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Synthetic Study of a Cardiac Steroid, Marinoic Acid

Takanori OCHI', Yoshihiro YAMAGUCHI"", Motomi KONISHI™™", Toshifumi AKIZAWA""
and Tateaki WAKAMIYA™

Marinoic acid (1), which is a novel bufadienolide-related substance in the skin of the giant toad (Bufo
marinus), was isolated and the structure was determined by Akizawa et al. in 1996. Like bufadienolides, marinoic
acid (1) contains an A/B ring structure in the cis configuration and a D/2-pyrone ring structure, but the structure of a C
ring differed considerably from that of bufadienolides. Thus, marinoic acid (1) is an attractive synthetic target in view
of the structural features as well as biological activity (Na', K'-ATPase inhibitory activity).

Herein synthetic approach towards the marinoic acid (1) with deoxycholic acid (2) as a starting material is
described.
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Scheme | Retrosynthesis of Marinoic acid.
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i. DEAD, PhsP, AcOH/abs. THF; ii. 1) N.N'-carbonyldiimidazole
/abs. THF, 2) Av; iii. 1) O3/MeOH, AcOH, 2) Zn .

Scheme 2  The side chain shortening of compound 2.
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Fig.2 'H NMR spectrum of compound 3.
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Scheme 3 Introduction of the oxygenated functional group
at C11 of compound 3.
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Table 1 Dihydroxylation of compound 10.

Entry Reagents Products Yield (%)

1 (1) AcOAg, I/AcOH SR ¢
(2) AcOH, H;0

2 KMnO,, MgSO,/EtOH R a-OH R%: a-OH (11) 7.0
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(2) AcOK/AcOH

4 MMP N-oxide, cat. 0sO,/ R 0-0H R% «-0H (11) 56
acetone-water

5 K3Fe(CNJg. KoCO;, cat. OsOyf RY a-OH R: «-OH (11) 125
{BuQH-water

6 (1) 0s0; (1.2eq) fpyridine R:a-0H R: a-OH(11) 835
(2) sat. NaHSOQ, ag
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1. Bry/AcOH; ii. LiBr/abs DMF; iii. PhySnH/toluene

Scheme 4 Dehydrogenation at C14 (15) of compound 4.
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Fig. 3 'HNMR spectrum of compound 4.

Fig. 4 'H NMR spectrum of compound 5.
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i. 70% HCIO4/CH(OMe)s; ii. 1) pyridine hydrobromide/abs. THF,
abs. MeOH, 2) KOrBw/BuOH, iii. 1) Me;SI, 30% KH/abs DMSO,
abs THF, 2) conc HCI/MeOH 3) 30% KOH; iv. PAN=C=0,
pyridine/CH,Cly; v. AcyO, Et3N, DMAP/CH,Cly; vi. IM HCI/THF

Scheme 5 Synthetic approach towards the construction
of 2-pyrone ring at C17 of compound 5.
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Fig. 5 '"HNMR spectrum of compound 20,
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i Bry/AcOH,; ii. LiBr/abs DMF; iii. PhySnH/toluene; iv. 70% HCIO,/
CH(OMe)s; v. 1) pyridine hydrobromide/abs THF, abs MeOH,

2) KOBW/BuOH; vi. 1) Me,SI, 30% KH/abs DMSO, abs THF,

2) conc HCI/MeOH 3) 30% KOH, vii. PAN=C=0, pyridine/CH;Cl;;
viii. IM HCI/THF; ix. fBuN=SCIiPh, DBU/CH,Cl,; x. NBA,

70% HC1Oy/acetone-water; xi. 1) Bry, KOAc/AcOH, ether,

2) DBU/DMF, xii. LiAlH,/ether

Scheme 6 Model experiment for the establishment of
synthetic route from compound 20 to compound 6.
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Fig. 6 'HNMR spectra of compound 33 and Bufaline.
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Scheme 7 Proposed synthetic route of Marinoic Acid (1).
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