction containing water-alkaline solution of salts of organic

acids, which is then fractionalised by settling into chlorophyllin acids and a mixture of fatty

and resin acids. The latter is used for obtaining insecticide. Neutral compounds undergo
vacuum distillation resulting in obtaining of isoabieno!.

A known method for processing extractive compounds of green conifer needles (RU Ne
2156785, COYS F 1/00, 1999) includes isolation of wax; vacuum distillation of obtained

solution with separation into sesquiterpenoids, labdanic diterpeniods and distillation
remainder fractions; saponification of the distillation remainder using an alcohoi-alkaline

solution; treatment of saponification products with organic solvent and water; separation of
non-saponifiable compounds by settling with subsequent isolation of sterins, palyprenols, di-
and triterpenoids using extraction with a liquid solvent. A distinctive feature of this method is
that vacuum distillation is performed under conditions of turbulent film flow of the solution
aver a heated surface with separation of sesquiterpenoids and labdanic diterpenoids
fractions within a given temperature range of the distilled liquid, with addition of solution
obtained at the stage of additional re-crystallisation of isolated wax at the vacuum distillation
stage. Saponification of distillation remainder is performed at 65-70C. The additional wax re-
crystallisation is performed by dissolving wax in an organic solvent with subsequent cooling
of the solution at certain temperature, separation of formed solid fraction by filtration and
removing of solvent from the filtrate.
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All known methods have a shortcoming in that they are abie 10 1solate and utilise only a part
of the extractive compounds that can be dissolved In low-polar extracting agents (petroleum,
petroleum ether) or in water — natural conifer extract. The other extractive compounds, which
are non-soluble in water or low-polar solvents, remain behind in the green needles after

extraction.

The method most similar in technology and results is a method for processing green conifer
needles (RU Ne 2017782, CO9 F 1/00, C 11 B 1/10, 1991). This method includes extraction of
green needles by treating it with an extracting agent (organic solvent); isolation, settling and
filtration of coniferous wax with m.p. of 72-76°C; saponification of obtained solution of
extractive compounds in a hydrocarbon solvent using a 20-40% alkali agueous solution;
separation of the saponified solution into a solution of neutral compounds in hydrocarbon
solvent and water-alkaline solution of salts of organic acids; acidification of obtainad water-
alkaline solution of salts by inorganic or organic acid to pH 1-3 and isolation of chlorophyilin
and total higher fatty and resin acids (with subsequent production of plant protection agents,
and rodent repelients), removal of solvent from solution of neutral compounds and
subsequent fractioning via settling of waxes with m.p. of 52-56°C and vacuum distiliation with
residual pressure of no more than 1300 Pa into 3 fractions with b.ps. of 90-120°C, 120-210°C
and distillation remainder. The distillation remainder is treated with alcohol alkali solution, then
alcohol is removed; the remainder is dissolved in organic solvent, and then water is added.
The solution I1s separated by seftling into a solution of fatty acids and a solution of
unsaponifiable compounds with subsequent isolation of fatty acids from salts by acidification
of fatty acids concentrate to pH 1-3. Unsaponifiable compounds are used for isolation of
sterins, polyprenols, di- and triterpenoids by a liquid solvent extraction method.

This method has some shortcoming such as: vacuum distillation of neutral compounds at
high temperature (up to 240°C) does not allow for conservation of all polyprenols as they
partially (10-15% of total content) dehydrate to carbohydrates: isolation of labdanic fraction
dunng distillation of neutral compounds separated from waxes leads to partial isomerisation
of the labdanoids, their polymerisation and correspondingly to reduced yields. Isomerisation
and polymerisation of some labdanoids results in formation of artificial compounds. Other
disadvantages of this method include its multi-stage character and generation of products,
which can not be utilised due to their artificial nature (polymer fractions).

The arguments outlined above are confirmed by results obtained from processing of green
conifer needles. They are known to specialists in the field of processing plant raw maternals
and allow for stating, that up to present time, no effective processes for obtaining extractive

compounds from coniferous or deciduous tree foliage with maximised yields of major
products have been developed.

Description of the invention

Technical outcomes of the invention are:

- Increased process effectiveness in processing extractive compounds from green conifer
needles and foliage of deciduous species:
- InCreased yields of main products: concentrate of labdanoids. fats and higher fatty acids;

concentrate of polyprenols; increased yield of chlorophyllin acids and rodent repellent. This
cutcome has been achieved as follows:

The invention is based an a method of processing plant raw materials from green conifer
needles and foliage of deciduous species which includes the following: extraction using
arganic solvent; subsequent isolation by settling with cooling and filtering of waxes;
separation of free acids from the obtained solution of extractive compounds in hydrocarbon
solvent with alkali solution; fractionalisation of the obtained neutralised solution into 2
solution of neutral compounds in hydrocarbon solvent and a water-alkaline solution of salts of
organic acids; acidification of water-alkaline solution of salts by organic and inorganic acid
and subsequent separation by settling into chlorophyllin acids and the fatty and resin acids
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fraction, with subsequent fractioning of the total diterpene and higher fatty acids; distillation of
solvent from the neufral compounds and separation of the neutral compounds.

