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Abstract— Structures are assigned to five new sapogenins of steroid type isolated from Isoplexis sceptrum:
Sceptrumgenin (I), Isoplexigenin A (TIg), B (IVa), C (IIa) and D (I1k) have been shown by chemical and
spectroscopic methods to be closely related to each other.

INTRODUCTION
Four species of the genus Isoplexis (Scrophulariaceae) have been described; three
of them are endemic to the Canary islands and the fourth to Madeira. They are of
interest because of their relationship to the European Digitalis rich in cardenolides,
substances isolated? 7 from Isoplexis canariensis Lindl. and Isoplexis Isabelliana
W.B.

The hydrolysate of the extract from twigs and leaves of the wild form of Isoplexis
sceptrum (Linn.) Steudel, collected on the mountains of Madeira, did not yield any
cardenolides but instead a series of spirostane sapogenins® ® together with other
compounds such as triterpenes, anthraquinones, etc. This result indicates a significant
difference between I. sceptrum and the other species investigated. Four of the twelve
spirostane sapogenins isolated were identified as tigogenin, diosgenin (IVe), gitogenin
(11d), and A?3?"-gitogenin. Another three are being investigated and this paper reports
the structure elucidation of the remaining five which have not been described as
naturally occurring products in the literature. They are closely related to each other
and, considering their origin, we propose to name them sceptrumgenin, and isoplexi-
genin A, B, C, and D.

RESULTS AND DISCUSSION

Sceptrumgenin (I), eluted together with tigogenin and diosgenin (benzene-CHCl,,
1:1), was separated from them, as acetates by chromatography on silica gel-—AgNO,.
The monoacetate, obtained by mild acetylation with acetic anhydride in pyridine,
has the empirical formula C,9H,,0,, m.p. 191-193°, [a]p — 119°. Its IR spectrum
indicates the presence of a methylene group (3080, 1660, 880 cm ') and a trisubsti-
tuted double bond (3030, 2830, 840 cm ~?), assignations which are confirmed by the
NMR spectrum :* two multiplets at 5-27 (2H) and 4-65 (1H), respectively. The NMR
signals for the 13-Me and 10-Me suggest position 5-6 for the double bond (9-22 and

* All chemical shifts are reported in ppm on the t-scale. Sec Table 1.
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896; calculated by the method of Ziircher:!® 9-22 and 8-96). The 20-Me is observed
at the same field (9:03) as the corresponding one in A*537)-gitogenin acetate (9-09)
and diosgenin acetate (9:031*), from which we may conclude that the substitution of
the 25-Me by a methylene group does not affect the position of the signal for the 20-Me.
On the other hand, the NMR spectrum of sceptrumgenin acetate lacks the peak for
the 25-Me. This requires as the only possibility, that C,s bears a methylene group
and is in accord with the fact that the two protons at C,4 form an AB system and that
the region 850-1000 cm ™! of the IR spectrum of our acetate is analogous to that
given by Takeda et al.}'® for A2322")-gitogenin acetate obtained by us. We therefore
conclude that sceptrumgenin must be spirost-5,25(27)-diene-38-ol (I} The data
ooincide with those published by Minato and Shimaoka!? who obtained this sub-
stance as a secondary product in the course of the structure determination of nartho-
genin.

Isoplexigenin C (I1a), by chromagraphy of the hydrolysate eluted with CHCl,—37%,
MeOH, had m.p. 272-5-273-5°, [a]p — 62°. The elemental and mass spectral
analyses indicated the empirical formula C,,H,Os (Mol wt. by MS: 448), its IR
spectrum showing bands at 3610 and 3580 cm~! (OH). Mild acetylation gave a
triacetate (IIb) which in the IR does not possess any OH absorptions. The NMR
spectrum of IIb exhibits a multiplet at 6:57 (2H) whose shape and W, (12 c/s) are
characteristic for protons at C, in a spirostane sapogenin if C,4 has the configura-
tion R.!!* The spirostane skeleton would also explain the presence of the two non-
hydroxylic O atoms. Between 4-8 and 575 (4H) there appears a broad set of lines
assignable to the three protons situated at the same carbon as the acetyl groups and
to the lone proton at C, . The spectrum lacks the signal at 8-40 which in sapogenins
with no substituents in the spiroketal side-chain is attributed to the protons at C,;.
In the region 850-1000 cm ™! of the IR spectrum no absorptions appear which are
characteristic of spirostane sapogenins without substituents in ring E or F!?~15
According to Takeda et al.!® substitution in these rings has a pronounced effect on
the region mentioned. The mass spectrum of Ila shows the base peak at m/e 289
(Fig. 1, fragment 1c), constituted by the androstane skeleton with two OH groups,
analogous to what is observed in 23-Br-desoxytigogenin, but contrary to what occurs
in spirostane sapogenins unsubstituted in the spiroketal side-chain, in whose mass
spectrum the base peak is formed by this side-chain.!” From all this we conclude that
one of the OH groups might be located on C,; or C,,, while the remaining two are
found in the androstane skeleton.

The attempted degradation of isoplexigenin C to the pregnane derivative V,
following the method used by Minato and Shimaoka,'? only yielded the starting
material because the first reaction step (i.e. isomerization to a A2°??)-furostene) did
not take place, probably because the OH group in ring F impedes the reaction.!®
On the other hand, degradation of gitogenin (IId) by the same method gave com-
pound V.

