Tetrahedron, 1960, Vol 10, pp. 1 to 11. Pergamon Press 11d. Printed in Northern Ireland

STUDIES ON THE STEROIDAL COMPONENTS OF
DOMESTIC PLANTS—XXI

THE STRUCTURE OF KOGAGENIN (PART 3) ON
ANHYDROKOGAGENIN

Tokto Kusora and KEN'1CHT TAKEDA
Research Laboratory, Shionogi & Co. f.1d. Osaka, Japan

(Received 26 January 1960)

Abstract-- In an earlier paper? of this scries, we assigned the position of the double bond in anhydro-
kogagenin, a dehydration product of kogagenin, at C-5 and 6 tentatively. This has now been confirmed
1o be located at C-4 and § from the results of the epoxide formation, manganese dioxide oxidation
and the glycol fission reaction. It has been found that the reaction of anbydrokogagenin with acetone
containing a small amount of p-toluenesulphonic acid gives an allylic rearrangement product together
with the normal acetonide.

KOGAGENIN is a tetrahydroxysapogenin isolated from the epigeous part of Dioscorea
Tokoro, Makino and its structure was cstablished as 25p-spirostanc-13,273,32.5p-
tetrol (Ia).!2

During the course of investigation of this structure, anhydrokogagenin triacetate
(11b), m.p. 171 173°, which was obtained by dehydration of kogagenin triacetate
with thionyl chloride in pyridine, played an important rolc in the structural elucidation
of kogagenin.

In the earlier paper.? the double bond in anhydrokogagenin triacetate (11b) was
assigned tentatively to the C-5 position merely from the fact that anhydrokogagenin
(11a) gave a negative Rosenheim test. Little attention was paid as to whether its
double bond was located at C-4 or at C-5, becausc this was unnccessary for the
elucidation of the structure of kogagenin,

The results of epoxidation of 11b, as described below, showed the possibility of
the double bond being at C-4 and prompted investigation to clarify the position of
this double bond in anhydrokogagenin (11a).

Treatment of anhydrokogagenin triacetate (11b) with perbenzoic acid afforded an
epoxide, m.p. 151-153", which was reduced with lithium aluminium hydride and
yielded kogagenin, having the Sp-hydroxyl group as established in the preceding
paper,! as a sole product.

From these findings it was assumed that the parent triacetate-cpoxide must be the
f-epoxide. Moreover, in view of the fact that the reduction of steroidal 53,6/3-
epoxides with lithium aluminium hydride affords a quantity of Sg-alcohols in addition
to 6p-alcohols® while 4/4,57-epoxides give only 54-alcohols,* the above results suggested
that the double bond in anhydrokogagenin triacetate (I11b) may be located at C-4.
! Part XX: T. Kubota, Chem. Pharm. Bull. 7, 898 (1959).

? K. Takeda. T. Kubota and A. Shimaoka, Tetrahedron 7, 62 (1959).
3 PI. A. Plattner, H. Heusser and M. Feurer, Hele. Chim. Acta 32, 587 (1949): A.S. Hallsworth and
H. B. Henbest, J. Chem. Soc. 4604 (1957).

¢ Pl. A. Plattner, H. Heusser and A. B. Kulkarni, Helv. Chim. Acta 31, 1885 (1948): C. W. Shoppec,
M. E. H. Howden, R. W, Killick and G. H. R. Summers, J. Chem. Soc. 630 (1959).
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On the other hand, Henbest and Wilson® reported that the epoxide formation of
cyclic allylic alcohols occurs from the same side of this hydroxyl group. On the
basis of this fact, perbenzoic acid oxidation of free anhydrokogagenin (Ila) was
carricd out in order to obtain the anticipated x-epoxide, contrary to the case of 11b.
Although there was obtained a single epoxide melting at 274 2767, this product was
identical in all respects with the g-epoxide (1T11a) which was obtained on saponification
of the tracectate-g-epoxide (111b) prepared from IIb. Therefore, cpoxidation of
anhydrokogagenin (11a) gave no support to the possibility of this compound possessing
the allylic hydroxyl function.
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In order to determine the presence of an allylic hydroxyl group in Ila, this was
subjected to manganese dioxide oxidation. When progress of the oxidation was
checked by ultra-violet spectra, in the carly stage (30 min) of this experiment, it
showed a maximum of ¢ 7000 at 244 myu indicating the formation of the expected
A%-3-ketone system. The intensity of this absorption did not increase with the lapse
of oxidizing time and a new absorption at 282 mu of low intensity appeared. After
the oxidation was allowed to proceed for a longer time (6 hr), the absorption at
244 myu disappeared and that at 282 mu rosc to € 5600. This observation suggested
that the primary product considered to be a A%-3-one derivative must be further
attacked by manganese dioxide.

