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alytic amount of ammonium nitrate gave the dimethyl acetal

6," bp 82-85 "C (2 mm), in 86% yield.
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Total Synthesis of Marasmic Acid
Sir:

Marasmic acid (l),] one of the many fungal metabolites
isolated from the Basidiomycetes, has been the target of recent
synthetic attempts. In their work, de Mayo and his colleagues
synthesized methyl isomarasmate (2),which differs from the
natural product in the stereochemistry of the polycyclic ring
system.2 During the course of our work, Wilson and Turner
reported studies in which a Diels-Alder reaction was utilized
for construction of the hydrindane ring system, and described
an intermediate which was regarded as possessing the skeleton
of marasmic acid.3 We now wish to report the results of our
own, independently conceived work on the Diels-Alder approach to marasmic acid, which has led to the first total synthesis of the molecule, and further, places the stereochemical
assignments of Wilson and Turner in serious j e ~ p a r d y . ~
Our initial approach to marasmic acid involved Diels-Alder
addition of an acetylenic dienophile to diene acetal 6, which
was synthesized in the following manner. Aldehyde 3,available
by the ring contraction method of Magnusson and T h ~ r e n , ~
was transformed to the diethyl acetal 4,6 bp 74.5-15.5 "C (4.5
mm), in 95% yield by treatment with triethyl orthoformate and
a catalytic amount of p-toluenesulfonic acid in ethanol (24 h
at room temperature). The acetal 4 was allowed to react with
ethyl vinyl ether and anhydrous zinc chloride in ethyl acetate
(24 h at room temperature) and the resulting ethoxy acetal,
without isolation, was subjected to the action of sodium acetate
in aqueous acetic acid7 (4 h at 90 "C), affording the diene aldehyde 5,6bp 68-69 "C (1 mm), in 93% yield. Treatment of
5 with trimethyl orthoformate in methanol containing a cat-
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Diels-Alder reaction of 6 with dimethyl acetylenedicarboxylate was quite slow, requiring 8 days at 110 "C, but the
adduct 7 was formed in high yield. When 7 was allowed to
contact a sixfold excess of ethereal diazomethane, a 4: 1 mixture
of pyrazolines 86 and 9,6 mp 117-1 18 "C (hexane-acetone),
was formed over a period of 14 days. Irradiation of the mixture
of pyrazolines in ether solution (Pyrex filter) gave, after column chromatography on silica gel, a single cyclopropane, 10:
mp 79-79.5 "C (hexane), in 60% overall yield from 6.
Saponification of 10 with sodium hydroxide in aqueous
methanol (48h, 90 "C) provided diacid 11 as a white foam in
97% yield. The diacid, without purification, was warmed with
acetic anhydride (30 min, 55 "C), affording the anhydride 12,6
mp 106.5-107.5 "C (hexane), in 96% yield. Reduction of 12
with disodium tetracarbonylferrate in tetrahydrofuran8 gave
a 1:l mixture of the lactols 13 and 14.Treatment of this lactol
mixture with acetic anhydride (2 h, 90 "C), followed by column
chromatography on silica gel, gave lactol acetates 15,6mp
115-1 16.5 "C (hexane), and 1
6: mp 125-128.5 "C (hexane),
in 31% combined yield from 12. Saponification of 15 with
potassium carbonate in wet methanol gave pure 13,mp 96-99
"C (hexane-methyl acetate), in 95% yield. Hydrolysis of the
acetal moiety of 13 with tetrahydrofuran-10% aqueous HC1
(1: 1 ) afforded (to our ~urprise!~)
isomarasmic acid (17),6mp
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140-144 OC (hexane-methyl acetate), in 40% yield. Treatment
of 17 with excess ethereal diazomethane gave methyl isomarasmate (2), identical by ir (CC14) and 'H N M R (CDC13)
with that prepared by de may^.^ Although an explanation for
the exclusive addition of diazomethane to what appears to be
the more hindered side of 7 is not readily available, it is the
establishment of the isomarasmic stereochemistry for cyclopropane 10 that places in doubt the assignment of the marasmic acid skeleton to the similar cyclopropane obtained by
Wilson and Turner, also via a pyrazoline.I0

De-esterification of 29 with trifluoroacetic acid in benzene
solution completed the synthesis, giving (&)-marasmic acid
(1)14 (50% yield) identical with that derived from natural
sources15 by ir (CHC13), ' H N M R (CDClj), uv (95%
C ~ H S O H )and
, mass spectra.I6
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In a second approach to marasmic acid, diene aldehyde 5
was reduced with diisobutylaluminum hydride in benzene,
giving the known alcohol 183.6in 91% yield. Diels-Alder reaction of 18 with bromomethylmaleic anhydride (19) l 2 in
methylene chloride solution (24 h a t room temperature) gave
a 1:l mixture of the lactone acids 20: mp 172-174 OC (hexane-ether), and 21,6 mp 177-177.5 OC (hexane-ether). The
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Reduction of 24 with diisobutylaluminum hydride in toluene
(4 h at -78 "C)afforded the hemiacetal 25, which could be
converted to lactone 28: mp 87-88 "C (hexane), by exposure
to trifluoroacetic acid (65% overall yield from 24). Reduction
of hemiacetal 25 with sodium borohydride in methanol provided the diol 266 (67% overall yield from 24). Addition of an
ether solution of 26 containing 2 equiv of quinoline to an excess
of ethereal phosgene at 0 OC provided the dichloroformate 27
in 95% yield. Treatment of 27 with dry dimethyl sulfoxide,
followed by 2.1 equiv of triethylamine at room t e m p e r a t ~ r e , ' ~
afforded dialdehyde 29, mp 11 1-1 15 OC (hexane-ethyl acetate), in 25% yield after column chromatography on silica gel.
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An Electrochemical Determination of the pKa of
Isobutane
Sir:

We have described',* the use of electrochemical data in a
thermodynamic cycle to determine the pK,'s of triarylmethanes, cycloheptatriene, and various cyclopropenes. The
cycle used involved a number of steps:
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