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The cis-doisynolic acids constitute a unique class of ring D seco
steroids in that these substances show hormonal activity similar to that of

(3) Herein is described a novel and highly practical

the natural estrogens.
stereospecific synthesis of the methyl ester of (I)-cis-bisdehydrodoisynolic
acid methyl ether (6) commencing with the readily available isothiuronium salt
(;)(4) and a,y-dimethyltetronic acid (3).(5)

The base catalyzed condensation of 1,2,3,4-tetrahydro-6-methoxy-l-vinyl-
l-naphthol with 2-methylcyclopentane-l,3-dione yields the alkylated product
(3, X=CH,; R=H), a key intermediate in the total synthesis of estrogenic
(6)

steroids. It was later demonstrated that this reaction is acid-catalyzed
although an external proton source is not essential since 2-methylcyclopentane-
1,3-dione (pKa 4.5) readily alkylates both the tetrahydrovinylnaphthol and the
derived isothiuronium salt (l) in aqueous alcohol.(4)

It appeared likely that a,y-dimethyltetronic acid (pK, 4.0)(5) should
alkylate (1) to afford the intermediate (3, X=0; R-CH3) having all the carbon
atoms of the doisynolic acid skeleton. Indeed, addition of the tetronic acid
(2) to a solution of the salt (1) in aqueous ethanol resulted in precipitation
of a-(6-methoxy-1,2,3,4~-tetrahydronaphthylidenethyl)-a,y-dimethyltetronic acid

(3, X=0; R=CH3) [m.p. 82-83°; A
1

max 209, 266 mu (log e 4.29, 4.22); v, 1800,

1755, 1600, 1500 cm ~; n.m.r. 1.33 (s., tert. CH3), 1.45 (4., J 7 c.p.s.,

sec, ca3), 3.77 (s., aromatic methoxyl), 4.59 (q., J 7 ¢.p.s., cn3g§), 5.70
p.p.m. (t., broadened by allylic coupling, J 7 c.p.s., olefinic-H). Found:

C, 72.81; H, 7.12](7)(8) from the reaction mixture in 86% yield, Brief treat-

ment of (3, X=0; R-CH3) with p-toluenesulfonic acid in beiling benzene gave the

3209
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tetracyclic enol lactone (4a) (93% yield) [m.p. 156-157°; Npax 215, 232, 316 mu
(log € 4.06, 3.99, 4.42); Ymax 1780, 1670, 1620, 1590, 1560 cm-l; n.m.r. 1,21
(s., tert. CH3), 2,16 (8., vinylic CH3), 3.74 p.p.m. (s., aromatic methoxyl).
Pound: C, 76.58; H, 6.57] which was dehydrogenated by 5% palladized charcoal

in boiling xylene to the naphthalene derivative (4b) (80% yield) [m.p. 117.5-
119°; N pnax 259, 294, 305, 335, 350 mu (log € 4.60, 4.19, 4.17, 3.29, 3,29);
vmax 1800, 1675, 1620, 1600 cm'l; n.m.r. 1.28 (s., tert. cn3), 2.30 (s., vinylic
CH3), 3.90 p.p.m. (8., aramatic methoxyl). Found: C, 77.59; H, 6.08].

ﬁ“z OAG
et |
CHq o cH,
3

oShe SR

4a 6,7-dihydro 5 CHy0 6

b 6,7-double bond

(s

Exposure of the latter product to dilute aqueous sodium hydroxide in ethanol
gave in high yield an insoluble crystalline sodium salt which was converted into
the (¥)-cis-keto ester (5) (76% yield from 4b) [m.p. 156-157°; A pax 235, 277,
322, 356 mu (log € 4,72, 3.70, 3.25, 3.22); Vmax 1710, 1625, 1600 cm_l; n.m.r.
1.15 (s., tert. CH,), 2.26 (s., COCI{3), 3.74 (s., cozcn3), 3.91 (s.,, aromatic
methoxyl)4.13 p.p.m. (s,., g—c-COCIia). Found: ¢C, 73.71; H, 6.82] by treatment
with methyliodide in dimethylacetamide. Electrochemical reduction(g) of (5) at
a lead cathode (current density 0.0l amps./sg. cm.) in dioxane containing 20%
sulfuric acid gave in 70% yield the methyl ester of (})-cis-bisdehydrodoisynolic

(10)

acid methyl ether (6) [m.p. 76.5-77° (lit. reports 76-78°); Amax 229, 266,

276, 288, 331, 335 mu (log e 4.73, 3.70, 3.70, 3.57, 3.34, 3.41); v, 1725, 1625,
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1600 cml; n.m.r. 0.94 (t., J 7.5 c.p.s., CH,CH;), 1.16 (s., tert. CH,), 3.76

(s., COZCH3), 3.90 p.p.m. (s., aromatic methoxyl)., Found: C, 77.31; H, 7.97]

(10)

identical in all respects with an authentic sample obtained by methylation

of (t)-cis—bisdehydrodoisynolic acid methyl ether.
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