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The preparation of 17â-substituted 14â-hydroxysteroid C-3 R-L-rhamnopyranosides is described.
These derivatives have a 14â,20-ether, 14â,20-lactone, or 17â-CH2CH2OH, -CH2CH2NH2,
-CHdCHNO2(E), -CHdCHCOOH(E), -CH(OH)CH2NO2(R), -CH(OMe)CH2NO2(R), -CH2-
CH2COOH, or -CH(OH)CH2NH2(R) group. Derivatives were assayed in a radioligand binding
assay for [3H]ouabain in membranes from canine heart muscle. The digitalis “receptor”
comprises isoenzymes of the ion-pumping enzyme, Na+,K+-ATPase. The 17â-CHdCHNO2(E),
17â-CHdCHCOOH(E), and 17â-CH(OMe)CH2NO2(R) derivatives were the most potent and
equivalent to ouabain with low-nanomolar IC50 values. The very potent binding affinity of the
disubstituted compound 17â-CH(OMe)CH2NO2(R) further demonstrates that 17â-unsaturated
substitution is not required for potent binding affinity. This observation may be of value in
the separation of cardiotonic and cardiotoxic effects. Tosylation of the 17â-CH2OH, prepared
from the 17â-CHO by lithium aluminum hydride reduction, yielded the 14â,17â-ether.
Synthesis of the 17â-CH2COOH gave the epimeric 14R,17R- and 14â,17â-lactones. Structures
have been established by NMR analysis.

Introduction

During our investigation into the structure-activity
relationships of 14â-hydroxy-21-norpregnanes and 14â-
hydroxypregnanes possessing digitalis-like activity the
20-amino- and 20-nitro-14â-hydroxy-3â-(R-L-rhamnopy-
ranosyloxy)-21-nor-5â-pregnane and 21-nitro-14â-hy-
droxy-3â-(R-L-rhamnopyranosyloxy)-5â-pregnane were
shown to bind strongly to the digitalis receptor of heart
muscle in a radioligand binding assay.1,2 Isosteric and
isoelectronic analogues of these amino and nitro com-
pounds, together with alcohol and carboxylic acid de-
rivatives, have been synthesized. The 20,21-disubsti-
tuted and 20-unsaturated 14â-hydroxypregnane R-L-
rhamnopyranosides have been prepared, and their
digitalis receptor binding affinity has been determined.
The nature of the 17â-pregnane side chain has been
shown to have a major influence on binding affinity.1-3

We report here on the chemical synthesis and receptor
binding affinity of these derivatives as measured in a
radioligand binding assay.4

Results and Discussion

Chemistry. The 17â-aldehyde 1, obtained from
degradation of the 17â-unsaturated lactone present in
the natural cardiac glycosides, is a key synthetic inter-
mediate in the synthesis of C-17 steroid derivatives.2
Modification of our earlier procedure increased the
overall yield of the 17â-aldehyde 1 from digitoxigenin
from 27% to 86%.2

Attempts to convert the 20-alcohol2 2, obtained by
lithium tri-tert-butoxyaluminum hydride (LTBAH) re-

duction of the aldehyde 1, into the 20-tosylate 3, a
suitable leaving group for substitution and chain exten-
sion, led to rapid intramolecular cyclization to the 14â,-
20-ether 4a (Scheme 1). Hydrolysis of the benzoate
esters in the oxide 4a with NH3/MeOH gave the rham-
nopyranoside 4b.
A number of methods are available for the extension

of an aldehyde by one carbon unit.5,6 The synthetic
route to the alcohol 8 shown in Scheme 1 was chosen
because of its simplicity and the stability of other
functional groups to the reagents employed.5-10 2-Chloro-
1,3-dithiane was prepared as described by Arai and
Okai7 and converted into 1,3-dithiane 2-triphenylphos-
phonium chloride as described by Kruse et al.8 Con-
densation of the aldehyde 1with the ylid generated from
the phosphonium salt followed by hydrolysis with HgII-
Cl29 gave two isomeric products (6 and 7a) which were
separated by chromatography. The major compound
was identified as the 17â-isomer of the lactone 7a and
the minor product the 17R-isomer 6. Hydrolysis of the
17â-isomer with NH3/MeOH gave the rhamnopyrano-
side 7b. The 17â-lactone 7a was reduced with lithium
aluminium hydride (LAH), to give the 14â,21-diol 8. The
14â-hydroxyl group is ideally located for cyclization to
a 5- or 6-membered ring. The small amount of the 17R-
isomer 6 obtained may result from epimerization of the
aldehyde 1 by the sodium ethoxide used in the reaction
to produce the intermediate ketene dithioacetal. For-
mation of the 14R,17R-lactone 6may result, after initial
epimerization at C-17, from carbonium ion formation
at C-14 induced by the acidic HgCl2/MeCN/H2O condi-
tions. C-17 epimerization decreases steric crowding of
the 14-OH and, perhaps also through anchimeric as-
sistance by the carboxyl group, favors carbonium ion
formation. The carboxylic acid would be favorably
located for intramolecular cyclization to the lactone.
While generally not reactive the sterically hindered
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tertiary 14-alcohol readily undergoes these intramo-
lecular cyclizations.
Condensation of the aldehyde 1 with nitromethane

in the presence of KF gave only one isomer, the 20(R)-
nitrol 9a (Scheme 2).10 This stereoselectivity may result
from steric hindrance by the 13-Me group and hydrogen
bonding between the 14â-OH and the 17â-CHO, which
orients the aldehyde so that approach of the ni-
tromethane carbanion occurs to the re face of the
carbonyl bond.
Attempts to hydrolyze the benzoate groups in 9a with

