3448 J. Org. Chem., Vol. 44, No. 19, 1979

and the reaction was allowed to proceed for another 3 h.
Analysis of the reaction mixture at this point indicated
only 69% ketone. Octanoic acid exerted a comparable
inhibition when added to 2-octanol at the outset. Although
these results show that a selective oxidation is unfeasible,
they also illustrate the intricacies of organic reactions on
solid surfaces and the need for future research in the area.
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An Approach to Enolonium Equivalents.
Application to a Total Synthesis of
(+)-Pyrenophorin

Summary: Alkoxy-bearing allylic acetates can serve as
substrates for palladium(0) catalysts under special con-
ditions and thus constitute the equivalent of an enolonium
and a vinylogous enolonium ion, a feature that has led to
a formal synthesis of pyrenophorin and a synthesis of a
fragment of zealeranone.

Sir: Allylic alkylations catalyzed by palladium(0) com-
plexes have proven quite versatile for structural elabo-
ration.’?  Activation of allylic acetates by a palladium
complex involves initial coordination to form an olefin-
metal(0) complex followed by ionization of the acetate (eq
1). Allylic acetates that fail to react frequently do so
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presumably because of the unfavorability of formation of
the initial olefin complex. Whereas electron-withdrawing
substituents facilitate the formation of such complexes,
electron-donating ones greatly hamper it.> On the other
hand, allylic acetates bearing an electron-donating group
like a heteroatom should be particularly useful as carbonyl
equivalents; for example, 1a would be an equivalent of an
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enolonium ion* and 1b an equivalent of a vinylogous
enolonium ion. In this communication, we wish to report
that, while the usual procedures for alkylation of allylic
acetates like 1 fail, we have uncovered a successful set of
conditions for alkylation. Furthermore, use of such sys-
tems evolved the equivalent of a reductive acylation, a
stereocontrolled enol ether synthesis, and the synthesis of
oxygen-bearing dienes. The reductive acylation is applied
to the synthesis of the antifungal and cytostatic agent
pyrenophorin® and a segment of the commercial anabolic
agent zealeranone.®

The requisite substrates are readily available by the
addition of lithiated ethyl vinyl ether” to aldehydes (THF,
-78 °C) followed by acetylation (CsHgN, Ac,O, room
temperature) as in eq 2. For synthetic purposes, our
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interest focused upon the anions from sulfonylacetates.
Treatment of 2 with methy! benzenesulfonylsodioacetate
in THF in the presence of tetrakis(triphenylphos-
phine)palladium (3) led to mostly decomposition. On the
other hand, reaction with isopropyl benzenesulfonyl-
acetate® and DBU in hot toluene in the presence of 10-15
mol % of 3 proceeded smoothly to give a single product,
4.2 It is interesting to note that higher regioselectivity is
observed here compared to allylic acetates without the
heteroatom substituent and that a single stereoisomeric
enol ether is formed as shown by chromatography and
spectral analysis including *C NMR spectroscopy. The
appearance of the vinyl carbons at § 115.5 and 148.4
suggest the Z configuration,'’ in agreement with reaction
via the expected syn palladium complex. Hydrolysis of
4 (0.02 N HCl in THF, room temperature) unmasks the
carbonyl group to give 5.° In principle, desulfonylation!!

(4) For some alternative enolonium equivalents, see: Miyashita, M.;
Yanami, T.; Yoshikoshi, A. J. Am. Chem. Soc. 1976, 98, 4679, and references
cited therein. Sacks, C. E.; Fuchs, P. L. Ibid. 1975, 97, 7372. Fuchs, P.
L. J. Org. Chem. 1976, 41, 2935. Stork, G.; Ponaras, A. A, Ibid. 1976, 41,
2937. Herrmann, J. L.; Kieczykowski, G. R.: Romanet, R. F.; Wepplo,
P. J.; Schlessinger, R. H. Tetrahedron Lett. 1973, 4711.
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and elemental composition.
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of 5 to 6 would constitute a net reductive succinoylation
0
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of a carbonyl group.’? Of greater synthetic interest to us,
mild base treatment ({C,H;),N, THF, room temperature)
gave 7° (6 6.6 and 7.1, J = 17 Hz), the product of reductive
fumaroylation.

