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Abstract--Earlier studies have shown that the g-D-digitoxose (2,6-dideoxy-
g-D-mannopyranose) directly attached to the cardiac glycoside steroid C3
has the greatest effect on biological activity. This report describes the
synthesis of eight digitoxosides (2a-9a), with widely varying cyclic and

acyclic Cl7g-side groups, and the corresponding C3',C4'-acetonides {2b-

9%). NMR analysis of conformational

strain introduced by the acetonide

groups is supported by crystallographic analysis of the sugars' torsion

angles.

Cardiac glycosides2 such as digoxin (1a)

and digitoxin (1b) (Chart 1) are currently
among the six most-prescribed drugs in the
U.s.3 Their structures include three g-D-
digitoxose (2,6-dideoxy-g-D-mannopyranose)
sugars attached to the genin C3-0. Because of
these glycosides' clinical and biochemical
importance, we have been very interested in
synthesizing new analogs and in delineating
their pharmacological mechanisms of action.
In studies with a variety of cardenolide
genins, we found that the position of each
stde group's carbonyl oxygen {or in the case
of a nitrile, its nitrogen) was a nearly
perfect predictor of biological activity.4
Most recently, we have identified the C17 side
group receptor subunit on Na+,K+-ATPase using
a site specific photoaffinity probe.4f

We have now turned our attention to a
systematic study of the roles of structure and
conformation of the C3 sugars; and in particu-
lar how they relate to the effects of modified

Cl178 side groups.l’s’6 The synthesis of
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B-D-digitoxides 2a-9a was undertaken because,
1) their natural occurance of g-D-digitoxose
in digitoxin and digoxin; 2) the 'first' digi-
toxose on digitoxin (i.e., the one directly
attached to the genin C3) increases activity
relative to digitoxigenin ten-fold; but the
‘second’ and 'third' digitoxoses have very
little additional effect;s'7 and 3) the pos-
sible clinical applications of a ‘weak' (178
side group combined with a sugar which in-
creases binding and activity. The genins were
selected because of the structural variety of
C178 side groups, and because they have over a
100-fold range in activ1t1es.4 The acetonides
2b-9b were also of interest because (in addi-
tion to being synthetic intermediates to 2a-
9a) they could be used in future biological
studies to evaluate the roles of the 3' and 4'
hydroxyls.

RESULTS AND DISCUSSION

Digitoxigenin g-D-digitoxoside (38, 58,
148)-3-[2,6-dideoxy-B8-D-ribohexopyranosyl)
oxy]-14-hydroxycard-20(22)-enolide (2a) is the
central intermediate in the synthesis of all
the other g-D-digitoxosides reported in this

study., It has previously been prepared in
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Chart 1
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small (10%) yield by Zorbach8? using acid
catalyzed addition of digitoxose to digitoxi-
Modified Koenigs-Knorr reaction of di-
0-p-nitrcbenzoyl digitoxose <chloride with
digitoxigenin was found by Zorbach8b to give
the ao-D-digitoxoside in 45% yield but little

The best yields of 2a have been
9

genin,

or no 2a.
reported by Satoh and Aoyama’ using a stepwise
degradation of the two terminal digitoxoses of
digitoxin (1b). The 3' and 4' hydroxyl groups
of 2a were then protected (acetone and p-
toluenesulfonic acid) to give acetonide 2b
(38,58,148)-3-2,6-dideoxy-3,4-0-(1-methyl-
ethylidine-8-D-ribo-hexopyranosyl)oxy]-14-
hydroxycard-20(22)-enolide) (Scheme 1).

Aldehyde 13 (38,58,148,178)-3-[(2,6-
dideoxy-3,4-0-(1-methylethylidine)-8-D-ribo-

hexopyranosyl)oxyl-14-hydroxyandrostane-17-
darboxa1dehyde) was prepared using a modifica-
tion of a procedure used by us10 and by
Thomas11 to convert digitoxigenin (2c) to its
acetate 2d, and then to the genin aldehyde
14. 0Ozonolysis of 2b followed by reduction of
the ozonide with dimethylsulfide instead of
zinc and acetic acid provided dialdehyde 10,
which was reduced with sodium borohydride to
diol 11. The hydrolysis of 11 with methanolic
potassium hydroxyide and of the
product 12 with sodium periodate gave aldehyde
13 in 72% yield overall yield from 2b.

12,13

oxidation

Wittig reaction of 13 (Scheme 2)
with phenoxycarbonyimethyl methyl phosphonate
(prepared from phenyl bromoacetate and tri-
methyl phosphite (see Experimental Section)
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gave the phenoxy B-D-digitoxoside acetonide 3b
(38,58,148,20E)-phenyl-3-[(2,6-dideoxy-3,4-0-
{1-methylethyl idi ne)-B-D-ribo-hexopyranosyl)
oxy]-14-hydroxy-( pregn-20-ene-21-carboxylate)
in 51% yield. Reaction of 13 with trimethyl
phosphonoacetate--a modification of the proce-
1 and ourselves1 to con-
vert digitoxigenin 2c to genin methyl ester
4c--gave the methyl ester B-D-digitoxoside
acetonide 4b (38,58,148, 20E)-methyl 3-[2,6-
dideoxy-3,4-0-(1-methylethylidine)-B-D-ribo-
hexopyranosyl-oxy]-14-hydroxyl-(pregn-20-ene-
21-carboxylate) in 84% yield. Hydrolysis of
the acetonide protecting groups (methanol,

dure used by Thomas

room temperature, trace of 5% HC1) invariably
gave a small amount of the corresponding genin
and unreacted acetonide as well as the desired

