19-CH;), 1.86 s (3 H, 21-CHs), 2.02 s (3 H, acetate), 5.0 m (2 H, 3-H, 16~-H). The remainder
consisted of an complex mixture of substances difficult to separate (TLC). When the experi-
ment was repeated under the same conditions, 280 mg of (VII) was obtained in the form of an
oil with R¢ 0.4 [benzene—acetone (9:1)]. IR spectrum (v, cm™'): 1230, 1380, 1460, 1550,
1690, 1750. Mol. wt. 354. Mass spectrum (m/z): 354 (M), 336 (M — 18), 326, 125 (C,Hs02).
PMR spectrum (8, ppm): 0.65 m (cyclopropane), 0.88, 0.94 s (6 H, 18-CHy, 19-CHs), 1.78 s

(3 H, 21-CHs), 4.95 m (1 H, 16-H). The lactone of the i-steroid (VII) (50 mg) in 0.5 ml

of CHsCOOH containing 2% of H,80, was additionally heated at 65°C for 9 h, and after treat-
ment similar to that described above the mixture of products was acetylated under the usual.
conditions. After working up and chromatographic separation, a series of products was ob-
tained one of which coincided in terms of Rf with (VII). No formation of (VIII) was ob-
served,

SUMMARY

The d-lactone of 3B-acetoxy-l6-hydroxy-6-oxo-24-nor—-5a~chol-17(20)-en~23-o0ic acid — the
A'7(?°)-16a analog of natural chiogralactone — has been synthesized.
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WITHASTEROIDS OF Physalis.
III. PHYSANOLIDE AND 4B8-HYDROXYWITHANOLIDE E

R. N. Tursunova, V. A, Maslennikova, UDC 547.926
and N. K. Abubakirov

Two withanolides have been isolated from the epigeal part of Physalis viscosa L.
One of them with the compositions C;3H3s0e has been identified as 4B-hydroxy-
withanolide E, and for the second, which has been called physanolide, the struc-
ture of l4a,178,20R-trihydroxy~1,4-dioxo-22R~witha-5,24-dienolide has been pro-
posed on the basis of its UV, IR, PMR, and mass spectra, and also the results of
a partial synthesis of 14a—hydroxyandrost-S—ene-l 4,17-trione, obtained by its
oxidation.

Continuing a study of Physalis viscosa L. [1l, 2], from an aqueous extract of the epi-
geal part of the plant we have isolated two more compounds which have been assigned to the
withanolide group on the basis of their UV, IR, PMR, and mass spectra.

Analysis of the spectral characteristics and physicochemical constants of the withano-
lide (I) C28Has0s, and of its acetate and oxidation products (III, IV) has enabled us to
1dentify this substance as the 4B-hydroxywithanolide E isolated previously from Ph. peru~
viana L. {3, 4].

The detection in the UV spectrum of compound (VIII), Cz;¢H3e0,, which has been called
physanolide, of an intense maximum at 233 nm (log € 4.1), in the PMR spectrum of two three-
proton singlets at & 1.86 and 1.90 ppm, and in the mass spectrum of a fragment with m/e 125
shows the presence of an unsaturated lactone ring in the side~chain of the new withanolide.
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An intense fragment with m/e 169 shows the presence of a diol grouping at C-17 and C-20.
This is confirmed by the fact that the oxidation of compound (IV) formed a lactome (III)

and an oxosteroid (IX). The size of the molecular ion and the nature of the fragmentation
in mass-spectrometric decomposition permits the assumption of the presence of three hy-
droxyls in physanolide. The withanolide (VIII) was not acetylated when it was heated with
acetic anhydride in pyridine, and, consequently, does not contain secondary hydroxy groups.
As stated above, two of the hydroxy groups form a diol grouping, and the most probable posi-
tion of the third hydroxyl is at C-14.