When manganese dioxide oxidation of anhydrokogagenin (11a) was stopped after
45 min at 0°, a product expected to be the A%-3-ketone (1V), m.p. 202-204°, showing
Amax 244 myu (log € 4:10) could be isolated with purification by chromatography on
silica gel. This product was identical with the dihydroxy-A#-3-ketone (IV) which
was obtained from the previously reported compound (VI)? by acid hydrolysis.

Since it has now been proved that the primary oxidation product is the dihydroxy-
A4-3-ketone (1V), the further oxidation product showing absorption at 282 mu was
studied. Rosenkranz er al.® reported that, when A¢-3-ketones or AS-33-ols were
treated with manganese dioxide for a long time, each compound afforded A4:®-diene-
3-ones having the maximum at 284 mu. The oxidation product of Ila showed

® H. B. Henbest and R. A. L. Wilson, J. Chem. Soc. 1958 (1957).
¢ F. Sondheimer, C. Amendolla and G. Rosenkranz, J. Amer. Chem. Soc. 78, 5932 (1953).
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CHART 2

constants differing from those of the expected A%.%-dicne-3-onc compound, as described
below. The analytical values agreed with an empirical formula C;4H,40, and suggest
the loss of CH,O from the primary product (I1V). Its ultra-violet spectrum showed
absorption maxima at 230 and 282 mu (log ¢ 3:60 and 3-75, respectively) and the
infra-red spectrum exhibited strong bands at 569, 5-80 and 6:22 u but no hydroxyl
band. From the basis of these data, the structure of this compound was presumed
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to be the five-membered cne-dione (VII). This was supported by the following
chemical behaviour: (a) acetylation with refluxing acetic anhydride-pyridine gave an
enol acetate (VIII) showing the ultra-violet absorption at 299 myu (log « 3-97); (b)
reaction with o-phenylenediamine afforded a quinoxaline derivative (1X), C3,H (,;O,N,:
(c) reduction with zinc and acetic acid gave an unsaturated ketol (X) which showed
ultra-violet absorption maximum at 237 mu (log ¢ 4:16), the infra-red bands at
2-86 u (hydroxyl) and at 5-85 and 6-17 u (five-membered unsaturated ketone), and a
positive triphenyltetrazolium test. The formation of the five-membered ring in VII
perhaps resulted from hydration of a triketone, which would be probably produced
by oxidation of the ketol function in the dihydroxy-A$-3-ketone (1V) with manganese
dioxide, followed by the benzilic acid rearrangement as shown in Chart 2. However
such compounds were hitherto unknown and the clucidation of the above-mentioned
ultra-violet absorption remained doubtful.

From the above results it became certain that Ila possesses the double bond at
C-4. In order to obtain more convincible evidence for the structure [la of anhydro-
kogagenin, cleavage reaction of the double bond was carried out. Anhydrokogagenin
triacetate (11b) was cis-hydroxylated to a pentol tnacetate (X1I) with osmium tetroxide
as described previously.?  The newly introduced glycol function in X1 has been
assigned the p-configuration by analogy to the results on the above-mentioned
epoxide formation and catalytic reduction.* When the pentol triacetate (XI) was
treated with lead tetracetate, one cquivalent of the reagent was consumed to yield
the 4,5-sccoaldehyde-ketone (XI1), m.p. 187 190°.7 By oxidation with chromium
trioxide, this aldchyde-ketone (X111) led to an amorphous triacetoxy-keto-acid (XVb).
When XVb was treated with a | per cent methanolic potassium hydroxide solution,
besides an amorphous product assumed to be a trihydroxy-keto-acid (XVa), a small
amount of a ncutral product. m.p. 156 158", having an empirical formula C,;H;40,
was obtained. The infra-red spectrum of this neutral product showed, except for an
absorption at 5-84 4 corresponding to a six-membered ketone, neither another
carbonyl band nor a hydroxyl band. Also, treatment of this compound with hydroxyl-
amine gave an oxime, Cy3H;,04N, m.p. 217°. Based on the above results the structure
of this ketone has been assigned to be a des-A-5-ketone (X V1) which may be produced
via retro-aldol reaction® of the trihydroxy-4.5-secoketo-acid (XVa) derived from the
At-compound. When the triacetoxy-keto-acid (XVb) was treated with alkali under
more vigorous conditions, it gave the same XVIin good yicld, as would be expected.
‘The methyl group at C-10 in XVI has been assigned to the more stable x-configuration
(i.c. equatorial) by the analogous example.?

