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SYNTHESIS OF 58-ANDROSTAN-178-(1'-0XOCYCLOHEX-2'-EN-3°-YL)-3p,148-DI0L-
3-p-D-GLUCOPYRANOSIDE, A4 POTENT CARDIAC GLUCOSIDE WITH HIGH SAFETY MARGIN

Uttam K, Pati* and Karel Wiesnert
Natural Products Research Center, Department of Chemistry, University of

New Brunswick, Fredericton, New Brunswick, Canada E3B 543.

Absiract - Starting from testosterone 1, an efficient preparation of a
cardicactive gluceoside 13 with a modified 178- funciionality 1s describ-
ed. The glucoside 13, in spite of no lactone group at the 17g-position,

ig found to be potent and showed a high margin of safety.

The synthesis of digitalis cardenclides has been a difficult and inefficient pro-
cess due to the high lability and thermodynamically unfavourable geometry of its
structural elements. A rapid preparation of many derivatives in sufficient quant-
ities for pharmacoclogical testing is necessary %o further design drugs with a mar-
gin of safety superior to those of natural cardicactive glycosides. A Tew years
ago an efficient conversion of testosterone te a,B-unsaturated ketone 2 was repor-
ted by Wiesner et allo Based on reports published earlier? that there might be
two separate receptors in the heart muscle for the toxicity and the inotropic
activity of natural digitalis glycosides and the lactone ring at 1l7-position is
not essential3 for the inotropic action, we synthesized and tested the pharmacolo-
gical properties of a series of sterecid glucosides4 with modified 17g- functicnai-
ity by extensive use of the intermediate 2. Several modifications of the 178-

5

lactone ring have also been reported by others”, In this paper, we report the

synthesis of the glucoside 13 which, in spite of no lactone ring at the 17g-posi-
tion, showed in pharmacological tests both a petency and a high margin of safety

guperior to those of natural cardioactive steroid glycosides.
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Commercially available testosterone was converted to o,B-unsaturated ketone 2 as

described earlierl

y except that L—Selectride6 was used for the stereoselective
reduction of the 3-carbonyl group (THF, O C) into the 3p-alcohol (96:4, 8ia). The
m-anisyllithium was introduced’ into the enone 2 by a very fast electron transfer
reaction in which a mixture of m-bromoanisole and the enone was added into an
etheral sclution containing lithium slices, The carbinol 3 was =cetylated to get
17p-acetate 4 in quantitative yield which witheut further purification, was sub-
jected to an allylic rearrangement by refluxing it with calcium carbonate in
aqueous acetone to yield the alcohol 5 in 70% yield, The allylic aleohol 5 was
hydrogenated in ethanol in the presence of XOH over 10% Pd on CaC03 tc yield the
saturated alcohol 6 quantitatively. The 158-hydroxyl group was eliminated from the
saturated alcohol § by heating it with mesyl chloride in pyridine. The olefin 7
was stirred with NBS, HpO, and AcOH at room temperature to yield trans-bromohydrin
which was further stirred with basic aluminad to give the epoxide § in 704 yield.
The epoxide 8 was refluxed with LiAlHu in THF to yield the 1li4p-hydroxyl compound
which on hydrogenolysis under normal condition gave §, The compound 9 was subject=
ed to Birch reduction9 to yield the dihydre compound 1lG. In the nmr spectrum, the
compound 10 showed 4' vinyl proton as a triplet at & = 4,66 (J = 2 Hz), and 2'
preton as a broad singlet at & = 5.63 ppm. The dihydro compound 10 was stirred
with 10% oxalic acid in methancl to give the B,y-unsaturated compound (4' H at

6 = 5,76 ppm)} which was Tfurther isomeriged into the most stable a,B-unsaturated
compound 11 in 10% oxalic acid in 65% yield. The compound 11 displayed the 2°
vinyl proton as a singlet at 8 = 5.96 ppm, and it has an extinction coefficient
of 878l.5 in ethanol at Aphe (e =4/C1). The compound 1l on glycosylationt® with
silver oxide, Mg80),, and aceto-n-bromo-D-glucose in 1,2-dichlorosthane gave acetate

12 which on hydrolysis in ammonia yielded cardenclide analog 13 in 75% yield.