This method differs from others in that. the combined diterpene and higher fatty acids are
treated with low-molecular alcohol with addition of sulphuric acid as catalyst; alcoho! is
distilled off, diterpene acids and catalyst are neutralised by a inorganic base; esters of higher
fatty acids are extracted by a hydrocarbon solvent, water-alkaline solution is acidified, and
isolated diterpene acids are extracted by a hydrocarbon solvent; solvent is distilled off until
the concentration of diterpene acids is 30-50%, and rodent repellent is obtained.

Neutral compounds are extracted by acetone and then by alcohol C4- C5. The mass ratio 1:2
- 1.5 neutral compounds:salvent 1s obtained by acetone treatment of concentrates of esters
of higher fatty acids, triterpene alcohols, sterins and higher fatty alcohols, and acetone
soluble remainder. The remainder is then retreated with alcohol, the total diterpene alcohols
fraction is separated from the non-alcohol soluble compounds, which are then saponified by
alcohol alkali solution to obtain polyprenols concentrate, which is then chromatographed on
silica gel with substance:sorbent ratio of 1:10, using hexane, and hexane with addition of 5%
of diethyl ester by volume, and hexane with addition of 10% diethyl ester by volume with
sorbent:solvent ratio of 1:1, to isolate polyprenols.

Examples of preferred implementation of invention

The method includes the following sequence of operations and procedures: Plant raw
material - green conifer needies and foliage of deciduous species (birch, ginkgo biloba) — is
extracted by organic solvent with subsequent treatment of the obtained extractive
compounds by an aqueous solution of NaOH with obtaining of salts of higher fatty acids,
resin and chlorophyllin acids (water-alkaline phase), as well as of neutral compounds,

unsaponifiable under the conditions of the performed process (compounds soluble in organic
solvent).

The solution of salts of resin, higher fatty and chlorophyliin acids is treated UsSing an aqueous
solution of mineral or organic (C,- Ca) acid with solution density of 1,100-1.200 kg/m®, with
aadition of water-immiscible organic solvent, heating of the mixture to §5-65°C while miXing
phases. The solution is kept at the given temperature for at least 3 hours without mixing.

The layer of organic solvent with higher and resin acids is drained or siphoned off; the
organic solvent 1s added again and heated with mixing; settled for at least 3 hours:; the
organic solvent with remainder of higher and resin acids is siphoned or drained off once

again. After separation of the layer containing organic solvent with dissolved acids, the
aqueous solution with dissolved sodium salt is poured off.

Remaining chlorophyliin acids, insoluble in water and organic solvent are treated by live
steam for removal of solvent traces and rinsing off sodium salts. Then, the liquid
chlorophyllin melt is poured off into a container. The solvent is distilled from the solution of
resin and higher fatty acids in organic solvent; the remainder is dissolved in low-molecular
alcohol (C,-C;), heated up to at least 45°C, a Catalyst is added and the mixture stirred.

Aflter estenfication, the acidic catalyst is neutralised NaQH or another base, the solvent is
distilled, and water and hydrocarbon solvent are added. diterpene, tricyclic and labdanic
acids which are not esterified under these conditions and esters of higher fatty acids transfer

into the organic solvent. Then, alkali agueous solution is added while stirning at 50-65°C and
laft to settle.

Labdanic and tricyclic acids transfer into the water-alkaline phase as salts, while esters of
higher fatty acids remain in the organic solvent. The organic solvent with esters of higher
fatty acids is separated from the water-alkaline solution of diterpene acids. Solvent is distilled
from the solution of acids’ esters and esters of higher fatty acids (analogues of fats) are
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obtained. The water-alkaline solution is acidified to pH 1-3 using aqueous acid solution and
isolated diterpene acids are extracted with hydrocarbon soivent; aqueous solution is
separated from organic solvent phase; solvent is distilled obtaining the total diterpene acids
fraction (used as a fruit tree rodent repellent which is more effective than known repellents
against rodents, insects wintering in fruit tree bark, and pathogenic microorganisms.

The solvent is distilled from the neutral compounds after separation of acids; the remainder is
treated with acetone at 40-50°C with stirring, then cooled to 0°C + 10°C for at least 3 hours to
settle the remainder. The ratio of substance:acetone is 1:4 — 1:8. At a ratio of less than 1:4,
the produced volumetric remainder fills the total volume of the extracting agent, which makes
its further separation by filtration difficult. Ratios of substance:acetone higher than 1:8 do not
allow for separating the fraction containing esters of higher fatty acids and sterins, potentially
due to the increase in the volume of the extracting agent vs these compounds, while also
requiring larger vessels more energy spent on removing the solvent fraces.

