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Synthetic Studies towards Guaianolide Sesquiterpene Lactones
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A promising synthetic route towards bioactive guaianolide
sesquiterpene lactones is presented. The strategy is based on
a recently invented multicomponent reaction (MARDI cas-
cade) and subsequent highly chemoselective and domino

transformations for the expeditious stereoselective prepara-
tion of the tricyclic core of the natural products.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2008)

Introduction

The bicyclo[5.3.0]decane ring system is present in numer-
ous classes of naturally occurring sesquiterpenes!!! and di-
terpenes.”l Guaianolides, of which compounds 1 and 2 are
the archetype (Figure 1), are by far the most common ses-
quiterpene lactones (STLs) in natural products with this bi-
cyclic framework. They usually exhibit a trans-y-lactone
ring fused to the C®~C” bond of the bicycle or, less often, to
the C’—C?® bond, and have been the subject of considerable
synthetic and biological studies."-! In our continuous ef-
fort towards eco-compatible synthetic routes to valuable
molecules involving domino and/or multicomponent reac-
tions (MCRs), we have recently developed the MARD:I cas-
cade, a Michael-initiated MCR which allows a diastereo-
selective access to a variety of carbo- and heterocyclic
seven-membered rings under user- and environmentally
friendly conditions.[®! The application of multicomponent/
domino reactions!”! to target-oriented synthesis has been
conceptualized as early as 1917 by Robinson, and its advan-
tages have been demonstrated with the efficient one-pot
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Figure 1. Representative guaianolides.
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synthesis of the bridged bicyclic alkaloid tropinone by using
a double Mannich three-component reaction.®! Since then
the strategy has remained under-exploited for many dec-
ades.”! Herein we wish to report our early results on a
promising synthetic approach to guaianolide STLs involv-
ing the MARDI cascade.

Results and Discussion

The MARDiI cascade with the f-oxo ester 3 and croton-
aldehyde yields the cycloheptanol 4 in 94 % yield as the only
detectable isomer (Scheme 1).[°1 Of crucial importance for
the synthetic applications of the MARDI cascade to target-
oriented synthesis is the chemo-differentiation of the two
carboxylate groups in the product. In the solid-state pack-
ing structure of 4,['% an intermolecular hydrogen bond is
evidenced between the hydroxy group and the carbonyl
group of the B-hydroxy ester of a neighboring molecule (d
= 1.975 A, see Supporting Information). In the gas phase,
the calculated optimum geometry of 4 showed the possible
occurrence of an intramolecular hydrogen bond between
the hydroxy group and the carbonyl group of the adjacent
methyl ester (d = 2.195 A, see Supporting Information). We
anticipate that such a hydrogen bond would exist in solu-
tion and attempted the chemoselective reduction of the -
hydroxy ester to a 1,3-diol. To our delight, the treatment
of 4 with excess sodium borohydride yielded efficiently the
expected diol 5 where the three carbon atoms bonded to
oxygen atoms can now be easily selectively manipulated.!!]

With the application of the MARDI cascade to guaianol-
ide STLs in mind, the B-oxo ester 3 and the model aldehyde
6 were allowed to react under the optimized conditions of
the cascade to give the expected bicyclo[5.3.0]decanol 7 as
a mixture of at least 5 diastereomers, together with some
saponified and dehydrated products as previously observed
in related cases (Scheme 2).I91 The saponified fraction of the
material was esterified back to the diesters with (trimethyl-
silyl)diazomethane,['?] the two fractions were combined and
purified by flash chromatography to afford the bicy-
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clo[5.3.0]decanol 7 as a mixture of 6 detectable dia-
stereomers (dr = 20:7:3:3:3:1) in 49% yield (Scheme 2). The
relative stereochemistry of the two major diastereomers of
7 was deduced from X-ray diffraction analysis of a mono-
crystal obtained by slow concentration of a sample (in chlo-
roform) containing only the two major diastereomers of 7
in a 2:1 ratio. To our surprise, the X-ray analysis revealed
that both diastereomers nicely co-crystallized, and left the
major diastereomer almost pure as an oil at room tempera-
ture.'%7 From this analysis and some additional NMR stud-
ies on the pure major isomer, the two major diastereomers
were assigned the structures depicted in Figure 2. We may
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Figure 2. X-ray diffraction analysis of 7.
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note that these two diastereomers only differ at the C!°
atom (numerotation of guaianolides) and have the same
conformation of the south part of the bicyclic system, at
least in the solid state.