EXPERIMENTAL

Ir spectra were determined in CCl,, or, in sodium chioride cells with a Perkin-Elmer
spectrophotometer, model 237B or model 727B., Nmr spectra were measured using a
T-60 and CFT-20 spectrometer in CDCl3 or DMS0-ds. Uv gpectra were recorded on
Beckmarn 25, and mass spectra were recorded on 2 Hitachi-Perkin-Elmer RMU-6D.
Elemental anslyses were performed at Ayerst Research Laboratories, Montreal. All
melting points were determined on z Koffler hot stage apparatus, and were

uncorrected.
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Sg~Androst-l5-en-170-m-anisyl-38,178-diol 3-benzyl ether 3

To a 500 ml round bottom flask, fitted with a stirrer and a dropping funnel,
tetrahydrofuran (200 ml) and lithium slices (600 mg) were introduced under a slow
stream of nitrogen and the temperature was reduced %o 0'C., The carbonyl compound
2 (15 g) was mixed with an excess of m~bromoanisole (10 mi} and the mixture was
transferred to a dropping funnel attached to the reaction vessel and the solution
was stirred for 1 h., After 1 h when the dull matt appearance of the lithium
surface wag changed into golden colour, the addition of the reagents was continued
over 2 h. After the reaction was complete, excess of the lithium was filtered off
and the tetrahydrofuran was removed in vacuo. The residue was hydrolysed with 5%
hydrochloric acid and extracted with ether, The filtrate was dried over anhydrous
magnesium sulphate and evaporated to dryness. The residue was chromatographed
using ether-hexane (1i4) to furnish 11.6 g of the compound 3 {60%, mp 158-15% C).

Ir (CHClB)a 3450 em™ L (hydroxyl). Nmr (CDC1l & 7.29 (s, 5H, benzyl aromatic),

3
6.93 {m, 4H, anisyl protens), 6.18 (d, J=6 Hz, 1H, 16-H), 5.69 (dd, J=6 Hz and

2 Hz, 1H, 15-H), 4.43 (=, 2H, benzylic), 3.83 (s, 3H, methoxyl), 3,63 (broad s, 1H,
3a-H), 1.09 (s, 3H, l9-GH3), 1.00 (=, 3H, 18—CH3). Anal. calcd for 033H4203l Cy
81,48 H, 8,64; O, 9,87. Found: C, 81l.40; H, B.64; 0, 9.86. Ms: m/z 486,
S6=Androst-l6-en-17-m-anisyl-3g,158-diol 3-benzyl ether 3

Compound 3 (%.46 g) was acetylated with acetic anhydride {5 ml) in pyridine (10 ml)
in the presence of a catalytic amount of 4-dimethylaminopyridine (11 mg) at room
temperature for 4 days. The reaction mixture was evaporated at 5536 in vacuo and
the residue was diss0lved in ether, washed with 5% citric acid, 5% sodium bicarbo-
nate, dried over anhydrous magnesium sulphate, and evaporated to dryness in vacuo
to give 4 quantitatively. The acetate 4 was used for the next step without further
purification. Ir (CHClj)s 1730 et (acetoxy carbonyl). Nmr (CDClB)a & 7.29 (s,
5H, benzyl aromatic), 6.81 (m, %H, anisyl), 6.36 (q, J= % Hz, 2H, 15-H & 16-H),
4,43 (s, 2H, benzylic), 3.79 (s, 3H, methoxyl), 3.63 (brozd s, 1H, 3u-H), 2.03

