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Studies on Digitalis Glycosides. XXIX.) The Structure of Digiprogenin. (4).
Partial Synthesis of Dihydro-a-digiprogenin Acetate?
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14-Position of the tertiary hydroxyl group of y- and «-digiprogenin (I and II) was
established by partial synthesis of dihydro-a-digiprogenin 3-acetate (I1Ib) from 11-oxo-
tigogenin 3-acetate. Dehydration mechanism of «-digiprogenin (14-hydroxy-15,20-dione
type) to f-digiprogenin (16-ene-15,20-dione type) was presented.

In the preceding paper,! the authors reported that the tertiary hydroxyl groups of y-
digiprogenin (Ia) and «-digiprogenin (Ila, 17-epimer of Ia) were considered to be at C-14 from
the results of oxidative cleavages of D-ring of y-digiprogenin 3-acetate (Ib). This position
was confirmed by subsequent partial synthesis of dihydro-«-digiprogenin 3-acetate (IIIb) from
11-oxotigogenin 3-acetate. This paper concerns with this studies.

Catalytic hydrogenation of IIa over palladium-on—charcoal in ethanol gave dihydro-«-
digiprogenin (IIla), together with an unidentified by-product. In the infrared (IR) spectrum
of IlIa, the absorption at 1710 cm~! appeared with twofold intensity of that at 1746 cm?,
showing that the three carbonyl groups were retained intact in ITla, The fact that IR spec-
trum of the dioxime of IITa exhibited an absorption of a six-membered ring ketone at 1705 cm-1
supported this consideration. In the nuclear magnetic resonance (NMR) spectrum of IIIa,
the signal of 6-vinyl proton was not observed, while the signal of C-3 proton (axial) appeared
as a broad multiplet at 6.42 7. These data indicated that the 5,6-double bond of IIa was
hydrogenated from rear side to give ITIa. Acetylation of IIIa with acetic anhydride in pyri-
dine gave dihydro-z-digiprogenin 3-acetate (IIIb), mp 200—202°, which was synthesized from
11-oxotigogenin as follows.

Thus, 1l-oxotigogenin 3-acetate was converted to 3B-acetoxy-ba-pregn-16-ene-11,20-
dione (IV) by the known method,? and IV was treated with N-bromosuccinimide (NBS) and
subsequently with sodium iodide® to give 3f-acetoxy-ba-pregn-14,16-diene-11,20-dione (V).
Ultraviolet (UV) absorption of V at 303.56 mu (e=10480) indicated the formation of a dienone
system in V, which was supported by NMR spectrum whose signals were assigned as follows:
8.84 7 (19-CHy), 8.81 v (18-CHy), 7.67 v (21-CHy), 38.79 = (1H, t, J=2.0 cps, 15-vinyl proton),
2.76 v (1H, d, J=2.0 cps, 16-vinyl proton).

Oxidation of V with m-chloroperbenzoic acid in chloroform afforded an epoxide (VI),
whose UV absorption at 240 mp (e=7595) showed that the dienone system in V was converted
into a monoenone system in VI, and NMR spectrum assigned as 8.89 7 (19-CH,), 8.65 = (18-
CHy), 7.75 = (21-CH,), 6.03 = (1H, d, J=1.5 cps, 15-proton connects with an epoxide), 8.04 ¢
(1H, d, J=1.5 cps, 16-vinyl proton) proved VI to be a 14,15-epoxide. As it is well known®?
that epoxidation of pregn-14,16-dien-20-one type steroids gave predominantly 148,158-epoxide,
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the structure of VI was considered to be 3p-acetoxy-148,158-epoxy-ba-pregn-16-ene-11,20-
dione.

