1.12 (6 H, s), 1.21 {3 H, s), the protons of tert-Me groups, 2.09 (3 H, s), 1.96 (3 H .s)
the protons of acetate Me groups, 3.72 (1 H, triplet, C,,~H), 4.59 (1 H, triplet, J <’4 H;
Cs-H), 5.16 (1 H, multiplet, ©J ~ 20 Hz, C,,-H). Mass spectrum, m/e: 542 (Mt —H’O) 545 '
(Mt —CHa), 501 Q1+ =59), 500 (M+ —AcOH), 143 (100%), 125, 59. o

Saponification of the Diacetate (XI). A mixture of 150 mg of (XI) and 5 ml of 0.9 N
methanolic KOH was heated under reflux for 2 h. After the usual working up, the residue was
chromatographed on silica gel in the hexane—acetone (10:1) system. The reaction yielded 15
mg of a mixture of (II) and (III), and also 95 mg of the triterpemne (V).

SUMMARY

1. From the unsaponifiable fraction of an ethereal extract of the leaves of Betula lan-
ata, in addition to 3-epiocotillol (I) we have isolated a new triterpene of the dammarane
series 29(8),24(R)—epoxydammarane-3a,1la,25—triol (V), and also derivatives of it: lla-ace-
toxy—ZO(S),24(R)—epoxydammarane—Sa,25—diol {11}, 2a-acetoxy-20(S), 24 (R) -epoxydammarane~1la
25-diol (III), and 11a,25~dihydroxy~20(S),24 (R)-epoxydammaran~3-one (IV). ’

2. It has been established that the triterpenoids are present in the leaves of B. langta
in the form of acetates.
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CHARACTERISTICS OF THE MASS SPECTRA OF ECDYSTEROIDS WITH DIFFERENT
NUMBERS OF —OR GROUPS

Ya. V. Rashkes and N. K. Abubakirov UDC 543.51 547.926

The mass spectra of 15 phytoecdysteroids and acetyl derivatives have been compared.
With a decrease in the number of —OR groups, the contribution of cleavages of the
bonds of the steroid skeleton increases. 20,22-Diols are characterized by the
greatest significance of fragmentation at the C-20—C-22 bond. 1In all the spectra,
clear indications of fragmentation of the side chain at the C-22--C-23, C-23-C-24,
and C-24—C-25 bonds are observed. )

The detection in the plant Silene praemixta M. Pop. of several phytoecdysones belonging
to the subgroup of 2~deoxy-o-ecdysone [1, 2] has substantially supplemented the general pat-—
tern of distribution of compounds of this type in the plants of Central Asia. To ecdysteroids
found previously the molecules of which contain seven or eight hydroxy groups (integristerones
A and B [3, 4]) compounds with three or four hydroxy functions have been added. The necessity
for an all-sided study of the ecdysteroids of the latter group follows, for example; from
the work E. Ohnishi et al. [5], who have shown that 2-deoxy-o-ecdysone is not only one of the
main metabolites of a-ecdysone but also plays an independent role in the métamorphosis of
insects.

The analysis of mass-spectrometric characteristics is important for establishing the
structures of the ecdysones [6]. The basic laws of fragmentation of these compounds have

Institute of the Chemistry of Plant Substances, Academy of Sciences of the Uzbek SSR,
Tashkent. Translated from Khimiya Prirodnykh Soedinenii, No. 4, pp. 518-528, July~August,
1980. Original article submitted March 10, 1980.
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been expounded previously [6-8]. At the same time, the existence of a seF of ecdyst?roids
with different numbers of hydroxy functions will enable us to comparé their spectra in order
to evaluate the relative contribution of each of the main directions of thg fragmentation:
Furthermore, -the use of high-~resolution mass spectrometry is opening up a.rgute fo; the.dls—
covery of previously unknown fragmentation reactions of the steroid niuclei dnd of the side
chains of the ecdysteroids.

