?y sedium tetrahydroborate, performed by the method of Chanlev et al. [5], led to a compound
identical with the holothurinogenin (2).

SUMMARY

.A new triterpene oligoside, holothurin B;, has been isolated from the holothurin H.
floridana. 1t has been shown that the native aglycone of holothurin B, has the structure of
holosta~9(11) ~ene) 38,120, 17a~triocl (2). Two new holostane derivatives have been isolated and
characterized — holosta-8,11-diene-3B,17a~diol, and 38,17a-dihydroxyholost-9(11)~en-12-one.
A scheme of the transformation of the holothurinogenin (2) under the cenditions of acid hy-
drolysis has been put forward.
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CHEMICAL INVESTIGATION OF Hippopha# rhammotides.
I. THE MAIN COMPONENTS OF HE UNSAPONIFIABLE PART
OF AN EXTRACT OF THE FRUIT PULP

V. L. Salenko, V. N. Sidel’'nikov, UDC 547.926:621.544
M. L. Troshkov, V. A. Raldugin, :
and V. A, Pentegova

Tt has been established that the sterol fraction of the unsaponifiable part of a
pentane extract of the fruit pulp of common sea buckthorn contains not only sterol
but also triterpene alcohols and higher fatty alcohols. B-Sitosterol, 24~-methylene-
cycloartanol, citrostadienol, and uvaol have been isolated from it. B- and o-Amy-
rins, 24-ethylcholest-7-en-3B-ol and erythrodiol have also been identified in it

by chromato-mass spectrometry.

The high value of common sea buckthorn as a natural polyvitamin concentrate and the
source of an oil possessing a broad pharmacological action spectrum [1] has served as the
basis for a far-ranging chemical investigation of this plant with the aim of finding the bio-
logically active components in it.

In a chemical and pharmacological investigation of common sea buckthorn it was observed
that its biological activity is determined by the unsaponifiable fraction, the most active
part of which is the "sterols." The main component of the "sterol" fraction proved to be
B-sitosterol [2]. A preliminary attempt to investigate the "sterol" fraction of pharmaco-
poeial sea-buckthorn oil recently made with the aid of GLC and TLC led to the identification

of one more component — stigmasterol [3].
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We have investigated the "sterol' fraction with the aid of column chromatography on
silica gel, GLC, and chromato-mass spectrometry. The unsaponifiable residue obtained from
a pentane extract of the fruit pulp is according to TLC, a mixture of previously studied
carotencids and tocopherols {3, 4] and also of "sterols,'" which, on a chromatogram after its
treatment with sulfuric acid, gives several overlapping bright orange spots. The combined
"sterols" were separated by column chromatography into seven fractioms (1-7).

According to GLC, fractions 1 and 2 had the same qualitative composition and consisted
of two groups of compounds differing appreciably in their relative retention times (RRTs).
The first consisted of a mixture of fatty alcohols (RRT in the interval from 0.05 to 0.66;
here and below the RTTs are given relative to B~sitosterol), among which the Cis, Cz0, Caa,
and Cp¢ primary alcohols of normal structure predominated. They were identified by GLC with
the addition of authentic samples. The mass spectra of these compounds correspond to the
nature of the fragmentation in the spectra of analogous higher fatty alcohols [5].