Furthermore, the pentol (XI1) prepared from saponification of XI underwent
glycol fission with lead tetracetate and yielded the expected trisnor-1,5-secoaldehyde-
ketone (X1V), C,,H;,0,, m.p. 222 225 (decomp). Since it is well-known that such
formyl ketones are sensitive to alkali or acid,'® by treatment with alcoholic potassium
hydroxide solution, XIV was casily converted to the above-mentioned des-A-5-
ketone (XVI).

These results have now confirmed that the double bond in anhydrokogagenin is

7 This compound was amorphous in the previous experiment.?

* C. Djerassi and H. G. Monsimmer, J. Amer. Chem. Soc. 79, 2901 (1957).

® J. Castells, E. R. F. Jones, 6. D. Mcakins and R. W. J. Wilhiams, J. Chem. Soc. 1159 (1959).
10 AL L. Wilds and C. Djerassi, J. Amer. Chem. Soc. 68, 1715 (1946).
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located at C-4. Therefore, the formulae described in the previous paper for anhydro-
kogagenin and its derivatives should now be corrected to A%-25p-spirostene-14.2/3,3x-
triol (11a) and its derivatives. Assuming that ionic elimination readily occurs between
trans-diaxial function, it scems to be reasonable that dehydration of kogagenin
triacctate (Ib) with thionyl chloride-pyridine furnished exclusively the A%-compound
(I1b), because the 54-hydroxyl group is axial to ring A but cquatorial to ring B.
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At present, with the constitution of anhydrokogagenin having been established,
it is more difficult to understand why the so-called anhydrokogagenin acetonide,
which was obtained on treatment of Ila with acetone and p-toluenesulphonic acid,
was unaffected with chromium trioxide pyridine, chromium trioxide-acetone-
sulphuric acid or by the Oppenaucer oxidation, as described carlier.? Thus, in order
to clarify this question, the reaction of acetonide formation was reinvestigated.

Anhydrokogagenin (Ila) was refluxed in acctone containing a small amount of
p-toluenesulphonic acid. Chromatography of the product over alumina afforded, as
described in the previous experiment,? a small amount of the acetonide dienc
(XVII) and a main product (A), m.p. 208-210°, previously assigned to be anhydro-
kogagenin acctonide (XVIIIa) on the basis of its analytical values and infra-red
spectrum.  Further clution of the above chromatography gave another isomer (B)
having a melting point of 227-230°. The analytical values for the isomer (B) are in
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good agreement with the formula C,;H,4O; corresponding to XVIlla. Its infra-red
spectrum showed the bands at 2-83 u (hydroxyl), 6-:00 u (double bond) and at 7-98,
8:12 and 8-23 u (acetonide) and satisfied the structure XVIlla. The ultra-violet
spectra of the two isomers, (A) and (B), were examined. Theintensity of the absorption
maximum at 206 mu due to the double bond, for the isomer (A) was merely ¢ 880,
in contrast with the ¢ 6050 and & 5100 for anhydrokogagenin (Ila) and the isomer
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(B), respectively. This observation suggested that the double bond in the isomer (A)
may bc a disubstituted one.!! When the infra-red spectrum of cach isomer was
minutely determined with KBr prism, the above assumption was supported by the
facts that the isomer (B) showed the absorption band at 12:18 u corresponding to a
trisubstituted double bond while the isomer (A) exhibited the band at 14-41 u due
to a cis-disubstituted double bond. According to these facts it is deduced that the
isomer (A) previously presumed to be XVIlla has the structure XIX in which allylic
rearrangement and acetonide formation occurred simultancously by refluxing of Ila
and p-toluenesulphonic acid in acetone. The newly isolated isomer (B) is concluded
to have the structure XVIIla expected for the normal acetonide of 11a. This has been
proved by the identification with a sample prepared by the following route, i.c.
acctylation of kogagenin acetonide (Va) followed by dehydration of the Cy-hydroxyl

11 P, Bladon, H. B. Henbest and G. W. Wood, J. Chem. Soc. 2737 (1952).
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group with thionyl chloride-pyridinc and saponification. This compound was also
oxidized smoothly with manganese dioxide to the acctonide-At-3-ketone (VI).
Morcover, the isomer (A) was resistant to manganese dioxide oxidation or acctylation
by refluxing acetic anhydride-pyridine and the starting material was recovered almost
quantitative, as would be expected.

