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ABSTRACT 

The four diastereomeric 3,16-diacetates a, 2, 10 and 11 were 
prepared from gitoxin 1 by the routes shown in Schemes 1 and2 and 
tested for inotropic activity in the isolated guinea-pig atria1 
preparation. In line with earlier findings in the digitoxigenin series, 
derivatives with a 3a-acetoxy function, viz 9 and 10, possessed high -- 
biological activity. 

INTRODUCTION 

Derivatives of gitoxin [39,14,169-trihydroxy-59,149~card-20(22)- 

enolide, 3-0-(D-digitoxyl-D-digitoxyl-D-digitoxoside)] 1 have attracted - 

considerable interest in recent years because of reports that with 

certain of them a partial separation of arrhythmogenic and positive 

inotropic effects can be achieved [l-3]. 

Epimerisation of the 16-hydroxyl group of the glycoside 1. or its 

genin 2 leads in both cases to a decrease in inotropic activity [4,5]. 

However, Repke [6] found that with the epimeric glycoside 2 there is a 

lower frequency of arrhythmias at maximum inotropic concentrations than 

with the natural isomer 1. - Also, 16-epigitoxin 3 showed a wider dose - 

range than gitoxin 1. between minimum and maximum inotropic effects 173. 

Acetylation of the 16-hydroxyl group of either the natural, 1 and 2, or 

epimeric series, 3 and 4, resulted in a uniform increase in inotropic - 

potency [B, 93. More important, the 16-epi derivative 5 showed a - 

substantial dissociation between the doses giving rise to toxic and to 

maximum therapeutic effects [9]. 

In a recent paper [lo] we have observed that acetylation of 
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weakly active 3-epidigitoxigenin [3a,l4-dihydroxy-5T3,14T3-card-20(22)- 

enolide] z gave the corresponding 3a-acetate i which possessed high 

inotropic activity. This result was not expected on the basis of 

established structure-activity relationships [l-3] but was found also to 

extend to related derivatives with modified 17R-ring systems [lo]. As a 

continuation of these studies [lo], this paper describes the preparation 

and pharmacological activity of the novel diacetates 9 and 10 derived - 

from gitoxin 1. Also included for comparison purposes are biological 

results obtained for the known isomeric diacetates a [ll] and 11 [12] 

and for a number of their synthetic precursors. 

CHEMISTRY 

The 3a,l6a-diacetate 2 and its 3@,16a-isomer 5 were prepared as 

outlined in Scheme 1. 

Epimerisation of gitoxin 1 to its 16a-isomer 1. [ll] was effected 

by treatment with hot aqueous base [13] (21% yield). Acetylation of 

16-epigitoxin 3 with acetic anhydride/pyridine followed by acid 

hydrolysis of the glycoside linkage gave the monoacetate 12 in 50% - 

yield. Further acetylation of the monoacetate 12 gave the known - 

3R,16a-diacetate a [ll] (87% yield). 

Oxidation of the monoacetate 12 with Jones’ reagent [14] gave a - 

53% yield (after chromatography) of the ketone 13, which was then 

reduced with sodium borohydride to give a 66% yield of the 3a-hydroxy- 

16a-acetate 14. - Acetylation of the monoacetate 14 by the usual - 

procedure gave the 3a,l6a-diacetate 2 in 70% yield. 

The two remaining 3,16-diacetates, 10 and 11, were prepared as - 
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shown in Scheme 2. 

Gitoxin 1 was converted to oleandrigenin [16$-acetoxy-3fJ,l4-di- 

hydroxy-Sfl,14@card-20(22)-enolide] 15 [12] in 65% yield by the - 

procedure described above for its 16a-isomer 2 (viz acetylation followed 

by acid hydrolysis). Further acetylation of oleandrigenin 15 with - 

acetic anhydride/pyridine in the presence of a catalytic amount of 

4-dimethylaminopyridine provided the known 30,16@diacetate 11 [12] (82% - 

yield). 

Oxidstion of oleandrigenin 15 with Jones’ reagent [14] gave the - 

ketone 16 [lo] in 67% yield, - reduction of which with sodium borohydride 

gave the 3a-hydroxy-16@acetate 17 [15] (59% yield). Acetylation of the - 

monoacetate 17 with acetic snhydride/pyridine furnished the 3a,16R-di- - 

acetate 10 in 64% yield. - 

PHARMACOLOGICAL METHODS 

The inotropic and chronotropic activities of the target compounds 

were determined using guinea-pig left and right atria1 preparations as 

detailed previously [17]. 

Compounds were formulated as lW m solutions in dimethyl sulphoxide 

(DMSO) with subsequent dilutions being made with Krebs-Henseleit 

solution. DMSO has been shown to exert no inotropic effect at the 

concentrations used [UT], which did not exceed 0.1% of the total organ 

bath volume. 