The treatment of 7 (dr = 20:7:3:3:3:1) with excess sodium
borohydride resulted in the almost quantitative chemoselec-
tive reduction of the B-hydroxy ester group of only the two
major isomers yielding a 2.9:1 mixture of diols 8 (Scheme 3),
the remaining material being composed only by the unreac-
tive four minor diastereomers of 7. As in the case of 4, a
rational for the chemoselective reduction was provided by
semiempirical calculations, which confirmed the possible
occurrence of an activating intramolecular hydrogen bond
in the two major diastereomers of 7 (see Supporting Infor-
mation). The sharp difference of reactivity observed be-
tween the six diastereomers of 7 suggests that only the two
most abundant ones can adopt a conformation stabilized
by an intramolecular hydrogen bond under the reaction
conditions. Thus, the stereoselectivity of the MARDI cas-
cade associated with the high chemoselectivity of this re-
duction provides a two-step only stereocontrolled synthetic
access to the diols 8 (dr = 2.9:1) with four contiguous asym-
metric carbon atoms and a remaining enolizable position at
the non-controlled center. Following our plan to demon-
strate the relevance of the MARDI cascade for the total
synthesis of guaianolide STLs, we studied the installation of
a y-lactone from the diols 8 by homologation at the primary

1) TsCl, NEts, pyridine MeO.C

2) KCN; then HCI, MeOH
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alcohol position. This was realized in a straightforward
manner by replacement of the corresponding tosylate with
a cyano group, followed by in situ hydrolysis and spontane-
ous cyclization (domino reaction) to afford the tricyclic
compound 9 (Scheme 3). Overall, compound 9, which is
closely related to guaianolides 1 and 2, has been obtained
in four'¥ chemical operations from the renewable B-oxo es-
ter 3 and the aldehyde 6,/'4! involving an MCR and a dom-
ino process.

Conclusions

The combination of the MARDI cascade, a recently in-
vented MCR, with highly chemoselective and domino
transformations allowed the expeditious synthesis of com-
pound 9, which exhibits the functionalized tricyclic frame-
work of guaianolides, and four contiguous controlled
stereocenters. In the current era where the efficiency of a
synthetic sequence is more than ever related to its concise-
ness, the synthetic route presented herein is expected to
translate into several efficient total syntheses of naturally
occurring guaianolides and their derivatives.

