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A new and convenient synthesis of benzo-fused 8-oxabicyclo[3.2.1]octane and 9-oxabicyclo[4.2.1]nonane derivatives are described. The reaction
involved a TiCl,-mediated tandem carbonyl or imine addition followed by a Friedel—Crafts cyclization to provide these functionalized derivatives

in good to excellent yields and high diastereoselectivity.

Functionalized benzo-fused oxabicyclooctanes and
nonanes are unique heterocyclic frameworks, and their
use in molecular design is rather limited. In connec-
tion with our work in probing the enzyme active site
using designed ligands, we have been particularly inter-
ested in stereochemically defined oxabicyclic hetero-
cyclic scaffolds." The benzannulated 8-oxabicyclo-
[3.2.1]Joctane ring system is also inherent to bioactive
natural products, bruguierol A—C.> Several syntheses
of benzo-fused 8-oxabicyclo[3.2.1]octanes have been
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previously described.* The structural novelty and antibac-
terial activity of bruguierol C also led to several recent
reports of the synthesis of the 8-oxabicyclo[3.2.1]octane
core in the literature.’

We have previously developed TiCly-mediated multi-
component reactions of vinyl ethers, carbonyl, or imine
electrophiles with various nucleophiles (TMS-Nu, alcohols,
or amines).® These reactions provided rapid access to a
range of functionalized tetrahydrofuran and tetrahydropy-
ran derivatives with multiple chiral centers.” The effective-
ness of these multicomponent reactions was demonstrated
in the synthesis of natural products.® Also, a number of
functionalized cyclic ether derivatives have shown intriguing
activity against HIV-1 protease.” As outlined in Figure 1,
the reaction proceeded by addition of vinyl ether (1) to a
TiCly activated electrophile followed by addition of an
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external nucleophile to the generated oxocarbenium ion (2).
Toward the synthesis of benzannulated 8-oxabicyclo-
[3.2.1]octane rings, we set out to investigate the viability
of carbonyl addition or Povarov-type imine addition fol-
lowed by traping the oxocarbenium ion intermediate with
an internal nucleophile, particularly with electron-rich aro-
matic systems.'” Herein, we report a convenient synthesis
of substituted benzo-fused 8-oxabicyclo[3.2.1]octane and
9-oxabicyclo[4.2.1]nonane ring systems with o-hydroxyl,
and a-amino esters in good to excellent yields and high
diastereoselectivity.
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Figure 1. Current and previous studies of multicomponent
reactions.

We first planned to investigate the feasibility of Povarov-
type imine addition followed by intramolecular Friedel—
Crafts annulation with electron-rich aromatic systems
such as 2-(3-methoxybenzyl)-2,3-dihydrofuran 1a or di-
hydrofuranylmethylbenzo[1,3]dioxole derivative 1b and
tosyliminoacetate. Synthesis of dihydrofuran 1a is shown
in Scheme 1. Commercially available 3-methoxy phenyl-
acetic acid 6 was converted to the corresponding Weinreb
amide'! using carbonyldiimidazole (CDI) and NH(OMe)-
Me-HCI in near-quantiative yield. Treatment of the re-
sulting amide with allylmagnesium bromide at —78 °C
furnished the allyl ketone which was subjected to borane
reduction and hydroboration to provide racemic diol 7a in
54% yield over three steps. Oxidation of diol 7a with TPAP
in the presence of NMO and 4 A MS at 23 °C afforded
lactone 8a in 60% yield. DIBAL-H reduction of the
lactone and subsequent mesylation and elimination gave
the desired racemic dihydrofuran 1ain 73% yield over two
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Scheme 1. Synthesis of Methoxybenzyl-2,3-dihydrofuran
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steps.'? Starting with appropriately substituted phenyl-
alkanoic acid, racemic dihydrofurans 1b—f were prepared
conveniently.?

We examined the reaction of dihydrofuran la and
N-tosyliminoacetate as shown in Scheme 2. Thus, a mix-
ture of 1a and N-tosyliminoacetate in CH,Cl, at —78 °C
was treated with a 1 M TiCly solution in CH,Cl,. The
mixture was stirred at —78 °C for 15 min and then warmed
to —20 °C over 1 h. The reaction was quenched with a
saturated solution of K,COj, and the mixture was warmed
to 23 °C. Standard workup and flash chromatography
furnished benzo-fused 8-oxabicyclo[3.2.1]octane deriva-
tive 5a in 80% vyield as a single diastereomer (by 'H,
13C NMR and HPLC analysis). Encouraged by this result,
we then investigated dihydrofuran 1b. As shown in Table 1,
the reaction with 1b and N-tosyliminoacetate also
provided 8-oxabicyclo[3.2.1]octane derivative Sb in 71%
yield and with excellent diastercoselectivity (entry 2). The
outcome of the methoxy regiochemistry can be rational-
ized based upon transition-state models 9a and 9b. Pre-
sumably, model 9b is preferred as the developing non-
bonding interactions are less than those for 9a. This
reaction incorporated three new chiral centers. The core
structure and relative stereochemistry of Sb were deter-
mined by X-ray crystallographic analysis, as shown in
Figure 2.'*!> The stereochemical outcomes of both chiral
centers are consistent with our previous report of related
amino acid structures.’