B-D-digitoxoside. Hydrolysis of 4b thus gave

—>
nl
H
6b
66.1%
H 5% Pd
CacCo3
R’ H
H
2b
.—_’
Rl
H
7b
Rz Digitoxose 83.6%
R‘x Digitoxose acetonide
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4a (48.2%) and 4c (trace), along with unre-
acted 4b; and 3b (53.7%) and 3c
(30.4%) (Scheme 2). The PMR coupling con-
stants (16 Hz) between the C20 and C21 protons
of these compounds indicate the trans stereo-
chemistry of the (20 double bond; and con-
firmed by x-ray crystallography of 4a, 4b, and
4c14. A1l physical and spectral data (Tables
1 and 2) are in agreement with the assigned
structures,

gave 3a

of 4b with 5%
the catalyst3e gave
dihydro compound 15. The enolate of 15 was
treated with anhydrous C02, followed by
refluxing of the crude product 16 in aqueous
formaldehyde and diethylamine (as previously
reported by us for genins3e) to give acetonide

§b (38,58,148,20E)-methyl-3-[(2,6-dideoxy-3,4-

— H
RO H

Catalytic hydrogenation

paladium on carbon as

ut H 6a
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H
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24.3%
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H
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HY 7a
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H
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" H
R 7¢c
Scheme 3
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0-(1-methylethylidine)-B-D-ribo-hexopyrano-

syl)oxy]-14-hydroxy-21-methylene-(pregn-21-

carboxylate) in 30% overall yield, Hydrolysis
of Sb gave S5a (35.7%) along with recovered
acetonide 5b. We have previously reported
that the (20R,S) mixture of genins (i.e., 6¢c
and 7c) obtained by hydrogenation of digi-
toxigenin (2¢) could be separated in good
yield wusing fractional crysta]lization.3e’15
We were not able to thus separate B-D-digitox-
osides 6a and 7a (Scheme 3) but we could
separate acetonides &b (20R) and 7b (20S),
83.6% and 66.5% respectively from dihydro
product 2b, using a combination of methanol
and ethyl
solvent. The micro-TLC system deve1oped15 for
the separation of the cardenolide diastere-

acetate as a recrystallization

omers was also successful in separating 6a and

7a, an essential aid in following the progress
of the fractional
chemical shifts and coupling constants §
3.87(t, J=8 Hz) and & 4.49(t, J=8 Hz) of the
C21 protons of 6b are clearly different from
those of 7b, & 4.02(t, J=9 Hz) and & 4.41(t,
J=9 Hz) (Table 3). No trace of 7b could be
seen in the TLC nor in the PMR spectrum of 6b;
nor vice-versa for 6b, providing good proof of

crystallizations, The

Absolute structural
assignment of stereochemistry at €20, however,

diastereomeric purity.

was provided by comparison with an authentic
sample of 7b and 7c¢ whose x-ray crystallo-
graphic analysis have
p]eted.‘b'14
22-Methylenation of 6b and 7b (Scheme 4)
was completed in the same way used for 4b,
giving acetonides 8b and 9b, 50,5% and 60.4%

already been com-

.
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overall respectively. Subsequent

hydrolysis gave pg-D-digitoxoside 8a and 9a,

yields,

along with the corresponding genins 8c and
9c. Absolute proof of C20 stereochemistry was
on the basis of spectral comparison with our
sythentic samples of 8¢ and 9c3e--and an x-ray
crystal structure has been completed on the
authentic sample of 8¢ and 9b.4b’14 Although
the PMR and 13C-NMR spectra of some other
digitoxigenin mono-glycosides have been
reportedllb'17’18 they have not been for
digitoxosides nor their acetonides. The pro-
tons (Table 2) of the steroid skeleton were
easily assigned by comparing chemical shifts
and coupling constants with those of the cor-
responding genins.4e Assignment of the sugar
protons of the methyl ester acetonide 4b was
completed by decoupling experiments. Irradia-
tion of C6'-H (¢ 1.16,d,J= 6Hz) gave a doublet
(J=9 Hz) for C5'-H (s 3.44), and octet before
decoupling. The octet (J=9 and 6 Hz) of C5'-H
was irradiated to collapse (6'-H to a sing-
let. The irradiation of C2'-H (g 2.07) gave a
doublet (J3'-4'=5 Hz) for C3'-H (g 4.40) and
singlet Cl'-H (g 4.77). Irradiation of C3'-H
{ 5§ 4.40) produced a doublet (J=9 Hz) for C4'-H
(§ 3.76). The assignment of the PMR spectra
for the other compounds' sugars was then made
on the basis of those of 4b (see Table 2).
The conditions used during the synthesis did

CHs3

1.515013)

1.5201(6)
1.52303)

@5,
1423 ””‘,?3’3

1.428(7)

O
n2.202
104(3)

not affect the anomeric (C1') B stereochemis-
try from the original starting material digi-
toxin (2b). The C1' proton of each digitoxo-
side has a doublet of doublets PMR absorption,
J=9 or 8 Hz and J=2 or 3 Hz. This absorption
is in good agreement with the natural digitox-
oside 2a. Although we would not expect a
change in the anomeric carbon under the condi-
tions used in the work, it should be noted
that if oanomers were present, the Cl' coupl-
ing constants should be 3 Hz or less.19

It may be noted in Table 2 that the Cl'
protons in the acetonides are at higher field
than those for the free digitoxosides. The
coupling constants (J=6 Hz) between C3'-H and
C4'-H in the acetonides are also larger than
that (J=5 Hz) of the
These data suggest that the pyranose rings in
the acetonides aredistorted by the protecting
group itself.