Although there are very few examples on the allylic rearrangement in the steroid
ficld,’? it is well-known that acidic treatment of A¢-sterols rcadily causcs A%3-diene
formation.!3 It is interesting that the above-mentioned reaction of Ifa resulted
chiefly in allylic rearrangement than in dchydration.

EXPERIMENTAL

All melting points are uncorrected. Ultra-violet absorption spectra were taken with a Beckman
Model DU Spectrophotometer. Infra-red spectra were measured using a Koken Infra-red Spectro-
photometer Model DS 301. Rotations were determined with a Roudolf Photoelectric Polarimeter
Model 200.

Epoxidation of anhydrokogagenin triacetate (11b)

To a solution of 11b* (1-658 g) in chloroform (3 ml) was added a 0-46 M solution (12 mD) of
perbenzoic acid in chloroform. After standing at room temp (15-21°) for 48 hr, the mixture was
diluted with ether, washed with NaOH solution and water, and dricd. The solvent was removed
under reduced pressure leaving an oil (17 g) which was chromatographed on alumina (30 g). The
fractions (1-294 g), eluted with a mixture of petroleum cther and benzene (1:1), were crystallized
from aqucous methanol to prisms (100 g) of 18,25,3a-1riacetoxy-48,58-epoxy-25n-spirostane (111b),
m.p. 149-152",[x];, -3’ (c 0-60, chloroform). (Found: C, 67-18; H, 822. C,,H,0O, requires: C,
67-32; H, 822°%)).

The further elution of the above chromatography with benzenc and with chloroform gave an oil
(390 mg) showing a hydroxyl band in the infra-red spectrum. Saponification with refluxing methanolic
KOH solution gave 18,28.3x-trihydroxy-4.5p-epoxy-25n-spirostane (llla, described below) in
crystalline form.

Reduction of 18,2p,3x-triacetoxy-48.58-epoxy-25u-spirostane (111b) with lithium aluminium hydride

To a suspension of lithium aluminium hydride (200 mg) in dry cther (30 ml), a solution of 111b
(215 mg) in dry benzene (30 ml) was added dropwise under stirring. The mixture was heated under
reflux (52) for 3 hr. After cooling, a small portion of water was added carefully to decompose the
complex and then the mixture was acidified with dil HC1 to dissolve an amorphous metal hydroxide.
The precipitated crystals were collected by filtration, washed with water and dried yielding scales
(168 mg), m.p. 298-303" (decomp). The organic layer of the filtrate gave only 4 mg of the organic
material. The combined product (172 mg) was acetylated by refluxing with acctic anhydride and
pyridine. The crude acetate was chromatographed over alumina (7 g). The fractions (15 mg) eluted
with petroleum cther benzene (1:3) were crystallized from methanol to scales, m.p. 167 170°, which
was identical with anhydrokogagenin triacctate (IIb). The cluates with benzene and with benzene -
chloroform (19:1 to 4: 1) were combined and recrystallization of the fraction (190 mg) from methanol
furnished prisms (144 mg), m.p. 248-251", which showed no depression on admixture with an authentic
sample of kogagenin triacetate (1b).* Infra-red spectra of these samples were identical.

Further clution of the above chromatography with chloroform and chloroform-methanol (1:1)
afforded only an impure matcrial (13 mg).

18.28.3x-Trihydroxy-4f3,5B-epoxy-25D-spirostane (111a)
(a) By saponification of 18,28.3x-triacetoxy-4f,58-epoxy-25n-spirostane (1lIb). The afore-
mentioned 111b (100 mg) prepared by epoxidation of I1b was refluxed in 109, methanolic KOH

11 B. Pelc, Coll. Czech. Chem. Comm. 22, 1457 (1957); R. E. Ircland, T. . Wrigley and W. G. Young,
J. Amer. Chem. Soc. 80, 4604 (1958).

13 4. McKennis, Jr. and G. W. Gaffney, J. Biol. Chem. 175,217 (1948); W. G. Danben and L. F. Eastham,
J. Amer. Chem. Soc. 73, 3260 (1951).
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solution (10 ml) for 2 hr. The cooled reaction mixture was diluted with water and the precipitate
was filtered and recrystallized from chloroform-methanol giving small plates of 11la, m.p. 273 275°,
[xlp 637 (c 099, 1:1 chloroform methanol mixture). (Found: C,7031; H,911. C,;;H,,0,
requires: C, 70-10; H, 915%).