The structure determination of isoplexigenin C by chemical methods was performed
as follows. Partial acetylation of Ila afforded the diacetate Ilc whose IR spectrum
shows the typical absorptions of an associated OH (3580 cm ~'). By oxidation of
this alcohol with CrO, we obtained the monoketone IIlc in whose IR spectrum the
CO band coincides with that of the acetate groups (1740 cm '), therefore suggesting
position C,,.!* The keto group was reduced by the method of Huang-Minlon



TABLE 1. CHEMICAL SHIFTS IN CDCl, (1-3CALE)

(:Ompound H—Cs H“‘"Cz Hu)“‘"‘Cz: H—Clﬁ Hz_Czo H:“—Cz‘ 10-Me ZQ'MQ 1 3‘Me 25-Me "‘-:{:Hz OAc
Sceptrumgenin (1) acetate 465m gfg' Zgg' 896s 903d(6) 922s 52Im  800s
Isoplexigenin A (1lg) 665m 560m  665m 9195 9064(T) 9195 9194(7)
Isoplexigeain A diacetate (IIh) 50-58m  50-58m 665m[12] 9185 9094(T) 922 917 8008
Isoplexigenin B diacetate (IVb)  4-68m 505-58m  505-58m 665m[12] 897 905d(T) 917 917d(T) 7-98
Isoplexigenin C triacetate (IIb) 48-575m 48-575m 657m[12] 9075 907d(7) 920s 918 ;:’)gf(ig))
2,3-Diacetyl-isoplexigenin C (ILc) 48-58m  665Sm  48-58m 665m[12] 907 906d(T) 920 919d(6) 801s
Isoplezigenin D triscetate (Iim) 510m 550m  6:50m[12) 910s §98d(6) 9255 9-23d(6) ;xgg;
2,3-Diacetyl-isoplexigenin D (1) 515m  665m  S60m  665m 9095 891d(T) 925 922d(6) 8006
Gitogenin (I1d) diacetate S13m 842  563m  660m[12] 9085 9054(6) 9255 923d(6) 801s
A7 Gitogenin discetate 515m phpied 909 909 922 525m 8006
23-Hydroxy-tigogenone (IX) 665m  555m  665m 900s  908d(7) 917 9184(T)
23-Keto-tigogenone (111d) S45m  640m[12] 8965 90647) 9155 917d(7)
2,3-Diacetyl-23-keto-gitogenin (11Ic) 48-56m 48-56m 640m 763m 9095 9084(T) 9:25s 803
23-Acetyl-spirost-2-ene (V) 442m 3‘2’;’ g;ﬁ 555m  662m[12] 9195 9084(T) 923s 7985

Coupling constants J in parentheses, W, , in brackets (both in c/s)

¢ AB system; J = 12 ¢/s
b not resolved multiplet
¢ X part of an ABX system

IIIA —sutuaSodes PIOINs JO $30IMOS MIN

SETE



3236 R.FrERE, A. G. GONZALEZ and E. SUAREZ

BTN e anws»

OAc
OAc

OMs

OAc

OAc
OH

OAc
OAc
OH

OAc

OAc

AcO-,

AcO

>

TN IIIIDNET

009
> I X



New sources of steroid sapogenins— VIII 3237

yielding gitogenin (IId). Hence, Ila is a 25R-spirostane sapogenin with two OH
groups in positions 2 and 3p.

The position of the third OH group was determined by the following reactions.
Selective saponification of isoplexigenin C triacetate (IIb) gave the monoacetate Ile.
Comparing its behaviour in TLC with that of gitogenin (IId), we assumed that the
two free OH groups are those in position 2o and 3. ITe was converted to the dimesyl-
ate IIf, which was then treated with Nal?° affording the A2-derivative VL This com-
pound was transformed into the epoxide VII, which by comparison with analogous
samples is supposed to have the configuration 2a, 3o Reduction of VII with LAH
gave the 3a-axial 2! dialcohol VIIL, which selectively oxidized with NBS forms the
3-keto derivative IX (IR: 1715 cm™!). IX was then reduced with NaBH,, yielding
mainly the dihydroxy derivative IIg, with equatorial OH at C,.

0% ' :
H X H Y

This reduction product Ilg proved to be identical with isoplexigenin A, m.p. 227°,
[«]p — 61°, which by chromatography of the hydroltsate was eluted with benzene-
CHCI, (1:1) and by analysis and mass spectrum has the empirical formula C,,H,,O,
(mol. wt. by MS: 432). The m/e values of the prominent peaks of its mass spectrum
(Fig. 1, fragments 1a and 4a) are 16 units lower than the corresponding ones of iso-
plexigenin C, pertaining therefore to the androstane skeleton with only one OH
group. In the IR it shows two absorption frequencies at 3620 and 3580 cm~! (OH).
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Upon dilution, the intensity of the former increases and is therefore assigned to an
OH group associated intermolecularly, whereas the latter does not change and is
attributed to an intramolecularly associated OH with a H-bond of approximately
2+4 A.22 This is only possible if the OH group at C,, has the configuration 23R or 238,
depending on whether H-bonding occurs with the furan or pyran oxygen. The fact
that the IR region 850-1000 cm~! of IIg prepared from isoplexigenin C (IIa) as
described above, is completely identical to that of IIa indicates that during the course
of the reactions no change has occurred in the configuration of the spiroketal side-
chain.

