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Abstract— From stems and leaves of Soianum vespertilio Ait. 205-hydroxyvespertilin (1¢), a new
steroid lactone, has been isolated and the structure confirmed by synthesis of its dihydro derivative
from tigogenin. 1¢ proved to be identical with a dihydroxy lactone obtained by Gashchenko e! al as
by-preduct of the conversion of diosgenin to 16-dehydropregnenolone. The stereochemistry at C,,

proposed by these authors is revised,

INTRODUCTION

Solanum vespertilio Ait. is a Solanacea endemic
to the Canary Isles. In a previous paper? we
reported the identification of the two new natural
steroids 16-dehydropregnenolone and vespertilin
(1a) in the unhydrolysed ethanolic extract of the
fruits, no steroid alkaloids being detected. The
present work describes the isolation of the afore-
said two steroids, g-sitosterol, diosgenin, solaso-
dine, tomatidenol and 205-hydroxyvespertilin
(1c) from stems and leaves of this same plant. The
structure of the last compound was established
as (205)-38,168,20-trihydroxy-pregn-3-en-20-car-
boxylic acid (22,16)-lactone, being isolated for the
first time from Nature.

RESULTS AND DISCUSSION
208-Hydroxyvespertilin (1c), C;,H;0, mp.
308-310°, [a], —64°, was eluted together with the
probable artefact A%*solasodine and a new spiro-
stan sapogenin (now being investigated) and
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separated by preparative TL.C of the correspond-
ing acetates. By mild acetylation for 3 days or
treatment at 100° for 1 hr with Ac,O in pyridine
1c forms the diacetate 1d, CygH50¢, which in the
IR lacks OH absorptions. The bands at 1780 and
1750 cm™! are assigned to a y-lactone and those at
3030, 2830 and 830 cm™! to a A%, The presence of
this double bond and the probable location of an
OH group with B configuration at C; is also sug-
gested by two multiplets at 4-:58% (H—C,) and 5-25
(H—C;) with W, = 10 and 25 Hz respectively in
the NMR spectrom of 1d (Table 1). Furthermore,
the value found for the Me—C,, (8-96) agrees with
the calculated one by the method of Ziircher
(8-95).2 Comparison of the chemical shifts of the
Me groups of 1d with those of vespertilin acetate
(1b) shows that the signal for the Me—C,, is found
at the same position, the Me—C,; is deshielded by
0:10 ppm, and the Me—C,, appears as a singlet at
8:20 and not as a doublet. We therefore deduce that
a tertiary OH group must be situated at C,,. The
spectral data thus suggest that 1c corresponds to
20-hydroxyvespertilin.

2
a R=0H
b R=0Ac
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Table 1. Chemical shifts in CDCl, (60 MHz, -scale)*

Compound 2H—C,, H—C, H—C; Me—C;, Me—Cy Me—C,;
Vespertilin 4-62 5-40 870 B-97 9-24
acetate (1b)? m{10] ml25] d(7 s s
205-Hydroxy- 4-58 6-30 8-16 8-95 9-09
vespertilin {1¢)° m[10] m[25] 8 s §
Diacetate (1d) 4-58 5-25 8-20 896 9-14

m[10] m{25] s § s
5-Dihydro-17,20-dehydro- 525 815 9-17 9-20
vespertilin acetate (5) m[25] s s 5
5-Dihydro-20,21-dehydro- 3-62m(4] 5-25 9-17 9-17
vespertilin acetate (6) 4-38 m[4] m[25] s s

Coupling constants J in parentheses, Wy, in brackets (both in Hz).

¥In d;-pyridine.

In order to determine the structure by chemical
methods tigogenin was treated with Ac,Q and
MeNH,-HCl obtaining pseudotigogenin acetate
{3b). Subsequent saponification and reaction of the
resulting compound 3a with m-chloroperbenzoic
acid afforded the less hindered 20,22 a-epoxide
which in situ undergoes acid-catalysed opening
followed by recyclization of ring F to give 205-
hydroxytigogenin (4a),* in the NMR spectrum
of which the Me—C,, appears as a singlet at 8-61,
Oxidation of the acetate 4b with conc HNO;
vielded the vy-lactone 2a, C,H30;, which in the
IR exhibits bands at 1780 and 1750 cm™!. That 2a
possesses an OH group at position 20 was proved
by treating it with SOC]l,, obtaining the expected
dehydration compounds 5 and 6 of empirical
formula C,H,,0,, The NMR spectrum of the
former shows a singlet at 8-15 (Me—C,,) which is
not present in that of the latter, appearing instead
as two multiplets at 3-62 and 4-38 (=CH,). In the

CH,OR
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IR both 5 and 6 show an «a,8-unsaturated y-lactone
band (1770 and 1760 cm~! respectively) and lack
OH absorptions. Strong acetylation of 2a afforded
2b, the physical and spectroscopic data of which
are identical with those of the hydrogenation
product of 20S-hydroxyvespertilin acetate (1d).
Hence, 1c is assigned the structure of (208)-34,168,
20-trihydroxy-pregn-5-en-20-carboxylic acid (22,
16)-lactone.