(b) By epoxidation of anhydrokogagenin (11a). To a 0:21 M solution (2-5 ml) of perbenzoic acid
in chloroform, I1a (200 mg) was added. When the solution was stored in a refrigerator for 48 hr, a
precipitate appeared. Filtration and washing with chloroform furnished ncedles (114 mg), m.p.
266 270, which was recrystallized from ethyl acctate methanol giving small plates of Illa, m.p.
272-274", (2}, 61 (c 1-00, 1 : 1 chloroform methanol mixture). The m.p. was not depressed on
admixture with a specimen prepared by the method (a) and the infra-red absorption spectra of the
two samples were identical. (Found: C,70-18; H,9-05. Cak. for C,;H,,0,: C, 70-10; H, 9:15°,).

From the filtrate the additional 1l{a (67 mg) was obtained.

Tarte |
log ¢
Min
i-:n [ }~:u s

10 3-84 27

20 3-84 3-02

30 3-82 315

60 379 336
120 376 350
240 357 372
360 3-45 374
480 345 376

Muanganese dioxide oxidation of anhydrokogagenin (11a)

A solution of Ila (100 mg) in chloroform (10 ml) was shaken at room temp (30 - 1) with
manganese dioxide (1:0 g) prepared by Rosenkranz's method.!* Small quantities of the reaction
mixture were withdrawn at intervals and freed from the mangancese dioxide and solvent. These
samples were determined by ultra-violet spectrum in a 95°; ethanolic solution with the result as
shown in Table 1.

A*-250-Spirostene-1.28-diol-3-one (1V)

(@) By manganese dioxide oxidation of anhvdrokogagenin (lla). A solution of 1la (110 mg) in
chloroform (11 ml) was shaken with manganese dioxide (1:1 g) for 45 min under cooling in anice-bath.
After removal of the mangancese dioxide and the solvent, the crystalline residue (85 mg) was chromato-
graphed on silica gel (2 g). Elution with benzene chloroform (9:1 to 4:1) gave yellow crystals (8 mg)
of the further oxidized product (VI1) described below. The next fractions (50 mg) cluted with chloro-
form, on crystallization from aqueous acetone, furnished long, silky needles, m.p. 202-204°, A5LoH
244 my (log ¢ 4:10). No depression in m.p. was obscerved on admixture with an authentic sample of
the dihydroxy-A*-3-ketone (IV) prepared by the method (b) described below and the infra-red spectra
of these two substances were identical.

The 1:1 chloroform-methanol cluate (25 mg) of the above chromatography gave the starting
material (I1la), m.p. 240-243" (decomp).

(b) By acidic hydrolysis of A'-25v-spirostene-1p.273-diol-3-one acetonide (V). The acetonide
(V1, 135 mg), prepared by oxidation of kogagenin acetonide followed by dehydration as described
previously,? was refluxed for 30 min in methanol (10 ml) containing conc HC1 (1 drop). The mixture
was diluted with cther, washed 3 times with water and dried. After removal of the solvent, the
crystalline residuc was chromatographed on silica gel (3 g). The fractions (15 mg) cluted with
benzene—chloroform (4: 1) furnished, on recrystallization from acetone, A'-¢-25n-spirostadien-2-ol-3-
onc? as scales, m.p. 234 237°. The eluate (111 mg) with benzene chloroform and with chloroform

¢ O. Mancera, G. Rosenkranz and F. Sondhcimer, J. Chem. Soc. 2189 (1953).
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was crystallized from aqueous acctone to long needles of IV, mp 202 204°. For analysis, the
substance was recrystallized once more from the same solvent and dried 1 racwo for S hr at 110™:
(2], 141 (c 0 66, chloroform), ifer 244 mys (log ¢ 4 10). (found. C, 7311 H. 904, C,.H,0,
requires €, 7294 H,907°.)

The by-product (A-nor-3¥%-281>pirostene-1.2-dione. V1) of manganese diovide ovidation of anhydro-
hogayemn (I1a)

(a) holation of the product (V11 A mixture of 114 (300 mg) and manganese dioxide (3-0g) in
chloroform (30 mh was suiered for 6 hr at room temp  The dionide was filtered and the filtrate was
evaporated to dryness and chromatographed over silica gel (3 g)  Flution with bensene and recrystal-
hzation of the cluate (188 mg) from chloroform methanol mixture gave yellow plates (140 mg) of
Vil mp 228 230 (decompl.[al, 118 (¢ 075, chloroform), negative ferric chlonde reaction; g3t
230, 282 my (log ¢ 360, 3 75); S50 348 mu (log ¢ 3701, AL S 69, S 80,622 1. no hydroxyl
absorption. (Yound: C, 7571, 7562, H 881, 872 C,H,,0, requires: C, 7569, H, R 0°,).

