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Abstract

A stereoselective synthesis of the trans-syn-trans perhydrobenzo[flchromene skeleton is presented. The target compound 3 was achieved
in six steps starting from the (S)-(+)-Wieland-Miescher ketone. Key steps include the sp? alkylation at the a-carbon of an unsaturated
ketone, Birch-type reductive alkylation, and an acid-catalyzed cyclization.
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1. Introduction

Previous investigations in this laboratory into the
chemistry of endophytic fungi led to the isolation and
structure reassignment of the asperginols, a rare group of
fungal natural products (1-2) (Figure 1) and the first
meroditerpenes to possess a trans-syn-trans stereochemical
arrangement. The tricyclic diterpene core of the asperginols
possesses the usual two trans ring junctions, with the unusual
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Figure 1. Structures of the asperginols and comparison with related natural
products.

6,11-syn arrangement. This stereochemistry forces ring B in
this tricyclic system to adopt an unfavorable boat
conformation. The stereochemistry in all other known
tricyclic meroterpenoids is trans-anti-trans, allowing a more
thermodynamically favorable chair conformation for ring
B.2'3

Recently, Baran and colleagues introduced a concise
synthetic approach towards the diterpene pyrone subfamily
of meroterpenoids, which relied on a biomimetic
cyclization.* Other groups have achieved the synthesis of
various meroterpenoids through biomimetic cyclization of
linear intermediates.>® However, the thermodynamically
unfavorable nature of the trans-syn-trans stereochemistry of
asperginols makes such attractive synthetic approaches
inapplicable.

In this study, the formation of such trans-syn-trans
stereochemistry was investigated by synthesizing the model
compound 3 possessing a 6/6/6 tricyclic system. Its synthesis
was hypothesized to be more feasible than the 7/6/6 skeleton
of the asperginols. The target alcohol 3 was expected to be
accessible via a late-stage, acid-catalyzed cyclization of
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epoxy alcohol 4, which in turn was anticipated to be obtained
from the functionalized ketone 5 (Scheme 1). The 4a,5-syn
relationship in compound 5 was envisioned to be achieved
via the kinetic reductive alkylation of enone 6 under Birch
conditions. The enone 6 can be obtained from Wieland-
Miescher ketone (WMK, 7), following ketalization and direct
alkylation with homoprenyl bromide 13.

Scheme 1. Retrosynthetic analysis of model compound 3.

2. Results and Discussion

The synthesis of enantiopure WMK (7) is well
documented.” Usually, it is achieved in two steps starting
from 2-methyl-1,3-cyclohexanedione 8, and methyl vinyl
ketone. However, due to logistical difficulties, methyl vinyl
ketone could not be acquired, and the alternative synthon 9
was utilized (Scheme 2). The use of 4-(diethylamino)butan-
2-one 9 is established for the formation of WMK in one step
with a yield of 40-50% through a Robinson annulation
reaction that affords a racemic product.® The conditions for
the reaction between 9 and 8 were modified to stop at the
triketone 10, which was then cyclized enantioselectively,
using L-proline as a catalyst, to give the desired (S)-(+)-
WMK 7, ([a]3® +92, ¢ 0.25, CHCI3). The ketal 11 was
prepared in high yield following a known procedure by
reacting 7 with one equivalent of p-toluenesulfonic acid and
ethylene glycol at room temperature in the presence of
molecular sieves.® Homoprenyl bromide (13) was
synthesized from y-butyrolactone 12 following a slightly
modified known procedure (Scheme 3).1

The regioselective alkylation of ketal 11 at the sp? a-
carbon is challenging due to the competing sp® o’-carbon.
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Scheme 2. Synthesis of ketal 11.
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Scheme 3. Synthesis of homoprenyl bromide 13.