In Table 1, ‘inotropic effect’ refers to the cumulative molar 

concentration required to increase left atria1 force by 25%. ‘Toxic 

effect’ refers to the cumulative molar concentration producing a 

characteristic right atria1 tachyarrhythmia in which the normal resting 
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rate of about 160 beats min-l _ increased to over 200 beats min’l. 

‘Potency’ is the inotropic effect for the test compound divided by that 

for digoxin [38,128,14-t ‘h d ri y roxy-58,148-card-20(22)-enolide, 3-0-(D- 

digitoxyl-D-digitoxyl-D-digitoxoside] which was used as stsndard. All 

the concentration values quoted are geometric means. 

PHARMACOLOGICAL RESULTS 

Results obtained for the test compounds are given in Table 1. 

TABLE 1 - Biologicsl activity on isolated guinea-pig atria 

COMPOUND JNOTROPIC EFFECTa TOXIC EFFECTb POTENCYC 

Digoxind 3.0 x 1O-7 M 1.0 x 1O-6 M Loobe 
g (Titoxigenin) [16] 4.0 x 1O-6 M 1.6 x 1O-5 M 0.075 

611 E I 
1.3 x 1O-4 M 3.8 x 1O-4 M 0.002 
3.2 x 1O-5 Mf 

9 4.0 x 10-7 M 5.5 x 10-6 M 0.750 
io 4.0 x lo-* M 6.7 x 10-a M 7.500 

g [121 5.9 3.5 x x 1O-7 1O-6 M M 1.1 1.9 x x 10-6 1O-5 M M 0.508 0.086 
13 9.5 x 1O-5 M 2.0 x 10-4 M 0.003 
14 4.8 x 1O-5 M 3.0 x 1O-4 M 0.006 
15 F 12 3 1.9 x 1O-7 M 5.6 x 10-T M 1.579 
16 15 5.9 x 1O-7 M 2.7 x 1O-6 M 0.508 
17 [15] 5.2 x 1O-7 M 1.0 x 1O-5 M 0.577 - 

a/Cumulative concentration required to produce a 25% increase in left 
atria1 force; b/cumulative concentration required to cause right atria1 
tachyarrhythmia; c/inotropic effect for the test compound divided by 
that for digoxin; d/Lanoxin (250 pg/ml)-Burroughs Wellcome; e/by 
definition; f/maximum effect of 17% only. 

In agreement with the findings of earlier workers [4, 51, 16-epi- 

gitoxigenin 4 was less active than its natural counterpart gitoxigenin 

2. - Also as expected [E, 93, acetylation of the 16-hydroxyl function of 

gitoxigenin 2 and 16-epigitoxigenin 4, to give oleandrigenin 15 and its - 
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16-epi counterpart 12 respectively, led in both cases to an increase in - 

activity. 

Also anticipated from our earlier results in the digitoxigenin 

[3B,14-dihydroxy-5B,l4~-card-20(22)-enolide]series [lo] and from long- 

standing structure-activity data [l-3], inversion of configuration at C3 

resulted in a drop in potency (compare activities of the 3-epi 

derivative 17 and oleandrigenin 15 and the alcohol 14 and its 3@counter- - - - 

part 12). - The corresponding 3-ketones 16 and 13 showed the same order - - 

of activities as their 3a-hydroxy analogues 17 and 14 respectively. - - 

Again in agreement with previous findings [l-3], acetylation of 

the 3S-hydroxyl groups of oleandrigenin 15 and 16-epioleandrigenin 12, - 

to give the 3$,16fi-diacetate 11 and 3p,16a-diacetate 6 respectively, - 

resulted in loss of inotropic activity. However, in agreement with our 

unexpected findings in the digitoxigenin series [lo], derivatives with a 

3a-acetoxy function were found to have higher than expected activities. 

Thus the 3a,l6fl-diacetate 10 was approximately an order of magnitude - 

more active than both its 3T3,16S-counterpart 11 and the digoxin employed - 

as a standard. The 3a,l6a-diacetate 2 also showed a high activity which 

was substantially greater than its 3S,16a-epimer 6. 

All of the active compounds described in Table 1 gave rise to 

typical digitalis-like toxic effects at higher doses. Further studies 

would be necessary to ascertain if any of them showed any therapeutic 

advantage over existing steroidal cardiotonic agents. 

CONCLUSION 

The pharmacological results are largely in good agreement with 

previous data and with established structure-activity relationships. 
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The high inotropic potencies of the 3a-acetoxy compounds 9 and 10 - - 

support our earlier results with 3a-acetoxy compounds related to 

digitoxigenin [lo] and are not readily accommodated by current theories 

for the digitalis receptor [19-221. They also complement recent 

findings by the groups of Thomas [23] and Fullerton [24] with regard to 

stereochemical and conformational requirements of the sugar moiety of 

digitoxigenin D-glycoaidea. 

