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transfer from the conjugate acid of DBN generates a bridged
homotropylium cation capable of circumambulatory rear-
rangement as in Schemes I and II. In agreement with this
mechanism, it was found that rearrangement to 8 can be
completely avoided by use of the stronger base (weaker con-
jugate acid) i-Pr,NLi in THF. Under these conditions, how-
ever, only dimeric products could be isolated.

In sum, we have discovered two unexpected skeletal reor-
ganizations which can reasonably be explained by circum-
ambulatory rearrangements of homotropylium cations. Al-
though lacking direct experimental evidence for the interme-
diates postulated in Schemes II and III, we believe our results
strongly support the conclusions enumerated above.
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Stereospecific Total Synthesis
of di-Pentalenolactone
Sir:

The sesquiterpene antibiotic, tumor inhibitory agent, pen-
talenolactone (1) is a member of a growing class of pentalen-
opyranones which includes pentalenolactone G'2 and qua-
drone,!® It may also be perceived as bearing a structural sim-
ilarity to the hirsutanes'c and to coriolin.!d The structure of
pentalenolactone was deduced, by an Upjohn group?? by
crystallographic analysis of its tetrahydrobromohydrin de-
rivative, whose relationship to the natural product was ascer-
tained by spectroscopic methods.2b

The challenges inherent in an enterprise of total synthesis
directed at pentalenolactone are apparent on inspection of its
compactly housed functionality, and recognition of its five
centers of chirality. A stereospecific total synthesis of dl-
pentalenolactone (1) is described herein.

Our operating strategy, rested on the assumption that pro-
totropically dependent transformations of an intermediate such
as 19 might be differentiable, so as to allow for its conversion
to 24, and that, in some way, the properly configured epoxy-
methylene group could be obtained from 24 (Scheme I). We
thus sought an intermediate bearing, implicitly, the essential
stereochemical information for reaching 19 through a variety
of possibilities. We envisioned that compound 6 would fulfill
these criteria and it was with the synthesis of this substance
that we were first concerned.

Compound 2,3 itself readily available through the Diels-
Alder reaction of dimethyl acetylenedicarboxylate with cy-
clopentadiene, was transformed into 345 by the indicated
steps®-8 in 46% overall yield. Compound 3 now served as a
dienophile toward the diene, 4, in whose development our

Scheme I

| penlglenalaclione 24
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laboratory had played some role in the past.®® Reaction of 3
+ 4 was carried out in benzene under reflux, or at room tem-
perature for 20 h. There was thus obtained a nearly quantita-
tive yield of adduct 5.# Treatment of 5 with barium hydroxide
brought about its desired (and expected) unraveling to an
enone, hydrolysis to a dicarboxylate, decarboxylation®® of the
vinylogous (B-ketocarboxylate), and ketonization of the
mechanistically likely homoannular dienolate intermediate,
to a cis-fused, bridged hydrindenone. The resultant acid was
converted, by methylation of its sedium salt, to ester 6% in 80%
overall yield from 3. These transformations are summarized
in Scheme II.

Attention was now directed to the A ring lactone. Osmyla-
tion!? of 6 afforded, in nearly quantitative yield, the ketodiol
7.4 Reaction of 7 with lead tetraacetate in aqueous acetic acid!!
provided the pseudolactone 8.4 This was treated with 1 equiv
of aqueous sodium hydroxide containing 6 equiv of sodium
borohydride. Acidification gave lactone ester 94 in 85% yield
from 7.

Saponification of 9 with 4.5 equiv of aqueous sodium hy-
droxide was accompanied by opening of the é-lactone. Acidi-
fication afforded lactone acid 10, which was converted
(thionyl chioride, benzene) to its acid chloride and, thence, by
Rosenmund reduction'? to aldehyde 114 (94% yield from 10).
The é-lactone was thus in hand, as shown in Scheme III.

Wittig olefination of 11 was carried out with 1.2 equiv of
triphenylethylidenephosphorane in dimethoxyethane to afford
(88%) 12.* The stage was now set for disconnection of the
two-carbon bridge. The acetonide was cleaved with aqueous
HCI in dimethoxyethane under reflux, to afford a 96% yield
of diol 13.% Treatment of 13 with 1.5 equiv of Jones reagent
afforded diacid 14* which was selectively esterified
(MeOH H,;S0,) to provide 15.* Treatment of 15 with thionyl
chloride afforded 16, which underwent Darzens-type acyla-
tion,!3 through reaction with aluminum chloride in CH,Cl,
at room temperature for 40 h. Enone 17, thus obtained in 44%
from 13, was converted (43%) by Wittig olefination!42 to the
methylenecyclopentene, 18.4 Catalytic reduction of 18 in the
presence of the homogeneous Wilkinson catalyst, (Ph3P);-
RhCl,'4® afforded 194 as the only detectable'5 product (see
Scheme IV).