Formed sediment consisting of hydrocarbons, esters of higher fatty acids and fatty acids with
of higher fatty alcohols and triterpenocids, and fatty alcohols, is separated from compounds
soluble in acetone. The remainder is washed with acetone cooled to -5°C -10°C and the
solvent is combined with the main acetone solution. Then, acetone is distilled off and the
remainder is treated with low-molecular alcohol (C4-C,). The substance:alcohol rafio is 1:2 -
1:5. With ethanol, alcohol concentration is 86-80% by volume. Reducing the substance-
alcohol ratio below 1:4 increases the number of extraction stages for diterpene alcohols due
to their low solubility in alcohol, while increasing the ratio leads to increases in required
vessel volume and energy consumption for subsequent distillation of the alcohol. The
temperature during alcohal treatment is at least 40-50°C, at which most of diterpene alcohols
transfer into alcohol and approximately half of polyprenals and their acetates are dissolved.
With the mixture cooled below 30°C, polyprenacls and their acetates precipitate from the
solution and form an oily, slow moving sediment.

After cooling and sedimentation over 1-2 hours, the alcohol solution is separated and the
procedure s repeated. The completion of diterpene alcohols extraction is determined by TLC
method in a solvent system of petroleum ether with addition of 8-12% of diethyl ester. The
absence of a spot corresponding to labdanic alcohols on the chromatogram during its
development by concentrated or 50% aqueous solution of sulphuric acid and subsequent
heating of the chromatogram at 100-120°C is an indicator of complete extraction of labdanic
alcohols — the base for an antiseptic agent (fungicidal, bactericidal and antiviral activity). After
extraction of labdanic alcohols, alcohol at the substance:solvent ratio of 1:2 -1:3 and alkali

(50-55 g / 1 kg dry material) are added; heated up to 50-60°C: and stirred at this temperature
tor 30 minutes.

The solvent is distilled off, the remainder of unsaponifiable compounds and salts of higher
fatty acids is mixed with a solvent non-miscible in water (petroleumn ether, hexane or diethyl
ester); then the organic layer is washed twice with water. Water extracts are separated and
combined. The solvent non-miscible with water is added, heated. stirred and mixed with the
aqueous solution of mineral acid to pH 2-3. Obtained acids transfer into organic phase, while
the aqueous solution with obtained sodium and potassium salts of mineral acid are
separated from the organic phase. The organic solvent is distiled off from the solution of
unsaponifiable compounds and polyprenols concentrate with the total content of the main
substance at least 80% is obtained. The aobtained concentrate is chromatographed using a
silica gel column. A solvent system of hydrocarbon solvent with increasing additions of a

more polar solvent (hydrocarben solvent with addition of 8-10% diethyl ester) is used as an
eluent. Below are examples for utilisation of the invention.

Example 1

2,930.0 g of green spruce needles containing 90% green needles (50.0% moisture content)
are extracted in the Soxhiet device by petroleum ether with boiling limits of 70-100°C for 6
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hours. 118 g (8.0% of dry raw material weight) of extractive compounds are obtained. The
extract is cooled and settled for 6 hours at 10-12°C. Extracted waxes are separated from the
solution using fifration. 3.2 g of waxes with m.p. of 70-76°C (2.7% of extractive compounds
weight) are obtained.

The wax free solution of extractive compounds in petroleum ether is heated up to 60-65°C,
with addition of 100 mil 30% aqueous solution of NaOH (pH=10), and stirred for 1 hour at 65-
70°C. Then, the water layer i1s separated from the organic solvent. The solvent is rinsed twice
with 0.25 1 of warm water (50-60°C) and settled after each rinse for 1 hour. Aqueous solutions
are poured off and combined with the main water-alkaline solution of salts of organic acids. After
separatian of waxes and acids, the solution of extractive compounds has pH of 7 and orange
colour. Petroleum ether is distilled off from the solution of neufral compounds and 66.8 g
(56.6% of total content of extractive compounds) of neutral compounds are obtained.

Water-alkaline solution of salts of organic acids is combined with the rinse water heated to
60-65°C with addition of 200 m! petroleum ether (m.p. 70-100°C) and 100 mi 15% aqueous
soiution of sulphuric acid. After 10 minutes of stirring, the pH of the aqueous solution is
measured. pH of the solution is 1-2. If pH is more than 3, 10 mi of aqueous solution of
sulphuric acid is added and stirring continues for another 10 minutes. Then, the stirrer is
switched off and the mixture is settled for 0.5-1 hour.

After settiing, 3 layers are formed. The lower layer is an agueous solution of sodium sulphate.
the top — solution of higher fatty and resin acids, and the middle layer — emulsion of
chlorophyllin acids insoluble in water or pet ether.

The top layer of organic acids in petroleum ether is separated by siphoning, the bottom is
poured off. Chilorophyliin acids, insoluble in water or petroleum ether. are treated with direct
steam and poured off into a container as a viscous oil, and dried at room temperature (20-

25°C), resulting in 7.4 g of chlorophyllin acids with 20% moisture content (5% of total content
of extractive compounds).

The solvent is distilled off from the solution of organic acids in petroleum ether (higher fatty
and resin acids) and in total 40.7 g of acids is obtained (34.5% of total cantent of extractive
compounds). The obtained acids are dissolved in 250 ml of ethanol in a container with a
reverse heat-exchanger, then heated until ethanol starts to boil and 0.5 ml of concentrated
sulphuric acid is added. The heat-exchanger is switched to the direct mode and ethanol is
distitled off. To the remainder 200 ml of petroleum ether (boiling range - 70-100°C) is added,
the solution is washed with 50 ml of water while stirring, then the water is poured off.