The second group of compounds, the amount of which was greater in fraction 2, appeared
on GLC in the form of three peaks with RRTs of 1.07, 1.16, and 1.32. The first two peaks
coincidaed with the peaks of a mixture of B~ and o~amyrins which we used as a standard, that
with the smaller RRT (1.07) corresponding to B-amyrin (I) and that with the larger (1.16) to
a~amyrin(II). According to the literature [6], this is the order in which they issue in GLC
from a column with the stationary phase SE-30 which we also used in our work. The fact that
the peaks with RRTs of 1.07 and 1.16 corresponded to B- and a-amyrins was also confirmed by
the results of chromato-mass spectrometry. The mass spectra of these compounds were similar
to one another, containing the peaks of the molecular fion (m/z 426) corresponding the the
same formula CszoHso0. For olean-l12-ene and urs-12-ene derivatives, to which 8- and o~amyrins
respectively belong, fragmentation with the formation of ion A [7] (reverse Diels—Alder re-
action) having a mass of 203 for both amyrins is very characteristic. 1In actual fact, this
ion appeared in the mass spectrum of the substances with RRTs of 1.07 and 1.16, and, just as
in the mass spectra of other compounds of this type, it was one of the main ions. When frac-
tions 1 and 2 were subjected to TLC, they each gave two overlapping spots, that with the
larger Rf value coinciding with that of a mixture of B~ and o-amyrins used as marker. The
spot with the smaller Rf value corresponded to a substance with a RRT of 1.32.

Thus, on the basis of the results of GLC, TLC, and mass spectra it can be stated that
the peaks with RRTs of 1.07 and 1.16 belonged to B- and o-amyrins respectively.

A substance corresponding to a peak with an RRT of 1.32 was isolated after the addi-
tional chromatography of fraction 2 on silica gel. Its melting point and PMR spectra prac-
tically coincided with those for 24-methylenecycloartanol {(III) [8]. This identification
was confirmed by the mass spectrum, which shows the peaks of ions with m/z 440 (Mt, C3:Hs20)
(4%), 425 (9%Z) (M — CHs)F, 422 (11%), (M — H,0)F, 407 (18%), (M — H,0 — CH,)*, 315 (4%) (M —
side chain)*, and 300 (12%) (M — side chain — CHs)*. 1In the nature of its fragmentation,
this spectrum is similar to that of the acetate of compound (III) which has been given by
Itoh et al. [9].

According to GLC, fraction 3, like 1 and 2, contained two groups of substances. The
first group included the same aliphatic alcohols as the preceding fractions, but their rela-
tive amount was now considerably smaller (see the Experimental part). The second group was
represented on a chromatogram by four main peaks with RRTs of 0.95, 1.07, ~1.16, and 1.32.
The first peak corresponded to an unidentified triterpene alcohol (m/z 326, C3oHs00), and
the second and fourth to B-amyrin and to 24-methylenecycloartanol (confirmed by chromato-
mass spectrometry). As was established by the method of fragmentography [10], the unsym-
metrical peak with an RRT of ~1.16 corresponded to two substances difficult to separate by
GLC. One of them was a~amyrin and the other an unidentified homotriterpene isomeric with
24-methylenecycloartanol (m/z 440, Cy,Hs20).
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Fraction 4 proved to be a complex mixture. By rechromatography it was possible to iso-
late its two main components, one of which was identified from its melting point, mass spec-
trum, and a GLC comparison with an authentic sample as B-sitosterol (RRT 1.00)}. The second
component (RRT 1.32, m/z 426) was identified as citrostadienol (IV) (4o-methylstigmast-7,
24(28)Z~dien-3B-0l) on the basis of its PMR spectrum, coinciding with that given in the lit-
erature [11]. The mass-spectrometric fragmentation of this component is in agreement with
the known laws for the decomposition of steroid 7,24(28)-dienes [12].

In addition to B-sitosterol and citrostadienol, fraction 4 contained at least another
four, unidentified, compound.

Fraction 5 consisted mainly of B-sitosterol with an admixture of other stercls, for one
of which (RRT 1.14) it was possible to obtain a fairly good mass spectrum. The high inten-
sity of the peak of the molecular ion (m/z 414, 45%) and the low intensities of the (M —
H,0)+ (9%) and (M — H,0 — CHs)t (6%) ions permitted the assumption that the compound under
investigation was a A'-sterol [12]. The intensities of the lines in its mass spectrum were
close to the intensities of the corresponding lines in that of the acetate of 24-ethylcho-
lest~7-en~3p-0l described in the literature [12]. On this basis, we assumed that the sterol
with an RRT of 1.l14 was 24-ethylcholest-7-en-3B-~0ol (V). The greater retention time in GLC
for this compound than for its A® isomer — B-sitosterol — is in harmony with known facts
concerning the relative retention times of isomeric A® and A7 sterols [12].

rd

NA A
b
HO /\/\‘A
v

It was impossible to determine the percentage amount of compound (V) in fraction 5, be-
cause of the low efficiency of the packed column that was used for the quantitative evalua-
tion of the fractions in comparison with the capillary column used in the chromato-mass spec-
trometer.