(g, 3H, acetoxyl), 1.00 (s, 34, l9--CH3)9 0.96 (s, 3H, 18—CH3). The acetate 4

(5 g) was refluxed in aqueous acetone (200 ml, 25% water) in ‘the presence of
calcium carbonate (2 g) for 7 days. The filtrate of the reaction mixture was
evaporated under reduced pressure to remove most of the acetone and the crude
product wag dissolved in ether., The organic layer was washed with 5% sodium bi-

carbonate, dried over anhydrous magnesium sulphazte and evaporated to dryness,
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The product was purified by column chromatography on silica gel to yield the pure
allylie alcohol 5 as foam (3.15 g, 70%) after recycling the recovered starting
material over five times, Ir (CHClj)a 3620 em™1 {hydroxyl). Nmr (CDCl3}s &
7.30 (s, 5H; benzyl aromatic), 7.0% (m, 4H, anisyl), 6.04 (d, J = & Hz, 1H, 16-H),
b.56 (my 1H, 15a-H), 4.49 {e, 2H, benzylic), 3.79 (=, 3H, methoxyl), 3.73 {(broad s,
1H, 3~H), 1.36 (&, 3H, 18-CH3), 1.06 (s, 3H, 19-CH3). Anal. caled dor C33HypC3s

Gy Bl.48y H, 8.64; 0, 9.87. Foundr ¢, 8l.43; H, 8§.62;y ©, 9.79. Mss u/z 486,

58-Androstan-178-m-anisyl-3,158-diol 3-benzyl ether 6

The allylic slcohol 5 (3.57 g) was made alkaline with 1N methanclic potassium
hydroxide (pE 9.5) and hydrogenated in ethanel (50 ml) over 10% palladium/calcium
carbonate (712 mg) at room temperature. The catalyst was removed by filtration
through celite and the filtrate was evaporated in wacup to yield the product § as
an o0il (3.3 g, 92%). Ir (CHClB)a 3620 om™t {hydroxyl). Nmr (CDCla)a 6 7.29 (s,
5H, benzyl aromatic), 6.76 (m, 4H, anisyl), 4.46 (s, 2H, benzyliec), 4.39 (broad m,
1H, 3z=-H), 0.96 (s, 3H, 19-CH3), 0.73 (s, 3H, 18-CHa),

5B-Androst-14-en-17p-m-anigyl-3p=-0l benyl ether 7

Compound 6 {185.6 mg) in pyridine (2 ml) was stirred with mesyl chloride (355 mg)

at 60 C for 4 h followed by evaporation in vacuo toc dryness. The rezidue was
dissolved in ether, and the organic layer was washed with 5% citric acid, 5%
sodium bicarbonate, dried over anhydrous magnesium sulphate, and evaporated to dry-
ness, The crude materizl was purified by preparztive thin layer chromatography
{ethershexane; 1:4) to yield the compound 7 (152 mg, 85%) which was crystallized

from ether-hexane, mp 116 - 118 C., Nmr (GD013)| & 7,29 (s, 5H, aromatic), 7.16

(broad s, 1H, anieyl), 6.79 {t, J = 4 Hz, 3H, anisyl), 5.26 {broad g, 1H, 15-H,
vinylie), 4,46 (s, 2H, benzylic), 3.76 (s, 3H, methoxyl), 3.69 (broad s, 1H, 3e-H),

0.93 (s, 3H, 19—CH3), 0,61 (s, 3H, lS—CHB)n Anal. calecd for C £, 84.25;

33842021
H, 8.93; 0, 6,80, Founds ¢, 84.25; H, 8.89; 0, 6.80, Ms: n/z 470,
sp-Androgtan-146,158epoxy-178-m~anigyl-36-01 benzyl ether 8

A mixture of the compound 7 (200 mg)}, acetic acld (0.036 ml) and water (0.6 ml) in

acetone {6 ml) was stirred with N-bromcacetamide (58 mg) at room temperature for
1 h. The reaction mixture was diluted with methylene chloride, washed wlth 5%
godium bisulfite, dried over anhydrous magnesium sulphate, and evaporated at room
temperature in vacuo to dryness. The residue was redissolved in acetone (10 ml)
and stirred at room temperature with basic alumina (10 times by weight) for 30

min. Alumina was filtered off and the filirate was evapcrabted to dryness. The
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crude product was purified on preparative silica gel plate (etherihexane; 1:4) to

yield the pure epoxide 8 (115 mg, 55.3%, mp 119-121°C), Nmr (CDG13)s & 7.28 (s,
SH, benzyl aromatic); 7.73-6.69 (m. 4H, anisyl), 4.46 (=, 2H, benzylic), 3.76 (s,
3H; methoxyl), 3.69 (broad s, 1M, 3a-H), 3.49 {s, 1H, 1i5¢-H), 0.96 (s, 3H, 19-CH3),
0.63 (s, 3H, 18-CH3).