Then, the solution is heated to 60-65°C and 15 ml of 30% aqueous solution of NaOH is added.
The solution is stirred for 30 minutes, and 15 mi of water IS added, stirred for 10 minutes and

seftled for 1 hour. The water-alkaline solution is poured off. Solution of ethyl esters of higher
falty acids is rinsed with water (15 ml) while stirring and settled for 30 minutes; aqueous
sofution Is poured off and added to water-alkaline solution of salts of tri- and bi-cyclic
diterpene acids. The solvent is distilled off from the solution of ethyl esters of higher fatty

acids in petroleum ether and 13.3 g of remainder is obtained (11.2% of total content of
extractive compounds).

The water-alkaline solution of salts of diterpene acids is acidified to pH=1-2 by 30% agueous
solution of sulphuric acid and isolated organic acids are extracted with 100 m! of petroleum
ether (boiling range 70-100°C) while stirring at 60-65°C. The bottom layer containing
sodium sulphate is poured off and the solvent is distilled off until the total content of
diterpene acids in petroleum ether reaches 38-40%. Solution of diterpene acids in
petroleum ether has rodent repellent properties (mice, jackrabbits), as wall as bactericidal and

fungicidal properties against pathogenic micro-organisms. Yield of repellent is 70.0 g, with dry
substances weight of 27.0 g.

250 ml of acetone is added to 66.6 g of neutral compounds; heated to 40°C, stimed until a
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homogeneous suspension forms, and cooled to t<-5°C for 4 hours. The acetone .solution IS
separated by filtration into 2 parts: crystaliine (solid) phase and the mother liquor. The
crystalline phase (sedimented on the filter) 1s rinsed with 100 ml of acetone coaled to t=-5°C.
The acetone remaining on the solid phase is suctioned off at lowered pressure. Then, the
remainder is transterred intc a container and dried at lowered pressure and t=50-60°C. Yield
of the solid phase is 18.5 g or 15.7% of total extractive compounds. After fiitration, the
rinse acetone Is combined with the main acetone solution; acetone is distilled off and an oily
mass (48 g or 40.7% of total extractive compounds) is obtained.

After acetone distillation, the remainder is combined with ethanol (250 ml, water content in
solution is 12% by volume), the mixture is heated while stirring with a backfiow condenser to
50°C. Then the mixture 1s cooled to 20-25°C and settled for 3 hours. The ethano! solution
with predominant content of dissolved diterpene alcohols is separated. The remainder is
again combined with 250 mi of 88% ethanol, heated to 50°C, and then, the procedure for
separation of alcohol solution of diterpene alcohols described ahove is used.

Separation of diterEene alcohols from the oily remainder by 88% ethanol is performed 4
times. After the 4" treatment with 88% ethanol the remainder is analysed for content of
diterpene compounds using TLC. A spot with the remainder sample is applied onto a Silufol or
Sorbitol plate; the plate is eluated by hexane with addition of 10% diethy! ester. The
chromatogram is treated with concentrated sulphuric acid and heated at 120°C. Appearance
of lilac spot with Rf = 0.48 indicates the presence of diterpene labdanic alcohols in the
mixture. The absence of the lilac spot with Rf = 0.48 on chromatogram indicates the
absence of labdanic alcohols in the remainder. If the labdanoid spot i1s present, fifth
extraction of diterpene alcohols from the remainder is performed as described above. Then,
alcohol extracts are combined, alcohol is distilled off, and 31.2 g of diterpene alcohols
concentrate is obtained (26.4% of the total extractive compounds).

The diterpene alcohols concentrate contains approximately 5% mono- and
sesquiterpenes. They are separated from the diterpene alcohols by freating the concentrate
with direct steam. Essential oils with water vapors are directed into a heat exchanger:
condensed liquid is pooled into a collector. In the collector, the water layer is separated from the
essential oil product, with obtaining 1.7 g of essential oils. The remainder after distilling off the

essential oll, containing diterpene alcohols, is dried by indirect steamn and collected. Yield of
diterpene alcohols fraction is 29.5 g or 24.6% of the total extractive compounds.

The remainder after extraction by 88% ethanal was 17.1 g, when calculated as dry weight. To

the remainder containing esters and free polyprenocls, are added 50 ml of ethano! and 1.1 g of

dry NaOH. The solution is heated and alcohal is gradually distilled offi, The obtained
remainder is combined while stirring with 70 ml of hexane, heated to 50°C, and 10 ml of

water 1S added. After all the water is added, the stirred is disconnected and the mixture is
settled for 1 hour. Water-alkaline layer is separated from the unsaponifiable compounds in
hexane. The solvent is distilled off and 14.7 g of remainder is obtained. The water-alkaline
solution is added to a part of the water-alkaline solution of free acids from the next batch of
extracted conifer needles, before its acidification by 15% sulphuric acid or it is treated
separately. In the latter case, the water-alkaline solution of salts of higher fatty acids is
combined with hexane and heated to 50°C while stirring; then, a 15% aqueous solution of
sulphuric acid is added to pH=2. The solution is stired for 15 min and settled for 1 hour.