We have compared the spectra of 2-deoxy-a-ecdysone (I) and its‘22-mon6écetate (1D
and 3,22-diacetate (III), silenosterone (IV) [1] and its 225monoacetéte (V}é a—ecdysone
(VI), 2-deoxyecdysterone (VII) and its 3,22-diacetate (VIII), ecdystgyone'(IX) and its 2,3,22-
triacetate (X), and premixisterone (XI) [2] and its 3,22-diacetate (XII).

R‘ Rg R3 R4
I H OH H H
IT H OH H Ac
11 H OAc H ‘Ac
IV H =0 H H
vV H =0 H Ac
vi OH OH H H

VI H oH OH H
VI H OAc OH Ac
IX OH . OH OH H
X OAc OAc OH Ac
X1 H

X1 OAc Ac

Basic Processes in the Fragmentation of Compounds (I-XII). Table 1 gives information
on the fragments by the successive splitting out from MT of the particles R-OH and CHs (col-
umn 2), and also on the key ions of series g, b, and ¢ (columns 3, 5, and 7). The structures
of the ions at the head of these series are given. The ions of series g and b are the well-
known [6, 8] products of cleavage at the C~20~C-22 and C-17-C~20 bonds. The ¢ ions are the
closest analogs of the main key fragments in the spectra of the cardenolides [9, 10]. Their
formation has been observed previously for .the acetates of poriasterone and ajugasterone [8].
The nature of the particles, the transfer of which to the charged (+) or uncharged (—) frag-
ment accompanied the cleavage of a C-C bond, is shown in columns 4, 6, and 8. The origin of
the ions denoted by asterisks has been confirmed by measturements of elementary compositions.
In the present paper, as 100% we have taken the maximum peaks in the M*-m/e 200 interval.

The main property of the spectra of the 2~ and 20-deoxyecdysteroids is the presence of
the peak of the molecular ion, which is absent in the case of the ecdysteroid (IX) and its
acetate (X).

In order to follow the change in the contribution of the processes of the fragmentation
of compounds (I-XII) with a change in the number and position of the OR groups, we have drawn
up Table 2, including part of the material of Table 1, in generalized form. The numerical
matter of Table 2 was obtained as the sum of the relative intensities of the peaks in columns
2, 3, 5, and 7 for each compound taken individually in percentages with respect to the sum
of the heights of all the peaks shown in the table.

It can be seen from Table 2 that there is no regularity whatever in the change in the
contribution of the ions (M — nOR — CHs)*, with the exception of a tendency to a decrease in
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TABLE 2. Total Relative Contribution of the
Main Processes in the Fragmentation of the
Ecdysteroids (I-XII), %

Com-
pound {M—nOR-CHy) * a b c
Ecdysteroids :
I 23,3 30,4 10,2 36,1
v 18,0 16,6 18,7 46,7
VI 38,3 25,0 26,0 10,7
Vil 12,7 58,6 21,2 7.5
IX 14.6 58.0 24.7 2,7
XI 28,1 12,6 14,5 | 448
Ecdysteroid acetates
I 23.5 8,4 31,0 38,1
m 14,9 4,0 29.6 51,5
\'% 20,0 6,2 31,0 42,8
VIII 15,9 55 .2 9.8 19,1
X 498 237 8.2 25.3
X1 445 16,7 13,8 25,0

this magnitude for the 20,22-dihydroxyecdysteroids (VII) and (IX). Simultaneously, an in-
crease in the total size of the peaks of the ions of series a is clearly cbserved for the
same substances, whichis completely justified for this type of compound.

The most pronounced change in the phytoecdysteroids studied is that in the contributions
of the ions of series c. The 2,20-dideoxyecdysteroids (1), (IV), and (XI) are characterized
by the highest values. 1In the spectrum of the 20-deoxyecdysteroid (VI), this magnitude de-
creases sharply, and it becomes least in the 20,22-dihydroxyecdysteroids (VII), particularly
(IX). The observed characteristic falls well within the framework of the idea of an increase
in the role of skeletal cleavages with a rise in the stability of the molecular ions [11].

Sc far as concerns the acetyl derivatives, the regular change in the contribution of the
ions of series ¢ in their spectra does not appear so strongly, although a decrease in this
magnitude can well be seen for the 22-acetoxy-20-hydroxyecdysteroids (VIII) and (X). Its
low value for premixisterone (XII) can be explained by a whole series of factors based, above
all, on the position of the double bond, which is different from that for the other compounds.
At the same time, the size of the contribution of the ¢ ions in this’compound substantially
exceeds the corresponding values for the ions of series g and b (Table 2).

