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A concise, flexible approach of general utility to the furo[3,2-b]furanones from readily available Morita–
Baylis–Hillman adducts is delineated. In an expeditious variant of this approach, a four-step cascade pro-
cess is executed in a one-pot operation to generate the furofuranoid framework containing two quater-
nary centers.

� 2009 Elsevier Ltd. All rights reserved.
Natural products based on the furo[3,2-b]furanone framework
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such as goniofufurone 1 and plakortones A and B 2 have period-
ically surfaced in the literature. However, the furofuranone motif
has been widely encountered as a dominant sub-structure in a di-
verse range of complex natural products of mixed biosynthesis
including pallavicinin 3,3 norrisolide 4,4 dendrillolide A 5,5 and
more recently, micrandilactone A 66 and its siblings, Figure 1.
Interestingly, not only goniofufurone 1 and plakortones A and B
2, based exclusively on the furo[3,2-b]furanone platform, but even
others such as 3–6, containing this moiety as part of their struc-
ture, exhibit a wide range of biological activities. For example,
plant-derived 1 is known to be cytotoxic to several human cancer
cell lines1 and marine-derived 2 displayed activation of cardiac SR-
Ca2+-pumping ATPase at micromolar concentrations.2,7 Com-
pounds 3–6 have also been found to exhibit a range of biological
activities.8 Thus, the furo[3,2-b]furanone core appears to be a
promising pharmacophoric group and this attribute, along with
the complex natural product architecture into which it is embed-
ded, has generated considerable interest in assembling this moiety.
However, synthetic efforts in this area have mainly focused on a
particular natural product target bearing the furo[3,2-b]furanone
moiety,9,10 and generally applicable solutions to this system are
lacking, barring an approach based on the Pd-mediated carbonyl-
ation of 1,3-diols.11 We report herein a simple, concise methodol-
ogy for assembling diverse furo[3,2-b]furanones from readily
available Morita–Baylis–Hillman (MBH) adducts.12,13

An outline of the methodology is delineated in Scheme 1 involv-
ing propargylation of the MBH adduct (7?8), elaboration to a
c-butenolide (8?9) and an oxy-Michael addition (9?10), to
generate the requisite furo[3,2-b]furanone moiety.10 Bi-direction-
ality can be imparted to this overall process by exploiting either
of the two oxygen functionalities of the MBH adduct 7 for the ini-
ll rights reserved.

ta).
to either furo[3,2-b]furanone 10 or 12 with swapping of the R
and R2 substituents. This protocol gives considerable latitude in
terms of the placement of the substituents, particularly with qua-
ternary centers on the furo[3,2-b]furanone framework.

To test the viability of the methodology depicted in Scheme 1,
the readily available TBS-protected MBH adduct 13,13 from methyl
vinyl ketone and formaldehyde, was smoothly propargylated to
H H
OH

O H
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Figure 1. Structural diversity in furofuranone-containing natural products.



O OTBS OTBSHO

OH

OTBSHO

OH

OTBSO

O

O

O

O

H
O

O

O
H

a b

d

Ph Ph

Ph

Ph

+ Ph

Ph

c
19 20 21

24 2223

Scheme 3. Reagents and conditions: (a) propargyl alcohol, n-BuLi, THF, 0 �C, 6 h,
62%; (b) Lindlar catalyst, H2, MeOH, rt, 2 h, 85%; (c) MnO2, CH2Cl2, rt, 20 h, 92%; (d)
TBAF, THF, rt, 20 min, 94% (23:24, 55:45).
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Scheme 1. A general bidirectional approach for the construction of furo[3,2-
b]furanones.
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give adduct 14. Regio- and stereoselective hydrogenation of 14 fur-
nished the Z-allylic alcohol 15 and MnO2 oxidation led to the but-
enolide 16. Silyl deprotection in 16 led to concomitant oxy-Michael
addition and generation of the furofuranone 1714 in four steps,
Scheme 2. The placement of the terminal methylene on the furof-
uranone framework was quite useful as it could be oxidatively
cleaved to deliver a versatile bicyclic ketone 18.14 The preceding
sequence emanating from 13 could also be implemented on the
TBS-protected MBH adduct 19,13 derived from methyl vinyl ketone
and benzaldehyde, via propargylation (19?20), regio- and stereo-
selective alkyne reduction (20?21), MnO2 oxidation (21?22) and
silyl deprotection to furnish the readily separable furofuranoid dia-
stereomers 23 and 24 (55:45),14 Scheme 3. The stereochemistry of
23 and 24 was confirmed by X-ray crystal structure analysis of
furofuranone 24.15