Aqueous solution of sodium sulfate is poured off hexane is distilled off, and 1.9 g of higher
fatty acids is obtained.

Unsaponifiable compounds (14.7 g) are transferred into 2 column with 150 g silica gel
(column length 0.80 m, diameter 0.03 m) and consecutively extracted by 300 ml of hexane,
300 ml of hexane containing 5% (by volume) of diethyl ester, and at the end, 500 ml! of
nexane with 10% diethyl ester. The last fraction contains polyprenols. Separation of the fraction

is controlled by TLC. The solvent system is hexane containing 10% diethyl ester. Concentrated
sulphuric acid s used to develop the chromatogram. The polyprenols spot is red-brown in
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colour with Rf=0.50-0.52. Solvent is distilled off from the fraction containing polyprenols.
11.8 g of polyprenols or 10% of the total extractive compounds is obtained.

Separation of extractive compounds contained in spruce conifer needles, results in obtaining
the fallowing compounds (% of weight total extractive compounds):

Chlorophytiin acids - 5.0
Ethyl esters of higher fatty acids ~11.2
Total resin aclds - 24.6
Wax, m.p. 70-76°C -2.7
Concentrate of diterpene alcohols -22.9
[-ssential ol -1 4
Complex Esters -15.7
including:
Esters of higher fatty acids and triterpenoids - 9.0
Esters of higher fatty acids and higher fatty alcohols -4.7
Polyprenols -10.0
Higher fatty acids - 1.6.
Example 2

3,580 g of green pine needies containing 85% needles, moisture content of 505% are
extracted in a reflux-condenser type extractor with hexane for 4 hours, 249.9 g of extractive
compounds, or 14.1% of dry raw material weight, is obtained.

The extractive compounds dissolved in hexane are separated, as shown in Example 1, into
the following products (percent of weight of total extractive com pounds);

Coniferous wax 9.2 g 3.7%
Chlorophyllin acids 32Q 1.3%
Ethyl esters of higher fatty acids 33.7 g 13.5%
Total resin acids 755¢g 30.2%
Neutral compounds 127.5 g 51.0%

Neutral compounds are treated with 500 mi acetone at 50°C for 30 minutes, and stirred with
a reverse heat exchanger. The stirrer is disconnected and its content cooled to 0°C and
settled at this temperature for 1 hour. Top liquid layer was siphoned off: the remainder
combined with 250 mi of acetone cooled to 0°C, then stired for 10 minutes, the mixer was
disconnected, and the mixture was settled at 0°C for 30 minutes. Top liquid layer was
separated from the sediment by siphoning and combined with the main acetone solution. The
sediment was transferred to a vacuum-filter, the acetone remainder was suctioned off and
combined with the main solution. Acetone (430 mi) was distilled off from the combined
acetone salution; the remainder of the acetone solution (300 ml) was cooled to -10°C. The
cooled solution was settled at -10°C for an hour: then poured off into a vacuum filter and

separated from the sediment. Sediments were combined and dried from acetone traces. The
yield of the complex esters fraction is 48.7 g.

The solvent was distilled off from acetone soluble compounds; the yield of aily remainder

was /7.9 g. Then, the remainder was treated as described in Example 1. The following
products were obtained after separation of neutral caompounds:

Complex esters of higher fatty acids, -48.7 g 38,2%
tnterpene and aliphatic alcohols

Of neutral compounds

Concentrate of diterpene alcohols -37.4 g 29.3%
Essential oil - 3,24 2.5%
Folyprenots -11.7 @ 9,2%
Higher fatty acids -7.8 ¢ 6,1%.
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Example 3

3,800 g of mulched small Cunningamia lanzeolata branches (85% needles content and
moisture content of 52%) were extracted in a Soxhlet extractor for 5 hours, with
petroleum ether, boiling range 70-100°C. 1348 g of extractive compoundg or 7.2% of firy
raw material weight, were obtained. After cociing and seftiing of the solut!on of extractive
compounds in petroleum ether at 10°C for 12 hours, 1.6 g of wax was obtained (12% of the
total extractive compounds). The following products were obtained as a result of treatment of
extractive compounds after separation of waxes, as described in Exampls 1:

Chlorophyliin acids - 3.0 g, 2.2%
| Of total of extractive compounds
Total higher fatty and resin acids -13.5 g, 10.8%
Of total of extractive compounds
Neutral compounds - 116 g.

The total acids were separated into esters of higher fatty acids - 3.0 g, 2.2%, which
contained the following compounds as main components: myristic acid ester - 15%
of total esters of higher fatty acids; palmitic acid ester - 18%; oleic acid ester - 19%:
inoleic acid ester - 18%,; and linolenic acid ester - 8%, as well as diterpene resin acids -
10.1 g or 7.5%. Diterpene acids consist of one component - 4-epi-trans-communic acid.