The crystal structures of five digitoxo-
sides (4a14, g1tox1n,20 digoxin,21 and the
mono22 and digitoxosides23 of digoxin) and
five digitoxose acetonides (2b,4b,5b,7b, and
9b14) provide the structural data to substan-
tiate the conclusions drawn from the spectral
The averaged structural parameters

free digitoxosides.

results.,
for the sugar moiety in each group show a high
degree of internal consistency. Comparison of

the corresponding averaged parameters for the

1.454(9)
1.448(7)

Figure 1

Average bond lengths and bond angles for the digitoxoside portion of cardiag
glycoside analogs containing a digitoxoside, top values, or a digitoxose acetonide,
bottom values. The numbers in parentheses are the standard deviation of the average.
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two groups shows that there are no significant
differences in the bond 1lengths, but that
there are four bond angles which show signifi-
cant variations: (C2'-C3'-C4', (C4'-C3'-03',
€3'-C4'-04' and C5'-C4'-04'.  However, only
the C2'-C3'-C4’
ring, the other three angles are all exocyclic
(see Fig. 1).

The conformation
ring is significantly flattened by the aceton-
jde group. The Cl1'-C2'-C3'-4' and (2'-C3'-
C4'-C5' torsion angles are distorted by 12.5°
and -13.4° respectively in going from the free

angle is in the hexopyranosy!l

of the hexopyransoyl

digitoxoside to the digitoxose acetonide. All
of the torsion angles involving 03' and 04'
are also significantly altered by the presence
of the acetonide, see Table 3. Thus, the

1127

spectral results and the crystal structure
data are in perfect agreement.

Hog kidney Na+,K+-ATPase inhibitory stud-
ies have been completed on the digitoxosides
and acetonides described in this paper.14 The
digitoxosides were consistantly about an order
of magnitude more active than the correspond-
ing genins, but the acetonides were only about
twice as active as the genins., The glycosides
carbonyl oxygen positions were also shown to
with those of the gen-
of the

activity is

correlate very well
ins. The contributions
Na+,K+-ATPase inhibitory
separate, confirming the proposal
by Yoda that the Na+,K+-ATPase receptor has
distinct sugar and sugar binding sites,

sugars to
quite
first made

TABLE 1. PHYSICAL DATA OF DIGITOXOSIDES
ELEMENTAL ANAhYSIS IR SPECTRA (cm-1):KBr [«)Sz (c)

FORMULA gEBbuB)ﬁ (Egbﬁgj DH C=0 c=C In MeoH
e B MR I 3 MR 13 i i
2b C32H4807 L%BZESJ (8288) 3500 1740 1625 +8.5°(0.270)
3b C37H5207 (;33891, (g:gé) %gg 1720 1640 +27.7°(0.300)
ab C32M5007 (;Sl{g), (%:3%) fgii, 1710 1650 +18.7°(0.300)
3a C34H4807 4L§i:33), (g:;é) zgg 1720 1640 +13.7°(0.300)
4a C29H4607 (gg:;z) (3262) gzgg(bd) 1720 1640 +10.0°(0.300)
Sb C33H5207 AAL%SZSQJ (g:gg) 3500(br) 1720 1630 +10.0°(0.310)
5a C30H4807 (231%2), (33%3) 3440(br) 1710 1630 -2.6°(0.350)
6a C29H4607 ng:ggli 41;}63) 3480(br) 1770 -4.3%(0.305)
e Come @33 (3, HRRRH) 133N -10-6%(0.265)
6b C34H5007 153:?31, £3§%§)4, 3500(br) 1775 +12.1°(0.214)
7b C32H5007 4&58329) Aii;ggl 3520 1780 +2.6°(0.232)
8b C33H5007 L;?:?i), Lg;gz) 3510 1750 1656 -49.5%(0.275)
9b C33H5007 ;}?:?3), Lg;ggl 3490 1750 1660 -79.3%(0.275)
8a C30H4607 (2322%) Lg;gz) 3440(br) 1750 1660 -64.8°(0.290)
9a C30H4607 Ang:gg) Lg;gg)47 3500(br) 1750 1660 +69.5°(0.220)
13 C29H4606 L}gzgzl ;5;2314, 3470 1705 -14.7°(0.300)
15 C32H5207 AAL}S:%i) £§;23147 +14.8°(0.330)
a) D. Satoh and K. Aoyama reported -5.2° (¢ = 0.327, MeOH)l
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EXPERIMENTAL

Melting points were determined with a
Thomas-Hoover melting point apparatus and are
uncorrected. Elemental analyses were per-
formed by MHW Laboratories, Phoenix, Ariz.
The 100-MHz -PMR were taken in CDCl, at the
Oregon State University Department “of Chem-
istry Spectroscopy Laboratory. IR spectra
were run as KBr pellets or NaCl films (for
liquids) using a Beckmann Model Acculab 7
spectrophotometer. Optical rotations in
methanol were taken on a Perkin-Elmer 141
polarimeter. 0Ozonolysis was performed using
the Ozonator Model 03V10-0 from the Ozone
Research and Experiment Corporatify (OREC) .