-, ’,o
+
+ { + { { + OH
a mfe2]3 a mfe302 a mfe 287 a mje 347
b mje27l b mje300 b mfe285 b mje 345
¢ mfe289 c mfe3l8 ¢ mfe303 ¢ mje 363

a Isoplexigenin A
b Isoplexigenin B
¢ Isoplexigenin C

Fa. t

Treatment of isoplexigenin A (IIg) with CrO, afforded the diketone ITId whose IR
spectrum has two absorptions at 1715 and 1740 cm ~!. The latter, compared with the
value observed for the compound Illc, is compatible with a CO group at C,,.!°

By oxidation of tigogenin acetate Callow et al.'® obtained 23-keto-tigogenin (I111a)
in poor yield. This same substance was also prepared from isoplexigenin A by
acetylating the OH group at C,, thus giving IIi, followed by oxidation. Callow et al.!®
reduced Illa with NaBH, obtaining an alcohol which, although it may be one
impure stereoisomer at C,, contaminated by a small quantity of the other, has
physical constants which coincide with those of isoplexigenin A, the IR spectra being
completely superposable.

Isoplexigenin B (IVa), C,,H,,0, (mol wt by MS: 430), m.p. 205-207°, [a]p, — 96°,
eluted together with isoplexigenin A, could be separated from it as its acetate by
chromatography on silica gel with 20%, AgNO,. Its IR spectrum, similar to that of
isoplexigenin A, exhibits two OH absorptions (3610 and 3580 cm ~!) whose intensities
upon dilution behave as discussed above. Moreover, the region 850-1000 cm ™! is
identical for the three acetates IIb, ITh and I'Vb, indicating that the substitution in the
spiroketal side-chain must be the same. The IR spectrum of isoplexigenin B diacetate
(TVb) shows clear evidence of unsaturation (3030, 2830, 840 cm ~*). Its NMR spectrum
confirms this by a multiplet at 468 (1H, W,;; = 8 ¢/s) characteristic of a vinyl proton.
It has also a signal at 6-65 (2H, W,,, = 12 c/s) whose position and shape are the ex-
pected ones for a spirostane sapogenin of the series 25R.!1*

The chemical shift of the Me groups at C,, and C,, in the NMR spectrum of IVb

suggests the position of the double bond. The signal of the 13-Me is found at 9-17
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and that of the 10-Me at 897, the values for A3-isoplexigenin A calculated by the
method of Ziircher!® being 9-19 and 8-96, respectively.*

In the mass spectrum of IVa, whose fragmentation is similar to that of isoplexigenin
A and other spirostane sapogenins with substituents on ring E or F, the androstane
fragments (Fig. 1: 1b, 4b) appear 2 units lower than those of isoplexigenin A.

The supposed structure of A%-isoplexigenin A (IVa) for isoplexigenin B was
confirmed by chemical methods. Catalytic hydrogenation of IVa gave isoplexigenin
A (IIg); hence, the OH groups in I'Va are situated at C, and C,;. On the other hand,
partial acetylation of IVa yielded I'Vc, which treated with CrO, was transformed into
IVE. Reduction of this compound by the method of Huang-Minlon afforded diosgenin
(IVe), thus proving position 56 for the double bond in IVa.

So far, the stereochemistry of the spirostane sapogenins isoplexigenin A (IIg), B
(IVa) and C (I1Ia) has been determined except for the configuration of the OH group
at C,; which, nevertheless, must be the same in the three compounds cited.

Isoplexigenin D (IIk), eluted with CHCl;—3%, MeOH after isoplexigenin C,
clarified the configuration of the OH at C,,. It has the empirical formula C,,H,,O5,
m.p. 280-281°, [a]p, — 74°, and mild acetylation forms a triacetate (IIm) whose IR
spectrum in the region 850-1000 cm ~! differs from those of the acetates of the other
three isoplexigenins as well as of sapogenins without substituents on the spiroketal
side-chain. The signals at 6-50 (2H, W;,, = 12 c/s) and 5-50 in the NMR spectrum of
IIm, which are assigned to the protons at C,, and C, ¢, respectively, confirm that the
compound is a spirostane sapogenin of the series 25R. The peak for the 10-Me
appears at 910, in accord with that of the corresponding Me group in gitogenin
acetate (9-08) and in isoplexigenin C triacetate (9-07). For the 13-Me the chemical
shift is identical to that of gitogenin acetate (9:25), but a little displaced with respect
to that of isoplexigenin C triacetate I[Ib (9:20). However, the 20-Me of IIm (8:98) is
deshielded in comparison with the corresponding ones in gitogenin acetate (9-05)
and IIb (9-07). This seems to indicate a different type of substitution in the ring F,
possibly a stereoisomer at C, ;.

In order to prove this hypothesis, 2,3-diacetyl-23-keto-gitogenin (I1Ic) obtained by
oxidation of 2,3-diacetyl-isoplexigenin C (IIc), was reduced with Na in n-BuOH,
chiefly yielding the 23-hydroxy derivative with S equatorial OH which was identified
as isoplexigenin C (IIa). Hence, the OH group at C,; of the isoplexigenins A, B and C
is S equatorial To obtain the C,,-stereoisomer of isoplexigenin C, IIlc was catalyti-
cally reduced in acid medium, resulting in 2,3-diacetyl-23-hydroxygitogenin (IIl) as
principal component which was different from Ilc. Saponification of Il and subse-
quent acetylation gave a trihydroxy sapogenin and its triacetate which were identified
as isoplexigenin D and its triacetate (physical constants, TLC; IR and NMR spectra
superposable). Isoplexigenin D (IIk) is therefore a C,,-epimer of isoplexigenin C,
its OH group at C,, being R axial.