Our attempts to generate benzo-fused 7-oxa-bicyclo-
[2.2.1]Theptane with 3-substituted phenyl dihydrofuran were
unsuccessful. Furthermore, reaction with benzyl dihydro-
furan did not provide the desired 8-oxabicyclo[3.2.1]octane
derivative under the indicated conditions. As depicted in

(13) See Supporting Information for the synthesis of other dihydro-
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data_request/cif.
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Scheme 2. Synthesis of Oxabicylooctanes
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Table 1. Reactions of Dihydrofurans with N-Tosyliminoacetate

entry dihydrofurans major product yield (dr)
MeO.
1. 80 (99:1)
o}
2 < 71(99:1)
O
MeO.
3. 69 (99:1)
O
4 < 62 (99:1)
O
0O
5 < ¢'NHTs 62 (99:1)
O CO,Et
1 5e
Cl
MeO. MeO.
6. = O @ 32 211)
O IIH
1% / 5f

'NHTs
E0,¢7 Y,

Table 1, we have also explored the formation of benzo-fused
9-oxabicyclo[4.2.1]Jnonanes with dihydrofurans 1¢ and 1d. As
can be seen, the corresponding cyclizations proceeded well,
and the corresponding oxabicyclononanes were obtained in
good yield and as a single diastereomer (entries 3 and 4). Our
subsequent attempts to form 10-oxabicyclo[5.2.1]decane
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Figure 2. ORTEP diagram displaying the relative stereochem-
istry of the bridged oxabicylic derivative 5b.

with dihydrofuran le were unsuccessful. In this case, the
corresponding lactols were obtained as a mixture of dia-
stereomers. Subsequent reduction of the lactol mixture
with triethylsilane in the presence of BF;eOEt, afforded a
single deoxygenated product Se in 62% yield over two
steps (entry 5). The inherent difficulty in forming nine-
member ring systems may have limited the intramolecular
Friedel—Crafts annulation process. Our attempts to facil-
itate cyclization of the lactol mixture with BF3;eOFEt, at
—78 to 23 °C were also unsuccessful. We have also
examined cyclization using a cis-olefin derivative 1f in
order to bring the aromatic nucleophile in close proximity
to the oxocarbenium ion intermediate. The expected

Table 2. Reactions of Dihydrofurans with Ethyl Pyruvate and
Ethyl Glyoxalate

entry dihydrofuran major product yield (dr)
MeO. MeO.
. O/\O \q 50 (4 1)
1a "
EtO,C
2. 52 (1:1)
3. 44 (99:1)
4, 54 (99:1)
5. 54 (99:1)
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product was not observed; instead a kinetically favored
bicyclic[2.2.1]heptane 5f was obtained as a 2:1 mixture in
32% yield.

To further expand the scope of this intramolecular
Friedel—Crafts annulation, we evaluated reactions with
commercially available ethyl glyoxalate and ethyl pyruvate
to generate a-hydroxyl and a-hydroxy-o-methyl ester
functionalities. The results are shown in Table 2. Reac-
tion of dihydrofuran la with ethyl pyruvate provided
8-oxabicyclo[3.2.1]octane 10a as a 4:1 mixture of diaste-
reomersin 50% yield (entry 1). The corresponding reaction
with ethyl glyoxalate as an clectrophile afforded a 1:1
mixture of diasterecomers (entry 2). Reaction of dihydro-
furan 1b with ethyl pyruvate furnished 8-oxabicyclo-
[3.2.1]Joctane 10c¢ with excellent diastereoselectivity and in
44% yield (entry 3). The corresponding reactions with
dihydrofurans 1¢ and 1d afforded benzo-fused 9-oxabicyclo-
[4.2.1]nonanes 10d and 10e with excellent diastercoselec-
tivity (entries 4 and 5).

In summary, we have developed a convenient method
for generating substituted benzo-fused 8-oxabicyclo[3.2.1]-
octanes and benzo-fuzed 9-oxabicyclo[4.2.1]nonanes
using substituted electron-rich benzyldihydrofurans and
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phenethyldihydrofurans. The reactions of N-tosyliminoa-
cetate and ethyl pyruvate proceeded with excellent
diastereoselectivity. The reaction of 3-substituted phenyldi-
hydrofuran and benzyldihydrofuran did not provide
Friedel—Crafts annulation products. Also, this annula-
tion reaction is limited to the formation of benzo-fused
8-oxabicyclo[3.2.1]Joctanes and benzo-fused 9-oxabicyclo-
[4.2.1Jnonanes. The corresponding reactions for 9- and
10-membered rings or larger were unsuccessful. The design
of molecular probes utilizing these substituted oxabicyclo
derivatives is currently underway in our laboratory.
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