An analysis of Table 2 also permits other conclusions. On passing from the ecdysteroids
to their acetyl derivatives [again with the exception of the pair (XI) and (XII)], a tendency
is observed to a decrease in the significance of fragmentation of type a, which is particu-
larly striking for the 2,20-dideoxyecdysteroids (I) and (IV), and (IL), (III), and (V). This
phenomenon is explained by the presence of the 22-acetoxy group, which creates some hindrance
to breakage at C-20—C-22. At the same time, in comparison with the corresponding nonacetylate
samples, in the spectra of the acetates of the 2,20-dideoxyecdysteroids there is an increase,
and in the case of the 22-acetoxy-20-hydroxy compounds a decrease, in the contribution of the
ions of series b.

Attention is attracted also by a qualitative change in the process of formation of the
ions of this series in the case of the 2~deoxyecdysterolds. The spectra of all these com-
pounds with the exception of silenosterone (IV) contain the peaks of fragments arising as the
result of simple cleavage of the C-17—C~20 bond, while the 2-hydroxyecdysteroids (VI) and (IX)
are characterized by the stabilization of the fragments of series b only after the accompany-
ing ejection of H and H,0 [6, 8, 13] (Table 1).

We may also note an interesting feature of the 20,22-dihydroxyecdysteroid acetates
(VIII) and (X): Their spectra contain weak peaks of fragments whose compositions confirm
that they belong to ion series b — m/e 346 (VIII) and 404 (X). The appearance of these frag-
ments is accompanied by the migration of one hydrogen atom to the charged fragment.

Nonuniversal Modes of Fragmentation of the Skeleton. The increase in the role of skele-
tal cleavages with a decrease in the number of OR groups is also reflected in the appearance
of a series of previously undescribed types of ions in the spectra of the 2= and 20-deoxyecdy-
steroids. Thus, in the range of mass numbers considered, in the spectrum of 2-deoxy—-a—-ecdy-—
sone (I) the second-strongest peak with m/e 263 has the composition C;eH230s. This shows the
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TABLE 3. Elementary Compositions and Origins of Some Frag-
ments in the Mass Spectra of the Ecdysteroids

Com~ |Mass num= | = Elementary coin of the fragment
pound ber, m/e composition Origin of the frag
I 420 CoH, 0, M—coy* ‘
361 CaxH330, (M—C;H,O*; C-22—C-23
343 CeoH5 03 361—H,0 '
263 CisHaO4 C-13—C-17; C-14 —C-15; +H
193 Ci 1 Hi702 C-it —C-12; C8 —C-i4; +1f1
i 504 C3H 05 M—-Ccy*
426 CisH 303 (M—CD—AcDH—H,0)*
403 Cy:H3505 (M—CsH, N —CH,CO) +
366 CagHa50 496-——AcOH
1w 400 CisH 403 (M—H,0—-COy*
M1 C1oHye0s (M—C;H,;,0—H,0 )yt
261 CisHz 05 Analogous to m/e 263 (T)
VI 418 025H4204 (l\A—H_zO'—CO) + +
388 Ca,Hzs0,4 (M—H,0—(CH4,C0)
377 CaeHz05 (M—C;H,,0)* R
372 C3H3,0 (M—H,0—(CiH;),C—OH)
354 CoaHanOs | 372—H,0
279 GisHa20,4 Analogous to m/e 233 )
Vil 342 CaH3,03 (M—2H,0 —=C;H40) .
336 Ca3H 2504 (M—3H,0 ~(CH 3);C—-OH)
Vil 520 * CaoHesO1 (M—CO) *
460 CosH 05 (M~CO—AcOH)*
401 CyH3305 (M—AcO H—C;H;;0) *
383 G, H30, 401—H,0 .
378 CysH3003 (M—3H,0—~AcOH—C,Hy)
341 CooH303 401—AcOH
Ix 358 CanHaoO,4 (M—2H,0—C;Hyo0)+
357 CpHi04 (M—2H,0—C;H,, 0) * .
352 Ci3Hys03 (M—3H,0—(CH;); C—OH)
X1 361 CopH330, (M—G;H,,0)*
343 gngg;gs 361 —H,0 s
H. 2
o CoHa0s Analogous to m/e 263 ()
XV 507 CaoHzs01 (M—2H,0 —2Ac0 H—C;HyT; C-24—C-25
495 CyHi07 (M—2H,0—2AcO H-C,Hy) *; C-23—C-2¢