The stereochemistry of the OH at C,, in the isoplexigenins was confirmed by
applying the method of Horeau?? to 2,3-diacetylisoplexigenin C (IIc). We obtained
levoratatory a-phenylbutyric acid which indicates that the OH group at C,; of
isoplexigenin C (IIa) must be S equatorial.

* Tdiugeninsanste — Teigogeninsostsse T TieoplexigeninAdi =922 — 925 + 922 = 919 for 13-Me and
896 — 918 + 9-18 = 896 for 10-Me.
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A further proof of the configuration of the OH at C,, is given by the NMR spectrum
of compound VI obtained from isoplexigenin C. The shape of the signal attributed
to the proton at the same C atom as the acetyl group, is the expected one for the X
part of an ABX system if the proton is axial: four small peaks in the region 507 to
534 (W, = 16 ¢/s).

From all these results we conclude that isoplexigenin A (IIg) must be (23S, 25R)-
Sa-spirostane-3p,23-diol, isoplexigenin B (IVa) (23S,25R)-spirost-5-ene-3f,23-diol,
isoplexigenin C (Ila) (23S,25R)-5a-spirostane-2a,38,23-triol, and isoplexigenin D
(Ik) (23R,25R)-5a-spirostane-2a,3p,23-triol.

EXPERIMENTAL

The m.ps, determined on a Kofler block, are uncorrected. Optical rotations were measured in CHCl,
soln if not stated otherwise, and with a Perkin—Elmer model 141 polarimeter. IR spectra were recorded on
a Perkin-Elmer model 237 spectrophotometer in CS, soln unless otherwise specified. The mass spectra
were determined on a Perkin-Elmer model RMU-7 mass spectrometer. GLC was performed with a Pye
Argon chromatograph with Sr°® detector. For TLC silica gel G (Merck) was used, which for the separation
of olefins was impregnated with 207, AgNO,. The spray reagents were 4%, H,SO, + 167 H,0 in AcOH,
and 1%, C«(S0O,), in 10%, H,;SO,aq. Column chromatography was carried out on silica gel 0-2-0-5 mm and
dry column chromatography on silica gel 0-05-0-2 mm (Merck). If not otherwise indicated, the acetates
were prepared with Ac,O in pyridine, leaving the mixture at room temp overnight. Solvent used for recrystal-
lizing compounds was MeOH unless otherwise specified. Light petroleum refers to the fraction of boiling
range 40-80°.

Isolation of the sapogenins. Air-dried twigs and leaves (16-8 kg) of Isoplexis sceptrum, collected in Madeira
in July, were finely cut and extracted with EtOH in a soxhlet tube. After filtering the cold alcoholic extract,
it was concentrated in vacuo, diluted with the same volume of water, and extracted with benzene in a liquid-
liquid extractor. The benzene soln is actually being investigated.

After adding the same volume of 2N H,SO, to the aqueous soln, it was refluxed for 6 hr and then poured
into water, neutralized with NaHCO,, and filtered. The ppt was dissolved in CHCl, and washed 3 times
with 107, NaOH aq. Evaporation of the solvent yiclded the crude mixture of sapogenins (180 g; 1-1%) which
in TLC (CHCl;-7-5%, acetone) gave 6 spots with R, values 044, 0-40, 0-30, 0-09, 005, and 0-03. It was
separated by column chromatography, using benzene-CHCl,, CHCl,, and CHCl,-MecOH as eluents.

Product with R, 0-44. GLC (column QF-1, temp 202°, Ar 55 ml/min) showed this product to consist of
B-sitosterol (82%;), stigmasterol (16%), and cholesterol (2%).

Product with R, 0-40. TLC of the acetylated product on silica gel with 20%, AgNO; revealed it to be a
mixture of three compounds. They were separated on a dry column with 209, AgNO, and identified as
follows:

Tigogenin, m.p. 199-201°, [«]p, —71° (¢, 1-13). Forms an acetate, m.p. 200-202°, [a], —70° (c, 1-79).
(Found: C, 75-85; H, 10-27. Calc. for C35H 504 : C, 75-94; H, 10-11%). IR spectra of both substances super-
imposable with those of authentic material.

Diosgenin (IVe), m.p. 206-208°, [a]p —120° (¢, 1-18). (Found: C, 78-21; H, 10-21. Calc. for C;,H,,0;:
C, 7806; H, 10-27%). Forms an acetate, m.p. 193-195°, [a]p —119° (¢, 1:10). (Found: 76:26; H, 991. Calc.
for C;oH,O4: C, 76:27; H, 9:71%,). IR spectra of both compounds superimposable with those of authentic
samples.

Sceptrumgenin (I), obtained in small quantity (20 mg), m.p. 182-184°, [ay — 122°(c, 0-51); Vs 3620 (OH),
880 (CH,=), 3030, 2830, 840 (A*), 980, 960, 920, 895 cm ~* (spirostane ring) Sceptrumgenin acetate, m.p.
191-193°, [aJp — 119° (¢, 1:75); Vpmax 3080, 880 (CH,=), 3030, 2830, 840 (A%), 1740, 1240 (OAc), 980, 960, 920,
895 cm ™! (spirostane ring); vo 1660 cm ! (CH,=). (Found: C, 76:97; H, 9-68. Calc. for C,oH,;0,:
C, 76+61; H, 9-31°,). NMR: sec Table 1.