The generality of this version of the furofuranone synthesis was
further demonstrated through the preparation of adducts 25 and
26, readily obtainable in two steps from the TBS-protected
acrolein-formaldehyde MBH adduct 27,13 Scheme 4. Implementa-
tion of the above described four-step protocol on 25
(25?28?29?30?31) and 26 (26?32?33?34?35) led to the
furofuranones 31 and 35,14 respectively.
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Scheme 2. Reagents and conditions: (a) propargyl alcohol, n-BuLi, THF, 0 �C, 4 h,
66%; (b) Lindlar catalyst, H2, MeOH, rt, 2 h, 94%; (c) MnO2, CH2Cl2, rt, 20 h, 92%; (d)
TBAF, THF, rt, 20 min, 98%; (e) (i) OsO4/NMMO, acetone/H2O (4:1), 55 �C, 20 h, 90%;
(ii) NaIO4, THF/H2O (3:1), 30 min, 60%.
In a bidirectional variant of our furofuranone approach, the
MBH adduct 3613 of methyl vinyl ketone and propionaldehyde
was transformed into hydroxyketone 38 through Grignard addition
to give 37 and further chemoselective oxidation, Scheme 5. Propar-
gylation of 38 to 39 and selective alkyne reduction led to the key
precursor triol 40.14 MnO2 oxidation of 40 triggered a four-step
cascade process in a one-pot operation to deliver furo[3,2-b]fura-
none derivative 4114 in near quantitative yield, Scheme 5. Interest-
ingly, access to furofuranone 41 is free of any protecting group
manoeuver and its framework has two quaternary centers in place,
a structural feature reminiscent of plakortones 2 and micrandilac-
tone A 6. The efficacy of this cascade process to furofuranone sys-
tems was further demonstrated employing the MBH adduct 4213 of
methyl vinyl ketone and benzaldehyde. Elaboration of 42 to
hydroxyketone 44 via 43 was followed by propargylation to 45
and stereocontrolled partial reduction furnished the triol 46 to
set the stage for the four-step cascade cyclization. Indeed, exposure
of 46 to MnO2 resulted in furofuranone 47 in quantitative yield,14
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Scheme 4. Reagents and conditions: (a) (i) homoprenyl bromide, Mg, THF, 0 �C,
30 min; benzyl chloride, Mg, THF, 0 �C, 1 h; (ii) Dess–Martin periodinane, CH2Cl2, rt,
2 h, 83% (25) and 52% (26) [over two steps]; (b) propargyl alcohol, n-BuLi, THF, 0 �C,
6 h, 60% (28) and 62% (32); (c) Lindlar catalyst, H2, MeOH, rt, 2 h, 92% (29) and 88%
(33); (d) MnO2, CH2Cl2, rt, 20 h, 90% (30) and 92% (34); (e) TBAF, THF, rt, 20 min, 94%
(31) and 92% (35).
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Scheme 6. Reagents and conditions: (a) CH3I, Mg, Et2O, rt, 1 h, 80%; (b) Dess–
Martin periodinane, CH2Cl2, rt, 2 h, 90%; (c) propargyl alcohol, n-BuLi, THF, 0 �C, 6 h,
80%; (d) Lindlar catalyst, H2, EtOAc, rt, 30 min, 98%; (e) MnO2, CH2Cl2, rt, 8 h, 99%.
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Scheme 7. Reagents and conditions: (a) homoprenyl bromide, Mg, THF, 0 �C, 1 h,
80%; (b) Dess–Martin periodinane, CH2Cl2, rt, 2 h, 93%; (c) propargyl alcohol, n-BuLi,
THF, 0 �C, 6 h, 60%; (d) Lindlar catalyst, H2, EtOAc, rt, 30 min, 90%; (e) MnO2, CH2Cl2,
rt, 6 h, 96%.
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Scheme 6. Further amplification of this theme with the intent to
probe stereochemical preferences during the installation of the
quaternary center led us to ketone 49 via 48, obtainable in turn
from the MBH adduct 36.13 Propargylation of 49 led to a separable
mixture of diastereomers 50 (7:3) and further selective alkyne
reduction of the major diastereomer led to 51. An MnO2-mediated
oxidative cascade cyclization of 51 furnished 52 (stereostructure
delineated through NOESY)14 in which the ethyl and the homopre-
nyl arms on the furofuranone are trans-disposed, Scheme 7.

In conclusion, a general approach to structurally embellished
furo[3,2-b]furanones, a motif widely present among natural
products, from readily available Morita–Baylis–Hillman adducts,
involving cascade cyclizations has been outlined. Application of
the methodology delineated here towards the synthesis of micran-
dilactone A 6 as well as the development of its asymmetric variant
is being actively pursued and will be reported shortly.
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15. X-ray data were collected at 291 K on a SMART CCD–BRUKER diffractometer
with graphite monochromated Mo Ka radiation (k = 0.7107 Å). The crystal
structure was solved by direct methods (SIR92) and refined by full-matrix least-
squares method on F2 using SHELXL-97. Crystallographic data have been
deposited with the Cambridge Crystallographic Data Centre, CCDC 727573.
Compound 24: C14H14O3, MW = 230.25, crystal system: Orthorhombic, space
group: P212121, cell parameters: a = 5.4657(8) Å, b = 8.7936(12) Å,
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