Treatment of 19 with bis(dimethylamino)-zert-butoxy-
methane (neat, 95 °C, 20 h)'® afforded 204 which, on exposure
to moist silica gel, suffered conversion to 21.4 This was reduced
(NaBH;) to 22,* which was transformed in the usual way!?
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Scheme V

to the desired 23% in 63% yield from 19. The a-methylenelac-
tone survived, reasonably well, the conditions ((i) LDA-THF,
76 °C; (ii) PhSeCl, 76 °C; (iii) NalO4-aqueous methanol) of
Reich!82 and Sharpless,!8® which afforded 24 in 50% overall
yield.

Treatment of 24'° with alkaline hydrogen peroxide?? af-
forded only traces of pentalenolactone methyl ester (28). The
major product (~5:1) was the epimeric 8-epoxide 25.41° We
reasoned that the more stable anomer of a lactol derivable
[from 24, might well have the hydroxyl group disposed on the
convex (a) face of the oxahydrindanone system. So stationed,
the hydroxyl might provide guidance for the introduction of
the required «-epoxy linkage.

Treatment of 24 with Dibah in toluene afforded allylic
hemiacetal 26.42! Epoxidation according to Sharpless?? (z-
BuOOH; VO(acac);) followed by Jones oxidation yielded
(45% from 26) dI-28, whose chromatographic properties and
solution infrared, mass, and 250-MHz NMR spectra were the
same as those of authentic 28. TLC and NMR analysis'3 of
the crude reaction mixture indicated the possible presence of
traces of 25, inadequate for isolation. Hydrolysis (2.5 equiv of
KOH, aqueous THF, room temperature, 20 h) of fully syn-
thetic 28 afforded d/-pentalenolactone (1) whose chromato-
graphic and spectral (infrared, NMR and mass) properties
were the same as those of authentic pentalenolactone. The
stereospecific total synthesis was thus complete (Scheme
V).
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Thione S-Methylides as Quasi-Wittig Reagents
Sir:
Betaines (1) derived from reaction of carbonyl functions

with alkylidenesulfuranes (2) undergo an intramolecular
displacement reaction leading to oxiranes,! while alkylidene-
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Figure 1. Frontier molecular orbitals involved in betaine decomposi-
tions.
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phosphoranes (Wittig reagents) select the alternate closure
to a hypervalent phosphorus intermediate which is penuitimate
to the alkene product,? The partition of 1 between two potential
surfaces whose maxima are described by transition states 3 or
4 electronically? depends upon the magnitude of the first-order
frontier interaction* (E) between the overlapping oxygen p
orbital (po) and the terminus of the high lying ¢* orbital in-
volved (S in 4, C in 3; Figure 1), Suifonium ylide derived be-
taines might be encouraged to undergo intramolecular closure
to yield a “Wittig” reaction if a low-lying =* orbital was
available at sulfur (Figure 1). This requirement would be met
by betaines (6) generated from thione methylidess and ap-
propriate carbonyl substrates. We now report that thione

methylides can undergo Wittig-type reactions and sterco-
chemically complement the Wadsworth-Emmons phospho-
nate modification of the Wittig reaction in substituted acrylic
ester syntheses.

The quasi-Wittig reagent, V,N’-dimethylimidazole-2-thione
S-carbomethoxymethylide (7), is easily generated in situ from
the corresponding salt 8. Specifically, to a solution of 1 equiv

|
BrCH, COpMe [N>___ o o
et == >
MaCl, . 30 N CH,CO, Me B
|

l
L=
\
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DBU or DABCO
MeCN, -30%0r O°

1
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RCH=CHCO,Me ~Rcpo N \&con,
10 9 |

7

of 8 in dry acetonitrile at 0 °C is added 1 equiv of base and after
5 min the carbonyl reagent is introduced. The resulting mixture
is stirred for 10 min at 0 °C to complete the reaction. Table I
summarizes the results including overall isolated yield of pure
product and the isomer distribution for some representative
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