Product with R, 0-30. This product was a mixture of isoplexigenin A (IIg) and isoplexigenin B (IVa). They
were separated as acetates on a dry column with 209, AgNO, using benzene as eluent.

Isoplexigenin A (11g), m.p. 227°, [a]p — 61° (¢, 161); Voux 3620, 3580 (OH), 995, 965, 945, 915,905,895 cm ~ !
(spirostane ring). Mass spectrum: m/e (%) 432 (2). 347 (40). 329 (10), 273 (100}, 255 (15). (Found: C, 75-21;



New sources of steroid sapogenins— VIII 3241

H, 10-18; Mol wt 432. Calc. for C,,H,,0,: C, 74-96; H, 10-25%,; Mol wt 432). NMR : see Table 1. Diacetate
(ITh), m.p. 194-196°, [a]y, ~60° (¢, 1-81); Ve, 1740, 1240 (OAc), 980, 965, 950, 930, 920, 885 cm ~* (spirostane
ring). (Found: C, 72:37; H, 932 Calc. for C;,H,O¢: C, 7206; H, 9367} NMR: see Table 1.

Partial acetylation of isoplexigenin A (11g). To a soln of I1g (749 mg) in pyridine (18 mi) cold Ac,0 (92 ml)
was added at 0° and the mixture left at this temp for 14 hr. Work-up as usual gave a mixture (940 mg)
consisting of starting material (11g). diacetate (11h), and the two possible monoacetates (11i and 11)). It was
separated by column chromatography.

3-Acetyl-isoplexigenin A (1E), m.p. 212-214° [}y, —63°(c, 1:55): v,,,, 3580 (OH), 1740, 1240 cm ~* (OAc).
(Found: C, 73-26; H, 990. Calc. for C,oH(,O5: C, 73-38; H, 9-77%).

23-Acetyl-isoplexigenin A (I1j), mp. 195-197-5° (from EtOAc-light petroleum), [a]p — 54° (¢, 1'42); Veax
3620 (OH), 1740, 1240 cm ™! {OAc). (Found: C, 73-16; H, 994. Calc. for CH 0,1 C 73-38; H,977%).

23-Keto-tigogenin acetate (I11b) from ILi. A sol of CrO, {70 mg) in glacial AcOH (11 mi) was added, at
room temp and with stirring, to & soln of Ili (109 mg) in glacial AcOH (20 ml). Stirring was continued for
4 hr at room temp and the ketone recovered in the usual way, purifying it by dry column chromatography,
m.p. 232-2335%, [alp —58° (¢, 1'48); Yoy 1740 {0Ac, O=C,;), 1240 (OAc). 970, 920, 900, 860 cm ™ (spiro-
stane ring). (Found: C, 73-67; H, $-20. Calc. for C;,H,,05: C, 73-69; H, $-38%().

Saponification of IIIb with 5% KOH in cold MeOH for 12 br gave 23-keto-tigogenin (I1la), m.p. 230-233°,
[a]p —44:4° (c, 0-81); ¥ 3620 (OH), 1735 cm ! (O==C;,).

Our data of I1Is and IITb coincide perfectly with those published by Callow et al.*®

23-Keto-tigogenone (111d) from isoplexigenin A (11g). I1g (160 mg) was oxidized with an excess of CrO,
in glacial ACOH as described above, yielding the diketone I11d, m.p. 248-250° (from EtOAc-light petroleum),
[aJo —31°5° (€, 1:90); Vpes 1740 (O=C;3), 1715 (O==C,), 970, 940, 925, 910, 890, 870 cm ~* (spirostane ring).
NMR: see Table 1.

Isoplexigenin B (IVa), m.p. 205-207° {from acetone-light petroleum), [a]p, ~96° (c, 1:38); v, 3610, 3580
{OH), 3030, 2830, 840 (A*), 990, 965, 945, 925, 910, 900 cm ~* (spirostane ring), mass spectrum: m/e (3;)
430 (2), 345 (80), 327 (45), 271 (100), 253 (55). (Found: C, 75:31; H, 992; Mol wt 430. Calc. for C,,H,;0,:
C, 75:31; H, 9-83%; Mol wt 430).

Diacetate (IVb), m.p. 187-190°, [z}, ~97° (c, 1'65); v,.. 3030, 2830, 840 (A), 1740, 1240 (OAc), 980, 965,
950, 930, 920, 900, 885 cm ~* (spirostane ring). (Found: C, 72:58; H, 9-20. Calc. for C3, H4O4: C, 72:34;
H, 901%;), NMR: see Table 1.

Partial acetylation of isoplexigenin B (IVa). Cold Ac,O (7'5 ml) was added to a soln of IVa (06 g in
pyridine (15 ml) at 0° and the mixture allowed to stand at this temp for 2 hr. The product was recovered
as usual. Separation by chromatography on silica gel (0-2-0-5 mm) showed it to consist of starting material
{IVa), diacetate (IVD), and the two possible monoacetates (IVe and IVd).

3-Acetyl-isoplexigenin B (IVc), m.p. 178-180° (from EtOAc-light petroleum), [«], ~108° {¢, 145);
Voax 3580 (OH), 3030, 2830, 840 (A%), 1740, 1240 cm ™! (OAc). (Found: C, 73-75; H, 9-39. Calc. for C;,H ,(O5:
C, 73-69; H, 9-38%).

