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A novel, general, and efficient method has been developed for the synthesis of highly functionalized spiro
d-lactones from aromatic precursors. Our methodology involves a tandem oxidative dearomatization-
rearrangement of tertiary furyl carbinols and ring-closing metathesis as key features. This method allows
an access to the spirolactones attached to carbocycles of various sizes.
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A large number of natural products, displaying diverse biologi-
cal activities, possess spirolactone moiety as a key structural
element in their molecular scaffold.1 Though, spiro c-lactones are
the most common of these spirolactones,1c,d isolation of some com-
plex bioactive natural products, possessing highly functionalized
spiro d-lactone has been recently reported.2,3 Steroids bearing this
motif show impressive anticancer activity.4 Apart from others, this
moiety is the key component of the molecular framework of the
recently isolated alkaloid hypserpine 12 and norlabdane-type
diterpene, vitexifolin E 23 (Fig. 1).

Spiro d-lactones have thus emerged as an important class of
compounds and have stimulated interest in the chemistry of these
systems. Highly functionalized spirolactones pose considerable
synthetic challenge. Installation of the functionalities for lactoniza-
tion and creation of the quaternary carbon bearing these function-
alities are the two main obstacles in their synthesis. Such spiro
systems, though, have earlier been synthesized in some separate
and isolated instances, these methods are not generally applica-
ble.5,6 Thus, there exists a continuous need to develop new meth-
ods for the construction of these entities.7 In view of this and our
interest in harnessing synthetic potential of aromatic compounds,8

we embarked upon a program to develop a general, flexible, and
adaptable method for the construction of highly functionalized
spiro d-lactones from commercially available furan derivatives.

Our strategy, involving oxidative dearomatization-rearrange-
ment of furyl carbinols9,10 and ring-closing metathesis11 as key
ll rights reserved.
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steps, is outlined in Scheme 1. It was considered that RCM in
lactone of type 4, containing two appended olefinic substituents
at d-position, would provide an easy access to the required spiro
d-lactone of type 3. The disubstituted lactone 4 may be obtained
by the oxidation of lactols of type 5, which may, in turn, be derived
from the oxidative rearrangement of the appropriate tert-furyl
alcohols of type 6.

In order to realize our objective, the furyl carbinol precursors 9,
10, and 11 were prepared by the nucleophilic addition of an excess
of Grignard reagent, prepared from the respective x-bromoalkene,
to methyl furoate 8 (Scheme 2). The addition of 2 equiv of the
nucleophile resulted in the formation of the required tert-alcohols
in good yields.

In addition, carbinols having dissimilar olefinic tethers were
also prepared as shown in Scheme 3. Thus, tert-alcohols 14, 15,
and 16 were synthesized from furyl ketones 12 and 13 by the addi-
tion of appropriate Grignard reagents.

Having prepared the aromatic precursors, our next task was to
subject them to oxidative dearomatization. Initially, we had some
O OMe1 2

Figure 1.
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apprehension about the oxidative rearrangement of the tert-carbi-
nols of type 6 as they contain several olefinic functionalities, which
are quite reactive toward per-acid oxidants and may undergo epox-
idation. Gratifyingly, after some experimentation, it was found that
these carbinols indeed undergo smooth oxidative rearrangement
to give the corresponding keto-lactols bearing bis-olefinic moiety.
Thus, the carbinol 9 bearing two allyl groups upon treatment with
m-chloroperbenzoic acid at 0 �C gave the corresponding lactol 17
in good yield (Scheme 4). The carbinols 10 and 11 were rearranged
under similar conditions to give the lactols 19 and 22, respectively.
Similarly, rearrangement of carbinols 14, 15, and 16 furnished
lactols 18, 20, and 21 (Scheme 4) as mixture of diastereomers
due to generation of anomeric center during oxidative rearrange-
ment. The diastereomeric mixture, though, was of no consequence
as in the next step the anomeric hydroxyl group would be oxidized.

Thus, the disubstituted lactols were subjected to the oxidation
with PCC. The lactol 17 was oxidized with PCC which gave the lac-
tone 23 in excellent yield (Scheme 5). Similarly, the lactols 18–22
were also oxidized to give the lactones 24–28, respectively.

With the required lactones in hand, we focused our attention on
the subsequent transformation of d-disubstituted lactones into
spiro d- lactones via intramolecular ring-closing metathesis. Thus,
the lactone 23 was treated with Grubbs’ 1st generation catalyst12a

(29) (5 mol %), at ambient temperature for 5 h, which gave the
desired spirolactone 31 in 60% yield (Scheme 6). With an objective
to improve the yield of the reaction, we used Grubbs’ 2nd genera-
tion catalyst12b (30) (2.25 mol %), at ambient temperature. The
reaction was complete in less than 2 h furnishing 31 in 75% yield.
This reaction not only proved to be high yielding and faster but also
required significantly lesser catalyst loading. Therefore, for all sub-
sequent RCM reactions, we decided to use Grubbs’ 2nd generation
catalyst (30). Thus, the treatment of lactones 24, 25, and 26 with 30
in a similar fashion, provided the corresponding spiro compounds
32, 33, and 34, respectively, in very good yields (Scheme 6).
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Owing to the entropic and steric factors, construction of med-
ium-sized carbocycles is considered to be a challenging task.13 In
view of this it was interesting to examine the RCM of lactones 27
and 28, which would provide eight- and nine-membered rings,
respectively. Our initial attempt to bring about RCM in lactone
27 with 30 (3 mol %) was not encouraging as the reaction showed
no progress at room temperature, so the reaction mixture was
refluxed for 3 h followed by chromatographic purification, which
provided low yield (29%) of the spirolactone 35.14 However, upon
considerable optimization, significantly improved yield (67%) of
the desired product 35 was obtained (Scheme 7).

After this encouraging result, RCM reaction of 28 was
attempted. Thus, a solution of 30 in dichloromethane was added
to a refluxing solution of 28 in dichloromethane. Upon completion
of the reaction, and chromatographic purification of the product, it
was found that the isolated material was a mixture of oligomers,
resulting from the intermolecular metathesis of the starting mate-
rial. All our subsequent attempts, under varying solvents, condi-
tions, and catalysts proved to be unsuccessful.

In conclusion, we have demonstrated that simple furyl carbinols
can be utilized, in an efficient manner, to gain a rapid access to the
spiro d-lactones, related to the natural product hypserpine. These
densely functionalized lactones offer ample opportunities for
manipulation of the spiro system in a selective manner. This meth-
od is flexible enough to permit the attachment of rings of varying
sizes onto the lactone, by way of changing the length of the olefinic
tether. Efforts are underway to apply this method for the synthesis
of even complex spirolactones.
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