NH3/MeOH yielded a mixture of products containing
aldehyde signals in the 1H NMR spectrum. The 2-nitrol
group can undergo a retro-aldol reaction in base.11 To
avoid this reaction the 20-hydroxyl group in 9a was
protected as the silyl ether 10. Employing the conven-
tional method (t-BuMe2SiCl/imidazole/DMF) prepara-
tion of the silyl ether failed. However, when the nitrol
9a was treated with tert-butyldimethylsilyl triflate and
triethylamine, the noncrystalline silyl ether 10 was
obtained.
In 1974, Eberlein et al.12 reported that when the 17â-

aldehyde trisdigitoxose tetraacetate obtained from digi-
toxin was condensed with nitroethane in the presence
of NaOMe/MeOH for 3 h, the 17â-(2-nitro-1-hydroxypro-
pyl) glycoside was obtained as two pairs of diastereo-
isomers.12 When similar conditions were applied to the
condensation of the 17â-aldehyde tribenzoate 1 with
nitromethane, the major product obtained was the nitrol
9b together with the 17R-epimer 9c as a minor product.
When the condensation reaction was carried out for a
longer time (16 h) the proportion of 17R-epimer 9c
increased. This result is indicative of reversible alde-
hyde condensation with nitromethane and epimeriza-
tion of the 17â-aldehyde followed by nitromethane
condensation (Scheme 3).

Dornow et al.13 reported an improved yield of aminol
on LAH reduction of a nitrol when a solution of LAH
was added to the nitrol rather than the reverse. The
nitrol 9a was therefore reduced in this way to give the
aminol 11. The silyl-protected nitrol 10 was also
reduced with LAH in refluxing Et2O to give the aminol
11 because it has been reported that the silyl derivative
can protect the nitrol group from bond cleavage.14
However, in both cases the yield of the aminol 11 was
low.
The 17â-CHdC(CH3)NO2(E) trisdigitoxoside, pre-

pared by Eberlein et al.,12 showed weak digitalis-like
activity on heart muscle. However, because of the high
reactivity of the nitroethylene group, it proved necessary
to have a methyl group at C-22 to increase the stability
of nitroethylene in order to prepare the glycoside.12
Nevertheless, despite the instability of the unsubsti-
tuted olefin, we have been able to synthesize the
unsubstituted derivative 13b by the following proce-
dure.
The nitrol 9a was acetylated to give the intermediate

nitrol acetate 12, a compound prone to elimination,
which formed the nitroethylene 13a during chromato-
graphic purification on SiO2. Attempts to hydrolyze the
benzoate groups in 13awith NH3/MeOH caused a series
of changes probably due to the reactivity of the nitro-
ethylene group.12 We therefore studied the hydrolysis
by NaOMe in more detail and found that although
hydrolysis of the benzoates took place very rapidly so
did Michael addition of MeO- at C-20. When the
nitroethylene 13a was treated with 0.25 M NaOMe/
MeOH in an ice-water bath, the 20(R)-methoxy deriva-
tive 14 was separated as the main product. Steric
requirements favor selective addition to the double bond
from the re face. When 13a was treated with 0.25 M
t-BuOK/t-BuOH for 10 min, the bulky t-BuO- group

Scheme 1a

a (i) LTBAH/Et2O; (ii) TsCl/pyridine; (iii) NaOMe/EtOH/PhP3 + 1,3-dithiane Cl-; (iv) HgCl2/CH3CN/H2O; (v) LAH/Et2O; (vi) NH3/
MeOH.
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retarded Michael addition as expected and the rham-
nopyranoside 13b was obtained in 32% yield.
The 21-nitro compound 15 was prepared from the

nitrol 9a via the intermediate 12 as described in ref 2.
Compound 15 was hydrogenated in glacial HOAc at 5
atm with PtO2 as catalyst to give the 21-amine which
was isolated as the hydrogen tartrate salt 16.
The aldehyde 1 reacted readily with the anion of

[(ethoxycarbonyl)methyl]diethylphosphonate to give the

R,â-unsaturated ester 17 (Scheme 4).15 Hydrolysis of
the esters in compound 17 gave the acid 18. The ester
17 was hydrogenated at 5 atm with PtO2 as catalyst to
give the saturated ester, which was hydrolyzed to give
the saturated acid 19. The proposed mechanism for the
phosphonate modification of the Wittig reaction sug-
gests that only the E isomer is produced under these
conditions.16
Nuclear Magnetic Resonance Structural Assign-

ments. Structures of all synthetic compounds were
established from the 1H and 13C NMR and are in
agreement with published data.1,2 Complete 2D assign-
ments (HSQC and COSY) were performed on com-
pounds 6, 7a, 9a-c, 13a, 14 and 18.
The structure of 4a was established by comparison

of the 1H and 13C NMR with compound 2 which showed
the expected changes to the C-20 methylene protons.
Compound 6 showed a relatively small NOE (ca. 2%)
from the C-13 methyl to the C-20 protons, in contrast
to 7a (4%). However, a substantial NOE was observed
from the C-13 methyl group to H-17 (6.0%), with a
corresponding NOE observed from the C-13 methyl
(3.5%). These data clearly establish that the C-17 side
chain in 6 has R stereochemistry. The C-14 signal in
the 14R,17R-isomer 6 at 85.76 ppm, unlike the 14â,17â-
isomer 7a at 87.09 ppm, clearly distinguishes between

Scheme 2a

a (i) MeNO2/KF; (ii) t-BuMe2SiSO3CF3/Et3N; (iii) LAH/Et2O; (iv) Ac2O/DMAP; (v) SiO2; (vi) NaOMe/MeOH; (vii) NaBH4/EtOH; (viii)
NH3/MeOH; (ix) MeNO2/NaOMe; (x) t-KOBu/t-BuOH; (xi) H2/PtO2/HOAc; (xii) d-tartaric acid.

