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Synthetic studies on (�)-FR182877: construction of the ABCD
ring system via the intramolecular cycloadditions (2)
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Abstract—Construction of the ABCD ring system of (�)-FR182877 via the intramolecular Diels–Alder (IMDA) reaction and the
highly diastereoselective intramolecular hetero-Diels–Alder (IMHDA) reaction is described. The IMHDA reactions of the sub-
strates incorporating the oxabutadiene with the E- or Z-alkene were examined, revealing that the sole product was obtained from
both substrates and the E-alkene geometry was found to be crucial to obtaining the desired product.
� 2007 Elsevier Ltd. All rights reserved.
In the preceding paper,1 we described the construction
of the AB ring system of (�)-FR182877 (Fig. 1) via
the highly diastereoselective intramolecular Diels–Alder
(IMDA) reaction of the a,b-unsaturated aldehyde
(Scheme 1), which was prepared from 1 by the stereose-
lective reduction and following cleavage of the dimethyl
acetal under the acidic conditions. Subsequent construc-
tion of the CD ring system was carried out via the intra-
molecular hetero-Diels–Alder (IMHDA) reaction of 4,
which was generated in situ by the dehydrogenation of
3 with benzeneseleninic acid anhydride, providing 5a
as the major product and the desired 5b as the minor
product. From additional studies, we assumed that the
diastereoselectivity of the IMHDA reaction of 4
depends on the alkene geometry in the oxabutadine
moiety.
0040-4039/$ - see front matter � 2007 Elsevier Ltd. All rights reserved.
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Figure 1. Structure of (�)-FR182877.
The IMHDA reaction is a powerful method to construct
a heterocyclic compound possessing stereogenic centers.
Thus, the IMHDA reaction could provide dihydropy-
rans incorporating up to three stereogenic centers such
as 5a and 5b in one reaction. Therefore, we decided to
investigate the relationships between the alkene geome-
try of the oxabutadiene in the substrate with the diaste-
reoselectivity of the IMHDA reactions. We report
herein the highly diastereoselective IMHDA reactions
providing a single product that lead to the total synthe-
sis of (�)-FR182877.

To investigate the relationships between the alkene
geometry of the oxabutadiene in the substrate and the
diastereoselectivity of the IMHDA reaction, we pre-
pared the substrates possessing the established alkene
geometry. We first prepared 7 (Scheme 2), incorporating
the oxabutadiene with an E-alkene, and examined its
IMHDA reaction. Product 6, which possesses the requi-
site configuration for the total synthesis of (�)-
FR182877, was expected to form diastereoselectively
from 7 because the most energetically favored transition
state derived from 7 was considered to afford 6. In addi-
tion, the alkenyl hydrogen of the dihydropyran moiety
of 6 is reactive, so that a substituent could be introduced
at this position to construct the remaining ring systems
required for the total synthesis of (�)-FR182877. Com-
pound 7 was expected to be prepared from 8, which
could be obtained by the IMDA reaction of 9, which
in turn was thought to be prepared by the Horner–
Wadsworth–Emmons reaction of 10 with 11.
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Scheme 1. Synthesis of 5a and 5b via the IMDA reaction and the IMHDA reaction.
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Scheme 2. Retrosynthetic analysis of 6.
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Considering the transformation after compound 8, we
employed an acetyl group for the protective group R2

in 11,2 and compound 14 (Scheme 3) was prepared from
the known compound 12 via four steps, Pd-mediated
methyl ester formation, acetylation, desilylation, and
MnO2 oxidation.

Reaction of 10 with 14 (Scheme 4) proceeded in high
yield to provide 15 as the sole product, which was
reduced to 16 by lithium triethylborohydride with excel-
lent diastereoselectivity. Although the IMDA reaction
of 16 afforded a mixture of two diastereomers, the major
product was 17a (50%) and the minor was 17b (19%).
The acetyl group in 17a was selectively removed by
K2CO3 in methanol to afford 18.