Neutral compounds were treated with 550 ml acetone while stirring at 45-50°C for 30
minutes with a backflow condenser. The mixer was switched off the mixture cooled to 0°C
and settled at this temperature for 5 hours. Acetone was siphaoned off: sediment transferred
onto a filter and rinsed with 200 ml of acetone cooled to 0°C. Acetone extracts were
combined. Acetone was distilled off; the acetone soluble compaounds yielded 68.4 g. or 58.0%

of neutral compounds. The total complex esters of higher fatty acids of triterpenoids and
aliphatic alcohols nonsoluble in acetone yielded 46.7 g, 41%.

After distillation of acetone, acetane soluble compounds were treated with 350 ml of 86%
ethanal, as described in Example 1, obtaining 20.2 g of diterpene compounds transferable into
ethanol and consisting of. 75% 4-epi-trans-communol: 4-ept trans-communol (6%) and methyl
ester of 4-epi-trans-communic acid (4%), with traces of triterpene alcohols and [-sitosterol.

Oily sediment, insoluble in 86% ethanol at 20-30°C, was saponified in 150 ml! of ethanol
containing 3.0 g of NaOH in a rotary evaporator with simultaneous distillation off of the solvent.
After treatment of the remainder after ethanol distillation, as described in Example 1, 2.5 g of
nigher fatty acids and 425 g of unsaponifiable compounds were obtained.
Unsaponifiable compounds were chromatographed using a column with 400 g of silica gel:
and eluated with hexane containing 10% diethyl ester. obtaining 33.7 g of polyprenols.

As a result of separation of extractive compounds the following products were obtained:

Coniferous wax 16g 1.2%
Chloraphyllin acids 30g 22%
Ethyl esters of higher fatty acids 30g 2.2%
4-epi-trans-communic acid (resin acid) 10.1g 7.5%
Esters of higher fatty acids of 47.6 ¢
triterpene and aliphatic alcohols (phytosterols)

Concentrate of diterpene alcohols 202¢g
Higher fatly acids 2.5¢g
Polyprenols ' 33.7 g
Example 4
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2,580 g of Ginkgo Biloba leaves with moisture content of 52% were mulched and extracted
in a reflux-condenser type extractor by hexane with a 1:1 leaves:solvent ratio for 5 hours.
58.2 g of extractive compounds were obtained (4.7% of dry foliage weight). After pouning off the
extractive compounds in hexane from the extractor, the solution was cooled to +4.0°C; the
formed wax sediments were filtered out from the solvent, obtaining 0.9 g of waxes (15% of
extractive compounds).

After separation of waxes, the extractive compounds in hexane were treated with 30%
aqueous solution of NaOH; then aqueous solution of acids of salts was separated from
the solution of neutral compounds in hexane, as shown in Example 1. Solvent was
distilled off from the solution of neutral compounds, obtaining 42.3 g of neutral
compounds (72.7% of extractive compounds).

Aqueous solution of salts of acids was treated with 10% aqueous solution of sulphuric acid,
as shown in Example 1, obtaining the following products:

Higher fatty acids -12.8 g, 22.0% of extractive compounds
Chiorophyliin acids -2.13, 3.5% of extractive compounds

After treatment of neutral compounds with acetone, as shown in Example 1, 8.2 g (19.4% of
neutral compounds) of complex esters of higher fatty acids of triterpene and aliphatic alcohols,
nonsoluble in acetone was obtained; 34.1 g of neutral compounds transferred into acetone.

After the acetone is distilled off, acetone soluble neutral compounds were treated with 86%
ethanol solution, as shown in Example 1, obtaining 4.6 g (10.9% of neutral compounds) of
compounds primarily consisting of phytosterins (main component B-sitasterol) and triterpene
alcohols soluble in ethanol, as well as 29.5 g of compounds nonsoluble in ethano! under
conditions outlined in Example 1. Compounds nonsoluble in 86% ethanol at 20-30°C were
treated with 100 m| of ethanol containing 1.5 g of NaOH on a rotory evaporator, as described in
Example 3, obtaining 0.5 g of acids (1.2% of neutral compounds) and 27.5 g of oily liquid
consisting of 84.5% of polyprenols. Purification by column chromatography with silica gel
allowed for obtaining of 26.0 g of polyprenols (61.5% of neutral compounds weight).

Example 5

2,400 g of birch tree trunk sawdust with moisture content of 27% were extracted using
petroleum ether (boiling range: 80-120°C in a Soxhlet extractor). Solvent was partiaily distilled
oft until the ratio of dry compounds in extract was 1:1 (26.3 g of extractive compounds in 270
ml of solvent) and settled at 0°C for 12 hours. Formed sediment of waxy compounds, 1.1 g
(4.2% of the total extractive compounds) was separated by filtration.

While stirring at 65-70°C, the filtrate was combined with 20 ml of 30% agueous solution of
NaOH, stirred for 30 minutes, then 50 ml of water was added while stirring and left to settie for 4
hours. The bottom layer containing an aqueous solution of salts of acids was poured off and
another 50 ml of water added while stirring. The solution was mixed for 30 minutes, then
settled for 4 hours at 60-65°C, then the water layer was poured off and added to the main
solution of salts of acids. Petroleum ether was distilled off from solution of extractive
compounds, obtaining 8.3 g (31.5% of the total extractive compounds) of neutral components.