Scheme 3. Enolization/Aldol/Retro-Aldol Equilibria
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the isomers. The â-face stereochemistry of the lactone
7a was established by the observation of NOEs from
the C-13 methyl to the low-field C-20 proton (4.1%) and
from the low-field C-20 proton to the C-13 methyl group
(4.5%). Only a relatively small NOE (<2%) was ob-
served from the C-13 methyl group to H-17 which gave
further confirmation of the stereochemistry. The struc-
tures of both lactone isomers 6 and 7a were determined
unambiguously using 2D-NMR techniques.
The 21-alcohol 8 showed comparable spectra to the

21-nitro derivative 15 which is in agreement with the
structure proposed. In nitrol 9c J (17,20) is very small
(ca. 1 Hz) indicating a gauche arrangement of H-17 and
H-20. Irradiation of the C-13 methyl showed NOEs to
H-20 (8.8%), H-8 (3.4%), and H-12â (1.9%) and indicates
a â stereochemistry for the C-17 side chain.
The silyl derivative 10 shows a value of 1.5 Hz for J

(17,20) indicating a gauche arrangement of H-20 and
H-17. Irradiation of H-20 resulted in a 1.6% NOE of
the C-13 methyl group, while irradiation of the C-13
methyl group resulted in a 5.5% NOE of H-20, clearly
indicating that H-20 is anti to C-16 as opposed to anti
to C-13. Irradiation of the C-13 methyl also resulted
in a 2.4% NOE of the low-field C-20 Me3Si. Irradiation
of the low-field Me3Si resulted in a 0.9% NOE of the
C-13 methyl. The NOEs observed between the C-13
methyl and the C-20 Me3Si indicate that the C-20
t-BuMe2Si group must be anti to H-17. With the
location of H-20 already established, this is sufficient
to determine the C-20 stereochemistry as R.17 NOE for
this compound was determined in benzene-d6 to sepa-
rate the side chain proton shifts. The 20(R) configura-
tion was therefore established for 9a (and 9b) based on
the silyl ether 10.
The J (20,21) coupling of 13.3 Hz in the nitroethylene

13a indicates a trans rather than a cis arrangement of
H-20 and H-21. This assignment was confirmed by the
absence of a detectable NOE between the two protons.
Irradiation of H-21 resulted in a 1.7% NOE to H-17,
while irradiation of the C-13 methyl group resulted in
a 4.2% NOE to H-20. These data, along with a J (17,-
20) of 11.5 Hz suggest that the C-17 side chain adopts
a conformation in which H-17 is anti to H-20. This
analysis establishes the E stereochemistry for 13a.
A value of 1.5 Hz was observed for J (17,20) in the

methoxy derivative 14. Irradiation of the C-13 methyl
resulted in NOEs to H-20 (13.5%) and C-20 (3.65%).
Irradiation of the C-20 methoxy resulted in NOEs to
H-20 (6.1%) and the C-13 methyl (1.5%). These data

establish that H-20 is anti to C-16 and that the C-20
methoxyl is anti to H-17. The C-20 stereochemistry is
thus R. NOEmeasurements involving the C-21 protons
were not possible because of overlap with the solvent
peak.
The E geometry of the 20,21-double bond in 17 and

18was evident from the coupling constant of the doublet
(J ) 15.5 Hz) for H-21. In the unsaturated acid 18 the
15.5 Hz value for J (20,21) and the lack of any observ-
able NOE between these protons clearly indicate a trans
arrangement of H-20 and H-21.15 Irradiation of H-21
resulted in a 3% NOE to H-17, while irradiation of H-17
resulted in a 7.4% NOE to H-21. Irradiation of the C-13
methyl group resulted in a 7.5% NOE to H-20. J (17,-
20) is 10.7 Hz. This coupling and the NOE data suggest
that the side chain adopts a conformation in which H-17
is anti to H-20 as seen in 13a.
Radioligand Receptor Binding and Structure-

Activity Relationships. The relatively weak binding
affinity obtained for the cyclic ether 4b (see Table 1)
nevertheless shows that, as has been observed previ-
ously, neither the unsaturated lactone1,2 nor the 14â-
hydroxyl group of the natural cardiac glycosides are
essential for strong receptor binding.3 Similarly the
binding affinity values of 14, 19, and 20 show that an
unsaturated system at C-17 is not required for strong
receptor binding although considered necessary for
strong positive inotropy3,18 (see below). Examination of
3â-rhamnopyranosyl-14â-amino-5â-pregnan-20(R)-ol
(LND 623) indicates that the saturated pregnane side
chain is adequate for strong inotropic activity.19 The
lack of significant affinity observed for the 6-membered
14â,17â-lactone ring 7b shows that this substituent

Scheme 4a

a (i) (EtO)2POCH2COOEt/NaH; (ii) NaOMe/MeOH; (iii) H2/PtO2/EtOH.

Table 1. [3H]Ouabain Radioligand Assay Potency of
17â-Substituted 14â-Hydroxypregnane
3â-(R-L-Rhamnopyranoside)sa,b

no. 17â IC50, nM, ( SE

4b 14â,20-ether 2200 ( 320
7b 14â,20-lactone NAc

8a -CH2CH2OH 660 ( 70
9c -CH(OH)CH2NO2(R) 4730 ( 420
11 -CH(OH)CH2NH2(R) 3220 ( 250
13b -CHdCHNO2(E) 8.3 ( 2.2
14 -CH(OMe)CH2NO2(R) 30 ( 7.5
16d -CH2CH2NH2 1890 ( 220
18 -CHdCHCOOH(E) 13 ( 2.2
19 -CH2CH2COOH 230 ( 30
20e -CH2CH2NO2 45.5 ( 8.2
a IC50 represents the concentration that inhibits binding of