23-Acetyl-isoplexigenin B (IVd), m.p. 207-209°, [«], —93° (¢, 0-20); v, 3610 (OH), 3030, 2830, 840
{A%), 1745, 1240 cm ! (OAc). (Found: C, 7368; H, 9:53. Calc for C,5H,,O4: C, 7369; H, 9-38%).

23-Keto-diosgenin acetate (IVf) from IVc. The oxidation of IVc (120 mg) with CrO; (70 mg) in glacial
AcOH was carried out as mentioned above for the preparation of I1Ib, yielding IVI (114 mg), m.p. 184-5-
186-5°, [a]p ~96° (¢, 138); v,uua 3030, 2830, 840 (A%), 1740 (OAc, O=C,;), 1240 {OAc), 960, 920, 900, 8%0
cm ™! (spirostane ring). (Found: C, 74:19; H, 914, Calc for C, H(;0;: 7401; H, 8-99%).

Diosgenin (IVe) from IVL. IVF (80 mg) was reduced by the method of Huang-Minlon, refluxing it for 2 hr
with ethylene glycol (S ml) and hydrazine hydrate (1 ml), the temp of the vapors being 130°, Then, NaOH
peliets (0-15 g) were added and boiling continued for § br, after which the refrigerator was taken off and the
temp risen to 180°. At this temp refluxing was continued for 2} hr. The soln was then poured into water and
extracted as usual The product was percolated on a dry column, yielding IVe (35 mg), m.p. 201-202°,
falp —117°(c, 1-00), (Found : C, 7794; H, 10-21. Cale. for C;,H,305: C, 78:21 ; H, 1021%), forms an acetate,
m.p. 193-195°, [a]p — 111° {c, 0-91). Both compounds were identified by direct comparison with authentic
samples of diosgenin and its acetate (mixed m.p.; TLC; IR spectra superimposable).

Isoplexigenin A (I1g) from isoplexigenin B (IVa). Isoplexigenin B diacetate IVb (175 mg) was dissolved in
ether (200 ml) containing glacial AcOH (0-25 ml) and hydrogenated at 3 atm and room temp over PtO,
for 14 Hr. After filtering, the reduction product was percolated on a dry column and crystallized from
EtOAc-light petroleum, m.p. 192-194°, [a]p —59° {c, 1-36). (Found: C, 72:18; H, 9-39. Calc. for C; H 4Oy
C, 7206: H. 936%). Upon saponification it yielded Hg, m.p. 226-227° (from EtOAc-light petroleum),
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{a)p —60° (c, -90), which was identified by direct comparison with the previously obtained sample (TLC;
IR spectra superimposable). (Found: C, 7501; H, 10:03. Calc. for C,,H,,0,: C, 7496; H, 10-25%).

Product with R, 0:09. TLC on silica gel with 207, AgNO, showed this product to be a mixture of two
compounds. They were separated as acetates on a dry column with 207, AgNO,, eluting with benzene, and
identified as gitogenin and A?*7)gitogenin.

Gitogenin (11d), m.p. 268-270°, [«}, —71° (¢, 0-29). (Found: C, 74-78; H, 10-27. Calc. for C;,H,,O4:
C, 7496; H, 10-25%). Forms a diacetate, m.p. 240-240-5°, [a]p —97° (¢, 1'87). (Found: C, 7217; H, $:37.
Calc. for Cy HyO4: C, 72:06; H, 9-36%). NMR: see Table 1. IR spectra superimposable with those of
authentic samples.

A3 Gitogenin, m.p. 252-254°, [a)y —~77° (¢, 031), (Found: C, 75:38; H, 9-83. Calc. for C;,H,;0,:
C, 7531; H, 9-83%), forms a diacetate, m.p. 218-220°, [aJp —103° (¢, 2:12); v,,,, 3080, 880 (CH;==), 1740,
1250, 1230 (OAc), 975, 950, 935, 925, 900 cm ™! (spirostane ring); v 1660 cm ™! (CH,=) (Found: C,
72-34: H. 9-09. Calc. for C5,H«Os: C. 72-34: H. 901%). NMR: see Table 1.

Product with R, 005 consisted only of isoplexigenin C (I1a), m.p. 272:5-273-5° (from acetone), {a}, —62°
(¢, 1:26); v 3610, 3580 (OH), 985, 970, 960, 945, 920, 910, 890, 870 cm ™* (spirostane ring); mass spectrum:
m/e (%) 448 (2), 363 (40), 345 (5), 327 (7), 289 (100), 271 (10), 253 (8). (Found: C, 7242; H, 9-80; Mol wt 448,
Calc. for C,,H,,O5: C, 72:28; H, 9-89%; Mol wt 448).

Triacetate (1Ib}, m.p. 210-213°, [a]p —83° (¢, 1-38); v, 1740, 1240 (OAc), 980, 960, 945, 930, 920, 905,
895 cm ™! (spirostane ring} (Found: C, 68-84; H, 8-85. Calc for C;3HyqO,: C, 6896; H, 877%), NMR:
see Table 1.

Attempted degradation of isoplexigenin C (11a) to a pregnane derivative. A soln of Ila (05 g) and pyridine
hydrochloride (05 g) in Ac,O (5 ml) was refluxed for 3 hr, cooled to room temp, and diluted with AcOH
(1 ml} and H,0 (2 ml) Then CrO, (300 mg), dissolved in AcOH (3 ml), was added under stirring at room
temp, and stirring was continued for 3 hr, whereupon formaldehyde (1 ml) and NaOAc (05 g) were added.
This mixture was heated on a steam bath for 1 hr, poured onto crushed ice and the product recovered as
usual It showed to be identical to isoplexigenin C triacetate (I1b) (physical constants, TLC; IR spectra
superimposable).

