2. It has been established that in the treatment of extracts of saponin-containing
plants it is desirable to use IA-1l resin in combinations with KU-2 resin for the preliminary
desalting of the extract.

LITERATURE CITED

1. N. K. Kochetkov, A. Ya, Khorlin, and V. E. Vas'kovskii, "Triterpene saponins,' Izv.
Akad. Nauk SSSR, Ser. Khim., 1398 (1963).
2. W. Winkler and P. Patt, Naturwissenschaften, 47, No. 4, 83 (1904),
3. M. T. Turakhozhaev, M. R. I. Shamsutdinov, and T, T. Shakirov, in: Abstracts of Lec~-
tures at an All-Union Conference on Ion Exchange [in Russian], Moscow, (1979), p. 233,
4, L. A. Yavich, in: The Use of Ion-Exchange and Extraction Methods in the Production of
Biologically Active Substances [in Russian], Tbilisi (1979), p. 98.
5. L. A. Yavich, Soobshch, Akad. Nauk GSSR, No. 3, p. 91, 625 (1978).
6. S. Huai, H, Oura, and T. Wakajima, Planta Med., 29, No. 2, 116 (1976); 28, No., 2, 113
(1975); 28, No. 4, 363 (1975). -
7. G. L. Genkina, L., G. Mzhel'skaya, T. T. Shakirov, and N, K. Abubakirov, Khim., Prir.
Soedin., 120 (1977).
8. 8. G. Polonik, I. D. Pokhilo, V., I. Baranov, and N. I. Uvarova, Khim. Prir. Soedin.,
349 (1977).
9. V. I. Spiridonov, A. P. Prokolenko, and D. G. Kolesnikov, Med. Promst, SSSR, No. 2, 17
(1963).
10. T. A. Khvedelidze, Author's Abstract of Candidate's Dissertation [in Russian], Thilisi
(1966).
11. R. Ttschesche and G. Wielff, Chemie und Biologie der Saponine, Springer, Vienna (1978).
12, P. A, Yavich, E. G, Dekanosidze, A. G, Sarabunovich, and P, E. Beridze, USSR Inventor's
Certificate No. 48 3982; Byull. Izobret., No. 34, 21 (1974).

GLYCOSIDES OF MARINE INVERTEBRATES.
XVI. CUCUMARIOGENIN FROM GLYCOSIDES OF THE HOLOTHURIAN

Cucunaria fraudatric

Sh. Sh. Afiyatullov, V. A. Stonik, ‘ UDC 547.996:593.96
A, I. Kalinovskii, and G. B. Elyakov

A new genin of the holostane series has been isolated by the acid hydrolysis of the
glycosidic fraction of the holothurian Cucumaria fraudatrix. 1t has been shown that
this genin is the native alycone of glycoside G; from the same holothurian. The
structure of the genin has been established as 1l6B-acetoxyholosta-7,24~dien-3B-ol.

Continuing an investigation of the glycosides of marine invertebrates, we have studied
the structure of the native genin from the glycosides of the Far Eastern holothurian (Cucu-
maria froudatrix. The structure of l6B-acetoxyholosta-7,24-dien~38-0l (Ia) for this compound
was proposed on the basis of the following facts. Cucumariogenin was obtained in the form
of the acetate (Ib) from the glycosidic fraction of the holothurian Cucumaria fraudatriz
after acid hydrolysis of this fraction and acetylation of the hydrolysis products. Cucumario-
genin acetate (Ib) had seven methyl groups, since its 'H NMR spectrum had seven 3H singlets
in the 0.9-1.68 ppm region. The IR spectrum of (Ib) showed an acetate and a lactone function
(vg g 1727 em™*, vemo—c 1253 em™, vg_p 1755 cm™'). There was no absorption of free
hydroxy groups in the spectrum.

The *2C NMR spectrum of cucumariogenin acetate contained three signals of carbonyl car-
bons (168.9, 170.9, and 179.0 ppm) corresponding to two acetate groups and a y-lactone, and
also four signals of carbon atoms for two tri-substituted double bonds (120.3 d, 144.8 s,
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123.4 d, 132.2 s), In cucumariogenin acetate, the lactone group occupies the 18 + 20 posi-
tion, since the signal of one of the methyl groups (C-21) in the 'H NMR spectrum was shifted
to 1.49 ppm because of the influence of the neighboring — 0—CO—fragment. These facts per-
mitted the assumption that compound (1lb) is a new holostane derivative with two acetate
groups and two double bonds.