In the PMR spectrum of physanolide (VIII) at & 6.71 ppm the signal appears of only one
vinyl proton. This value is characteristic for a proton at C-6. A singlet at 2.64 ppm (see
below) corresponds to four equivalent protons at C-2 and C-3 adjacent to carbonyl groups.
Similar facts have been given by Lavie et al. [5] for some products of the degradation of
withaferin A, having precisely the same structure of rings A and B.

The facts given above permit structure (VIII) to be suggested for physanolide.

In order to convince ourselves of the correctness of the proposed structure, we under-
took a partial synthesis of l4a-hydroxyandrost-5-en-1,4,17-trione (IX), obtained together
with the lactone (III) by the oxidation of physamolide (VIII). The synthesis started from
the 4B-hydroxy withanolide E (I) found in the same plant.

The reduction of compound (I) (Mt 502) gave the dihydro compound (V) (M* 504), on the
oxidation of which two other compounds, in addition to the lactone (III), were detected:
48,l4a~dihydroxy-58,6B-epoxyandrostane~1,17-dione (VI) and l4a-hydroxy-58,6B-epoxyandro-
stane-1,4,17-trione (VII)., When the triketo compound (VII) was boiled in glacial acetic
acid with potassium iodide, the epoxide ring was eliminated with the formation of lé4a-hy-
droxyandrost-5-ene-1,4,17-trione (IX). Their spectral characteristics and also a direct
comparison with the product of the oxidation of physanolide showed their complete identity.

Below we give details of the PMR spectra of the compounds (solvent CDCl; or — indi-
cated by square brackets — CsDsN):
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Com- 2LH 3-H 4-H,  6-H, 22-H, 18-CH;, 19-CHs, 2I-CHy, 27, 28-CHj,
] ] $ H]

pound d m m s
I [6.32] [7.08q] [3,92] [3.2)] {5.10] [1.22] [l 64} {1.65] [L77; 1.88]
11 [6,37d] [7004d] [4,95] [3.40] [5.15] [1.20] {1.66] [1,68} [1,77; 1,90]
v 6,79c 3.46 0.89 ,39
VI 3,22m 3.40 0,88 1.20
VIl 2,948 3,15 0,90 1,11
VI 2,648 6,71 4.84 1,08 1.20 1,39 1,86; 1,90
12,623 6,841 {5,15] {1,30] [1.22] [1.68] [1,67; 1,85]
IX - 2,658 6.71 0,98 1,22

The change in the shifts of the signals of the 18;CH, and 22-H protons on passing from
CDCls to CsDsN as solvents in taking the PMR spectra (Agpgl,-CsDsN = —0.22 ppm for 18-CH,

and —0.31 ppm for 22-h) permit the B orientation to be assigned to the 17-OH group [2, 4].
The CD curve (Aezsq + 3.07) shows the 22R configuration. Consequently, physanolide has the
structure of l4a,17B,20R~trihydroxy-1,4~dioxo~22R~witha~5,24~dienolide.

As is well known, the group of compounds described acquired their generalized name
"withanolides" from the plant Withania sommifera Dun., where they were first found. At the
same time, at present not less than 15 substances have been described for which the term
withanolide with the addition of the letters of the Latin alphabet (from D to R) has been
used to denote concrete chemical compounds. In order to avoid the possibility of confusion,
in our opinion, it is desirable to name this group of compounds "withasteroids". Collective
names of the same type, such as "cardiosteroids" and “ecdysteroids" have rapidly gained
acceptance in the scientific literature.

EXPERIMENTAL

For thin-layer chromatography we used the following systems 1) n~hexane—acetone (1:1);
2) n~hexane-acetone (3:2); and 3) chloroformbenzene—methanol (5:5:1). Mass spectra were
recorded on an MKh-1310 mass spectrometer. For general information see [2].