breakage c¢f ring D at the C-13—C-17 and C-14—C-15 bonds, which is confirmed by the appear-
ance of analogous fragments with m/e 261 and 279 in the spectra of silenosterone (IV) and a-
ecydsone (VI)y(Scheme 1 and Table 3). However, the fragmentation products of corresponding
composition in the spectra of the acetates of these ecdysteroids have a low intensity.

The ion with m/e 193 and the composition Ci::H;,0; (I) and its analogs in the spectra of
(VI) and (VI) may be a consequence of the process of fragmentation illustrated in Scheme 1.

Both the types of cleavage of skeletal bonds considered are also characteristic of the spec-—
tra of cardenolides [9, 10, 12].

In the spectrum of premixisterone (XI), the strongest peak [2] is that of the ion with
m/e 277 (CieH2502). Although the nature of this fragment has not yet been established, its
appearance is also due to the cleavage of skeletal bonds.

One more feature of the spectra of the 2- and 20-deoxyecdysteroids and their acetates
consists in a tendency to the splitting out of a molecule of CO (Scheme 1) taking place as
an alternative to the elimination of R—0H and CH; particles from Mt. The elimination of car-
bon monoxide from the ions of series a, b, and ¢ is expressed less clearly in these spectra.
The source of the particle eliminated is apparently the 6-keto group conjugated with the

A7(®) bond. When there is no double bond in the molecule [compounds (XI) and (XII)], the
(M — nROH — CO)T ions are not observed.

, It is also necessary to direct attention to the fact that not only a decrease in the
number of DR groups but also features of their mutual positionslead to unusual modes of frag-
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Scheme 1. Subsidiary directions of the fragmentation of the
20-deoxyecdysteroids.

mentation of the skeleton of an ecdystercoid, as has been observed for integristerone B [4]
the molecule of which contains B-0OH groups at C-1, C-2, C-3, and C-5.

Subsidiary Directions of the Fragmentation of the Side Chain of C-17. The possibility
of the cleavage of the C-22—C-23 bond as a consequence of 1,2~elimination of R-OH from C-25
has been mentioned in a study of the spectra of ecdysterone and its acetates [13]. Here,
attention is directed to fragments with m/e 69, including the chain from C-23 to C-27. Their
intensity rose with R = Ac. The ions formed by the cleavage of the same bond but containing
the chain from C-1 to C-22 were not revealed. Ohnishi et al. [5] have reported that the
ions with m/e 361 in the spectrum of 2-deoxy-o-ecdysone arise as the result of the ejection
from MY of the fragment CsH,;0 (87 amu). Other authors [8], referring to unpublished results
have stated that C-22-—C-23 cleavage is characteristic only of certain ecdysteroids. '

A certain complication in the detection of this type of fragmentation consists in the
fact that the ions (M — 87)% may also arise as the result of the elimination of (4 H.0 + CHs)
which is extremely characteristic for any polyhydroxysteroids. However, by using measures of
the elementary compositions of the ions in the spectral region under consideration, we have
succeeded in showing that the cleavage of the C-22—C023 bond is a fairly common phenomenon in
the fragmentation of the ecdysteroids. The (M — 87)t ions in the spectra of (I), (IV), (VI),
and (XI) are due entirely to the elimination of the CsH,.0 fragment (Scheme 1 and Table 3).
The (M — 105)T ions of these spectra are formed by the same route but with the loss of an ad-
diticnal molecule of water. The acetyl derivatives of the compounds under consideration (11)
(1I1), (V), and (XII) show clear indications of fragmentation at the C-22—C-23 bond, but with
the simultaneous elimination of a ketene molecule at the expense of the 22-acetoxy group:

-
H QCUGHa ?H II. 3617}
- + \V 0. 403(2)

_wes | V. 359(2)
r X ~B,H,0; —C,Hy0 (/*\] XIL.463(3)
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In the spectra of the ecdysteroids with a 20,22-diol grouping, the products of fragmen-
tation at the C-22—C-23 bond are stabilized after the additional elimination of two molecules
of water (Scheme 2). Under these conditions, together with ions having an odd mass there are
fragments with an even mass formed by the migration of the mobile hydrogen atom from the C-22
OH group to the charged fragment. For greater persuasiveness, we have included in the scheme
information from the spectra of integristerones A (XITI) and B (XIV). However, it must be
noted that in one case, namely in the case of the ion with m/e 390 from integristerone B,
there is no information on a fragmentation process at the C-22—C-23 bond, since the fragment
of maximum height, with the same mass number but a different elementary composition, is formed
in the fragmentation of this substance by a different mechanism [4].

OH
oo
i]:%V/\FbH 181 +
! R,
jl——' —2H,0
vr.a28" 1. 444 Ho 0 ’
xm‘%uus).m 576(5) R;O i V410 IX.428
) ’ vi. R =R&=RFH; 454 XTI 442(98) XIV. 458 (19)
. R=0H;R=R =H, 480 )
22528 o, ¥Ry R =0HR=H; 298(0)
H{D)SH(22) b, XIV.RERSRE=OH; 512(0) 23524 |- (CH,),C~0H
+
OH
CH, OH S 4
O ol
% 1 % | !
VI 382(5) IX.358(7) vI. 341(5) IX.357(4) VI. 336(7) IX. 352(257
X1, 373(8) - XIV.383(4) XWE, 358(55) XIV. 384(11)

X 374 (13) XQV. 390 (?)

Scheme 2. Subsidiary directions of fragmentation of the side
chains of 20,22-dihydroxyecdysteroids.

On the basis of the diacetate of 2-deoxyecdysterone (VIII), the triacetate of ecdy-
sterone (X), and the pentaacetate of integristerone A (XV), it can be seen (Scheme 3) that C-22—
C-23 cleavage follows the elimination of a molecule of acetic acid at the expense of the sub-
stituents at C~20 and C-22.

In all the spectra studied, we have been able to establish the splitting out of the C-24—
C-27 chain taking place by various mechanisms (C-23—C-24 cleavage). It has been reported in
the literature that this type of fragmentation is found predominantly in the 28C- and 29C-
ecdysones having branching at C-24 [6, 8]. In the case of the 20-deoxyecdysteroids (I, IV,
and VI), the peaks of ions with an even mass and a low intensity arising by the elimination
of one molecule of water and a molecule of tert-butanol have been detected (Scheme 1).

This direction of fragmentation is probably favored by the cyclic form of the (M — H,0)t
ion, the presence of which we have shown previously [4].

In the spectra of all the phytoecdysteroids with a 2~-,22-diol chain there is the peak of
an ion of variable intensity with an even mass number [for example, m/e 336 (VII) or 384 (XIV)
Measurement of the compositions of these ions has shown that they can be formed as the result
of the elimination of three molecules of water and a molecule of (CH;)s;COH (Scheme 2). The
occurrence of this process is favored by the possibility of the realization of a six—membered
transition state.

In contrast to the20,22-diols, the acetates (VIII), (X), and (XV) give spectra showing
a doublet of peaks of ions corresponding to cleavage at the C-23—(C-24 bond. In addition to
the simple cleavage of this bond, which can be realized after the elimination of 2H,0 + AcOH
(Scheme 3), cyclization of the cholestene chain is possible as the result of various processes
of elimination of the substituent at C-25 which are enhanced, as can be seen from the inten~-
sities of the corresponding peaks, when R; = Ac [compound (XV)]. Fragmentation with the
elimination of C,H;, C,He, and C3J, is characteristic for the 4,4~dimethylcyclohexene ring
arising in this way [14]. The first two acts may be considered as processes of fragmentation
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Scheme 3. Subsidiary directions of fragmentation of the side
chain of the acetates of 20,22-dihydroxyecdysteroids; *) the
relative intensities are given in Table 2.