Dry column chromatogrpahies®’ (as devel-
oped by K. Yoshicka and coworkers at Takeda
Research Laboraories but unpublished, and mod-
ified by us) were completed using EM silica
gel 60 (70-230 mesh) in a Buchner funnel with
medium porosity fritted disk, 15 ml funnel for
50-100 mg compound; 60 ml funnel for 100-500
mg compound; 150 m1 funnel for 500 mg - 2 g

M. KIHARA et al.

compound; with 10, 30, and 50 g silica gel
respectively. The compound {or crude product)
is dissolved in appropriate solvent (usually
methylene chloride) having the same volume as
the amount of silica gel used. (In column
chromatography, the goal is normally to dis-
solve the compound in as little solvent as
possible.) Subsequent elution of compounds
was with the same solvent system used for thin
layer chromatography (described below).

Thin layer chromatographies were on
microscope slide sized .25 mm fg silica gel 60
F-254 as previously described. Solvent com-

binations used were: "A" CHyCl, 20:  EtOAc
2: MeOH 1; "B" CH,Cl, 10: ZEtBAc 3: MeOH
1. Preparative ¢ rgmatographies were on

plates coated by us with EM silica gel 60 PF-
254 .75 mm. Analytical tlc plates were visu-
alized by UV light at 254 nm, iodine vapor, or
by spraying with 2% CeS0O, in 2N H2504 and
heating in a hood on a hot plate.

Spectral, analytical, and optical rota-
tion data for final compounds are shown in
Tables 1 and 2.

(38,58,148)-3-(2 ,6-dideoxy-3.4-0~(1-

TABLE 2. PMR SPECTRAa'b) OF DIGITOXIDES IN COC1l3 (§)
C1’-H C2'-H C3’-H C4'-H C5’-Hc) Cg’-H C3-H C20-H C18-HY) C19-nd)

2b 4.78 42 3.68 44 <24 .03 0.86 0.92
(9d;9%3) tal? (03:8%) (3:8%) la%&) S

2a 4,89 12 3.73 .28 .04 0.88 0.93
(ddx9’3J ?ms 4&dd,9,6) {dns) ?m?

3b 4,79 42 3.68 .46 .24 .07 0.19 0.92
(ad;823) () (0a:8%) a3 1% ¢S

3a 4,90 .12 3.73 7 .25 .08 7.28 0.90 0.92
(0d;353) G2 (ad:dls) a3’ ta%e) 9% (ad:38.10)

4b 4.77 2.07(m .40 3.67 3.44 .16 .03 7.17 0.87 0.93
(dd,9,3) 2.18-&.;8 ?m) (dd,9,5)} (m,9,6) %d,6) ?m? (dd,16,10)

4a 4,88 2.02(m) .11 3.66 3.45 <29 .02 7.18 D.85 0.92
[dd9973) ?m} (ddv9)6) (m,9'6) %0,6] ?m? (dd,16,10)

5a 4,88 .11 3.66 «37 .28 .02 0.93 0.98
(dd,8,2) ?mﬁ (dd99y6) ( ’9’6) %d,6) ?m?

5b 4,77 .43 3.65 .45 «26 .03 0.95 1.00
(dd;8)3) G 0d:875) @526 %6 S

6b 4,76 41 3.66 3.44 .24 .01 0.94 0.94
(dd:4%3) [OMEC RO IONOORO)

6a 4.86 .Q9 3.71 3.33 27 .02 0.91 0.93
(d9;852) Y (ad:dle) (3:3s) ta?d) S

7b 4,76 .39 3.66 3.43 .24 .99 0.92 0.9¢6
(d9;853) G}’ (03:8%5) (@:80s) taé) a3

7a 4.86 .11 3.72 3.36 .28 .Q2 0.92 0.97
(dd.853) tad' (ad:8%6) @:3%) 1?48

8b 4,75 .39 3.66 3.42 23 .00 25 0.92 0.98
(4d:873) ta3”  (ad;8%s) (mi8%) ta*d) ta3°  1aS

8a 4,75 .13 3.73 3.37 .28 .02 27 0.93 0.99
(dd;922) taf® (0d:8%e) @3]y tafd %% 1a3

9b 4.77 .41 3.67 3.44 .23 .01 .29 0.90 0.91
(0d:873) ta' (0d:87s) (misie) ta%d) a3t {a$

9a 4,87 .12 2.73 .36 .28 .03 .28 0.90 0.91
(dd,9,2) ?m} (dd,9,6) %mg id,s) ?m %mi

13 4.73 <37 3.60 «39 .16 3.97 9.7 0.93 0.85
(ad;323) ta3’ (03:8%s) &P talh)

15 1.77 41 3.66 3.44 .29 .Ql 0.92 0.95
(dd}6,3) st (ad:8%s) (8% ta%% &S

} m=multiplet, dd=dou?let of doublftﬁ.
Coupling constants in Hz are in .

oo

83 g?ﬁgléi an octet.
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methylethylidine)8-D-ribo-hexopyranocsyl)oxyl-
14-hydroxycard-20(22 )-enolide (2b). Digitoxi-
genin monodigitoxoside mp 200-202° (2a) was
prepargd ¥from digitoxin using the method of
Satoh. It (812 mg, 1.6 mmol) was then dis-
solved in acetone (30 ml). To this solution
was added 8 mg of paratoluenesulfonic acid
with stirring at room temperature for 3 hr.
The reaction mixture was concentrated to half
the volume in vacuo at 50°C. Water was added
to the residue and this was extracted three
times with CH,Cl,. The CH,C1l, layer was
washed with 5% NaHCO, and with water. After
drying over MgSO,, tﬁe solvent was evaporated
in vacuo to afford 900 mg of crude oil of 3b,
which was purified using dry column chromatog-
raphy and preparative TLC using solvent system
A. The main product, Rf = 0.65, was extracted
with CH,Cl, -~ MeOH - acetone (1:1:1) to give
806 mg of pure oil which was crystallized by
acetone-hexane to afford 650 mg (74%) of 2b,
mp 202-206°.