Selective alkylation at the a-carbon is possible through the
formation of the thermodynamic extended enolate of 11.
Early reports of this reaction came from the work of
Woodward and colleagues for the C-4 dialkylation of
testosterone using potassium tert-butoxide,* and later
improved by Atwater to give the monoalkylated C-4
derivatives.’> A similar alkylation procedure with much
improved yields was reported using sodium hydride and a
longer reaction time.*3 Surprisingly however, for ketal 11, the
best results were obtained using a procedure slightly
modified from that reported by Atwater employing
potassium tert-butoxide and a shorter reaction time. As seen
in Table 1, the desired compound 6 was achieved as a single
product in a relatively good yield (entry 6).

Table 1. Regioselective alkylation of ketal 11.

Entry Conditions Solvent 6 (%)
1 NaH (1.1 eq.) at r.t. for 24 hrs, then 13 THF N/A
2 NaH (1.1 eq.) at reflux for 24 hrs, then 13 THF 4
3 NaH (1.1 eq.) at 100 °C for 24 hrs, then 13 DMSO 31
4 NaH (1.1 eq.) at reflux for 24 hrs, then 13 Dioxane 48
5 t-BuOK (1.1 eq.) at reflux for 14 hrs, then 13 t-BuOH 50
6 t-BuOK (1.1 eq.) at reflux for 2 hrs, then 13 t-BuOH 72

With compound 6 in hand, attention turned to the
installation of a methyl group at the 8 face. This was achieved
by subjecting 6 to Birch conditions, which gave an enolate
that was trapped using methyl iodide. As seen in Scheme 4,
methyl iodide approached the enolate from the concave face
to avoid the 1,3-diaxial interaction with the C8a-Me. The
stereochemical outcome of this type of reductive alkylation
is extensively documented®*'” and allowed the simultaneous
formation of two key stereocenters (C5 and C4a) in 5.

To achieve the two trans ring junctions in the final
product, the ketone group at C6 must be reduced with a bulky
reducing agent to afford the axial alcohol. To our delight,
lithium triethylborohydride yielded the desired alcohol 14
guantitatively, with no trace of the equatorial epimer. The
stereochemistry at C11 was not important, and thus the
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Scheme 4. Synthesis of the trans-syn-trans target compound 3.

convenient m-CPBA epoxidation was performed on 14 to
provide epoxyalcohol 4 as an equal mixture of epimers at
C11. The mixture 4 was used without purification and
biomimetic epoxyalcohol cyclization of 4 proceeded
smoothly under mildly acidic conditions to give the tricyclic
products 3 and 3a in a 1:1 ratio. Distinct chemical shift
differences were observed in the proton and carbon NMR of
the products. The chemical shifts of C-6 and C-11 in 3 were
significantly more deshielded (6c 82.1 and 83.5) when
compared to the values observed in 3a for the same carbon
atoms (d¢ 75.4 and 77.4). Conversely, the chemical shifts of
H-6 and H-11 in 3 were more shielded (6 2.82 and 3.05)
than in 3a (6n 3.20 and 3.27).

The stereochemistry of compound 3 was deduced from its
NOESY spectrum, which showed key correlations between
C8a-Me (6w 1.01) and H-6 (6 2.82), and H-6 and H-11
(6w 3.05), highlighting the co-facial relationship of these
three hydrogens. The methyl group at C-5 did not show
useful NOESY correlations since H-4a overlapped with other
signals in the H spectrum of 3. Similarly, key NOESY
correlations determined the stereochemistry of compound 3a,
with, for example, the crosspeak between H-11 (64 3.28) and
C5-Me (5 0.88) indicating that H-11 was beta-oriented.

3. Conclusion

A concise, stereocontrolled synthesis of the
perhydrobenzo[flchromene system possessing a trans-syn-
trans stereochemistry is described. Although uncommon in
nature, this stereochemistry was observed in a rare group of
fungal natural products, the asperginols. This synthetic
pathway paves the way towards the synthesis of the
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asperginols. However, a different approach towards the
formation of the oxepane ring is required.
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