at C-23-C-24, and the last at C-24—C-25. The transformation of the ion with m/e 550 into
ions with m/e 507 and 494 in the spectrum of the pentaacetate (XV) is confirmed by meta-
stable peaks. The splitting out of a three-carbon-atom side chain is not observed in the
spectra of the 20,22-diols (VII, IX, XIII, and XIV), but in the case of the 20-deoxyecdy-
steroids (I, IV, and VI) this type of fragmentation appears in the form of low-intensity
peaks of the fragments (M — H,0 — Me200)+ (Scheme 1).

Experimental Procedure. The synoptic mass spectra were taken on a MKh-1303 instrument
(direct introduction of the sample, temperature of the inlet system 150-210°C, ionizing volt-
age 40V). The elementary compositions of the ions were measured in a MKh-1310 mass spectrom-—
eter using a sample inlet system (SVP 5) at a temperature of the heater of 50-150°C and -of
the ionizing chamber of 100-170°C, with an ionizing voltage of 70 V. The reference substance

was perfluorokerosine. The relative error in the determination of masses does not exceed
1-1077.

SUMMARY

A change in the number of OR groups in the molecules of the ecdysteroids leads to a re-~
distribution of the contributions of the three main directions of fragmentaticn of these com-
pounds under electron impact.

In the spectra of the 20-deoxyecdysteroids, fragmentation of ring D at the C-13—C-17 and
C-14—-C~-15 bonds is observed.

The subsidiary directions of fragmentation of the side chains of the compounds investi-
gated have been analyzed.
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ISOLATION OF ECDYSTERONE FROM THE ROOTS OF Rhaponticum carthamoides

A. U. Mamatkhanov, M.-R. I. Shamsutdinov, UDC 615.322
and T. T. Shakirov

The solubility of ecdysterone in individual solvents and mixtures has been studied.
A method has been developed for isolating ecdysterone from the roots of Rhaponti-
cum carthamoides. Extraction from the raw material was carried out with methanol.
The catty oils and tanning and resinous substances were eliminated from the concen-
trated and water-diluted extract by treatment with chloroform. The combined ecdy-
steroids were extracted from the purified aqueous solution with chloroformisopro-
panol (1:1). They were freed from pigments by chromatography on alumina (Brockmann
activity grade IT) with elution by methanol—chloroform (1:2). The product was re-
crystallized from methanol—ethyl acetate (1:9), giving 0.05% (on the weight of the
raw material) of ecdysterone.

The perennial herbaceous plant Rhaponticun carthamoides (Willd.) Iljin. (maral root,
safflower leuzea, safflower rhubarb, safflower centaury) growing in the Asiatic part of the
USSR and also in the Mongolian People's Republic [1] has been used from ancient times in folk
medicine but its introduction into cultivation as a medicinal and fodder plant began only re-
cently [2-4]. At the present time, galenical preparations with a tonic and stimulating ac-
tion are being made from the roots and rhizomes of Rh. carthamoides [5]. An extract of the
roots is one of the components of the beverage '"Sayany."

The main biologically active substance of the roots of Fh. carthamoides — ecdysterone —
was discovered in the Institute of the Chemistry of Plant Substances of the Academy of Sci~
ences of the Uzbek SSR by N. K. Abubakirov et al. [6]. The reserves of the wild and culti-
vated Rh. carthamoides make it a promising raw material for the production of ecdysterone,

We have investigated the processes of isolating ecdysterone from the roots and rhizomes of
this plant, which we obtained from the factory for the primary treatment of medicinal raw
material. To select the optimum solvent for the various stages of the isolation and purifica-
tion of ecdysterone we investigated its solubility in several solvents and mixtures of them:

Institute of the Chemistry of Plant Substances, Academy of Sciences of the Uzbek SSR,
Tashkent. Translated from Khimiya Prirornykh Soedinenii, No. 4, pp. 528-529, July-August,
1980. Original article submitted March 17, 1980.
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