Recently, Gashchenko et al® during the con-
version of diosgenin into 16-dehydropregnenclone
obtained a by-product whose physical and spectral
data are identical to those of our natural compound
tc and for which they propose the structure
of (20R)-33,163,20-trihydroxy-pregn-5-en-20-car-
boxylic acid (22,16)-lactone. The reasons why they
give the stereochemistry of C,, as R, instead of S
as shown above, are as follows: first, by reduction
of the lactone CO with LAH they obtain a diol
{7), the cis configuration of which they prove by

Me H:
HO-E : ?nn]-]
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the fact that it forms an acetonide. Second, they
affirm that the said diol has 3 configuration because
attack of the reduction reagent must take place
. from the « side of the molecule. However, it is well
known®that the reduction mechanism of a-hydrexy-
carbonyls with LAH cannot be explained by
directly applying the rule of asymmetric induction,
but that one must consider the steric hindrance
caused by the formation of a salt, which in our
case would correspond to formula 8 and the reduc-
tion of which would give a cis-diol no matter the
stereochemistry at C,,. Therefore, the reasons
exposed by Gashchenko et al5 are not valid for
determining the stereochemistry at C,,.

EXPERIMENTAL

M.ps determined on a Kofler block are uncorrected.
Optical rotations were measured on a Perkin-Elmer 141
polarimeter in CHCI, unless otherwise stated and IR
spectra on a Perkin-Elmer 237 spectrometer. NMR
specira were taken with a Perkin-Elmer R-10 instrument
(60 MHz) using TMS as internal reference and mass
spectra with a Hitachi Perkin-Elmer RMU-7. The
chromatographic adsorbents were Merck products.
Column chromatography was performed on silica gel
0-2-0-5mm and dry column chromatography on silica
gel 0-063-0-2mm, the spray reagent for TLC being
H,SO,~HOAc—H,0 (4:80:16). Recrystallization
solvent was MecOH unless otherwise indicated. Light
petroleum refers to fractions of b.p. 40-60°,

Isolation of the steroids. The air-dried stems and
leaves of Solanum vespertilio (32kg) collected near
San Andrés (Tenerife) were finely cut and extracted with
EtOH in a soxhlet. After filtering the cold ethanolic
extract it was concentrated in vacue, diluted with an
equal volume of water and degreased with benzene in a
liquid-liquid extractor. Then conc HC! was added till it
was 2N. After refluxing for 3 hr it was poured into water,
neutralized with NaHCO; and filtered. The ppt was
extracted several times with boiling CHCI;. Evaporation
of the solvent afforded the crude mixture of steroids
(320 g) which was chromatographed on a column. Elution
with benzene-E1QAc (9: 1) gave a mixture of S-sitosterol
and diosgenin, separated by dry column chromatography.
With benzene-EtOAc (85:15) a mixture of 16-dehydro-
pregnenolone and vespertilin (1a) was obtained which
was separated on a dry column. Benzene-EtQAc (7:3)
eluted a mixture of le, A%5-solasodine and an unknown
steroid, being investigated, which was acetylated and
separated by preparative TLC (benzene-EtQAc 95:5).
Finally, with benzene-EtOAc (1:1) a mixture of sola-
sodine and tomatidenol was obtained which was separated
on a dry column.

B-Sitasteral (0-5g), m.p. 134-137°, [alp—34° (c, 0-16),
Identified with an authentic sample (TLC, IR spectrum
superimposable).

Diosgenin (5g), m.p. 203-205°% [alp—117° {c, 0-17).
Identified with an authentic sample (TLC, IR spectrum
superimposable).

16-Dehydropregnenclone  (0-5g). m.p. 210-3-212°
[alp—31° (¢, 0-15). 1dentified with an authentic sample
(TLC, IR spectrum superimposable).