The mass and *H and *®C NMR spectra of (Ib) showed the 3B position of one of the acetate
groups. Thus, the molecular ion lost a fragment with 129 m/z on the cleavage of ring 4,
which is characteristic for the mass spectra of 3B-acetoxyholothurinogenins [1]. The H
NMR spectrum contained a signal at 4.47 ppm, which is characteristic for a 3a-H when there
is an acetate group in the 3B position.

Tc establish the positions of the second acetate group and of the double bonds, several
chemical transformations were performed. Thus, the presence of 24(25) unsaturation could
be assumed from the *H NMR spectrum, which contained the signals of the protons of two methyl
groups on a double bond (1.67 and 1.58 ppm). This hypothesis was confirmed by the catalytic
hydrogenation of (Ib).

The *H NMR spectrum of the 24,25~-dihydro derivative obtained (II) lacked the signals of
methyl groups at a double bond and had a doublet (6 H) at 0.87 ppm, which is characteristic
for a saturated side chain., In the '3C NMR spectrum of (II), the signals of carbon atoms at
a double bond (123.4 and 132.2 ppm) had disappeared and signals corresponding to the carbon
atoms of a saturated side chain [2] had appeared (Table 1).

The *H and *°C NMR spectra of compound (II) show the presence of only one trisubstituted
double bond: 1 H (m) at 5.54 ppm, and C=C signals at 120.3 (d) and 144.8 (s) ppm. This
bond was assigned to the C-7(8) position on the basis of a comparison of the spectral charac-
teristics of (II) with the spectra of holost-7~enol derivatives [2] and chemical transforma-
tions.

Treatment of the acetate (Ib) with chloroform saturated with hydrogenchloride gavethe
A%(%)+24 derivative (III). Its *°C NMR spectrum contained the signals of one trisubstituted
double bond (123.7 and 132.2 ppm, d and s, respectively) and one tetrasubstituted double
bond (135.5 and 130.2 ppm, both s). Such a migration of a double bond has been described ‘
previously for holost-7-enols [3]. The similar treatment of product (II) gave the A® *) iso-
mer {IV) with one tetrasubstituted double bond. In the holostane skeleton, this double bond
can occupy only the C-8(9) position.

The second acetate group was placed at C-~16 on the basis of NMR characteristics for
compound (IV). From the difference spectrum between the double resonance spectrum with ir-
radiation of CH-OAc (5.67 ppm) and the monoresonance spectrum the protonic emviromment of
the CH— OAc fragments was determined as — CHp—CH(OAc)—CH <. The chemical shifts and spin—
spin coupling constants of the protons are given in Table 2. Thus, in the holostane nucleus
this acetoxy group can occupy either the C-16 or the C-6 position. The C-6 position does

' not agree with the *?C NMR spectra of the genins (Ib)-(IV). Thus, the presence of an ace-
toxy group at C-6 would cause a downfield shift of about 5 ppm in the spectra of the genins
(Ib) and (II) as compared with the value of 145.6 ppm for 38,23(S)-diacetoxyholost-7(8)-ene
[2]. Moreover, each of the spectra of the genins (III) and (IV) contains a characteristic
signal in the strong field at 18.0 ppm (t) which, as in the case of lanost-8(9)-encls can
belong only to C-6 [5]. Consequently, the acetoxy group is located at C-16. Its B config-
urations follows from an analysis of the spin—spin coupling constants of the H-16, H~17, and
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TABLE 1. '*C NMR Spectra of Cucumariogenin Acetate and its
Derivatives (CDCls, ppm, TMS — O)

Compound ‘ Compound
Atom Atom
1 ® | m [ w Ib no| o v

c-1 35,5 |355! 3535 | 35.35| c-18° {1792 l179.4 \176.9
G2 24.95 | 24,95 241 |24.1| C-19 23’5 | 23.7 113;7 1-1,3.'2
c3 81.2 |81.2| 81,0 [809| C20 | 848 {851|845]| 847
C-4 37,7 |37.7| 37'8- |3r.8]| C-21 28,2 |28°2)287 | 286
C-5 47,7 [47.6] 506 ,80.6{ C-22 38,3 [38,9(38,4| 389
C-6 23.0a | 23,08 180 |i81| C-23 285 |22.7]23.5] 225
C-7 120.5 11203 | 26.8 '27,0| C-24 [ 1234 |396.1937| 396
C-8 144,8 [144:8 | 135.4 1354 | C-25 |-132.2 |28'1 132’2 | 931
C-9 467 | 46,7 130.2 [130,2| C-2 25,5 | 22,780 286 | 22.35
C:10 35,5 (355{ 37,1 |a7.1] C-27 177 {22,598 17.8 | 2255
c-1 22,42 | 22581 209 |-21.0| C.-30 174 11751661 166
C-12 31.85 | 316 | 28'7 |28.6, C-3I 288 |28,8[280] 981
C-13 50.15 (591 | 596 {59.6( C32 | 323 |324]|286| 970
C-14 473 |47.2| 44,6 |44.6| OAc | 21,25 | 21,25 21'25] 2’2