Aqueous solution of salts of acids (120 ml) was treated with a 15% agueous solution of
sulphuric acid to pH=2; 50 m| of petroleum ether was added: the solution mixed at 50-52°C
for 10 minutes. Then, the solution was settled for 30 minutes and the top petroleum ether
layer was separated from the water phase by siphoning. Thirty ml of petroleum ether was
added to the water phase, the solution was mixed for 10 minutes and settled for 30 minutes:;
the lower water layer was poured off. The petroleum ether solution containing higher fatty
acids was combined with the main solution. Petroleum ether was distilled off and 16.5 g of
higher fatty acids (63.1% of the total extractive compounds) was obtained.
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The fraction of higher fatty acids was combined with 100 m| ethanol, heated with stirring until
boiling, and 4 drops of concentrated sulphuric acid was added. Ethanol was distilled off, the
remainder combined with 100 ml of petroleum ether, the solution rinsed twice with stirring

with 30 m| water, petroleum ether was distilled off, with obtaining 18.0 g of ethyl esters of
higher fatty acids.

Neutral fraction - 8.3 g - was treated with 50 ml acetone, coacled to 0°C, and settled at this
temperature for 4 hours. Formed sediments were filtered out and treated as in Example 1.
Filtrate was cooled once again to -10°C, and the procedure for separation of sediments was
repeated. Sediments were combined and totalled 4.0 g (15.2% of extractive compounds

weight).

Sediment consisted of complex esters, the acid fraction of which contained higher fatty acids
(80% palmitinic, linolenic and oleinic acids), while the alcohol fraction contained aliphatic
alcohols of normal composition — C.2-Co, triterpene alcohols and sterols.

After distillation off of acetone, the compounds soluble in acetone (2 g) were treated with
methanol (25 mi) by heating and mixing in a backflow condenser up to methanol bolling point
(50-53°C). Then, the mixture was cooled to 20-22°C. The compounds soluble in methanal were
separated from the oily remainder by siphoning. The process was repeated 2 more times. The
completion of the methanol extraction was controlled via TLC according to a decrease of
concentration of the aliphatic alcohols spot, which have Rf values similar to those of
polyprenols (typical for extractive compounds of birch). TLC plate was developed in iodine
vapours. The yield of the oily remainder containing polyprenols was 3.0 g (11.4% of the total
extractive compounds}, whereas for compounds soluble in methanol, it was 1.2 g (4.6% of
the total extractive compounds).

The oily remainder (3.0 g) was combined with 25 ml of ethanol and 0.2 g of NaOH. The
solution was heated to boiling point and ethanol was distilled off. The remainder was combined
with 30 ml of water and 30 mi of petroleum ether, mixed at 50-55°C for 10 minutes, the
mixture settled for 30 minutes, the upper layer containing unsaponifiable compounds was
separated by siphoning. Aqueous solution of salts of acids was combined with 1.5 ml of 15%
af aqueous solution of sulphuric acid and 30 ml of petroleum ether. The obtained mixture
was stirred, seftled, and the extracted higher fatty acids in organic solvent were separated by
siphoning. The solvent was distilled off, obtaining 0.2 g of higher fatty acids (0.7% of extractive
compounds) and 2.7 g of unsaponifiable compounds (10.3% of extractive compounds).

Unsaponifiable compounds were separated using column chromatography and polyprenols
were 1solated 2.5 g (9.5% of extractive compounds).

Proce'ssing of extractive compounds of birch trunk (sawdust) resulted in obtaining the
following products (in % of total of extractive compounds, extracted by hydrocarbon solvent):

Waxes, m.p. 70-76°C - 4.2
Ethyl esters of higher fatty acids - 68.4
Complex esters of higher fatty acids, triterpene alcohols and sterins - 15.2
Triterpene and higher fatty alcohols sterins - 46
Higher fatty acids - 0.7
Polyprenols - 9.5
Example 6

1,530 g of fir green needles (converted to dry weight) was extracted by hexane for 8 hours in
a Soxhlet extractor, treated the same way as in Example 1, and 13.8 g of extractive
compounds (8.9% of dry conifer needles weight) was obtained. The extractive compounds
were treated the same way as in Example 1 and the following products were obtained:

10
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Conifarous wax - 8.3 g. 4.6%
Ethyl esters of higher fatty acids -48.7 @ 39.3%
Total resin acids -126 49 9.1%
Chlorophyllin acids -6.3 ¢ 4 6%
Neutral compounds -68.9 g 49 9%

of the total of extractive compounds

“Total of free higher fatty and resin acids was 56.5 g or 40.9% of the total of extractive
compounds.

Neutral compounds are processed as in Example 1 and the following products are obtained:

Essential ol -3.334.3%

Concentrate of diterpene alcochols -27.4 g 39.8%
Compiex esters of triterpene, higher fatty alcohols,

sterins with higher tatty acids -23.2 g 33.6%
Higher fatty acids -5.2¢9 7.6%
Polyprenols -9.8 g 14.2%

Of total of extractive compounds

industnal utility

The offered invention is an effective method of processing extractive compounds from piant
foliage, which increases yield of the main products: labdancid concentrate, higher fatty acids,

polyprenols concentrate, as well as increased content of chiorophylfin acids and rodent
repelient.