When VI was oxidized with chromium trioxide in acetic acid, a hydroxyketone (VII)
was obtained. UV absorption at 241 mu (e=11000) was ascribable to a monoenone system,
and the IR absorption at 8540 cm~ showed a formation of hydroxyl group in the oxidation,
which was thought to be tertiary because it resisted oxidation. NMR spectrum assigned as
9.15 7 (19-CHy), 8.60 7 (18-CH,), 7.61 = (21-CHj), 3.40 = (1H, s, 16-vinyl proton) was compar-
able to that of g-digiprogenin (IX) having a 16-ene-15,20-dione system as follows: 8.96 7 (19-
CH,), 8.43 = (18-CH,), 7.58 7 (21-CHj), 3.48 7 (1H, s, 16-vinyl proton). The signal of 15-proton
of VI at 6.03 v disappeared in VII and the signal of 16-vinyl proton changed from doublet into
singlet. These data indicated that the oxidative cleavage of the 148,158-epoxide of VI afforded
a 14-hydroxy-15-ketone grouping, and hence VII has a partial structure of 14-hydroxy-16-ene-
15,20-dione. Since 16-ene-14,15-epoxide® as well as 17a-H-14,15-epoxides®1? were reported
to give 14p-hydroxy-15-ketone on chromium trioxide oxidation, VII was considered to be 38-
acetoxy-14-hydroxy-b«,14f-pregn-16-ene-11,15,20-trione. This compound (VII) was also pre-
pared by the following route. Thus, treatment of V with osmium tetraoxide gave a 14,15-
glycol (VIII), whose structure was proved by UV absorption at 223 mu (¢=6986) and NMR
signals at 5.11 = (1H, d, J=2.5 cps, 15-proton) and 3.52 = (1H, d, J=2.5 cps, 16-vinyl proton).
Oxidation of VIII with chromium trioxide gave VII. This fact indicated that VIII is a 148,
158-glycol providing a further proof for the 148-hydroxy-15-ketone grouping of VII.
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Reduction of VII with zinc powder in acetic acid at room temperature gave a dihydro
derivative, mp 199—201°. The UV and IR spectra of this product showed that 16,17-double
bond in VII has been saturated.  As it is well known that 16,17-double bond of the C/D-cis
steroid is hydrogenated predominantly from the front side to give 17a-steroid, the structure
of dihydro derivative should be 3B-acetoxy-14-hydroxy-5e,148,17a-pregnane-11,15,20-trione.

This dihydro derivative proved to be identical with IIIb derived from «-digiprogenin by
mixed melting point and comparisons of thin-layer chromatograms (TLC) and IR spectra,
thus establishing definitely the 14-position of the tertiary hydroxyl group as well as the p051-
tions of the other functional groups of digiprogenin.

Formation of g-digiprogenin (IX) from «-digiprogenin (II) with acid can be explained
by 1,4-elimination of water in the sequence from X to XIIT as 1nd1cated in Chart2. An analo-
:gous elimination was observed in digacetigenin.t*1% : :

Experimental'®

Dihydro-e-digiprogenin (IIla) A solution of ITa (200 mg) in EtOH (40 ml) was hydrogenated over
5%, Pd-on-charcoal (100 mg). After the absorption of H, ceased (H,=16.3 ml), the catalyzer was ‘filtered
off and the filtrate was evaporated in vacuo to dryness to give a residue (198 mg) which was separated into
following two fractions by preparative thin-layer chromatography (TLC) (SiO,, AcOEt: benzene=5:1).

i) The first fraction (less polar, 60 mg) was recrystallized from acetone to afford an unidentified by—
‘product (26 mg), mp 187—191°. Anal. Calcd. for C,,H,;,0,: C, 72.80; H, 8.73. Found: C, 72.95; H, 8.73.

ii) The second fraction (more polar, 113 mg) was recrystallized from acetone to afford I1la (74 mg)
:as colorless crystals, mp 215—218°. Anal. Calcd. for Cy,HyO;5: C, 69.58; H, 8.34. Found: C, 69.51; H,
8.18. IR »%5% cm~1: 3583 (OH), 1746 (15-CO), 1710 (11-CO, 20-CO). _

Dioxime of IIla To a solution of IITa (30 mg)in MeOH (1.5 ml) was added NH,0OH-HCI (72 mg)
and AcONa-3H,0 (138 mg), and the mixed solution was refluxed for 3 hr. After dilution with H,O, the
precipitate was collected by filtration and recrystallized from acetone-n-hexane to give dioxime of IIIa
{16 mg), mp 236—240° (decomp.). Anal. Calcd. for CyH;,0O;N,-H,0: C, 61.44; H, 8.35; N, 6.82. Found:
<C, 61.30; H, 8.32; N, 7.14.