) 214
C-15 433 | 43,3 410 |41.0 1709 [17)8 170 1| 1709
C-I6 74.75 1749 750 -] 75,2 1€8.9 168 9 1 )¢
Cc-17 54.85 | 54.9| 52,1 [523 689 [i70.3 | 17.2

3 assignment of the signals ambiguous.

24-15 protons. These constants were calculated for the 16B~ and lba-acetoxy isomers using
the results of x-ray structural analysis for 22,25-epoxyholosta-7,9(1l1)~dien-38-ol (V) [6]
and assuming that the conformations of rings D in compounds (IV) and (V) did not appreciably
differ. A comparison of the observed and calculated constants (see Table 2) indicates the

8 configuration of the acetoxy group.

The 98-H configuration in the acetates (Ib) and (II) followed from a comparison of thelr
130 NMR spectra with that of 23(S)-acetoxyholosta~7,25-dien-3B-ol, the native genin of the
glycoside from the holothurian Adstichopus multifidus, the configurations of the asymmetric
centers of which have been determined by x-ray structural analysis [7]. The values of 23.5
and 23.6 ppm for the chemical shifts of C-19 in (Ib) and (II) respectively, show the 9B-H
configuration in these genins [8],

A comparison of the signals of the aglycone part of the '*C NMR spectra of cucumarioside
Gy, mp 216-218°C, [a]2°—21.8° (¢ 3; ethanol—water (4: 1)) isolated from Cucumaria frauda-
trix (Table 3) and the spectrum of genin (Ib) (Table 1) showed that the carbohydrate moiety
was attached to C-3, and compound (II) was the acetate of the native genin of this glycoside
(the signal for C-3 of the glycoside was shifted to 88.7 ppm, while the other signals of the
aglycone moiety of the glycoside and of genin (Ib) did not differ so greatly). On the basis
of these facts, the structure of the native cucumariogenin can be represented by formula

(1a).

EXPERIMENTAL

Melting points were determined on a Boetius stage and optical rotations on a Perkin-
Elmer 141 polarimeter in chloroform solutions at room temperature. IR spectra were recorded
on a Specord IR-75 spectrometer in chloroform solutions, mass spectra on a LKB-900C S instru-
ment, and *H and '°C NMR spectra on a Bruker HX-90E spectrometer in deuterochloroform. The
chemical shifts were measured relative to tetramethylsilane.

The holothurian Cucumaria fraudatrix was collected in Posyet Bay, Sea of Japan, in
August, 1979, at a depth of 1 m.
The glycosidic fraction of the holothurian Cucumaria fraudatrix was isolated as the

result of extraction with methanol in a Soxhlet apparatus of the musculocutaneous sacs of
the holothurians that had previously been defatted with methylene chloride.

Acid Hydrolysis. The glycosidic fraction was hydrolyzed with 2 N H,S0, at 90°C for
3 h. The mixture of aglycones was obtained by the usual method.

Acetylation was performed with acetic anhydride in pyridine at room temperature for 16 h.
The mixture of acetates of aglycones was separated on a column containing Si0O, in the hex-
ane—ethyl acetate (7: 1) system. Columm 80 x 1.5 cm; support, silica gel L {Chemapol, 40/

100 u).
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TABLE 2. Comparison of the Observed and
Calculated Spin—Spin Coupling Constants
of His in Compound (IV)

Dihedral angle* 7 HT'" ”,Hz .Iexp Hp Hz
116° (HygH ) 3.6
a-OAc{ 2118 (HgH{;) 8,3
98°30" ( HygH,s) 1,8
418" (M,6H 7 8.9 9.0 ,
142°(H,g Hi 7.5 7,110.3
Q. A g’
B-0AC] 91018 (HyqH,s) 8.4
103°28" ( Hi;H]} -12,0

*The angles between the substituents in
positions 15, 16, and 17 were taken as
e}ual to the tetrahedral angles.