Vesperiifin 1a (0-8g), m.p. 223-5-225° (EtOAc-light
petroleum), [«lp — 98° (c, 0-18). Identified with an authen-
tic sample isolated from the fruits of the same plant
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(m.m.p., TLC, IR, NMR spectra superimposable).?

Solasodine (30 g), m.p. 202-204°, [alp — 107° (¢, 0-30).
(Found: C, 78-20; H, 10:36; N, 3-29. Calc, for CaH ,;O;N:
C. 78-40; H, 10-48; N, 3-39%); IR and NMR data identical
with those given in 75,

Tomatidenol (0-5 g), m.p. 235-239°, lalp—45° (c, 0-18),
(Found: C, 78-37; H, 10-29; N, 3-19. Calc. for C;/H ,yO:N:
C, 78-40; H, 10-48; N, 3-39%%); NMR data identical with
those given.®

A¥S-Solasodine (0-1 g), m.p. 176-178°, [a]y, — 180° (c,
0-19). (Found: C, 81-26; H, 10-58; N, 3-74. Calc. for
C.H,ON: C, 81-97; H, 10-45; N, 3-54%); IR and NMR
data identical with those given in °.

20S-Hydroxyvespertilin 1¢ (50mg), m.p. 308-310°
[edp — 64° (¢, 0-13; pyridine) [lit.* m.p. 309-310°, [e}, — 68"
(pyridine)). (Found: C, 73-33; H, 8-94. C,.H 10, requires:
C, 73-30; H, 8-95%); vXB 3380 (OH), 3030, 2830, 840
(A%, 1780, 1750 cm™' (y-lactone). NMR: see Table 1;
MS: mle (%) 360 (M*; 27), 342 (M*—H,0; 42), 327 (38),
301 (20), 275 (35). Diacetate 14, prepared with Ac,0O in
pyridine at room temp for 3 days or at 100° for 1hr.
M.p. 244-246°, [a]p — 91° (¢, 0-20). (Found: C, 69-96; H,
7-95. CpsH3s0¢ requires: C, 70-24; H, 8-16%); »E5r 3030,
2830, 830 (A%), 1780, 1750 (y-lactone), 1730, 1260 cm™!
(OAc); NMR: see Table 1.

Pseudotigogenin acetate 3b. A soln of tigogenin (4g)
in pyridine (12 ml) containing Ac,O (8 ml) and MeNH,-
HCI (1-4g) was refluxed for 3}hr. After adding water
the soin was extracted with CHCI;, washed with NaHCO,
aq and water and the solvent evaporated in vacuo. Dry
column chromatography of the residue (benzene-EtQAc
97 :3) afforded 3b, m.p. 65-70° (lit. 1 68-70°).

Pseudotigogenin 3a. 3b was saponified with 2% KOH
in MeOH at room temp for 12 hr. Usual work-up gave
3a (2g) which was unstable and therefore used without
further purification.

208-Hydroxytigogenin 4a. To a soln of 3a (2g) in
CH;Cl; (150 ml) m-chloroperbenzoic acid (3-5g) was
added and the mixture kept at room temp in the dark for
15 hr. It was washed with NaHSO;aq, NaHCO; aq and
water and concentrated. Dry column chromatography of
the residue (benzene-EtOAc 1:1) gave 4a (0-9g), m.p.
219-221°, [a)p—61° (¢, 0-18). (Found: C, 74-67; H, 10-43,
Cale. for CoH,04: C, 74-96; H, 10-25%); »fiic"= 3610
(OH), 985, 960, 920, 900, 860 cm™! (25R-spiroketal);
NMR (CDCl,): 8-61 (3H, s, Me—Cy), 9-06 (3H, s,
Me—C,3), 9-18 (3H, s, Me—C,), 921 (3H, d, J 6 Hz,
Me—C;;). 3-Acerate 4b, prepared as usual, m.p. 235-
238°, [alp = 66° (c, 0-19) (lit.* m.p. 234-236°, [a]p, —717).
(Found: C, 73:13; H, 9-92. Calc. for C;,H 0, C, 73-38;
H, 9-77%); »£HC: 31500 (OH), 1730, 1260 cm™ (OAc);
NMR (CDCly): 7-96 (3H, s, 0Ac), 861 (3H, s, Me—Cl),
9:05 (3H, s, Me—C,3), 9-16 3H, s, Me-—C,;), 9-21 (3H,
d, J6 HZ, Me—Cgs). -