(38,568,148 ,178)-3-[(2 ,6-dideoxy~3 ,4-0-(1-
methylethylidine-B -D-ribo-hexopyranoeyl)oxyl-
14-hydrozyandrostane-17 -carbozaldehyde (1 3?.

TABLE 2 CONTINUED

Acetonide 2b (2 g, 3.67 mmole) was dissolved
in 100 m1 of CH,Cl, and cooled at -78° with a
dry-ice bath, is solution was ozonized for
5 hr to afford a deep purple color character-
istic of the ozonide, After removing of
excess ozone by flushing with nitrogen, to the
clear ozonide solution was gently added 4 ml
of dimethylsufide and allowed to stand over-
night raising from -78° to room temperature as
the dry-ice sublimed. The reaction mixture
was washed three times with H,0. The methy-
lene chloride layer was dried over MgsO,,
filtered and evaporated in vacuo to yield a
crude powder of 10 (2 g), which was shown on
TLC using solvent system B to be a single
spot. The crude 10 was then dissolved in 100
ml of MeOH. To this solution was slowly added
316 mg (8.35 mmol) of NaBH, and stirred at
room temperature for 1 hr, he reaction mix-
ture was evaporated in vacuo to half the vol-
ume, H,0 was added and the mixture was
extracted three times with ether. The ether
extract was washed with water and with satur-
ated NaCl, dried over Mgs0,, and evaporated in
vacuo to 2.46 g of crude o0il 11, This was

Ha C21= 1y C22-H CH2 = fe2tom1ded)
of COOCH3

20 (dd>i8°2) wi:18.2) an8'Y,
2a (d>i83 @13 andisl,
3b 1% 1.45,1.33
>e (@283
4b G082 1.28;1.36
4a (@:%8) _—
>a §:13¢m bz 302 T
3b §:12{n.wn/2 212 l*fgji*éé——
6b 21, 9,03 1.46,1.34
s {138 tire)
7b 02, 5141 1.46,1.34
s 3¢9) €34
% (dﬁlé?s) (ad:377) glggfgjgﬂ
8a (0d:53) (ad:8t) §:26{92) 1.46,1.38
o0 (ad;13,8) (4d:10,6) §:23(9:3)
9a (dg;fg,e) (08;18,6) g:%gfﬂ;%]
13 1.39,1.27
15

1.47,1.35
3.75
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shown on TLC in solvent system B to have two
close spots due to the epimers at C20. The
crude ofl of 11 was dissolved in a solution of
2% KOH/MeOH (100 ml1) and refluxed for 30 min
on a steam bath, After cooling to room tem-
perature, the reaction mixture was roto-
evaporated to half the volume and the pH of
the solution was adjusted between 5-6 with
glacial acetic acid., Water was added slowly
and the crystals formed were filterated after
cooling in an ice bath., The crude crystals
were washed with water, dried under vacuum to
afford 1.4 g of 12, To a solution of 12 (1.4
g) in MeOH %60 ml) was added Nal0, (1.4 g) in
H,0 (14 ml1) and stirred at room temperature
fGr 1 hr, The salt of the Nal0, formed was
filtered and washed with Me(H. }he methanol
filtrate was concentrated to half the volume
in vacuo and water was added to the residue.
The milky solution thus obtained was cooled in
ice bath. The resulting crystals were col-
lected by suction, washed with water and dried
to afford 1.3g (72%) of 13, mp 75-80°.

{38,58,148,20E)-phenyl-3-{2 ,6-dideoxy-
3,4-0-(1-methyl-ethylidine)-B-D-ribo-hexo-
pyranosyl)oxyl-14-hydroxy-( pregn-20-ene-21-
earboxylate) (3b).

a) Synthesis of phenoxycarbonylmethyl di-
ethyl phosphonate. Pheny! bromoacetate:
Bromoacetyl! bromide (50 g) was added dropwide
(30 min) to an ethanol solution (400 ml) of
phenol (23.5g) and pyridine (22 g), and the
solution was stirred in a water bath for 1 hr
at room temperature. After the pyrinine-HBr
salt was filtered off, the filtrate was
concentrated in vacuo to give a crude oil
which was separated by dry column chromato-
graphy using solvent system A. The product
with Rf 0.85 was distilled under reduced pres-
sure to yield 13.59 (25%) of phenyl bromoace-
tate, bp 134-138°/15 mm Hg. After cooling at
-20°, the oil gave crystals, mp 32°, IR(NaCl
fﬂT) 1750 (C=0), 1590 and 149° (aromatic)
cm™ '3 NMR - (CDC1,, 60 MHz) 6 4.0 (s, 2H,
COCHzBr), 7.2 (m, SH, aromatic).