SB-Androstan-17B-m-anisyl-38,145-diol 9

The epoxide 8§ (115 mg) was added to 15 mi of dry tetrahydrofuran containing
lithium aluminium hydride (100 mg) and the mixture was refluxed under nitrogen
over 1 h, The reaction mixture was cooled down to room temperature and the 3in-
organic salt was filtersd off through a celite pad. The filtrate was evaporated
%o dryness and the residue was taken up in ether and was washed with water, brine,
dried over anhydrous magnesium sulphate, and evaporated to dryness. Purification
of the residue on the preparative silica gel plate (etherihexane; 1:2) furnished
with 14-g alcohol (113 mg, $5%) as an oil. Ir (CHClj): 3600, 3450 cm_l(hydroxyl)
Nmr (CDCl3)s & 7.28 (s, 5H, benzyl aromatiec), 7.28 - 6.69 (m, 4H; anisyl)}, 4.56
(s, 2H, benzylic), 3.83 (s, 3H, methoxyl), 3.73 (bread s, 1H, 3u-H), 0.%96 (s, 3H,
19—CH3), 0,63 (s, 3H, 18—CH3). The above alcohol (113 mg) was hydrogenolyzed with
10% palladium on charcoal (23 mg) at an atmospheriec pressure, in ethancl (8 ml),
for 2 h. The catalyst was filtered off through a celite pad and the filtrate was
evaporated to dryness and the residue was purified on a preparative gilica gel
plate {etherihexane; 1l:1) to yield the compound 9 (80 mg, 86.4%) as foam.

Ir (CHCL,)e 3600, 3450 em™* {hydroxyl), Nuor (CDCL,)e 8 7.23 - 6.69 {m, 4K, anisyl
protons), %.03 (broad s, 1H, 3a-H), 3.69 (s, 3H, methoxyl), 0.83 {s, 3H, 19-CH3)s
0,49 (s, 3H, 18-CH,). Anal, caled for CheHqgOss €y 78.391 H, 9.5%; C, 12.06,
Founds G, 78.31y H, 9.49; 0, 12,0L. Ms: m/z 398,

sa-Androstan-178-{1'-methoxycyclohexa-1" 4'-dien-5'-y1)=-3-p-D-glucopyranoside 10

To a 200 ml three-necked flask containing ammonia (50 ml), the compound § (300 mg)
in anhydrous ether (10 ml) was added slowly from a dropping funnel under nitrogen.
The mixture was stirred for 10 min and to the resulting seclution lithium metal

(54 mg; 10 equivalents) was added in small pieces during a 15 min period. The
mixture wae stirred for 10 min and absolute ethanol (3 ml) was added dropwise over
a 10 min period. After the disappearance of the blue color {1 h}, the ammonia

was evaporated off and the residue was extracted with ether. The ether exiract was
washed with distilled water, brine, dried over anhydrous magnesium sulphate, and

evaporated to dryness to give the crude dihydro derivative 10 (220 mg, 72.3%; mp
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95-97°C). Ir (CHC13): 3640, 3480 cm™) (hydroxyl). Nar (CDC13)s & 5.63 (broad
s, 1H, 2'H), 4.66 (t, J =2 Hz, 1H, ¥'H), 4,19 (broad s, 1H, 3a-H), 3.59 (=, 3H,
methoxyl), 2.83 (s, 3H, g+ and 17-H), 1.00 {s, 3H, 19-CH3), 0.93 (s, 3H, 18-CHa) .