Treatment of 18 with MnO2 in CH2Cl2 at room temper-
ature slowly provided the desired product 19 (17%) with
concomitant formation of 20 (16%) after 24 h (Table 1,
entry 1). The NOESY spectrum of 19 clearly indicated
the NOE correlations as shown in Figure 2, suggesting
that the relative configuration of 19 was constructed as
expected.4 The aldehyde derived from 18 was not
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TEA (2.0 equiv), MeOH, CO, 50 oC
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Scheme 3. Preparation of 14 from 12.
detected; therefore, the aldehyde generated in situ could
undergo the IMHDA reaction immediately to afford
19, which would be hydrolyzed to 20 by moisture
included in the reaction medium. Conversion of 20 to 19
was examined under various conditions; however, most
of the conditions merely caused decomposition of 20,
and the best result (22% yield, Scheme 5) was obtained
by simply heating 20 in toluene (Scheme 5). Reaction
of 18 with MnO2 in refluxing CH2Cl2 afforded only 19
in 26% yield (entry 2), and the reaction in toluene at
50 �C (entry 3) slightly improved the yield (30%). The
reaction at 80 �C (entry 4) shortened the reaction time
to 4 h, providing 19 in 32% yield; however, the yield
was not improved further in spite of extensive
optimization.3

We next prepared 27a (Scheme 7), the Z-isomer of 18, to
investigate its IMHDA reaction. Synthesis of 27a started
with the DIBAL-H reduction of known 21 (Scheme 6),5

followed by TBS protection, Pd-mediated methyl ester
formation, deprotection of TBS with TBAF, acetylation
of the resultant alcohol, and hydrolysis of the acetal to
provide 24.
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Scheme 4. Preparation of 18 from 10 via the IMDA reaction of 16.

Table 1. The IMHDA reaction of 18
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Horner–Wadsworth–Emmons reaction of 10 with 24
was low-yielding (Scheme 7, 34% yield)6 but provided
25 as the sole product. The subsequent reduction of 25
with lithium triethylborohydride at low temperature
afforded the desired 26 as the major product (dr = 10/
1). As the diastereomeric mixture was inseparable, it
was subjected to the IMDA reaction as a mixture, pro-
viding 27a (50%), 27b (20%), and 27c + 27d (6%, dr = 1/
1).
The acetyl group of 27a was removed by K2CO3 in
methanol, followed by treatment with MnO2 at room
temperature, affording 28 as the sole product (Scheme
8).7 Compared with the IMHDA reaction of 18, the
reaction proceeded faster and the yield was better
(71%). The NOE correlations shown in Figure 3 were
found in the NOESY spectrum of 28; hence, the relative
configuration of 28 was elucidated as shown.

Transition state models that afforded 19 and 28 could be
proposed as TS-1 and TS-2, respectively (Scheme 9).8

The A1,3-strain arising from the trisubstituted alkene
in the oxabutadiene moiety is minimized in TS-1 and
TS-2; therefore, both models would be the most energet-
ically favored transition states. As a result, the sole
product would be formed in both cases. The results of
the IMHDA reactions of 18 0 and 27a 0 well correspond
to the results described in the preceding paper,1 indicat-
ing that the alkene geometry in the oxabutadiene moiety
is crucial for the high diastereoselectivity in these IM-
HDA reactions.

It should be mentioned that the IMHDA reactions of
18 0 and 27a 0 (Scheme 9) were carried out under the neu-
tral conditions in the current studies, different from the
conditions for 4 in Scheme 1. Therefore, considering
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that the reaction of 27a 0 was faster than that of 18 0, it
cannot be ruled out that the preferential formation of
5a (Scheme 1) could arise from the E–Z equilibrium of
the IMHDA substrate 4 under the basic conditions.

In summary, the highly diastereoselective IMHDA reac-
tions that provide a single product and would lead to the
total synthesis of FR182877 have been developed. The
high diastereoselectivity of the IMHDA reactions would
arise from the A1,3-strain in the transition states; that is,
use of the oxabutadiene with the geometrically pure
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trisubstituted alkene was crucial for the high diastereo-
selectivity. Compound 19, which was derived from the
E-alkene 18 via the IMHDA reaction, is a key interme-
diate possessing a tetracyclic ring system required for the
total synthesis of (�)-FR182877; hence, further trans-
formation of 19 toward (�)-FR182877 is now under
investigation.
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