Table 3

Synthesis of the phosphonate: Phenyl bromo-
acetate (13 g, 60.45 mmol) was mixed with 14,1
g (84.86 mmol) of triethyl phosphite and
refluxed at 155° on an oil bath for 1 hr with
generation of ethyl bromide. The crude oil
was distilled to yleld 14.4 g oflgure phospho-
nate, bp 150-153°/.2 mmHg., (Lit"~ bp 174-176°
1.25 mmHg). IR (NaCl): 17501 (C=0), 1595,
1500 (aromatic), 1250(-PO-) cm “; NMR (CDCl,,
60 mHz) 6&: 1.38 (t, 3H, OCHZCH ), 3.18 (4,
J=23Hz, -COCH,P0-) 4.13 (m, 2H, 2CH3), 7.25
(m, 5H, aromafic). ,

b) Synthesis of 3b: To sodium hydride
(50% in o011, 9.8 mg, 2.03 mmole, washed twice
with hexane) was added 3 ml of dry diglyme.
The phosphonate (520 mg, 2.03 mmol) in dry
diglyme (5 ml) was then added at room tempera-
ture under nitrogen. After stirring for 15
min, 13 (400 mg. 0.81 mmol) dissolved in 5 ml
of dry diglyme was added and stirred for 1.5
hr. The reaction mixture was diluted with
large excess of acetate buffer (pH 5-6), then
cooled in ice. The crystals were filtered and
dissolved in CH,Cl,, dried over MgS0,, fil-
tered, and evaporated to dryness in vacuo to
yield a crude oil (504 mg), which was separ-
ated by dry column chromatography with solvent
system A to give 305 mg of pure oil. This was
converted to a powder by ‘crystallization' in
hexane, to yield 250 mg (51%) of 3b, mp: 82-
84

(38,58,148,20E)-phenyl-3-[(2 ,6-dideoxy-B-
D-ribo-hexopyranosyl Joxy]-14-hydrozypregn-20-
ene-21-carboxylate) (3a), To a solution of 3b
(160 mg, 0.262 mmol) in MeOH (50 m1) was added
2 drops of 5% HC1l., This was stirred at room
temperature for 6 hr, The reaction mixture
was poured into water and extracted three
times with CH C12. The methylene chloride
layer was washed with water, dried over MgSO4.
and evaporated in vacuo to give an oil. The
crude oil was separated by dry column chroma-
tography and preparative TLC to afford 41 mg
(25.6%) of starting material 3b from the band
of Rf 0,94, The extraction of Rf 0.49 gave 35

AVERAGE TORSION ANGLES OF

DIGITOXQSIDES VS ACETONIDES

Ave. Torsion Angles in Degrees (standard deviation)

Atoms Digitoxoside
Cl’-c2’-c3’-ca’ -50.1E2.o§
c2’-c3’-c4’-c5 49.0(1.2
c3'-c4’-c5’-05"  -54.3(2.5)
ca'-csj-os:-c1: 63.1(2.2)
cs:-o5,-c1,-c2, -65.1(3.2)
05’ -c1’'-c2’-c3 57.4(3.8)
03-cl’-C2)-c3’ 174.0(3.6)
03-C1’-05"-C5 177.8(3.7)
03)-C3’-c2)-Cl) 72.0(1.0)
03'-c3’-c4’ -cs -72.0(2.3)

03’ -c3’-c4’ -04’ 47.3(2.7)

04, -C4’-C3)-C2]  168.3(2.4)
04)-C4’-C5)-05" -175.9(2.5)
04’ -Cc4’ -C5' -C6 65.6(2.2)

-172.7(2.4)
-175.4(2.5)

6, -C5, -C4, -C3)
cé'-cs’-05" -C1

Acetonide Change
-37.5(2.2) 12.6
35.6(2.2) -13.4
-48.3(4.7) 6.0
65.7(2.4) 2.6
-68.2(2.5) -3.1
52.5(4.6) -4.9
170.1(5.3) -3.9
174.1(3.0) -3.7
77.1(2.8) 5.1
-84.1(2.5) -12.1
34.6(2.4) -12.7
154.3(2.7) -14.0
-162.8(4.4) 13.1
77.5(5.2) 11.9
-168.0(5.6) 4,7
-171.8(3.0) 3.6
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mg (30.4%) of genin 3c. The main product 3a
(80 mg%, 53.7%, mp 103-105) was obtained from
the band at rf 0.37 as a powder and crystal-
lization from hexane.

(38,58,148 ,208)-methyl-3-[2 ,8 dideoxy-
3,4-0-( 1-methylethylidine)-g-D-ribo-hexo-
pyranosyl)oxy]-14-hydroxy-( pregn-20-eneg-21-
carboxylate (4b). Methyl ester &b was synthe-
sized from 13 (245 mg. 0.5 mmole) in diglyme
2.5 ml, trimethylphosphnoacetate (228 mg, 1.25
mmole) and NaH (60 mg of 50% oil, 1.25 mmole)
in diglyme 1.5 m1 in a similar manner to that
of 3b described above. The crude product was
recrystallized from n-hexane-CH,Cl, to give
wh1§e needles of 4b (230 mg, 83.9&) mp 147-
149°,

38,58,148,208 ) -methyl-3-[(2 ,6-dideoxy-§-
D-ribo-hexopyranosyl )oxyl-14-hydrozypregn-20-
ene-21-carboxylate (4&a). A solution of 4b
(125 mg) in 100 ml of MeOH and 2 drops of 5%
HCl was stirred for 5 hr., The reaction mix-
ture was treated in a same way as that of 3b
to afford crude product of #a, which was puri-
fied by dry column chromatography using EtOAc-
CH,Cl, (9:1 to 2:8). The starting material 4b
(33 m%, 27.2%, mp 147-149°) was recovered from
first fraction. The second fraction gave 72
mg (62.1%) of #a as an o0il, which was recrys-
tallized from EtDAc hexane to yield pure crys-
tals (56 mg, 48.2%), mp 191-193°, A trace of
genin &c which was also seen on TLC, same Rf
as 4c we have previously reported, but it was
not isolated.