EXPERIMENTAL SECTION 
Melting points were determined in unsealed capillaries using an 

Electrothermal apparatus and are corrected. IR spectra were recorded on 
a Perkin Elmer Model 21 apectrophotometer. PMR spectra were determined 
on Perkin Elmer R32 (90 MHz) and Jeol MH 100 (100 MHz) spectrometers. 
UV spectra were run on a Pye Unicam SP8-200 W/VI’S spectrophotometer. 
Reaction extracts were dried over anhydrous MgSO, and evaporated on a 
rotary evaporator. Petrol refers to petroleum ether (b.p. 60-BOO). 
Column chromatography was performed on Merck Kieaelgel 60 and 
preparative TLC on 2 mm layers of Merck Kieaelgel F,,, + 366. 

Physical constants and spectral data (UV and IR) are given in 
Table 2 and PMR values in Table 3. 

16a-Acetoxy-3$,14-dihydroxy-5B,14B-card-20(22)-enolide 12 
Ac20 (5 mL) was added to a solution of 3 111, 131 (1.0 g, 1.3 

mmol) in pyridine (10 mL). The mixture was stirred for 20 h, diluted 
with ice-cold Hz0 (100 mL) and extracted with CHC13 (3 x 100 mL). The 
combined extracts were washed with 2M HCl (2 x 100 mL) and Hz0 (100 mL) 
then dried and evaporated to give a white foam (1.17 g). This was 
dissolved in EtOH (200 mL)-H20 (55 mL) and the solution brought to 
reflux and treated with hot 1M HCl (65 mL). The mixture wsa heated at 
reflux for 15 min, cooled to 20° and neutraliaed with 2M NaOH. The 
solution was concentrated to ca. 25 mL, diluted with H,O (25 mL) and 
extracted with CHCl -EtOH (4:1, 100 mL and 2 x 50 mL). 
extracts were washed . 

The combined 
with H,O (100 mL), and evaporated to give a white 

foam which was purified by preparative TLC (CHC13-MeOH; 19:l) to afford 
12 as a white foam (380 mg) which crystalliaed from EtOAc-petrol es 
Glourless prisms (277 mg, 50.0%). 

16a-Acetoxy-14-hydroxy-3-oxo-5$,14$-card-20(22)-enolide 13 
Jones’ reagent 1141 (0.3 mL) was added over 5 min to a stirred 

solution of 12 (320 mg, 
to 50. 

0.7 mmol) in dioxane (10 mL)-Me2ClJ (7 mL) at 0 
The mixture was stirred for 20 min, treated with i-PrOH (1 mL), 

diluted with water (100 mL) and extracted with EtOAc (2 x-100 mL). The 
combined extracts were washed with water (100 mL), dried and evaporated 
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to give a white solid which was purified by preparative TLC (CHCl - 
Me2CO; 4:l) to give 13 as a white solid (170 mg, 53.0X?. 
Crystallisation from MeOH afforded colourless prisms (105 mg, 33.0%). 

16a-Acetoxy-3a,14-dihydroxy-5$,14~-car620(22)-enolide 14 
A solution of NaBH,, (31 mg, 0.8 mmol) in droxane-H 0 (4:1, 2 mL) 

was added to a stirred solution of 13 (350 mg, 0.8 mm013 in the same 
solvent mixture (15 mL). The mixture was stirred for 15 min, and 
glacial HOAc (2 mL) and H,O (50 mL) were added. The solution was 
extracted with CHC13 (3 x 100 ml) and the combined extracts were washed 
with 5% aqueous NaHC03 (50 mt) and H 20 (50 mL), dried and evaporated to 
give a white foam (363 mg). This was purified by chromatography on a 
column of silica gel (20 g) using CHC13-MeOH (19:l) to give 14 as a 
white foam (351 mg) which crystallised from MeOH-Et,0 as col=rless 
prisms (231 mg, 65.7%). 

3a,16a-Diacetoxy-14-hydroxy-5~,14~-card-20(22)-enolide 9 
AC 0 (1 mL) was added to a solution of 14 (443 mg, 1.0 mmol) in 

pyridine ?lO mL). The mixture was stirred for77 h, diluted with ice- 
cold H,O (100 mL) and extracted with EtOAc (100 mL). The organic 
extract was washed successively with 2M HCl, 5% aqueous NaHC03 and H,O 
(50 mL each), dried and evaporated to give a white solid (477 mg). This 
was purlfled by chromatography on a column of silica gel (25 g) using 
CHC13-MeOH (39:l) to give 2 as a white solid (453 mg) which crystallised 
from EtOAc-petrol as colourless prisms (339 mg, 69.8%). 

3a,l6B-Diacetoxy-14-hydroxy-5B,14B-card-20(22)-enolide 10 
The reaction of 17 (433 mg, 1.0 mmol) with AC ~6a~~sm~~r ;; 

pyridine (10 mL) as descrxed above for the corresponding 
gave a crude product (431 mg) which was similarly purified & 
chromatography to give 10 as a white solid (430 mg). Crystallisation 
from EtOAc-petrol gave cxourless prisms (305 mg, 64.2%). 
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