Acid Treatment of Compound 10

The dihydro compound 10 (i g) was dissolved in methanol (50 ml) and stirred with
10% oxalic acid solution (10 ml) +ill all of the dihydro compound was converted to
the B, y-unsaturated compound (30 min). The stirring was continued for 8 h after
which all of the B,y-unsaturated compound was converted tc the mest stable a,B-un-
saturated compound 11, Methylene chloride was added intc the flask and the.
organic layer was washed with saturated sodium bicarbonate, water, brine,

and dried over anhydrous magnesium sulphate. The solvent was evaporated in vacuo
and the residue was chromatographed on preparative silica gel plate (ether:ihexanej
1:1) to give the a,8-unsaturated compound 1l as an oil (600 mg, 62.5%). Spectral
analysis of B,y-unsaturated compound: Ir (CHCl3)s 3625 (hydroxyl), 1710 cm'l(car—
bonyl)., Nmr (CDGlB)a $ 5.76 (broad s, 1H, vinylic, 4'H}, 4.13 (broad s, 1H,
30-H), 2.90 (broad; 2H, 2'allylic H), 2.39 (s, 3H, 5'H and 17a-H), 0.96 {s, 3H,
19-CH3), 0.83 (s, 3H, 18-CH3).

Spectral analysis of compound 1li Ir (CHCl3): 3625 em~l {hydroxyl), 1660 em~1
{carbonyl)., Nmr (CDCl3): 6 5.96 (s, 2H, vinylic 2'H), 4.13 (broad s, 1iH, 3u-H),
Uv xi;gH. 245, Ayys = 0.2275,

€ = A/Cl = 8781.5, Anal. caled for Cpgiag03s C, 77.725 E, 9.84; 0, 12,13,

0,96 (s, 3H, 19-CH3), 0.86 (s, 3H, 18-CH3).

Found: C, 77.643; H, 9.76y 0. 12.37. Ms: mw/z 386.
5-Androstan-17g~(1"'-oxocyclohex-2'-en-37-y1)-38,146~diol 3-{2", 3", 4", 6"}~

tetra-0-acetyl-g~D~glucopyranoside 12

Compounid 11 {1.2 g) in disgtilled 1,2-dichloroethane (50 ml) was stirred with dry
gilver oxide (2.88 g) and anhydrous maghesium sulphate {5.75 g) at room temper-
ature, After 1 h, aceto-o-bromo-D-glucose (3.82 g) in 1,2-dichloroethane

(5 ml) was added dropwise and the stirring continued for 48 h . The reaction mix-
ture was filtered through a celite pad and washed with chloroform. The filtrate
was evaporated ftc dryness and the residue was chromatographed on the thin layer
chromatography plate (silica gel, etherihexaney 1Y) to give the pure acetate

12 as an oil (800 mg) and the starting material 11 {350 mg). Ir (CHClsh 625
e~ (hydroxyl}, 1800 cm~t {acetate carbonyl), 1700 em~l (g,B-carbonyl). Nmr
(CDCIB): & 5,96 (s, 1H, 2'H), 5.16-3.46 (m, 5H, 2",3",4",& 6" H), 2,09 and 2,03

(each singlets, 12H, CH,CO0 X 4}, 0.89 (s, 3H, 19-CH3), 0.86 (s, 3H, 18-CH3),
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53-Androgtan-17B8-(1'-oxocyclohex~2'-en-3'-y1)=-36,148-diol 3-B-D-glucopyranoside 13

The acetate 12 (850 mg) in dry methylene chloride (8 ml) and methanol (10 ml) was
stirred with saturated ammonia in methanol (10C ml) for 5 min and was kept stored
for 16 h at NPOO After the reaction was finished, the solvent was evaporated in
vacuo and the residue was chromatographed on preparative silica gel plate
{mathanoliether; 1i4) to furnish the crystailine compound 13 (590 mg, mp 230-3200,
90.,7%). Ir (KBr pellet): 3423 em~t {hydroxyl)}, 1760 cm~l (u,p-carbonyl). Nmr
(CDC13 + DMSO-dg): & 5.89 (s, 1H, 2'H), 4.68-3,51 (m, OH), 0.79 (s, 3H, 18=CH3)p
0.89 (s, 3H, 19—GH3). Anal, caled for C33HugOgr G, 67.88; H, 8.75; 0, 23.35.
Found: ¢, 67.81; H, 8.70} 0, 23.29., M=: m/z 548,
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