Fraction 6 contained four compounds, with RRTs of 1.00, 1.14, 1.98, and 2.17. The first
two were B-sitosterol and the sterol (V), and, as was found, the two others were the main
components in the last, seventh, fraction. The substance with an RRT of 2.17 was isclated
after the rechromatography of fraction 6 and was identified by a comparison with an authentic
sample by TLC GLC, and melting point, as uvacl (VI).

The component with RRT 1.98 could not be isolated in the pure form. On the basis of
the coincidence of its mass spectrum with that described in the literature [13], it was iden-
tified as erythrodiol (VII).

The quantitative analysis and mass-spectrometric identification of the components of
the fractions showed that the "sterol" part of the unsaponifiable residue consisted of fatty
alcohols (35%) and a mixture of sterols and triterpene alcohols (65%). The latter contained
B-sitosterol (40%), 24-methylenecycloartanol (29%), B-amyrin (7%) , a—amyrin (6%), erythro-
diol (5%), uvaol (5%), citrostadienol (1%), 24~ethylcholest-7-en-3B-ol (1%), and an uniden-
tified compound (6%).

We were unable to detect appreciable amounts of stigmasterol. Its detection by Koshelev
et al. [3] can be explained by the fact that they studied pharmacopoeial sea buckthorn oil

in the form of a solution of the components of the fruit pulp of the sea buckthorn in sun-
flowerseed oil. As is well known [14], the latter contains a large amount of stigmasterol.
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TABLE 1. Composition of the "Sterol" Fractions Isolated from
the Unsaponifiable Fraction of a Pentane Extract of Common
Sea Buckthorn Fruit Pulp

Amounts of the components, % {according 1o GLC)

Number of ; -

the fractio farty alcohols unsaturated polycyclic alcohols

and its : _

weight,% | ¢, 1c, | Cu| cu | C, jOthersito- | ¢ § wlmn jiv | v vi v ‘Other

) sterol i ! i
11,09 41 21 4] 27 37 2 3y 3115
2 2,90 31 20 21 2| 27 1 51 6127
33,20 2 21 20 17 11 7136 5
41,18 i 84 6 9
5 1,57 Q 97 ' 3
6 0,57 72 141 31 91 3
7 0 80 i 4 21461 41| 7
|
EXPERIMENTAL

Melting points were determined on a Kofler block. The PMR spectra were recorded on a
XL-200 instrument (200 MHz) for solutions in deuterochloroform with tetramethylsilane as in-—
ternal standard. High-resolution mass spectra were recorded (for individual compounds) on a
MS-902 instrument at energies of the ionizing electrons of 12 and 70 eV. The quantitative
analysis of the fractions was carried out by GLC using the method of internal normalization
from the areas of the peaks on a Chrom-4 instrument (Czechoslovakia) with a glass columm,
250 x 0.3 cm, containing 5% of SE-30 on Chromaton N-AW DMCS, column temperature 260°C, tem—
perature of the evaporator 300°C, carrier gas nitrogen. To identify the compounds through
their retention times, we alsc used a column with the stationary phase Lukopren G-1000 (5%)
deposited on Chromaton N-AW, glass column, 250 x 0.3 cm, column temperature 250°C, evaporator
temperature 300°C, carrier gas, nitrogen.