Isolation of the Withasteroids. A chloroform extract (for its preparation see [1]) of
an aqueous extract (10 g) was chromatographed on a column of silica gel. Elution was car-
ried out with mixtures of chloroform and benzene (1:1) containing gradually increasing
amounts of methanol from 2 to 5%. Fractions with a volume of 300 ml each were collected. The
process was monitored by TLC in systems 1 and 3. Fractions 18-29 (2% methanol) showed the
presence of, mainly, physanolide. After evaporation of the solvent, the residue was re-
crystallized from methanol. The yield was about 0.001% on the weight of the raw material.
Fractions 60-70 (3-4% of methanol) consisted of a mixture of withaphysanolide [2] and 4B8-
hydroxywithanolide E. After the solvent had been distilled off, the withanolides were re-
chromatographed on silica gel with elution by n-hexane—acetone (1:1) and monitoring by TLC
in the same system. The fractions containing 48-hydroxywithanolide E were combined and
evaporated, and the residue was recrystallized from ethyl acetate. Yield 0.05%. R¢ in sys~
tem 1: physanolide 0.48; withaphysanolide 0.36; and 4B-hydroxywithanolide E 0.22.

Physanolide (VIII). CaeHseOy, mp 170-175°C (from methanol), [alf® 0 * 3° (c 2.86;
methanol) ; xﬁ;ﬁsﬂﬂ 233 nm (log e 4.1); vgg;: 3500-3200, 1710, 1690, 1630 cm *. CD (c 1.01;

methanol): Aezas = —10.60, Aegs, =+3.07, Aesoo = —1.81, A€3;5 = 40,51, Mass spectrum, m/e
(z2): Mt 486 (2), 468 (38), 450 (11.5), 432 (3.5), 343 (17), 325 (17), 299 (13), 281 (11),
169 (47), 152 (100), 125 (86), 109 (86).

4B-Hydroxywithanolide E (I). C2gH3s0s, mp 229-230°C (from ethyl acetate), [a]ﬁ1
+87.8 *+ 5° (c 1.48; ethanol); xm;§=0H 220 nm (log € 4.1); vggi 3650-3300, 1710, 1675 cm *.

CD (C l.lO; methanol): Agz,s = +18.02, Acaye = +4095, Aegapg = +1.74, Mass spectrum, m/e
(z): Mt 502 (1.5), 484 (20), 466 (80), 448 (86), 359 (37), 341 (47), 323 (10), 315 (40),
297 (40), 169 (80), 152 (70), 125 (100).

4B-Acetoxywithanolide E (II) was obtained in the form of an amorphous powder when com-
pound (I) was allowed to stand in a mixture of acetic anhydride and pyridine at room tem-

perature for a day. The acetate (II) could not be obtained in the crystalline state. Aﬁg;

3500, 1740, 1700, 1675, 1210 cm ‘. Mass spectrum, m/e (%): M 544 (1.5), 526 (4.5), 508
(11), 484 (4.5), 466 (54), 448 (100), 341 (34), 321 (48), 297 (45), 279 (70), 169 (100),
152 (63), 125 (100).
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Oxidation of 4B-Hydroxywithanolide E, With ice-cooling and constant shaking, 5-6 drops
of the Jones reagent was added to a solution of 50 mg of compound (I) in 10 ml of acetone.
The reaction was monitored by TLC in system 1 (with iodine as the visualizing agent). After
the disappearance of the initial compound, the reaction mixture was poured into water (20
ml) and extracted with chloroform (5 x 10 ml). The chloroform extract was washed with water,
dried with Na,S0,, and evaporated. The residual light yellow cil was separated on plates
with a thin layer of silica gel in the same system. This gave two compounds: the light
yellow o0il CeH;20s (III), [alB® +145.0 * 4° (c 1.20; chloroform) [mass spectrum, m/e (%):
125 (100), 100 (40), 71 (25), 43 (35)], identical with the lactone from withaphysanolide in
systems 2 and 3 [2]; and crystals of l4o-hydroxy-5B,6B-epoxyandrost-2-ene~1,4,17-trione (IV)
with mp 254°C (from ether), [a]§® +136 + 3° (c 1.12; dioxane), Aﬁ;ﬁsOH 233 nm (log ¢ 3.99),

vﬁgﬁ 3530, 1745, 1700, 1678 cm *; mass spectrum, m/e (%): MY 330 (88), 312 (86), 298 (100),

294 (84), 284 (50).