Such a reductive fumaroylation allows a strategy for the
synthesis!® of pyrenophorin 13 to begin with aldol 8 as
outlined in Scheme I. The key alkylation reaction pro-
ceeded as in the model to give 10a® regioselectively. While
the isopropyl ester was taken through the sequence to 12,°
in order to merge with the Gerlach intermediate 12b,3¢
10a was transesterified to the methyl ester 10b® and taken
on as outlined via 11b® (5 1.20 (13 H, d, J = 6 Hz), 2.78
(2H,t,J=7Hz),371. (1H,m), 665 (1 H,d,J =16 Hz),
7.10 (1 H, d, J = 16 Hz)] to give 12b.° Since Gerlach®
had converted 12b to pyrenophorin (13), this route con-
stitutes a formal synthesis of this macrodiolide.

In a proposed synthesis of zealeranone (14), a unit
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representing C(4)-C{1(’) was projected to be 15. As
outlined in eq 3, 15° is readily available in 57% overall yield
from the homologue of the protected aldol, 16, by a se-
quence identiczl to that employed in Scheme 1.
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18b
available from substrates such as 17, which arise by ad-

(11) Trost, B. M.; Arndt, H. C.; Strege, P. E.; Verhoeven, T. R. Tet-
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Scheme I. Synthesis of Pyrenophorin (13)
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a, R = CH(CH,),
b, R=CH,
TBDMS = (CH,),CSi(CH,),-

@ (i) CH,=C(Li)OC,H,, THF, -78 °C. (ii) Ac,0, C.H,N,
room temp. Y (i) PhSO,CH,CO,C,H.-i, DBU, 13 mol %
(Ph,P),Pd, PhCH;, 80 °C. (ii) NaOCH,;, CH,OH, reflux.
¢ (i) camphorsulfonic acid, (CH,),CO, room temp. (ii)
(C,H,);N, CH,Cl,, room temp. ¢ HOCH,CH,OH, cam-
phorsulfonic acid, PhH, reflux.

dition of lithiated ethyl vinyl ether to «,8-unsaturated
aldehydes. This substrate also tests the chemoselectivity,
competing 18a with 18b. The deactivating influence of the
ethoxy group was readily apparent by the fact that 17
underwent exclusive reaction via 18a to give 20° and the
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reaction proceeded at room temperature. While 20a was
homogeneous (3*C NMR & 85.25, 121.68, 129.02, 155.9) and
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gave 21a® upon hydrolysis (1 M H,S80,, THF) identified
as the E isomer (5 6.18 and 6.7, J = 18 Hz), 20b° appears
to be a mixture of olefin sterecisomers which upon hy-
drolysis gave a 3:2 mixture of geometric isomers of 21b [8
6.19 (0.67 H), ¢ 6.3 (0.33 H)]. The use of such dienes as
20 in cycloaddition was illustrated by the reaction with
N-phenylmaleimide in CHCI, at room temperature to 22,°
mp 145-148 °C. Additional alkyl substitution as in 23° still
leads to reaction via the non-oxygen-bearing olefin to give
24° (64%), which after hydrolysis and elimination gave 26,
a product of base-catalyzed isomerization of the initial
diene.
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While oxygen-bearing allylic acetates are sluggish
substrates for palladium(0), they do participate in allylic
alkylations. As a result of the substitution pattern of the
allylic acetates and the nucleophile employed here, novel
strategy emerges as summarized in eq 4 and 5. By use
of other nucleophiles, these “reductive acylations” can
provide even broader applicability. It should also be noted
that this reaction represents one of the few ways to make
stereodefined enol ethers.'
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