(b) Acetylation of VIl A muxture of the foregoing VII (100 mg), acctic anhydnde (2 ml) and
pynidine (2 ml) was heated under reflux for 2hr The product, extracted with ether 1n the usual
manner. was recrystallized from ethyl acetate alcohol mixture giving colourless prisms of the enol
acetate (V1L mp 222 224 (3], - 35 (c 1 0], chloroform); Al 299 my Qlog e 397), s s 62
R 37-8 S35 (enol acetate), S 84, $ 97, 6 28y (five-membered cony dicnone) (Found C. 73770 H,
849 C, H,.0, requires (1, 7398: M, 843°)

(c) Ireatment of VI with o-phenvienedianune  The above VII (100 mg) in alcohol 120 ml) was
refluxed with o-phenvlenediamine (100 mg) for 2 hr and then concentrated unt! ¢rystals <tarted
separating  After cooling the crystals (87 mg), mp 260 265 , were colkcted and recrystallized
twice from chloroform-alcohol to give pale vellow necdles of the quinoxaline derivative (1X), m p.
272274 (decomp). (2], 191 (¢ 1 03, chloroform), 250N 221, 260, 266, 338, IS4 mpu (log » 4 39,
435,434, 413,311, /330'617,622,.630,.636, 1312, (tound: C, 7924, H. 830, N, 5SS
CyH G ON, requires C. 7930 H 832 N ST78°)

() Treatment of V1l with zinc and acetic acid A yellow <olution of VI (100 mg) 1n acetic acd
(20 ml) was decolounized as soon as aine dust (10 g) was added  After refluxing for 3 hr, 7in¢
was removed by devantation and cther and water were added to the solution The ether layer was
washed, dried and evaporated to dryness in tacuo - The resduc was recrystallized twice from methanol
viclding needles (30 mg) of the unsaturated Aetol (X). m p. 233.235 [ [x];, 104 (¢ 096 chloroform);
AEOM 3 M (og r 4161, AN 2R6 40 tOH), SRS, 617 s (five-membered cony unsat ketone).
(Found. C. 7967, H.947 )l (O  requires C. 7532, H 9247

maas o~

Treatment of 2Sv-spurosiane-13.23.3x.48.83-pentol 1.2 3x-triacetate (X1) with lead tetracetate

The pentol triacetate (X[, m p 252 254 . was prepared on treatment of b with osmium tetronide
asdescribed previoush * To a solution of X10430 mghin acetic acid (10 ml) was added lead tetracetate-
acetic aad (29 68 mg:ml solution (21 mit - After standing overmight at room temp. 1odometric
determination of the reaction mixture showed that onc equivalent of the reagent was conwumed
The reaction mixture was diluted with water and extracted with ether. The extract was w.ashed with
sodium carbonate <olution and water, dried and evaporated. Crystallization of the glassy revuduc
(420 mg) from cther-n-pentane mixture gave the 4,5-secoaldehvde-Aetone (X111) as needles (389 mg),
mp 184187 The pure sample showed the following constants mp 187 190  {a), 90 (< 098,
chloroform); J540" S 6. S 73« (acctate and aldehyde), $ 87 s (ketone). no hvdroxyl band  (Found:
C. 6588 H. .81} Cy,H, O requires: C. 65 54; H R00°))

Oudation of the 3.5-secoaldehyde-ketone (X111)

To 4 solution of X111 (300 mg) 1n 907, acetic acid (10 ml). a solution (1 94 m)) of chromium
tnoxide 10 907, acctic aaid (20 mgyml) was added  After standing for 1 hr at room temp, the reaction
mixture was diluted with water and extracted with chloroform <ther (4 1) mixture The solvent
layer was washed with water and the acidic substances extracted with <odium carbonate solution
The alkaline solution was acidified with dil HQ1 and extracted with ether  The ether <olution was
washed, dricd and evaporated leaving an o1l (297 mg) of the triacetoxy-Reto-acid (XVDb) which was
not obtained 1n crv<talline form
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Alkaline treatment of the triaceioxy-keto-acid (XVb)