Gitogenin (I1d), undergoing the same reaction, yielded compound V, m.p. 184-186° (from EtOAc-
light petroleum); v, 3060 (A'*7), 1740, 1250, 1230 (OAc), 1670 cm ™! (x,B-unsaturated ketone); A20H
243 nm (s 6157).

2,3-Diacetyl-isoplexigenin C (Iic). To a soln of I1a (5 g) in pyridine (125 ml) cold Ac,O (62 mi) was added
at 0° and the soln allowed to stand at this temp for 20 min. The mixture of partial acctates (5-85 g) was
recovered in the usual way and chromatographed on silica gel 0-2-0-5 mm (375 g), obtaining Ilc, m.p.
245-247°, [a]p —89° (¢, 1'82); Ve 3580 (OH), 1745, 1245, 1230 cm ™! (OAc). (Found: C, 69-88; H, 9-34.
Cale. for C;,H(,04: C, 69-89; H, 9085,), NMR: see Table 1.

2,3-Diacetyl-23-keto-gitogenin (Ilic). Iic (264 mg) in glacial AcOH (50 ml) was oxidized with CrO,
(170 mg) in the same manner as for the preparation of IIIb, obtaining Ilic, m.p. 271-5-272°, {a}, —73°
(¢, 126); Vo, 1740 (OAc, O==C,,), 1250, 1235 (DAc), 985, 965, 945, 925, 905, 895 cm ~* (spirostane ring),
NMR: see Table 1.

Gitogenin (11d) from Illc. Illc (110 mg) was reduced by the method of Huang-Minlon as described for
IVe from IV The recovered product was percolated on 2 dry column, yielding IId (50 mg), m.p. 260-262°,
{a)p ~63°(c, 157), (Found: C, 74-55; H, 1032 Cak. for C;,H(O4: C, 7496, H, 10-25%), forms a diacetate,
m.p. 238-240°, [a]p —97° (¢, 117). (Found: C, 72:17; H, 3:60. Calc. for Cy,H44O4: C, 7206; H, 9-36%).
The compounds were compared with authentic samples of gitogenin and its diacetate and shown to be
identical in all respects.

23-Acetyl-isoplexigenin C (1l¢). Isoplexigenin C triacetate ITb (45 g) was dissolved in MeOH (40 ml) satd
with Na,CO, and left at 0° for 74 br, determining the end of the reaction by TLC. The product, which
contained a small quantity of Ila, was chromatographed on silica gel (0-2-05 mm), CHQl, —1-5%, MeOH
cluted Ife, m.p. 217-218° (from acetone), [a)y, — 54° (c, 0-72); v2*™ 3610 (sh), 3590 (OH), 1740, 1250 cm !
(OAc).

20,38-Dimesyl-23-acetyl-isoplexigenin C (1If). To a soln of Ile (1-66 g) in dry pyridine (16 ml) mesyl chloride
{17 mi) was added at 0° and the mixture left at this temp for 16 hr, after which it was poured onto crushed
ice and the product recovered as ususl IIf crystallized from acetone-light petroleum, m.p. 230-232°,
[aJp —60° (c, 1:86); Vaes 1750, 1240 cm ™! {OAC). (Found: C, 57-37; H, 7-87; §, 9-99. Calkc. for Cy Hyq0,65;:
C, 5728; H, 7-70; S, 9-852).

23- Acetyl-spirost-2-ene (VI). 1If (13 g) and Nal (6 g) were dissolved in acetone (55 ml) and heated to
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105-110° for 24 hr in a pressure reaction apparatus. The reaction product was poured into water and
extracted with CHCl;. After washing the extract with Na,S,0,aq, the product was recovered in the usual
way and purified by column chromatography, obtaining VI, m.p. 176-178°, [a], —258° (¢, 1:31); Ve
3060, 3020 (A%), 1740, 1240 cm ~! (OAc). (Found: C, 7628 ; H, 9-83. Calc. for C;,H (O, : C, 76:21; H, 9-71%),
NMR: see Table 1.

2a,3a-Epoxy-23-acetyl-spirostane (VII). To a soln of VI (06 g) in CHCl, (20 ml) perbenzoic acid (0-425 g)
in CHCY, (25 ml) was added and the mixture kept at room temp for 153 hr. Then it was extracted with
CHCl,, successively washed with solns of K1, Na;S;0,, and NaHCO,, and the product recovered as usual,
m.p. 196-198°, [a]p —462° (c, 1:32); Voo, 1740, 1240 cm~! (OAc) (Found: C, 7345; H, 9-53. Calc. for
C;sH, ;0;: C 7369; H, 9-38%).

3-Epi-isoplexigenin A (VIII). A soln of VII (05 g) in dry ether (17 ml) was added to a suspension of LAH
(0-25 g) in the same solvent (13 ml). After refluxing for 2 hr, H,O and dil H,SO, were added, the filtered
soln extracted with ether and the product recovered as usual. VIII crystallized from acetone-light petroleum,
m.p. 221-222°, [a], —64° (¢, 0-90); v, 3620, 3580 cm ~! (OH).