4B-Hydroxy-2,3-dihydrowithanolide E (V). A solution of 600 mg of compound (I) in 65
ml of ethanol was treated with 150 mg of Pd/BaS0O,, and hydrogenation was performed with hy-
drogen under constant stirring for 10 min., The reaction mixture was filtered from the
catalyst, and the filtrate was evaporated. The residue consisted of a vitrous mass showing
a single spot on TLC (systems 1 and 3). Mass spectrum, m/e (%): M' 504 (0.5), 486 (12.5),
468 (91), 450 (64), 361 (65), 343 (79), 299 (65), 169 (66), 152 (100), 125 (100).

Oxidation of 4B-Hydroxy-2,3-dihydrowithanolide E (V). The whole of the product ob-
tained in the preceding experiment was dissolved in 90 ml of acetone and, with ice cooling,
the Jones reagent was added in drops to the solution. The process was monitored by TLC in
system 2. After the disappearance of the initial compound from a chromatogram, the reac-
tion mixture was diluted with water (200 ml), and the subsequent procedure was the same as
in the oxidation of 4B-hydroxywithanolide E. The residue consisted of 460 mg of a yellowish
0il, which was subjected to chromtographic separation on silica gel (250 g). Elution was
performed with mixtures of hexane and acetone with a gradual increase in the amount of ace-
tone (5:1; 5:2.5; 5:3), 50-ml fractions being collected. The process was monitored by TLC
in system 2. Fractions 20-60 (5:1) contained a light yellow oil (42 mg) with the composi-
tion CeH,.03, which was identified as the lactone (III). Fractions 92-103 (5:2.5) con-
tained l4o~hydroxy-5B,6B~epoxyandrostane~1,4,17-trione (VII), C,9H2,0s. Yield 97 mg. After
recrystallization from hexane—acetone, it had 222°C, (decomp), *§g§5°H 290 nm (log ¢ 2.0),

vKBI 3550, 1745, 1730, 1715 em”; mass spectrum m/e (%): M"Y 332 (85), 314 (40), 304 (30),
299 (55), 296 (45), 271 (100). The subsequent washing of the column with hexane—acetone
(5:3) yielded the crystalline 4B,l4a-dihydroxy-58,6B~epoxyandroastan-1,17-dione (VI),
C19H260s, in an amount of 120 mg. After recrystallization from hexane—acetone, it had mp
263°C (decomp.). wKBI: 3470, 1730, 1695 cw™'. Mass spectrum, m/e (%): M' 334 (14), 316
(44), 298 (20), 231 (65), 213 (100).

Oxidation of compound (VI) by the Jones method led to the triketome (XII).

l4a-Hydroxyandrost-5-ene-1,4,17-trione (IX) from (VI). A solution of 130 mg of the tri-
ketonme (VII) in 15 ml of glacial acetic acid was heated with 130 mg of KI at 100°C for 1 h.
After cooling, 200 ml of water was added to the reaction mixture and the reaction products
were extracted with chloroform. The chloroform extract was washed with a dilute solution of
Na,S20s and with NaHCOs, and then with water, and it was dried over Na;SO,. Evaporation
of the solvent gave 105 mg of a yellowish oil consisting, according to TLC (system 1) of
a mixture of three substances. The mixture was separated on plate with a thin layer of
silica gel in the same system. The compound present in largest amount was l4a-hydroxyan—
drost-5-en-1,4,17-trione, C;sH2,0,, mp 215°C (from acetone—hexane). A&;&SOH 347 nm (log ¢

3.7), vKBL 3500, 1745, 1720, 1695 cw '; mass spectrum m/e (%): Mt 316 (34), 298 (34), 283
(92), 255 (91), 241 (100).