(38,58,148,178)-methyl-3-[ (2 ,6-dideoxy-
3,4-0-(1-ymethylethylidine)-p-D-ribo-hexo-
pyranosyl)oxy]-14-hydroxzy-( pregn-2 1-carboxy-
late) (15). The unsaturated ester &b (541 mg)
in MeOH 100 ml was hydrogenated (1 atm) with
5% Pd-C (100 mg) for 5 hr at room tempera-
ture. The filtration and evaporation of the
reaction mixture afforded a powder (563 mg).
This was recrystallized from CH,Cl,-hexane to
give 425 mg (78.2%) of 15, mp 1352-1 °.

(38,58,148 )-methyl-3-[(2 ,6-dideoxy-3,4-0-
( 1-methylethylidine)-g-D-ribo-hexopyranosyl)
ozy]-14-hydroxy-21-methylene-( pregn-21-carbox-
ylate) (5b). To an ice cooled solution of N-
isopropylcyclohexylamine 0.5 ml (0.486 g, 277
mmol) in anhydrous THF 2.5 ml was added 1.7 ml
(2.72 mmol) of 1.6 M butyl 1lithium in hexane
under N,. The solution was stirred for 10 min
and then at -78° for 20 min. To the solution
was added 200 mg (0.364 mmol) of 15 in anhy-
drous THF 2.5 ml and stirred for 40 min.
Anhydrous CO, (Matheson, Bone-Dry grade) was
bubbled into the solution for 4 min and the
dry-ice bath was removed. Bubbling continued
for 25 min, during which time the solution
warmed to room temperature. The reaction mix-
ture was poured into 15 ml of 5% HCl1 and
extracted three times with ether, washed with
water, dried over MgSO4, and evaporated to
give a crude product, presumably 16. To this
crude product was added 3 ml of 37% formalin
(with 10% MeOH) and 0.8 ml of diethylamine.
The solution was heated on a steam bath for 30
min. The reaction mixture was cooled in an
ice bath and to it was added 1 ml of 5% HCl
and 9 ml of water. The mixture was extracted
three times with ether. The ether layer was
washed with water, dried over MgS0,, and
evaporated in-vacuo to afford an oil, The oil
was purified by dry column chromatography
using CH,Cl,-AcOEt and recrystallized from
CH,C1 -hefané to give 61 mg (29.9%) of Sb, mp
16 -lg7°.

38,58,148,20E)-methyl-3-[(2 ,6-dideoxy-g-
D-ribo-hexopyranosyl )oxy]-14-hydroxy-21-

methylene-{ pregn-2 1-carbozylate)  (5a). A
solution of 5b (75 mg) in MeOH 50 ml was
stirred with one drop of 2% HCl at room
temperature for 75 hr., The reaction mixture
was treated in the same way as that of 3b to
give a powder (58 mg), which was purified by
preparative TLC (solvent system B). The oily
product (33 mg) obtained from the band at Rf
0.50-0.56 was recrystallized from EtOAc-hexane
to yield 25 mg (35.7%) of 5a, mp 172-174°,
Starting material Sb (10 mg, mp 165-166°) was
recovered from the band Rf 0.86-0,95.

(20R and 205)-20,22-dihydrodigitoxrigenin-
3-[2,6-dideoxy-3 ,4-0~-( 1-methylethylidine)--D-
ribo-hexopyranosyl] (20R 6b and 20S 7b). To a
suspension of pre-hydrogenated 5% Pd-CaC0, in
MeOH (40 mi) was added 2b (2 g, 3.67 mmol)” and
stirred at room t%lperature for 24 hr, as pre-
viously reported. New prehydrogenated cata-
lyst (800 mg) was added to the reaction mix-
ture and stirred for another 24 hr. The mix-
ture was filtered and the residue was washed
with methanol and combined filterate was con-
centrated to dryness in vacuo. the crude
product was crystallized from acetone-hexane
to give 1.45 g (72%) of a mixturg.qf 6b and
7b, as a powder, mp 186-188; [a]D = +5.90
(c=,305); IR(KBr) y max 3580 (OHW), 1770 (r3=0)
cm ©; Anal (c32H5 0,) C,LH. A 3.75 X 107° M
solution of the mQxZure of 6b and 7b did not
show any UV absorption at 217 nm, thus showing
the absence of any unreacted 20(22)-ene start-
ing material, The two diastereomers were
separated cleanly by microscope slide TLC,
using three developments (solvent System "A")
as we have reported 1gor separation of the
diastereomeric genins. Rf values were .76
for 20R-6b and .82 for 20S-7b.

a) Separation of 6b and 7b. (A typical
separation followed by TLC as described above,
began with a larger amount of 2b than
above.) Acetonide 2b (4.5 g) was hydrogenated
with 2.4 g of preactivated 5% Pd-CaC0, in 100
m! of MeOH as above., The reaction mixture was
filtered by suction. The residue was washed
with hot MeOH (130 m1 X 3). After cooling the
MeOH solution at room temp., 2.0 g of "I" was
obtained by filtration, Recrystallization
from MeOH four times gave 1.18 g of 6b (mp
205-212°), The mother liquor separated from
“I* was concentrated to dryness (1.3 g), and
then recrystallized from Et0Ac twice, giving
crystals (763 mg, “"II") enriched in 7b, The
filtrate from the original reaction mixture
was evaporated in vacuo to afford 1.0 g of
residue "III",and recrystallized from EtOAc
twice to yield 448 mg enriched in 7b. To this
448 mg was added "II" and followed by two more
recrystallizations from EtOAc to yield 925 mg
of 20S-7b (mp 197-201).