(a) Wuh 12, methanolic potassium hydroxide solution. When the forcgoing XvVb (297 mg) was
dissolved 1n a 1°, methanolic KOH <olution (20 ml), the solution turned to yellow  After refluxing
1 hr, the mixture was diluted with water and the methanol was removed 17 tacuo. The alkaline
solution was extracted with cther and the extract was washed with water, dried with sodium sulphate
and evaporated to dryness. Crystallization of the oily residue (72 mg) from methanol gave needles
(27mg). mp 145 148 which was punficd by chromatographed over alumina followed by recrystal-
hzauon from methanol yielding wales of des-A-250-spirostan-Sone (XVI), mp 156 158 [2],, —K4®
(c 090, chloroform); 4307 $ 84 4 (€ O), no hydroxyl abrorption. (Found  C, 76-82, H, 10 08.
CiyH,0, requires: €. 7662, H. 10:07°,)  Treatment of this XV1 (48 mg) with hydroxylamine by
the usual manner gave needles (from akohol) of the oxime (34 mg), mp. 217 . (bound: C, 73 87;
H. 1003, N.368 Cy,H,.O)Nrequires: C, 73560 H. 993, N, 373°)

The alkahine solution after separation of the neutral fraction was aciditied with dil HC1 and
extracted with cther. The cther extract was washed with water, dried and evaporated leaving a
gummy residuc (177 mg) presumed to be the trihydroay-keto-acid (XVa). This acid was estertfied with
ethercal diazomethane to the mily merhyl ester. The infra-red spectrum satisfied the given structure
as follows: ATUY' 286-296 4 (OH), 578 s (ester). S 85 ¢ (ketone). However ths trihydroxy-keto-
ester was recovered unchanged after treatment with excess lead tetracetate in acctic acid or with
periodic acid in RS *, methanol for 20 hr at room temp

(b) With S°_ alcohalic potassium hydrovide solution. The mily tnacetoxy-keto-acid (XVb, 153 mg)
derived from X111 (150 mg) was heated on a steam bath for 1 hr with a 5°, alcoholic KOH solution
(20 ml)  The reaction mixture was diluted with water and extracted with ether. The ether layer was
treated 1n the usual manner and the crude substance (77 mg) was recrystallized from methanol to
scales (SO mg) of m.p. 156 158 . Identity with a sample of the des-A-ketone (XVI) was established
by the infra.red and mixed m p. determination

251-Spirastane-13.24,32.37,53-pentol (X11)

The pentol trniacctate (X1, 450 mg) was dissolved in methanol (30 ml) by warming When KOH
(450 mg) 1n water (1 mh was added to this solution, precipitation immediately occurted. The mixture
was refluxed for 4 hr with thik precipitate remaining  After cooling the crvstals were fltered, washed
with methanol and water, and recrystallized from chloroform-methanol to give the pentol (XII)
decomposing gradually above 330 | vicld 326 mg  (Found C, 6777, H. 928 (,.H,O. requires
C.6747, H. 923"

Treatment of 251-spirostane-13.23.32.48.33-pentol (X11) with lead teiracerate

To a solution of lead tetracetate (1 6 g), acetic acid (40 ml) and chloroform (40 mhy, X11 (220 mg)
was added. After the solution was allowed to stand at room temp osermight, water and cther were
addcd. The ether extract was washed with sodium carbonate solution and water, dried and evaporated
under reduced pressure.  The crystalline residue (189 mg) was recrystallized from chloroform-
methanol viclding prisms (117 mg) of the A-trisnor-1.5-secoaldehyde-ketone (XIV), m p. 220-224°
(decomp).  After further recrystallization the pure sample showed the following constants: m.p.
222 228" (decomp), 3], 99 (¢ 097, chloroform), 453> S 78 4 (aldehyde). S 91 i (ketone), no
hydroxyl absorption. (tound: C. 7398: H, 935, C,H, O, requires: C. 7419; H, 9134°,).

Alkaline treatment of the A-trisnor-1.5-secoaldehyde-hetone (X1V)

A muxture of X1V (40 mg) and KOH (100 mg) 1n alcohol (S ml) was refluxed for 30 min 1n an
atmosphere of nitrogen. The solution was diluted with cther, washed with water and dried.  After
removal of the solvent, the crystalline residue (24 mg) was recrystallized from methanol to give
scales (20 mg) of the des-A-ketone (XVI), m.p. 156-158 .