l4a-Hydroxyandrost-5-ene-1,4,17-trione (IX) from Physanolide (VIII). Physanolide (30
mg) was dissolved in 10 ml of acetone and oxidized by the Jones method in the same way as
compound (V). The mixture was separated preparatively in a thin layer of silica gel (system
1). The feebly polar compound was identified by TLC (systems 2 and 3) and spectral charac-
teristics as the lactone (III). A more golar compound was crystallized from a mixture of

2

acetone and hexane and had mp 215°C, Agaxsoﬁ 247 om (log € 3.7), vﬁgi 3500, 1745, 1720,
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1695 em *; MY 316. In systems 1 and 3, the R¢ values of compound (IX) coincided with those
of the l4a-hydroxyandrost-5-en~1,4,17-trione obtained from (VII).

SUMMARY

Two withanolides have been isolated from the epigeal part of Physalis viscosa L. —
4B-hydroxywithanolide E and a new one which has been called physanolide. The latter has
the structure of l4a,17B-20R-trihydroxy-1,4-dioxo~22R-witha-5,24~dienolide.

LITERATURE CITED

1. V. A. Maslennikova, R. N. Tursunova, and N. K. Abubakirov, Khim. Prir. Soedin., 531
(1977).

2. V. A. Maslennikova, R. N. Tursunova, K. L. Seitanidi, and N. K. Abubakirov, Khim.
Prir. Soedin., 214 (1980).

3. K. Sacurai, H. Ishii, S. Kobajashi, and T. Iwao, Chem. Pharm. Bull., 24, No. 6, 1403
(1976). .

4, I. Kirson, A. Abraham, P. D. Sthi, S. S. Subramian, and E. Glotter, Phytochemistry,
15, 140 (1975). '

5. D. Lavie, E. Glotter, and J. Shvo, J. Chem. Soc., 12, 7517 (1965).

ALKALOIDS OF Nitraria komarovii.
IV. TOTAL SYNTHESIS OF KOMAROVINE AND KOMAROVIDINE

T. S. Tulyaganov, A. A. Ibragimov, UDC 547.944/945
and S. Yu. Yunusov

Two alkaloids of a new type — komarovine and komarovidine — have been isolated
from the epigeal part of the Nitraria komarovii. Their structures — 3-(quinolin-
8'~yl)-B-carboline and 3-(quinolin-8'-yl)-5,6~dihydro-g~carboline, respectively —
have been established by synthesis.

The isolation of komarovine [1l] and komarovidine [2] — alkaloids of the epigeal part
of the Nitraria komarovii — and the determination of their structures have been reported
previously. The identity of komarovine (V) with one of the products of the dehydrogenation
of the main alkaloid of N. schoberi, nitrarine [3], with selenium and sulfur was shown.
Nitrarine has also been isolated from this plant [4].

Analysis of the spectra (PMR, mass, IR, UV) of komarovidine (IV) showed that it is a
dihydro derivative of komarovine. The dehydrogenation of (IV) with palladium black led to
komarovine.

On the basis of the spectral characteristics of (V), and also taking into account its
formation from 14,21-dimethylene-16-azayohimbane (nitrarine) in a dehydrogenation reaction,
we put forward the structure of 3-(quinolin-8'-yl)-B-carboline for the alkaloid komarovine.
We have synthesized a compound of this structure from quinoline-8-carboxylic acid and
tryptamine.

Quinoline-8-carboxylic acid was obtained from anthranilic acid by the Skraup reaction
[5]. Tryptamine was synthesized from indole in three stages by a known method [7], and was
also obtained in part by the decarboxylation of tryptophan [8].

The amide (III) was synthesized by two methods: by the condensation of (I) and (II)
with the participation of dicyclohexylcarbodiimide (DCC) at room temperature [9], and also
by the direct thermal reaction of (I) and (II) [10]. It must be mentioned that the yields
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