Synthesis of (tetrahydrofuranyl)tetrahydrofurans via radical

cyclization of bis(p-alkoxyacrylates)
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Radical cyclizations of bis(f-alkoxyacrylates) obtained
from (3R,4R)- and meso-1,6-dibromohexane-3,4-diol
proceed to form a C,-symmetric and a meso (tetrahydro-
furanyl)tetrahydrofuran derivative.

B-Alkoxyacrylates are excellent precursors for stereoselective
preparation of cis-2,5-substituted tetrahydrofurans and cis-2,6-
substituted tetrahydropyrans via radical cyclizations.! Fused
oxacycles may be prepared from double cyclizations; radical
cyclizations of the bis(B-alkoxyacrylate) 2 obtained from
(25.35)-1,4-bis(phenylseleno)butane-2,3-diol led to the form-
ation of the cis-fused C,-symmetric 2,6-dioxabicyclo[3.3.0]-
octane derivative 3,2 which served as a key intermediate in the
formal total synthesis of (—)-kumausallene (Scheme 1).® Aside
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Scheme 1 a)2.5eq. Bu;SnH, 0.25 eq. AIBN, benzene (0.02 M), reflux,
5 h (syringe pump, 4 h).

from its ascetic beauty, we were intrigued by the efficacy of the
double radical cyclization strategy for fused oxacycles like 3,
which called for further investigations.

meso-Erythritol (5) served as the starting point in the
attempted synthesis of the trans-fused meso isomer of 3. The
diol 6 was obtained via selective TBS protection of the primary
hydroxy groups of 5, which was then converted into the corre-
sponding bis(B-alkoxyacrylate). Deprotection of the TBS
groups and primary bromide substitution with carbon tetra-
bromide-triphenylphosphine led to the formation of the bis-
(B-alkoxyacrylate) 7. When the substrate 7 was allowed to react
with tributylstannane under high dilution conditions, a high
yield of the tetrahydrofuranyl product 8 was obtained. Appar-
ently, thermodynamic bias against the trans-fused bicyclo-
[3.3.0]octane systems prevented the second radical cyclization
step necessary for the bicycle formation (Scheme 2).

We then turned our attention to the bishomo analogues of
the substrates 2 and 7. Diethyl trans-hex-3-enedioate (9) was
reduced with lithium aluminium hydride, and the resulting
trans-hex-3-ene-1,6-diol was converted into the epoxide, from
which the meso diol 10 was obtained via aqueous acid treatment
and TBS protection of the 1,6-hydroxy groups. The bis(p-
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Scheme 2 a) TBSCI, imidazole, cat. DMAP, DMF, r.t. 1 h; b)
HCCCO,Me, N-methylmorpholine (NMM), DCM, r.t. 4 h; c) conc.
HCI, MeOH, r.t. 30 min; d) CBr,, Ph;P, DCM, r.t. 30 min; e) 2.4 eq.
Bu;SnH, 0.2 eq. AIBN, benzene (0.025 M), reflux, 5 h (syringe pump,
4h).

alkoxyacrylate) 11 was obtained following the known three
step sequence of reactions from 10, and it was transformed into
the meso-(tetrahydrofuranyl)tetrahydrofuran derivative 12° in
high yield under the standard conditions (Scheme 3). The pre-
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Scheme3 a) LAH, ether, 0 °C; b) MCPBA, DCM, 0 °C, 1 h; aq. H,SO,,
r.t. 12 h; ¢) TBSCI, imidazole, DMF, r.t. 30 min; d) HCCCO,Me, NMM,
DCM, r.t. 3 h; e) conc. HCI, MeOH, r.t. 10 min; f) CBr,, Ph;P, DCM,
r.t. 1 h; g) 2.4 eq. Bu,;SnH, 0.2 eq. AIBN, benzene (0.025 M), reflux, 5 h
(syringe pump, 4 h).

dominant formation® of the product 12 attests to the complete
dominance of the 5-exo mode of radical cyclization over the
alternative 6-exo mode, which would have generated a (tetra-
hydropyrano)tetrahydropyran product.

Next, trans-hex-3-ene-1,6-diol (13) was converted into the
bis(TBS) ether, and it was subjected to the Sharpless asym-
metric dihydroxylation conditions to provide the diol 14 in
84% ee.” The preparation of the bis(B-alkoxyacrylate) 15 from
14 proceeded without incident. When the substrate 15 was
allowed to react with tributylstannane under high dilution
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Scheme 4 a) TBSCI, imidazole, DCM; b) AD-mix-, MeSO,NH,,
NaHCO,, +-BuOH-H,0 (1:1), 0°C; ¢) HCCCO,Me, NMM, DCM,
r.t.; d) conc. HCl, MeOH, r.t.; e¢) CBr,, Ph;P, DCM, r.t.; f) 2.4 eq.
Bu;SnH, 0.2 eq. AIBN, benzene (0.025 M), reflux, 5 h (syringe pump,
4h).

conditions, the C,-symmetric (tetrahydrofuranyl)tetrahydro-
furan 16® and the C,-symmetric (tetrahydropyrano)tetrahydro-
pyran 17° were obtained in 66% and 6% yield, respectively
(Scheme 4). In this case, the 6-exo cyclization competes with the
favored 5-exo cyclization, albeit ineffectively.

The present results show that radical cyclization strategy may
provide an effective alternative in the synthesis of multi-
oxacyclic motifs of current interest.'” Further efforts in these
laboratories towards synthesis of oxacyclic natural products
and functional molecular systems will be reported in due
course.
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