The chromato-mass spectrometric analysis and the identification of the components in
the mixtures were performed on a LKB-2091 instrument with a 2130 data-processing system.
Glass capillary column 35 m long with an internal diameter of 0.25 mm, stationary phase SE-
30, temperature of the column 270-300°C, of the evaporator 300-330°C, and of the separator
300°C; carrier gas helium, Energy of the ionizing electrons 70 eV. During the time of is-
suance of the separated components of the fractions being analyzed, a sequence of 10 spectra
was fed into the computer at each moment. The heaviest (molecular) ion in the mass spectrum
corresponding to each chromatographic peak was determined by the fragmentographic method [10].

Before the recording of the GLCs, the fractions under investigation were freed from con-
taminating colored substances by passage through a column of silica gel impregnated with sil-
ver nitrate (5%), the eluent being petroleum ether—diethyl ether (1:1).

For column chromatography we used air-dry type KSK silica gel with a grain size of
0.140~0,315 mm, The eluent was petroleum ether with increasing concentrations (from O to
207%) of diethyl ether. Silufol plates were used for TLC.

The material investigated was industrial common sea buckthorn fruit pulp from the Biisk
vitamin factory.

Preparation of the Unsaponifiable Residue. The sea buckthorn fruit pulp was extracted
with pentane in a Soxhlet apparatus. The yield of extract, which had the form of a mobile
red-brown oil, was 28%. A solution of 390 g of this extract in 2200 g of 10% ethanolic po-
tassjum hydroxide solution was boiled under reflux for 1.5 h. From the mixture so obtained,
0.7 liter of ethanol was distilled off in a rotary evaporator, and the residue was diluted
with three liters of distilled water and was extracted with diethyl ether (6 x 0.5 liter).
The combined ethereal extracts were washed with saturated aqueocus sodium chloride solution
and were dried with anhydrous sodium sulfate. After the solvent had been distilled off,
16.36 g of unsaponifiable residue was obtained (yield 4.2% on the initial pulp extract).

Separation of the "Sterol" Fraction. The chromatography of 16.36 g of unsaponifiable
residue on a column (350 x 65 mm) of silica gel yielded successively 2.04 g of a white waxy
substance (mixture of unidentified hydrocarbons), 1.70 g of a solid orange substance (mixture
of carctenocids), and 1.19 g of a yellow substance (mixture of tocopherols). TFurther chroma-
tography using mixtures of petroleum ether and diethyl ether with the concentration of the
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latter rising from 10 to 20% led to the successive elution of seven fractions corresponding

to the total "stercl" fraction. The yield of the fractions and their compositions are given
in Table 1. '

24-Methylenecycloartanol (III). This was isolated by the chromatography of fraction 2
on a Solumn (1800 x 18 mm) of silica gel. It had the form of white crystals with mp 121-
122.5°C (from acetonitrile); according to the literature [8]: mp 121-122.5°C.

Citrostadienol {(IV). This was isolated, together with B-sitcsterol, after the chroma-
tography of fraction 4 on a column (1800 x 18 mm) of silica gel. White crystals {(from ace~
tonitrile) with mp 165-167°C; according to the literature [11]: 166-167°C, 165°C, 162-164°C
(depending on the source of isolation).

24~Ethylcholest~7~en-3B-0l (V). Mass spectrum (m/z) 414 (Mt, 45%),7399 (15%), 396 (9%),
381 (6%), 329 (3%), 275 (3%), 273 (1e6%Z), 255 (52%), 246 (9%), 231 (22%), 229 (20%), 213
(25%) .

Uvaol (VI). After recrystallization from ethanol, it had wmp 231-232°C; according to
the literature [15]: mp 232°C.

SUMMARY

1. The composition of the "sterol" fraction of the unsaponifiable part of an extract
of common sea buckthorn fruit pulphas been investigated.

2. It has been established that the "sterol" fraction contains as the main components
fatty alcohols, B-sitosterol, and 24-methylenecycloartanol, and also B~ and o-amyrins, eryth-
rodiol, uvaol, citrostadiencl, and 24-ethylcholest-7-en-3-B-ol.
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