Dlhydro-a—dlgxprogemn 3-Acetate (ITIb) from IIIa———A mixed solution of IITa (34 mg), Ac,O (0.4 ml)
.and pyridine (0.4 ml) was allowed to stand at 0—b5° overnight and diluted with H,0. The crude acetate
there deposited was collected by filtration and recrystallized from acetone to give IIIb (26 mg) as colorless
«crystals, mp 200—202°, [«]} —40.2° (¢=0.910, MeOH). Anal. Calcd. for C,H;,O4: C, 68.29; H, 7.97.
Found: C, 68.05; H, 8.13. IR »Z% cm™!: 3575 (OH), 1745 (15-CO), 1720 (Ac), 1713 (11-CO, 20-CO).

3p-Acetoxy-5a-pregn-14,16-diene-11,20-dione (V) To a solution of IV (2g)in CCl, (37 ml) was
added NBS (2 g, 2 moles) and 2,2’-azobisisobutyronitrile (8 mg), and the mixture was refluxed in an oil bath
{90—100°) under N, for 1 hr. Succinimide there deposited was filtered off and the filtrate was evaporated
4n vacuo to dryness. The residue was dissolved in acetone (37 ml) and Nal (3.7 g) was added, and the mixed
solution was refluxed in an oil bath (80—85°) under N, for 3 hr. The resulted solution was evaporated in
wacuo to dryness. The residue was dissolved in CHCI; and the CHCI,; solution was washed with 59, Na,S,0, to
Temove I,, washed with H,O, dried over Na,SO, and evaporated ¢n vacuo to dryness. The crude product
{2.04 g) was recrystallized from acetone to afford V (950 mg) as pale yellow crystals, mp 211—212°, [«]%
+306.3° (c=1.044, MeOH). Amnal. Caled. for CyHg0,: C, 74.56; H, 8.16. Found: C, 74.46; H, 8.18.

11) C. W. Shoppee, N. W. Hughes, R. E. Lack, and B. C. Newman, Tetrakedron Letters, 1967, 3171.
12) R. Tschesche and H. G. Berscheid, Chem. Ber., 100, 3289 (1967).
13) All melting points are uncorrected, and all NMR spectra were measured at 60 Mc in CDCl,.
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IR »¥4et cm—t: 1722 (Ac), 1706 (11-CO), 1642 and 1532 (14,16-dien-20-one). UV and NMR spectra were
described in the main text. ,

3p-Acetoxy-148,15p-epoxy-5a-pregn-16-ene-11,20-dione (VI) To a;solution of V (1877 mg) in CHCly
(22 ml) was added m-chloroperbenzoic acid (2058 mg, 2 moles) portionwise under stirring at room tempera-
ture, and the mixture was allowed to stand at the same temperature for 2 hr and then in a refrigerator over-
night. After filtration of m-chlorobenzoic acid, Nal was added to decompose the excess of m-chloroperbenzoic
acid and the CHCI, solution was washed successively with 5% Na,S,0;, 5% NaHCO,; and H,0, dried over
Na,SO, and evaporated in vacuo to dryness. The crude product (1950 mg) was recrystallized from AcOEt—
n-hexane to afford VI (680 mg) as colorless crystals, mp 170—173°, [«]% +144.4° (¢c=0.943, MeOH). Aunal.
Caled. for CysH;yO4: C, 71.48; H, 7.82. Found: C, 71.57; H, 7.79. IR »J¥ cm~1: 1729 (Ac), 1715 (11-CO),
1665 and 1595 (16-en-20-one). UV and NMR spectra were described in the main text.

3p-Acetoxy-14,15p-dihydroxy-5a,14f-pregn-16-ene-11,20-dione (VIII) To a mixture of solution of V
{500 mg) in dioxane (5 ml) and solution of OsO, (378 mg, 1.1 moles) in dioxane (2 ml) was added pyridine
(0.5 ml) and the mixture was allowed to stand at room temperature in the dark for 2 days After removing
osmium as OsS, with H,S, the filtrate was evaporated in vacuo to dryness and extracted with CHCl,. The
CHCI; sclution was washed with H,0, dried over Na,50, and CHCI; was- distilled off to give a dark—-brown
residue (515 mg) which was shown to consist of four compounds by TLC (SiO,, AcOEt:benzene=2:1). The
crude product was separated into four fractions by preparative TLC using the same system, and the main
fraction (the third fraction, 241 mg) was recrystallized from acetone-n-hexane to afford VIII (178 mg) as
colorless crystals, mp 208—212°, [«]3 —24.7° (¢=0.955, MeOH). A#xal. Calcd. for C,,H,;,04: C, 68.29; H,
7.97. Found: C, 67.92; H, 7.95. IR »%% cm~1: 3540 (OH), 3420 (OH), 1732 (Ac), 1715 (11-CO), 1683 andi
1630 (16-en-20-one). UV and.NMR spectra were described in the main text. ‘