Formula of the invention

The formula of the invention pertains to the method of processing plant raw materials
consisting of green foliage of coniferous and decideous trees and is based on extraction of
piant raw materials with an organic solvent; subsequent separation of waxes using settling
with cooling and filtration; separation of free acids from the obtained solution of extractive
compounds in hydrocarbon solvent by an alkaline solution; separation of the obtained
neutralised solution into a solution of neutral compounds in hydrocarbon solvent and water-
alkaline solution of salts of organic acids; acidification of the water-alkaline solution of salts
by a non-organic or organic acid; separation of chlorophyllin acids and fraction of fatty and

resin acids by settling; subsequent separation of the total diterpene and higher fatty acids;
distillation off of the solvent from neutral compounds and separation of neutral compounds.

The method differs from existing ones in that: the total of diterpene and higher fatty acids is
treated with a low-molecular alcohol with addition of sulphuric acid as catalyst; alcohol is
distilled off and diterpene acids and the catalyst are neutralised by a nonh-organic base;
esters of higher fatty acids are extracted by hydrocarbon solvent: water-alkaline solution is
acidified and separated diterpene acids are exiracted by a hydrocarbon solvent: the solvent
s distilled off until diterpene acids concentration is 30-50% . with obtaining of rodent repellent.

Neutral compounds are subsequently extracted by acetone and alcohol Cq- Cs, with the mass
ratio of neutral compounds:extracting agent 1:2 to 1:5; then, after treatment with acetone
concentrates of complex esters of higher fatty acids with triterpene alcohols, sterols. and
higher fatty alcohols and the remainder soluble in acetone are obtained. Duning treatment of
the remainder with alcohol, the total of diterpene alcohols are separated from compounds
insoluble in alcohol, which are saponified with an alcohol solution of alkali to obtain
polyprenols concentrate, which is chromatographed on silica gel at a substance-sorbent ratio
of 1:10 and hexane, and hexane with 5% diethyl ester by volume, and hexane with 10%
diethyl ester by volume at sorbent-solvent ratio of 1:1 to obtain polyprenals.

11
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A method for processing plant raw materials from foliage of coniferous and deciduous
tree species, comprising pine (Pinus silvestris, Pinus sibirica), spruce (Picea abies, Picea
obovata), fir (Abies sibirica, Cunningamia lanzeolota), birch (betula pendula) and Ginkgo
biloba, said method comprising the steps of extraction of source material by organic solvent;
subsequent isolation by settling, cooling and filtration of waxes; separation of free acids from
obtained solution of extractive compounds in hydrocarbon solvent using an alkali solution;
fractionalisation of the obtained neutralised solution into solution of neutral compounds in
hydrocarbon solvent and an aqueous-alkaline solution of salts of organic acids; acidification of
aqueous-alkaline solution of salts by inorganic or organic acid; subsequent separation by settling
of chlorophyllin acids and the fraction of fatty and resin acids; subsequent fractionalisation of

total of diterpene and fatty acids; distillation of solvent from neutral compounds and separation

of neutral compounds.

2. A method as in Claim 1, wherein the total of diterpene and fatty acids is treated with low

molecular alcohol C;-C3 with addition of sulphuric acid as a catalyst.

3. A method as in Claims 1 or 2, wherein alcohol is distilled off and diterpene acids and

catalyst are neutralised with an inorganic base.

4, A method as in any one of Claims 1 to 3, wherein esters of fatty acids are extracted by

hydrocarbon extractive agent; aqueous-alkaline solution is acidified and isolated diterpene acids

are extracted by hydrocarbon solvent.

5. A method as in any one of Claims 1 to 4, wherein solvent is distilled until achieving 30-

50% concentration of diterpene acids and repellent against rodents is obtained.

6. A method as in any one of Claims 1 to 5, wherein neutral compounds are sequentially

extracted by acetone and alcohol Ci-C3 with 1:2 to 1:5 mass ratio of neutral compounds-

extracting agent.

12
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7. A method as in any one of Claims 1 to 6, wherein concentrates of esters of fatty acids

with triterpene alcohols, sterins and faity alcohols, and the remainder of said concentrates soluble

in acetone, are obtained by treatment with acetone,

8. A method as 1n any one of Claims 1 to 7, wherein the remainder is treated with alcohol,
to isolate the total diterpene alcohols from compounds insoluble in alcohol, saponification of

which by an alkali alcohol solution results in obtaining polyprenols concentrate, using

chromatography on silicagel.

9. A method as 1n any one of Claims 1 to 8, wherein at a substance-sorbent ratio of 1:10,
using hexane and hexane with addition of 5% volumetric diethyl ether, and hexane with addition

of 10% volumetric diethyl ether at a sorbent-solvent ratio of 1:1 results in obtaining isolated

polyprenols.

13
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