Acetylation of VIII yielded a diacetate, m.p. 170-172°, [a]p, —48° (c. 1-10); v,,,, 1740, 1240 cm ~* (OAc).
(Found: C, 71-86; H, 9:39. Calc. for Cy,H4O,: C, 72:06; H, 9-36%,).

23-Hydroxy-tigogenone (IX). VIII (300 mg) was dissolved in acetone (45 ml) containing H,O (2 ml),
NBS (300 mg) and AcOH (0-3 ml) and the reaction mixture left at room temp for 40 min. It was then poured
into water, extracted with ether and washed with NaHCO, soln and dil HCL IX (273 mg) crystallized from
acetone-light petroleum, m.p. 210-212°, [a]p, —44° (c, 1-25); Ve 3580 (OH), 1715 cm ~! (O=C,). (Found:
C, 7505; H, 996. Cak:. for C;,H,;,0,: C, 75:31; H, 9-83%), NMR: sec Table 1.

Isoplexigenin A (11g) from isoplexigenin C (11a). A soln of IX (156 mg) and NaBH, (30 mg) in EtOH (15 ml)
was kept at room temp for 2 hr. The excess of reducing agent was removed by adding AcOH, and the product
recovered in the usual manner. g crystallized from EtOAc-light petroleum, m.p. 225-226°, [a)p —59°
(c, 1-07), (Found: C, 74:64; H, 10-34. Cak. for C;,H,,O,: C, 7496; H, 10-25%), forms a diacetate (IIh),
m.p. 194-195° (from EtOAc-pet ether), [a]p —57° (¢, 140). (Found: C, 72:17; H, 946. Calc. for C;,H 40, :
C, 72906; H, 9-36%). Both compounds were identified by comparison with the previously obtained samples
of isoplexigenin A and its diacetate (mixed m.p, TLC; IR spectra superimposable).

Product with R, 0-03. TLC in the system CHCl,-15%; acetone showed this product to be a complex mixture
of substances with very similar R, values. Upon acetylation, two spots were observed (benzene-10%; EtOAc),
one consisting of IIm and the other, more polar one, of three compounds which are being investigated.
Chromatography on a dry column, eluting with benzene-5% EtOAc, yielded pure isoplexigenin D triacetate
(IIm).

Isoplexigenin D (IIk), m.p. 280-281°, [a]p — 74° (¢, 0-12); v 3620, 3580 (OH), 990, 970, 960, 925, 910,
895, 870 cm ! (spirostane ring). (Found: C, 72:04; H, 10-12. Calc. for C;,H,,Os: C, 72:28; H, 9-89%).

Triacetate (IIm), m.p. 198-200°, [a]p —91° (¢, 0-29); vaex 1740, 1240 (OAc), 980, 960, 940, 925, 905, 885,
865 cm ~! (spirostane ring). (Found: C, 68-82; H, 875. Calc. for C;3H;04: C, 6896; H, 8-77%), NMR:
see Table 1.

Isoplexigenin D (IIk) from isoplexigenin C (I1a). 2,3-Diacetyl-23-keto-gitogenin Ilic (144 mg), prepared
carlier from llc, in glacial AcOH (20 ml) was hydrogenated over PtO, (50 mg) at room temp under atm
press, obtaining mainty I1l (with axial OH). Dry column chromatography of the product afforded pure
11 (20 mg), m.p. 229-231°, [a}p —97° (¢, 0-122); v,,,. 3580 (OH), 1740, 1250, 1230 cm ! (OAc). (Found: C,
69-72; H, 9-14. Calc. for C3,H,40,: C, 69-86; H, 9-08%), NMR: sec Table 1.

Total acetylation of I1l yiclded the triacetate Ilm, m.p. 197-199°, [a], —88° (¢, 0-094). (Found: C, 69-02;
H, 8:8B. Calc. for C33H 4,0, C, 68-96; H, 8:77%). Saponification of IIm gave ITk, m.p. 280-281°, [«], —66°
(c, 0082). Both compounds were compared with previously obtained samples of isoplexigenin D and its
triacetate and shown to be identical in all respects.

Reduction of 2,3-diacetyl-23-keto-gitogenin (I11c) with Na in n-BuOH. To a soin of I1Ic (10 mg) in n-BuOH
(5 ml) Na was added until the reaction was complete (TLC). The soin was then washed 5 times with water
and concentrated in vacuo. The reaction product consisted of IIa and IIk, the former in greater proportion.
They were separated and identified as acetates (TLC, IR).

Method of Horeau. A soln of Ilc (55:1 mg) and racemic a-phenylbutyric anhydride (1353 mg) in pyridine
(3 ml) was left at room temp for 16 hr. The excess anhydride was destroyed by adding H,0 (1 ml) and
again leaving the soln for 6 hr. It was then extracted with ether and the extract successively washed with
H;O0, sat NaHCO; aq, and H,0. The combined aqueous extracts were washed with CHCl,, acidified with
dil HC\, and extracted with CHCl,. After drying over Na,SO, anhyd, the solvent was evaporated in vacuo,
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affording a-phenylbutyric acid (879 mg) with [a, —096° (benzene; ¢, 1758). For a 1007 optical yield
the acid obtained ought to bave [a], —13-2°. Hence, the optical yield in our case is 7-2%,

The neutral fraction extracted with ether was successively washed with H,O, dil HCl, and H,0. The
residue left after distilling the solvent did not contain any starting material (TLC), which signifies that the
esterification was complete.
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