[3H]ouabain by 50%. b Digitoxin IC50 ) 8 nM. c Not active, >100
µM. d Hydrogen tartrate salt. e See ref 2.
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interferes with receptor binding, more so than the
smaller, and less polar, 5-membered ether ring in 4b.
The derivatives which are isosteric with the naturally

occurring unsaturated lactone ring, 13b and 18, show
binding affinity approaching that of the natural cardiac
glycosides (ca. 8 nM). Thomas et al.20 demonstrated
that bioisosteres of the unsaturated lactone ring such
as the esters -CHdCHCOOMe(E) showed positive
inotropy while the acid -CHdCH-COOH(E) was inac-
tive. The nitroethylene 13b and the unsaturated car-
boxylic acid 18 show very strong binding affinity. In
both compounds 13b and 18, the NMR results clearly
demonstrate that the C-17 side chain and its polar
substituent are orientated so that C-21 eclipses H-17.21
This places the polar C-21 substituent in a similar
location to that of the C-23 carbonyl in the cardiac
glycosides and supports the proposal that optimum
receptor binding requires a polar group in this location
and a positive center at C-20.3 Thomas et al.3 correlated
positive inotropy with the size of the positive charge
induced at C-20 based on its chemical shift which places
13b (C-20 138.92 ppm) among the potentially least
potent inotropic compounds. However, while consis-
tently the 20-methyl glycoside analogue of 13b, synthe-
sized by Eberlein et al.,12 showed only weak cardiotonic
activity, this may be due to steric factors which do not
permit the 17-substituent to take up the most favorable
conformation. The saturated analogues, 19 and 20, of
18 and 13b, respectively, while binding strongly to the
receptor, bind somewhat more weakly than 13b and 18.
Thomas et al.3,18 have shown that inotropic activity was
almost completely abolished upon saturation of the C-20
double bond in the 17â-acrylate, whereas these results
indicate that receptor binding affinity is much less
affected.
The saturated 21-nitro-20(R)-methoxy-substituted de-

rivative 14, unlike the corresponding 21-nitro-20(R)-
alcohol 9c, binds strongly, comparable to the unsubsti-
tuted 21-nitro derivative 20. The 21-amino-20(R)-
alcohol 11, like the 21-nitro-20(R)-alcohol 9c, shows
weak binding affinity. The 21-amino derivative 16
shows weak binding compared with the much stronger
binding affinity of the 21-nitro derivative 20. The 21-
alcohol 8a binds more strongly than the 21-amino
derivative 16 but less strongly than the 21-nitro deriva-
tive 20. Differences in receptor binding may result from
competition between the hydrogen-bonding donor mol-
ecules 8a and 16 and the acceptor molecule 20. These
results are in agreement with the demonstration by
Repke and co-workers22 that the 5â,14â-androstane-
3â,14-diol is the basic steroid structure of the cardiac
glycosides possessing cardiotonic activity.

Conclusions

Pregnane 3â-R-L-rhamnopyranoside derivatives have
been synthesized from digitoxigenin. Some derivatives
show receptor binding affinity comparable to the natu-
rally occurring cardiac glycosides as measured in a
radioligand binding assay. Unsaturation at C-20 is not
required for strong receptor binding affinity. Some
synthetic pregnane glycosides have been shown to
possess an improved margin of safety compared with
the naturally occurring cardiac glycosides.23-25 Phar-
macological studies of compounds 13b, 14, 18, and 20
may provide structure-activity relationship evidence to

permit differentiation between cardiotonic and car-
diotoxic effects.3

Experimental Section

General. All 1H and 13C NMR survey spectra were recorded
on a Bruker AM300 spectrometer, while homonuclear correla-
tion (COSY), heteronuclear correlation (HSQC), and nuclear
Overhauser effect (NOE) difference spectra were recorded on
a Bruker AMX500 instrument as described previously.26 All
J values are reported in hertz (Hz). Samples were ca. 50 mM
solutions in 5 mm tubes in the solvents reported. For samples
in CDCl3 the residual CHCl3 peak in the solvent (δH 7.26 ppm,
δC 77.0 ppm) was used as the internal reference; for other
solvents Me4Si was used as an internal reference. All spectra
were run at 300 K. Carbon spectra were classified as to
multiplicity with the DEPT technique.27 Complete 1H and 13C
NMR assignments are reported for the tribenzoate 13a and
R-L-rhamnopyranoside 14; for the remaining compounds only
data relevant to the C-17 side chain are given. Reactions were
monitored by TLC on silica gel plates (Merck type 60H) and
visualized by dipping in 4% H2SO4 in EtOH followed by
heating at 120-150 °C. Flash column chromatography (FCC)
was carried out on silica gel (Merck type 60 for column
chromatography) in the solvent systems indicated. LP refers
to petroleum fractions with bp 35-60 °C. Solutions were dried
using anhydrous Na2SO4. Melting points were measured on
a Kofler type hot-stage apparatus and are uncorrected.
3-[(Tri-O-benzoyl-r-L-rhamnopyranosyl)oxy]-17â-(hy-

droxymethyl)-5â-androstane-3â,14â-diol (2). To a stirred
solution of 128 (200 mg, 0.25 mmol) in dry Et2O (20 mL) was
added LTBAH (254 mg, 1.3 mmol) for 2 h when TLC (25%
acetone/LP) showed no starting material. CH2Cl2 was added
and the mixture washed with 1 MHCl. After evaporation FCC
of the residue on elution with 25% acetone/LP gave the
noncrystalline 2 (145 mg, 57%) which was sufficiently pure
by TLC and 1H NMR for use in the following reaction: 1H
NMR (CDCl3) δ 1.00 and 1.02 (2s, 6H, 10-, 13-Me), 3.43 (dd, J
) 2.5, 10.3, 1H, 20-H), 3.72 (d, J ) 10.3, 1H, 20-H); 13C NMR
(CDCl3) δ 21.31 or 21.71 (16), 51.28 (17), 14.75 (18), 62.31 (20).
3â-[(Tri-O-benzoyl-r-L-rhamnopyranosyl)oxy]-17â-