Treatment of anhydrokogagenin (11a) with acetone and p-toluenesulphomic acid

A solution of Tla (139 mg) and p-toluenesulphonic acid dihydrate (15 mg) 1n acetone (30 ml)
was refluxed for 5 hr and then allowed to stand at room temp overnight. The reaction mixture was
neutralized with sodium bicarbonate solution and concentrated to about one third of the imtial
volume under reduced pressure  The concentrated solution was diluted with water and extracted
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with cther. The extract was washed with water and dried. After removal of the solvent, the crystalline
residuc (156 mg) was chromatographed on alumina (S g). The fraction (14 mg) cluted with petroleum
cther benzene (9:1) gave, on crystallization from methanol, the acetonide-A?-t-diene (XVII),* m.p.
162-165 .

Elution with petroleum cther benzene (4:1) and with benzenc and recrystallization of the cluate
(79 mg) from methanol furnished needles (66 mg), m.p. 208 -210°, (x}p -- 58" (¢ 1-00, chloroform),
corresponding to a specimen reported to be anhydrokogagenin acetonide in the previous paper.?
The structure of this compound was assigned A?-25n-spirostene-13,23,5¢-triol 1,2-acetonide (X1X)
based on the following constants: Aol 206 mu (loge 2:94); AL 284 4 (OH). 8104 ( O- ),
603, 1441 u (cis CH-=CH ).

This acetonide-A*-5-0l (XIX) was recovered unchanged after treatment with manganese dioxide
in chloroform for 6 hr and it was not acctylated by refluxing for | hr with acetic anhydride in pryidine.

Further elution of the above chromatography with benzenc-chloroform and with chloroform
gave the crystalline cluate (51 mg). Recrystallization from methanol gave needles (34 mg), m.p.
202-213, which was recrystallized twice from the same solvent to yicld the pure sample, m.p. 226 -
230", [2]p - 7°(c 0-88, chloroform); RPN 206 mu (log £ 3-73); A%ulS! 2:83 4 (OH), 7-98, 812,823 4
(- ©O—),600,12:18 4 ( -C:=.CH ). (Found: C, 74-03; H, 9-81. C,H,0, requires: C, 74-03;
H, 9:53%,). No depression was observed on mixed m.p. with a sample of A*-25D-spirostene-13,2p3,3a-
triol 1,2-acetonide (XV1lla), m.p. 227-230", prepared by the following method, and the infra-red
absorption spectra of the two specimens were identical.

Preparation of anhydrokogagenin acetonide (XV1lla) from kogagenin acetonide (Va)

A mixture of kogagenin acctonide (Va,* 230 mg), acetic anhydride (2:5 ml) and pyridine (5 ml)
was allowed to stand at room temp for 48 hr. The product, extracted with cther in the usual way,
was recrystallized from methanol to give kogagenin acetonide 3-acetate (Vb) as prisms (225 mg), m.p.
234 237, (x]p - 13" (¢ 0-98, chloroform). (Found: C, 70-68; H, 9-40. C,,H,,0, requires: C,
70-30; H, 9-22°,).

To a solution of the foregoing Vb (200 mg) in pyridine (2 ml), thiony! chloride (0-3 g) in pyridine
(3 ml) was added dropwisc under cooling in an ice-bath. After standing for 45 min at 0’ the excess
reagent was destroyed with ice and the product was extracted with ether. The extract was washed
with dil HCI, sodium bicarbonate solution and water, dried and evaporated leaving the crystalline
residue (194 mg), m.p. 184-187°, which was recrystallized twice from methanol to needles of A¢-
25v-spirostene-13.2(3,3x-1riol 1,2-acetonide 3-acetate (XVIlib), m.p. 212-214, {xJp - 21 (c 1-04,
chloroform). (Found: C, 72:89: H,927. C,H,,0, requires: C, 72:69: H, 9:15°).

This XVIIIb (60 mg) was saponified with 1 2, methanolic KOH solution (S ml) under reflux for
1 hr. Recrystallization of the product from methanol gave needles of XVIiia, m.p. 227-230 (Found:
C, 74:06: H, 9-54. C4H,O; requires: 74-03; H, 9:53°)). This was identical with the above-men-
tioned sample of XVIlla in all respects.

Oxidation of A*-250-spirostene-103.23.3x-triol 1,2-acetonide (XV111a) with manganese dioxide

To a solution of the foregoing XVIIIa (37 mg) in chloroform (4 ml) was added manganese dioxide
(0-3 g) and the slurry was stirred for 2-5 hr at room temp. After working up in the usual manner it
yiclded A%-25n-spirostenc-143,23-diol-3-onc acetonide (V1)?, as needles from methanol, m.p. 205-208".