tJg, g = (7.8—1.0 cos? + 5.6 cos 2)-
(1—0.1 ZAX,) [9]; Xyg=2.1,%X;= 2.5,

XOAC = 3.71

TABLE 3. ®C NMR Spectrum of the Aglycone Moiety of Cu-
cumarioside G, (CDg)280, ppm, TMS — Q)

lycone of

Atom Sglcﬁ?:: 82 i Atom Aslycoael&)f glycoside]  Atom 3;:;;5; Gy
C-1 35.6 C-11 22,05 C-21 28,5
C-2 26,6 C-12 30,98 C-22 38.6
C-3 88,7 C-13 58,9 C-23 23.1
C-4 391 C-14 471 C-2¢ 123.9
C-5 47,7 C-15 43 .4 C-25 131,7
C-6 23,1 C-16 74.6 C-26 25,6
Cc-7 119.7 C-17 53.9 Cc-27 17,7
C-8 145.5 C-18 179,40 C-30 17,7
C-9 47,1 C-19 23.7 C-3l 28,5
c-10 35,2 C-20 83,2 C-32 32,2
—QAc 21,1
169.8

Holosta-7,24-diene-38,16B-diol Diacetate (Ib). CsuHsoOs, mp 213~215°C (MeOH), [a]s°
+ 8° (c 0.56; CHCLs), Rf 0.65 (hexane—ethyl acetate (3:1); TLC on silica gel). Mass spec-
trum, m/z: 554 (W), 539, 512, 494, 479, 449, 435, 425, 419, 389, 375, 339,

PMR (CDCls) (8): 0.96 (30-CHs, 3 H, s); 0.90 (31-CHs, 3 H, s); 1.06 (19~CHs, 3 H, s);
1.15 (32-CHs, 3 H, s); 1.49 (21-CHs, 3 H, s); 1.58 (26-CHs, 3 H, s); 1.67 (27-CHs, 3 H, s);
4,47 (H3, 1 H, m); 5.54 (H7, 1 H, m); 3.21 (H9, 1 H, m); 5.67 (H16, 1 H, m); 2.49 (Hl7, 1 H,
d, J = 8.8 Hz); 5.01 (H24, 1 H, m); 2.05 (2 Ac, 6 H, s).

Holosta-7-ene~3B,16B-diol Diacetate (II). The diacetate (Ib) (20 mg) was hydrogenated
in ethyl acetate over PtO; at room temperature for 4 h. The catalyst was filtered off, the
ethyl acetate was evaporated off, and the residue was chromatographed on silica gel. This
gave 18 mg of the hydrogenated product (II), CsiHs20s, mp 229—231°C (MeOH), [a]f® + 4° (c
0.50; CHCls). Mass spectrum, m/z: 556 (M¥) PMR (CDCls, 68): 0.87 (26,27-CHs, 6 H, d, J =
6.1 Hz),

Holosta-8,24~diene-3B,16B~diol Diacetate (III) and Holosta-8-ene-3B,16B-diol Diacetate

(IV). The acetate (1b) or (1l) (20 mg) was treated with (hydrogen chloride)-saturated chlo-
roform for 1 h. Then the chloroform was evaporated off and the residue was chromatographed
on silica gel. In this way, (Ib) yielded 12 mg of (III), CssHsoOs, mp 228-230°C (MeOH),
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] + 34° (¢ 0.45; CHCls), PMR (CDCls, 8): 0,91 (30,31~CH,, 6 H, s); 1.06 (19-CHs, 3 H, s);
ll (32-CHs, 3 H, s); 1.50 (21-CHs, 3 H, s); 1.59 (26-CHs, 3 H, s8); 1. 69 (27-CHs, 3 H, 8);
53 (H3, 1 H, m); 5.67 (H16, 1 H, m); 2.49 (H17, 1 H, d, J = 9.1 Hz): 4,97 (H24, 1 H, m);
02, 2.05 (Ac 6 H, s); and (II) yielded 13 mg of (IV), mp 246-248°C (MeQH), [a]5° + 31°

[+]

[
1
4,
2.
(¢ 0.31, CHCls). Mass spectrum, m/z: 556 (M¥), PMR (CDCls, &): 0.89 (30,31-CHs, 6 H, s);
1.06 (19-cr13, 3H, s); 1.10 (32-CHs, 3 H, s); 1.46 (21-CHs, 3 H, s); 0.87 (26,27-CHs, 6 H,
d, J = 6.0 Hz); 4.50 (H3, 1 H, m); 5.64 (Hl6, 1 H, m); 2.49 (H17, 1 H, d, J=91Hz), 2.04
{Ac, 6 H, s).

SUMMARY

It has been shown that cucumariogenin from the holothurian Cucumaria fraudatriz has the
structure of l6B-acetoxyholosta-7,24-dien-38-0l.
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