methylene-5â-androstane 14â,20-Epoxide (4a). 2 (130 mg,
0.17 mmol) was treated with p-toluene sulfonyl chloride (100
mg, 0.53 mmol) in pyridine (2 mL) and allowed to stand at 20
°C for 16 h; CH2Cl2 (50 mL) was added and the mixture washed
with 1 M HCl, saturated NaHCO3, and water. After evapora-
tion FCC (elution with 10% acetone/LP) gave 4a (70 mg,
54%): mp 207-210 °C (Et2O/LP); 1H NMR (CDCl3) δ 0.99 (s,
3H, 13-Me), 1.09 (s, 3H, 10-Me), 3.47 (d, J ) 7.5, 1H, 20-H),
3.97 (ddd, J ) 3.2, 3.2, 7.3, 1H, 20-H); 13C NMR (CDCl3) δ
25.65 (16), 46.16 (17), 15.32 (18), 73.37 (20). Anal. (C47H54O9)
C, H.
3â-(r-L-Rhamnopyranosyloxy)-17â-methylene-5â-an-

drostane 14â,20-Epoxide (4b). 4a (90 mg, 0.12 mmol) in
MeOH (5 mL) was treated with 10% NH3/MeOH (5 mL) at 0
°C for 14 h. After evaporation, the residue on FCC (elution
with 7.5% MeOH/CH2Cl2) gave 4b (45 mg, 85%): mp 249-
251.5 °C (MeOH/acetone/LP); 1H NMR (CD3OD) δ 0.97 and
1.00 (2s, 6H, 10-, 13-Me), 3.48 (d, J ) 7.3, 1H, 20-H), 3.95 (m,
2H, 20-H); 13C NMR (CD3OD) δ 26.47 (16), 47.41 (17), 15.65
(18), 74.17 (20). Anal. (C26H42O6) C, H.
14r-Hydroxy-3â-[(tri-O-benzyoyl-r-L-rhamnopyranosyl)-

oxy]-5â,17r-pregnane-21-carboxylic Acid 14,21-Lactone
(6) and 14â-Hydroxy-3â-[(tri-O-benzoyl-r-L-rhamnopy-
ranosyl)oxy]-5â-pregnane-21-carboxylic Acid 14,21-Lac-
tone (7a). To the 1,3-dithaine-2-triphenylphosphonium chlo-
ride7,8 (180 mg, 0.36 mmol) in absolute ethanol (2.5 mL) under
Ar was added with vigorous stirring 0.25 M ethanolic NaOEt
(1.8 mL, 0.45 mmol). The reaction mixture immediately
became bright yellow, and a precipitate formed. After 5 min
a solution of 1 (240 mg, 0.31 mmol) suspended in absolute
ethanol (l mL) was added in one portion. The solid dissolved
slowly on stirring which was continued for 2 h when TLC (20%
acetone/LP) showed that reaction was complete. Water (100
mL) was added, the mixture extracted with CH2Cl2, and the
organic layer washed with water, dried, and evaporated. The
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residue, without further purification, was taken up in CH3-
CN/water (5:l) (12 mL), HgIICl2 (400 mg, 1.50 mmol) added,
and the mixture stirred for 18 h when TLC indicated that
hydrolysis was complete.9 The reaction mixture was filtered
through a Celite pad which was washed with acetonitrile and
on evaporation the residue was taken up in CH2Cl2 and dried.
After evaporation the residue on FCC (elution with 25%
EtOAc/LP) gave fractions (23 mg) which on recrystallization
yielded 6 (12 mg, 5%): mp 205-207 °C (Et2O/LP); 1H NMR
(CDCl3) δ 1.05 (s, 3H, 10-Me), 1.38 (s, 3H, 13-Me), 2.31 (d, J
) 18.2, 1H, 20-H), 2.48 (t, J ) 9.5, 1H), 2.90 (dd, J ) 9.3, 18.1,
1H, 20-H); 13C NMR (CDCl3) δ 33.49 or 35.62 or 37.36 (16,
20), 43.28 (17), 18.77 (18), 177.14 (21). Anal. (C48H54O10) C,
H.
Further elution yielded fractions (143 mg) which gave 7a

(92 mg, 37%): mp 214-216 °C (Et2O/LP); 1H NMR (CDCl3) δ
1.08 (s, 6H, 10-, 13-Me), 2.41 (d, J ) 19.7, 1H, 20-H), 2.87 (dq,
J ) 2, 4, 19, 1H, 20-H); 13C NMR (CDCl3) δ 27.48 (16), 42.14
(17), 14.63 (18), 31.07 or 32.29 (20). Anal. (C48H54O10) C, H.
14â-Hydroxy-3â-(r-L-rhamnopyranosyloxy)-5â-preg-

nane-21-carboxylic Acid 14,21-Lactone (7b). 7a (55 mg,
0.069 mmol) was stirred in MeOH (7 mL) and l0% NH3/MeOH
(5 mL) for 16 h under Ar when TLC (12% MeOH/CH2Cl2)
indicated that hydrolysis was complete. On evaporation the
residue was immediately recrystallized to give 7b (22 mg,
66%): mp 271-274 °C (acetone/LP); 1H NMR (DMSO-d6) δ
0.94 and 0.95 (2s, 6H, 10-, 13-Me), 2.35 (d, J ) 19.2, 1H, 20-
H), 2.77 (dq, J ) 2.4, 4.8, 18.9, 1H, 20-H), 4.46 (d, J ) 4.5,
ROH), 4.64 (dd, J ) 5.3, ROH), 4.69 (dd, J ) 5.3, ROH); 13C
NMR (DMSO-d6) δ 26.78 (16), 41.43 (17), 14.18 (18), 38.24 (20),
170.73 (21). Anal. (C27H42O7) C, H.
3â-(r-L-Rhamnopyranosyloxy)-5â-pregnane-14â,21-