Multiple recrystallization of the mother
liquor from “I,II,III* from a combination of
MeOH and EtOAc as above afforded 707 mg (mp
207-212°) of 6b (total 1889 mg, 83.6% based on
approximately 1:1 mixture of R and S in 22)
and 578 mg {mp 196.5-201°) of 7b (total 1494
mg, 66.1%).

(20R)-20,22-Dihydrodigitozrigenin-3-(2 ,6-
dideoxy-8-D-ribo-hexopyranceide) (6a). A
solution of 6b (383 mg) in MeOH 200 ml was
stirred with four drops of 5% HCl at room tem-
perature for 18.5 hr. Work up in a similar
manner as that of 3b gave a crude mixture (245
mg). This was separated by dry column chroma-
tography using CHZCI -EtOAc (9:1 to 3:7). The
first fraction gave 29 mg (7.6%) of the start-
ing material 6b (mp 208-213°). The oily prod-
uct (68 mg) from the second fraction was



1132 M. KIHARA et al.

recrystallized from EtOAc to 6 mg (16.1%) of
genin 6a (mp 21}-212°). which we have
previously reported <, The third fraction
afforded a crude oil (196 mg) which was
crystallized from EtOAc to 155 mg (43.7% based
on :ecovered starting material) of 6a, mp 220-
221°,

(208)-20,22-Dihydrodigitorigenin-3-(2 ,6~
dideoxy-B-D-ribo-hexopyrancside) (7a).  Ace-
tonide 7b (246 mg) was hydrolyzed with three
drops of 5% HC1l in a same way as that of 6b to
give recovered starting material 7b (13 mg,
5.3%, mp 197-199° from EtOAgg; the correspond-
ing and previously reported”" genin 7c (41 mg,
24.3%, mp 213-214° from EtOAc); and oily 7a
{129 mg). The 7a thus obtained was recrys-
tallized with EtOAc to afford 85 my (37.3%) of
7a, mp 211-214°,

22-Methylene-(208)-20,22-Dihydrodigitoxi-
gem',n-s-[z,6-d12deoxy-3,4-0-(J-nretgglathyli-
dine)-B-D-ribo-hexopyrancside] (8b). (20
Dihydro compound 6b (821 mg, 1.5 mmol) in
anhydrous THF 15 m] was reacted with N-isopro-
pylcyclohexylamine (1.8 ml, 1.74 g, 9,96 mmol)
in anhydrous THF (9 m1) and 6.6 m1 (9.9 mmol)
of 1.5 M butyllithium in hexane followed by
treating of the produced enolate with anhy-
drous CO, in a similar manner as that of Sﬁ
The isolated intermediate (933 mg), presumably
the carboxylic acid, was heated with 10 m1 of
37% formalin (10% MeOH) and 3 ml of diethyla-
mine on a steam bath for 40 min. Work up the
reaction mixture gave crude product (800 mg)
which was purified by dry column chroma-
tography using CH,Cl,-EtDAc (9:1 to 8:2). The
oily product obtained was crystallized from
EtOAc to give 424 mg (50.5%) of 8b, mp 196-
200°.

22-Methylene-(20R)-20,22-Dihydrodigitoxt-
genin-3-[2 ,6-dideoxy-3,4~0-( 1-mathylethyli-
ding)-B-D-ribo-hexopyranocside] (9). The 22-
methylene compound &) was synthesized from 7b
(600 mg, 1.1 mmol), N-isopropyl-cycliohexyla-
mine (1.3 ml, 1.26 g, 7.23 mmole) in anhydrous
THF (6.5 m1), 1.5 M butyllithium in hexane (48
ml, 7.19 mmol), 37% formalin (4 ml) and
diethylamine (1.1 ml) by the same method as
described above. The crude oil (660 mg) thus
prepared was purified by dry column chroma-
tography as above to give a pure oil, crystal-
lized from ether-hexane to give 370 mg (60.4%)
of 9b, mp 179-182°,

22-Mathylene-(20S)-20,22-dihydroditoxi-
enin-3-(2 ,6-dideoxy-B-~D-pibohexopyrancaide)
iaa). Hydrolysis of 8 (300 mg) in 200 ml of
MeOH with 4 drops of 5% HC1 for 12 hr produced
218 my of crude oil in the same manner as that
of 4b. The oily product was separated by dry
column chromatography using CH,Ci,-EtOAc (8:2
to 6:4) to afford 40 mg (13.3%) of starting
material 8 (mp 195-199°), 32 mg (15.3%) gg
the corresponding and previously reported
genin 8c (mp 234-240°) and a crude powder of
8a. This was recrystallized from EtOAc-MeQH-
CH,Cl, to give.116 mg (41.7%) of 8a, mp 204-
20§° %dec.). The analytical sample of 8a was
obtained by recrystallization from MeOH, giv-
ing 102 mg (36.7%) mp 223-228° (dec.).

22-Methylene-(20R)-20,22-Dihydrodigitoxi-
enin-3-(2 ,6-dideoxy-B -D-ribohexopyrancaide)
79&1). The (20R) diastereomer 9a (153 mg,
51.5%, mp 163-164° (decomp.) was prepared by
hydrolysis of 320 mg of 9b in the same con-
dition as that used for 8a, together with 27
mg (8.4%) of unreacted material 9b, mp 179.5-
181.5° and 63 mg (28.3%) of genin 9¢, mp 127-
132° (powder). The analytical sample of 9a
was obtained by recrystallization from

AcOEt:

yield 103 mg (34.6%), mp 193-194°
(dec).
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