3p-Acetoxy-14-hydroxy-5a,14f-pregn-16-ene-11,15,20-trione (VII)——i) From VI: To a solution of VI
{300 mg) in AcOH (6 ml) was added 29, CrO, solution in 90% AcOH (4 ml) dropwise under stirring at room.
temperature for 2 br and the mixed solution was allowed to stand at the same temperature overnight. MeOH
(6 ml) was added to reduce the excess of CrO; and the resulting solution was concentrated in vacuo and
extracted with CHCl;, The CHCI, solution was washed with 29, NaHCO, and H,0, dried over Na,SO, and
evaporated i» vacuo to dryness. The crude product (310 mg) was separated into three fractions by prepara-
tive TLC (Al,0,, AcOEt:benzene=5:1).

i) The least polar fraction (30 mg) was not clarified.

ii) The less polar fraction (102 mg) was recrystallized from AcOEt-n-hexane to afford VI recovered
intact (33 mg), mp 170—172°.

111) The more polar fraction (123 mg) was recrystalhzed from acetone%-hexane to afford VII (73 mg)
as colorless crystals, mp 165—168°, [«]F —46.0° (¢=0.522, MeOH). Awnal. Calcd. for Cy3HzO4: C, 68.63;
H, 7.51. Found: C, 68.89; H, 7.42. IR »%% cm~!: 3540 (14-OH), 1716 (broad, Ac, 11-CO), 1716, 1693 and
1596 (16-ene-15,20-dione). UV and NMR spectra were described in the main text.

if) From VIII: To a solution of VIII (50 mg) in acetone (10 ml) was added Kiliani reagent® (0.26 ml)
under stirring at 0° and the mixed solution was allowed to stand at the same temperature for 30 min. After
reducing the excess of CrO,; with MeOH (0.5 ml), the resulting solution was diluted with H,O (14 ml), neu-~
tralized with 5% NaHCO,, concentrated in vacuo and extracted with CHCl;. The CHCI; solution was.
‘washed with 3% NaHCO; and H,O, dried over Na,SO, and evaporated #» vacuo to dryness. The crude
product (27 mg) was recrystallized from acetone-n-hexane to give VII (15 mg), mp 165—168°. .
.. 3p-Acetoxy-14-hydroxy-5a,148,17¢~pregnane-11,15,20-trione (Dihydro-g-digiprogenin 3-Acetate, IIIb)
from VII A mixture of a solution of VII (56 mg) in AcOH (5.6 ml) and zinc powder (280 mg) was stirred
at room temperature for 2 hr, and then the excess of zinc powder was removed by filtration. The filtrate
was concentrated i vacuo and extracted with CHCl,. The CHCl, solution was washed with 39, NaHCO,
and H,0, dried over Na,SO, and evaporated in vacuo to dryness. The crude product (56 mg) was separated!
into. the two fractions by preparative TLC (SiO,, AcOEt:benzene=1:3).

‘i) The less polar fraction (15 mg) was recrystallized from MeOH to give an unidentified by-product.
(7 mg) as colorless crystals, mp 184—186°. A#xal. Calcd. for C,3H,,04: C, 71.10; H, 8.30. Found: C, 71.26;
H, 8.22. IR »{3s cm~1: 1741, 1732, 1720, 1712.
. i) The more polar fraction (34 mg) was recrystallized from MeOH to give IIIb (20 mg) as colorless
crystals, mp 199—201°, [«]% —36.8° (¢=1.098, MeOH). A#al. Calcd. for C3Hy,04: C, 68.29; H, 7.97. Found:.
C, 68.11; H, 7.70. IR »3ik cm~1: 3568 (14-OH), 1745 (15-CO), 1721 (Ac), 1712 (11-CO, 20-CO).;
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14) A mixed. solution of CrOj (2.6 g), conc. H,SO, (2.3 ml) and H,O+(7 ml).
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