diol (8). To a solution of 7a (170 mg, 0.22 mmol) in dry Et2O
(15 mL) was slowly added a solution of LAH (180 mg, 4.7
mmol) in dry Et2O (30 mL). After refluxing under Ar for 1 h
the stirred mixture was cooled in an ice-water bath, and water
(0.2 mL), 15% NaOH (0.18 mL), and again water (0.5 mL) were
added to give a granular precipitate.29 After evaporation the
residue was extracted by reflux with MeOH (3 × 45 mL) for
30 min. The mixture was filtered through Celite and evapo-
rated. The residue on FCC (elution with 12% MeOH/CH2Cl2)
gave 8 (31 mg, 30%): mp 227-230 °C (MeOH/acetone); 1H
NMR (CD3OD) δ 0.94 and 0.95 (2s, 6H, 10-, 13-Me), 3.43 (m,
1H, 21-H), 3.58 (m, 1H, 21-H); 13C NMR (CD3OD) δ 28.44 (16),
47.26 (17), 15.92 (18), 38.68 (20), 62.45 (21). Anal. (C27H46O7)
C, H.
3â-[(Tri-O′-Benzoyl-r-L-rhamnopyranosyl)oxy]-21-nitro-

5â-pregnane-14â,20(R)-diol (9a). 1 (1.19 g, 1.3 mmol),
freshly distilled nitromethane (400 mg, 6.4 mmol), and KF (94
mg, 1.0 mmol) were stirred in dry 2-PrOH (20 mL) for 16 h.10
The mixture was diluted with CH2Cl2 (100 mL) and washed
with water. The residue from evaporation on FCC (elution
with 20% acetone/LP) gave fractions of the noncrystalline 9a2
(460 mg, 38%) which was sufficiently pure by TLC (25%
acetone/LP) and 1H and 13C NMR for use in the following
reactions: 1H NMR (CDCl3) δ 1.04 (s, 3H, 10-Me), 1.11 (s, 3H,
13-Me), 4.23 (m, H, 21-H), 4.42 (dd, J ) 8.6, 11.4, 1H, 21-H),
4.52 (dd, J ) 4.2, 8.7, 1H, 20-H); 13C NMR (CDCl3) δ 27.48
(16), 42.14 (17), 14.63 (18), 31.29 or 32.07 (20).
21-Nitro-3â-(r-L-rhamnopyranosyloxy)-5â-pregnane-

14â,20(R)-diol (9b) and 21-Nitro-3â-(r-L-rhamnopyrano-
syloxy)-5â,17r-pregnane-14â,20(R)-diol (9c). To a solution
of 1 (470 mg, 0.60 mmol) and freshly distilled nitromethane
(400 mg, 6.6 mmol) in MeOH (10 mL) was added slowly 4 M
NaOMe/MeOH (3.0 mL, 12 mmol). After stirring for 3.5 h at
20 °C, the mixture was carefully adjusted to pH 8 (indicator
paper) with 1 M HCl in MeOH while cooled in an ice-water
bath. EtOAc (150 mL) was added and the mixture washed
with aqueous NaHCO3 and water. After evaporation, the
residue was crystallized to give 9b (61 mg, 19%): mp 195-
196 °C (acetone/LP); 1H NMR (CD3OD) δ 0.96 and 1.06 (2s,
6H, 10-, 13-Me), 4.32-4.49 (3H, 20-H, 21-H2); 13C NMR (CD3-
OD) δ 19.64 (16), 53.36 (17), 15.21 (18), 68.84 (20), 81.67 (21).
Anal. (C27H45O9N‚H2O) C, H, N.
The mother liquor on FCC (elution with 7.5% MeOH/CH2-

Cl2) gave 9b (140 mg, 44%): mp 194-196 °C (acetone/LP).

Further elution gave 9c (25 mg, 8%): mp 196-197 °C (acetone/
LP); 1H NMR (CD3OD) δ 0.95 (s, 10-Me), 1.12 (s, 13-Me), 4.23
(ddd, J ) 1.9, 9.9, 9.9, 20-H), 4.32 (d, J ) 9.9, 21-HB), 4.55
(dd, J ) 2.0, 9.9, 21-HA); 13C NMR (CD3OD) δ 24.43 (16), 51.97
(17), 20.47 (18), 72.21 (20), 82.85 (21). Anal. (C27H4509N‚H2O)
C, H, N.
20(R)-(tert-Butyldimethylsiloxy)-21-nitro-3â-[(tri-O-

benzoyl-r-L-rhamnopyranosyl)oxy]-5â-pregnan-14â-ol (10).
To a solution of 9a (200 mg, 0.24 mmol) in CH2Cl2 (10 mL)
containing Et3N (261 mg, 2.6 mmol), cooled in an ice-water
bath under an Ar atmosphere, was added slowly tert-bu-
tyldimethylsilyl triflate (283 mg, 1.1 mmol), and stirring was
continued for 1.5 h when TLC (20% acetone/LP) indicated
reaction was complete. CH2Cl2 (150 mL) was added, and the
organic layer was washed with water to give a residue which
on FCC (elution with 12% acetone/LP) gave the noncrystalline
10 (116 mg, 51%) which was sufficiently pure by TLC and 1H
and 13C NMR for use in the following reaction: 1H NMR
(CDCl3) δ 0.93 (s, 3H, 13-Me), 1.03 (s, 3H, 10-Me), 4.48 (m,
3H, 20-H, 21-H2); 13C NMR (CDCl3) δ 19.41 (16), 52.68 (17),
14.90 (18), 39.90 (20), 79.12 (21).
21-Amino-3â-(r-L-rhamnopyranosyloxy)-5â-pregnane-