5-Dihydro-208-hydroxyvespertilin diacetate (2b) from
4h. To a soln of 4b (250 mg) in CHCI, (3 ml} and ether
(12 ml) conc HNQ, (5-5ml) was added slowly during 1 hr
and the reaction kept at room temp for 3 hr. Usual work-
up gave a residue which chromatographed on a dry
column (benzene-EtOAc 85:15) yielded 2a (140 mg),
m.p. 282-284°, [a] —54° (c, 0-27). (Found: C, 70-90; H,
9-22. C.HaeOs requires: C, 71-26; H, 8-97%); vEHCl 3580
(OH), 1780, 1750 (y-lactone), 1740, 1260 cm‘P(OAc);
NMR (CDCly): 7-97 (3H, 5. 0Ac), 8-41 (3H, s, Me—C,0),
9-17 (3H, s, Me—C,,), 9-20 (3H, s, Me—C,3). Diacetate
2b, by refluxing 2a with Ac,Q in pyridine for +hr, m.p.
261-262° [alp—26° (c, 0-17). (Found: C, 69-98; H, 8-80.
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CoaH 1404 requires: C, 69-93; H, 8:58%); »£HC= 1780, 1750
(ylactone), 1730, 1260cm™' (QAc). NMR (CDCIy:
7-95 (6H, s, OAc), 821 (3H, s, Me—C,), 9-17 (3H, s,
Me_clo)’ 9'20 (3H! 8, Me—cll)-

Campound 2b from 1d. A soln of 1d (9 mg) in glacial
HOACc (3 ml) was hydrogenated over 10% Pd/C (15 mg)
at room temp and atm press for 6 hr. After filtering and
usual work-up the residue was chromatographed on a dry
column (benzene-BtOAc 95:5) affording 2b which was
shown to be identical with the synthetic material obtained
above (m.m.p,, TLC, IR, NMR spectra superimposable).

5-Dikydro-17,20-dehydrovespertilin (5) and 5-dikydro-
20,21-dehydrovespertilin (6} acetates. To a soln of 2a
(60 mg) in pyridine (1 ml) SOC); (3 drops) was added and
the mixture stirred at room temp for 1hr. After usual
work-up preparative TLC (benzene-EtQAc 97:3) of the
residue gave 5§ (19 mg) and 6 (30 mg). 5, m.p. 228-230°,
[eln—43° (¢, 0-16). (Found: C, 74-37; H, 891. C,,H,,0,
requires: C, 74-58; H, 8-87%); @it 1770 (o, B-un-
saturated y-lactone), 1730, 1260 cm™ (O Ac); NMR: see
Table 1. 6, m.p. 225-227°, [a]p—96° (¢, 0-13), (Found:
C, 74-26; H, 8-98, C,,H 3,0, requires: C, 74-38; H, 8-87%),
vEHtla 1760 (o, B-unsaturated y-lactone), 1730, 1260 cm™
(OAc); NMR: see Table 1.

Acknowledgement —We are indebted to Dr. C. Pascual
(Universitiit Basel) for the mass spectrum. One of us

A. G. GONZALEZ et al.

(C.G.F.) thanks the Ministerio de Educacién v Ciencia
for a fellowship “Formacion de Personal Investigador”.
This work was realized within the Programme 1971
conceded by the Foundation Juan March.

REFERENCES

'Part XVIIIL, A. G. Gonzilez, R. Freire, R, Hernéndez,
J. A. Salazar and E. Suérez, Rev. Latinoam. Quim. in
press

tA. G. Gonzilez, C. Garcia Francisco, R. Freire
Barreira and E. Suarez Lopez, An. Quim. 67,433 (1971)
*R. F. Ziircher, Helv. Chim. Acta 44, 1380 (1961)

‘M. E. Wall and H. A, Walens, J. Am. Chem. Soc. B0,
1984 (1958)

5. G. Gashchenko, V. I, Maksimov and L. M.
Alekseeva, Khim. Farm. Zh. 5, 20 (1971); Chem.
Abstr. 75,64088 r (1971)

*H. O. House, Modern Synthetic Reactions p. 29.
Benjamin New York (1965) and refs cited

"F. C. Uhle, J. Am. Chem. Soc. 83, 1460 (1961). L. H.
Briggs, L. D. Colebrook, H. K. Miller and Y. Sato,
J. Chem. Soc. 3417 (1960)

8P, M. Boli and W. von Philipsborn, Acta Chem. Scand.
19, 1365 (1963)

1., H. Briggs and T. O’Shea, J. Chem. Sac. 1654 (1952)

1A, F. B. Cameron, R. M, Evans, J. C. Hamiet, J. S.
Hunt, P. G. Jones and A. G. Long, 1bid. 2807 (1955)