Experimental Section

Compound 7: To a solution of 3 (5.05 g, 35.5 mmol) in methanol
(460 mL) at 0°C was added 1,8-diazabicyclo[5.4.0Jundec-7-ene
(DBU, 5.3 mL, 35.5 mmol), and the reaction mixture was stirred
under argon at 0 °C for 10 min. The aldehyde 6 (4.42 g, 46.0 mmol)
was then introduced, and the reaction mixture was slowly warmed
to 24 °C and stirred for 64 h. The resulting yellow-brown solution
was partially concentrated under reduced pressure to remove most
of the methanol, hydrolyzed with water, and the resulting aqueous
phase extracted three times with ethyl acetate. The combined or-
ganic layers were washed twice with brine, dried with anhydrous
sodium sulfate, filtered and concentrated under vacuum to afford
the crude product #1 (4.1 g). The previous aqueous layer was acidi-
fied with 2N HCI (pH = 1) and extracted again three times with
ethyl acetate, the organic layers were combined, dried with anhy-
drous sodium sulfate, filtered and concentrated under vacuum to
afford the crude product #2 (6.0 g). This material was immediately
placed in dichloromethane/methanol (4:1) (380 mL) at 0 °C and
treated with a 2.0 M (trimethylsilyl)diazomethane solution in diethyl
ether (11.6 mL, 23.2 mmol) for 10 min, whereupon glacial acetic
acid (0.2 mL) was added. The solution was concentrated under vac-
uum, diethyl ether (100 mL) was added, and the organic solution
washed with saturated sodium hydrogen carbonate and brine, dried
with anhydrous sodium sulfate, filtered, and concentrated under
vacuum to afford the crude product #3. The crude products #1
and #3 were combined and purified by flash chromatography on
silica gel eluting with increasing amounts of ethyl acetate in petro-
leum ether ether to give 4.70 g (49%) of 7 (dr = 20:7:3:3:3:1) as a
colorless oil. Ry = 0.47-0.77 [AcOEt/petroleum ether ether (50:50)];
the homogeneity of the mixture was proven by elemental analysis.
One of the fractions obtained after chromatography containing es-
sentially the two major diastereomers (dr = 2:1) provided some col-
orless crystals (slow evaporation of chloroform, prism, m.p. 49 °C)
suitable for X-ray analysis (see text and ref.['”)). Major isomer: 'H
NMR (300 MHz, CDCly); selected resonances: 0 = 3.71 (s, 3 H),
3.66 (s, 3 H) ppm. '3C NMR (75 MHz, CDCl,): 6 = 176.2 (C),
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175.3 (C), 76.8 (CH), 54.6 (CH), 51.2 (CHs), 51.0 (CHzy), 48.7
(CH), 47.9 (CH), 41.1 (CH), 32.8 (CH,), 31.3 (CH,), 28.0 (CH,),
23.3 (CH,), 23.2 (CH,) ppm. Second isomer in abundance: 'H
NMR (300 MHz, CDCly); selected resonances: 6 = 3.65 (s, 3 H),
3.65 (s, 3 H) ppm. 13C NMR (75 MHz, CDCly): 6 = 175.7 (C),
175.5 (C), 77.6 (CH), 59.8 (CH), 55.5 (CHs), 50.7 (CHsy), 44.5
(CH), 44.1 (CH), 39.9 (CH), 31.1 (CH,), 30.8 (CH,), 24.4 (CH,),
23.4 (CH,), 20.4 (CH,) ppm. Third isomer in abundance: '"H NMR
(300 MHz, CDCl5); selected resonances: 0 = 3.63 (s, 3 H), 3.61 (s,
3 H) ppm. 3C NMR (75 MHz, CDCls): § = 175.6 (C), 175.0 (C),
73.4 (CH), 52.6 (CH), 51.5 (CHj3), 51.3 (CH;), 50.4 (CH), 45.3
(CH), 41.5 (CH), 31.5 (CH,), 29.6 (CH,), 27.1 (CH,), 26.8 (CH,),
24.1 (CH,) ppm. Fourth isomer in abundance: 'H NMR
(300 MHz, CDCl;); selected resonances: 0 = 3.64 (s, 3 H), 3.57 (s,
3 H) ppm. 3C NMR (75 MHz, CDCls): § = 177.1 (C), 176.2 (C),
73.2 (CH), 51.8 (CH3), 51.4 (CH3), 45.9 (CH), 45.4 (CH), 45.2
(CH), 40.8 (CH), 31.2 (CH,), 28.7 (CH,), 25.9 (CH.,), 25.7 (CH,),
24.6 (CH,) ppm. The NMR spectroscopic data of the other isomers
could not be extracted with high confidence from the set of com-
plex spectra we have analyzed. Mixture of isomers: MS (ESI+): m/z
=271 [M + HJ*, 293 [M + Na]*, 309 [M + K]*. Fraction contain-
ing 5 of the 6 isomers: C;4H,,05 (270.32): caled. C 62.20, H 8.20;
found C 61.75, H 8.42.

Supporting Information (see footnote on the first page of this arti-
cle): Experimental procedures and characterization data for 5, 8
and 9, crystallographical and computational study of the hydrogen
bonds in 4, computational study of the hydrogen bond in 7, copies
of "H and '3C NMR spectra for 5 and the two diastereomers of 9.
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