14â,20(R)-diol (11). From 9a: To a stirred solution, under
Ar, of 9a (500 mg, 0.60 mmol) in dry Et2O (50 mL) under reflux
was added LAH (600 mg, 16 mmol) in dry Et2O (100 mL) over
15 min, and reflux was continued for a further 75 min when
TLC [CHCl3:MeOH:Et3N (100:40:3)] indicated that reaction
was complete. To the stirred, cooled (ice bath) mixture were
added slowly water (0.4 mL), 15% NaOH (0.4 mL), and again
water (1.2 mL), and was stirring continued for a further 20
min to form a granular precipitate.29 The residue from
evaporation of the Et2O was extracted by 40 min reflux with
MeOH (3 × 50 mL) and filtered through silica gel, and the
filtrate was evaporated and subjected to FCC. Elution with
CHCl3:MeOH:Et3N (100:40:3) gave 11 (50 mg, 17%): mp 225-
229 °C (MeOH/Et2O); 1H NMR (CD3OD) δ 0.96 (s, 3H, 10-Me),
1.04 (s, 3H, 13-Me), 2.80 (m, 2H, 21-H2), 3.93 (m, 1H, 20-H);
13C NMR (CD3OD) δ 19.44 (16), 53.81 (17), 15.38 (18), 67.60
(20), 45.71 (21). Anal. (C27H47O7N‚2.5H2O) C, H, N.
From 10: 10 (190 mg, 0.18 mmol) was added to a solution

of LAH (400 mg, 10.5 mmol) in Et2O (45 mL) and the mixture
refluxed for 1.5 h. Workup as above gave 11 (27 mg, 30%):
mp 224-228 °C (MeOH/Et2O).
14â-Hydroxy-21-nitro-3â-[(tri-O-benzoyl-r-L-rhamnopy-

ranosyl)oxy]-5â-pregna-20,21-diene (13a). 9a (250 mg,
0.30 mmol), Ac2O (1 mL), and 4-(N,N-dimethylamino)pyridine
(10 mg) in dry Et2O (5 mL) were stirred for 14 h to give 12.
Et2O (50 mL) was added and the mixture washed with excess
aqueous NaHCO3 and water. The residue on FCC (elution
with 20% acetone/LP) gave 13a (113 mg, 46%): mp 242-244
°C (acetone/Et2O); 1H NMR (CDCl3) δ 0.91 (s, 3H, 10-Me), 1.04
(s, 3H, 13-Me), 4.08 (br s, 1H, 3-H), 5.10 (d, J ) 1.2, 1H, 1′-H),
5.63 (dd, J ) 1.8, 3.4, 1H, 2′-H), 5.87 (dd, J ) 3.4, 10.1, 1H,
3′-H), 5.67 (t, J ) 9.9, 1H, 4′-H), 4.23 (m, 1H, 5′-H), 1.35 (d, J
) 6.3, 1H, 6′-H), 6.85 (d, J ) 13.3, 1H, 21-H), 7.25-8.12 (m,
16H, 20-H, aromatic H); 13C NMR (CDCl3) δ 30.47 (1), 26.47
(2), 73.22 (3), 29.64 (4), 35.29 (5) (interchangeable numbers),
26.52 (6), 20.78 (7), 41.86 (8), 35.80 (9) (interchangeable
numbers), 36.45 (10), 21.24 (11), 38.26 (12), 50.04 (13), 85.92
(14), 32.85 (15), 26.83 (16), 49.72 (17), 15.82 (18), 23.80 (19),
137.73 (20), 148.35 (21), 95.80 (1′), 70.17 (2′), 71.56 (3′), 71.99
(4′), 66.93 (5′), 17.70 (6′). Anal. (C48H55O11N) C, H, N.
14â-Hydroxy-21-nitro-3â-(r-L-rhamnopyranosyloxy)-

5â-pregn-20-ene (13b). 13a (272 mg, 0.33 mmol) was added
in one portion to a vigorously stirring solution of 0.256 M
t-BuOK/t-BuOH at 20 °C, and stirring was continued for 10
min. The reaction mixture was then adjusted to pH 7-8
(indicator paper) with 1 M HCl in MeOH and evaporated to
give a residue which on FCC (elution with 7.5% MeOH/CH2-
Cl2) gave 13b (54 mg, 32%): mp 215-216 °C (MeOH/H2O);
1H NMR (CD3OD) δ 0.95 (s, 3H, 10-Me), 0.88 (s, 3H, 13-Me),
6.99 (d, J ) 13.3, 1H, 21-H), 7.53 (dd, J ) 11.4, 13.4, 1H, 20-
H); 13C NMR (CD3OD) δ 27.86 (16), 51.06 (17), 15.40 (18),
138.92 (20), 149.80 (21). Anal. (C27H43O8N) C, H, N.
14â-Hydroxy-21-nitro-3â-(r-L-rhamnopyranosyloxy)-

5â-pregn-20-ene (13b). 13a (272 mg, 0.33 mmol) was added
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in one portion to a vigorously stirred solution of 0.256 M
t-BuOK/t-BuOH (27 mL) at 20 °C and stirring continued for
10 min. The reaction mixture was then adjusted to pH 7-8
(indicator paper) with 1 M HCl in MeOH and evaporated to
give a residue which on FCC (elution with 7.5% MeOH/CH2-
Cl2) gave 13b (54 mg, 54%): mp 215-216 °C (MeOH/H2O).
20(R)-Methoxy-21-nitro-3â-(r-L-rhamnopyranosyloxy)-

5â-pregnan-14â-ol (14). 13a (140 mg, 0.17 mmol) was stirred
in 0.25 M NaOMe/MeOH (5 mL) in an ice-water bath for 3.45
h when TLC (7.5% MeOH/CH2Cl2) showed formation of one
major component. The reaction mixture was neutralized to
pH 7-8 (indicator paper) with 1 M HCl and evaporated to give
a residue which on FCC (elution with 7.5% MeOH/CH2Cl2)
yielded 14 (40 mg, 28%): mp 212-213 °C (MeOH/Et2O); 1H
NMR (CD3OD) δ 0.97 and 1.00 (2s, 6H, 10-, 13-Me), 3.94 (br
s, 1H, 3-H), 4.76 (d, J ) 1.2, 1H, 1′-H), 3.76 (dd, J ) 1.5, 3.1,
1H, 2′-H), 3.68 (m, 1H, 3′-H) (overlapping signals), 3.37 (t, J
) 9.4, 1H, 4′-H), 3.68 (m, 1H, 5′-H) (overlapping signals), 1.23
(d, J ) 6.2, 1H, 6′-H), 4.10 (m, 1H, 20-H), 4.56 (m, 1H, 21-H),
4.73 (m, 1H, 21-H); 13C NMR (CD3OD) δ 31.66 (1), 27.52 (2),
73.62 (3), 30.89 (4), 38.17 (5), 27.87 (6), 22.14 (7), 41.16 (8),
36.42 (9), 36.36 (10), 22.63 (11), 41.13 (12), ∼50 (13), 85.59
(14), 33.39 (15), 20.26 (16), 53.58 (17), 15.25 (18), 24.39 (19),
79.70 (20), 78.03 (21), 99.84 (1′), 72.93 (2′), 72.53 (3′), 74.09
(4′), 70.00 (5′), 17.98 (6′). Anal. (C28H47O9N) C, H, N.
21-Amino-3â-(r-L-rhamnopyranosyloxy)-5â-pregnan-

14â-ol d-Hydrogen Tartrate (16). 15 (300 mg), prepared
from 9a as described in ref 2, in glacial HOAc (30 mL)
containing PtO2 (150 mg) was shaken with H2 at 5 atm for 16
h when TLC [CHCl3:MeOH:Et3N (100:30:1)] indicated reaction
was complete. The mixture was filtered through a Celite pad
and evaporated. The residue was triturated with Et2O, to give
the 21-amine (270 mg, 95%) as a pale yellow noncrystalline
powder, showing one component on TLC and no extraneous
signals in the 1H NMR. The 21-amine (100 mg, 0.20 mmol)
and d-tartaric acid (30 mg, 0.20 mmol) were dissolved in MeOH
(2 mL), and Et2O was added slowly until the solution became
turbid, to give 16 (83 mg, 53%): mp 203-206 °C; 1H NMR
(5% D2O/CD3OD) δ 0.93 (2s, 6H, 10-, 13-Me), 2.81 (m, 1H, 21-
H), 2.96 (m, 1H, 21-H), 4.42 (s, 2H, tartrate); 13C NMR (5%
D2O/CD3OD) δ ca. 27.5 (16), 47.91 (17), 15.59 (18), 32.32 (20),
40.57 (21), 74.00 and 176.97 (tartrate). Anal. (C31H53O12N‚
4H2O) C, H, N.
14â-Hydroxy-3â-[(tri-O-benzoyl-r-L-rhamopyranosyl)-

oxy]-5â-androstane-17â-acrylic Acid Ethyl Ester (17).
[(Ethoxycarbonyl)methyl]diethylphosphonate (500 mg, 2.23
mmol) in diglyme (5 mL) was added over 5 min to NaH (120
mg, 50% oil suspension, 2.5 mmol) suspended in diglyme (3
mL) and the mixture stirred at 20 °C for 20 min until H2

evolution had ceased.16 A solution of 1 (500 mg, 0.655 mmol)
in diglyme (5 mL) was slowly added and the mixtured stirred
for a further 20 min. TLC (25% acetone/LP, developed twice)
showed that no starting material remained. EtOAc (100 mL)
was added and the mixture washed with water to give a
residue which on FCC (elution with 15% acetone/LP) gave the
noncrystalline 17 (450 mg, 80%) which was sufficiently pure
by TLC and 1H and 13C NMR for use in the following reactions.
14â-Hydroxy-3â-(r-L-rhamnopyranosyloxy)-5â-andros-

tane-17â-acrylic Acid (18). 17 (357 mg, 0.44 mmol) was
taken up in 0.25 M NaOMe/MeOH (27.5 mL) and cooled in an
ice-water bath for 45 min when TLC (10% MeOH/CH2Cl2)
indicated that reaction was complete. The mixture was
adjusted to pH 7-8 (indicator paper) with 1.4 M HCl. After
evaporation, the residue was purified by FCC (on elution with
10% MeOH/CH2Cl2) which gave 18 (67 mg, 28%): mp 121-
124 °C (118 °C shrinking) (acetone/LP); 1H NMR (CD3OD) δ
0.95 (s, 3H, 10-Me), 0.85 (s, 3H, 13-Me), 2.32 (m, 1H, 17R-H),
7.19 (dd, J ) 10.6, 15.5, 1H, 20-H); 13C NMR (CD3OD) δ 28.05
(16), 55.52 (17), 14.60 (18), 157.22 (20), 120.11 (21). Anal.
(C28H44O8‚2H2O) C, H.
14â-Hydroxy-3â-(r-L-rhamnopyranosyloxy)-5â-andros-

tane-17â-propionic Acid (19). 17 (480 mg, 0.56 mmol) in
absolute EtOH (20 mL) containing 10% Pd/C as catalyst was
shaken with H2 at 5 atm for 14 h. The mixture was filtered
through Celite and the residue from evaporation dissolved in
0.25 M NaOMe/MeOH (16 mL) and cooled in an ice-water

bath for 45 min. Workup and FCC (elution with 10% MeOH/
CH2Cl2) gave 19 (54 mg, 18%): mp 102-105 °C (acetone/LP);
1H NMR (CD3OD) δ 0.94 (s, 3H, 13-Me), 0.95 (s, 3H, 10-Me),
2.13 (m, 1H, 21-H), 2.33 (m, 1H, 21-H); 13C NMR (CD3OD) δ
29.19 (16), 50.84 (17), 15.70 (18), 31.18 or 34.28 (20), 31.18 or
34.28 (21). Anal. (C28H46O8) C, H.
[3H]Ouabain Radioligand Binding Assay. [3H]Ouabain

binding to dog heart microsomes was determined in the
presence of steroids added in 5 µL of ethanol as previously
described.4
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