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ABSTRACT

The marine natural product hennoxazole A was synthesized by a convergent approach. The diastereoselective Mukaiyama aldol reaction with
â-alkoxy aldehyde was used to construct the tetrahydropyran segment, and the preparation of the nonconjugated triene moiety was accomplished
via SN2 displacement of allylic bromide with vinyllithium and Takai’s iodoolefination followed by palladium-catalyzed cross coupling with
MeMgBr. The final steps involve an amide coupling using DEPC and oxazole synthesis via a oxidation/cyclodehydration process.

Hennoxazole A (1) was isolated from the marine sponge
Polyfibrospongiasp.by Scheuer, Higa, and co-workers.1 It
has been found to be active against herpes simplex virus
type 1 (IC50 ) 0.6µg/mL) and displays peripheral analgesic
activity. The most unique feature of its structure is a directly
linked bisoxazole core, which is only found in the complex
polycyclic marine alkaloid diazonamide A-B,2 cyanobac-
terium-derived muscoride A,3 and hennoxazole A.4 Other
unique structural features of hennoxazole A are a highly
functionalized tetrahydropyranyl ring moiety and a noncon-
jugated triene unit. The unique structural features and
interesting biological activity of hennoxazole A have attracted
the attention of several synthetic research groups. Wipf and

Lim have accomplished the total synthesis of the (+)-
enantiomer of1, and their synthesis has elucidated the
absolute configuration of1 and relative stereochemistries at
C8 and C22.5 Recently, the total synthesis of (-)-hennoxazole
A has been reported by Williams and co-workers.6 In our
program concerning the total synthesis of marine natural
products,7 we have also embarked on the total synthesis of
hennoxazole A.8,9 In this Letter, we wish to report our
synthetic studies leading to the total synthesis of (-)-
hennoxazole A (1).

Our strategy is a convergent approach that combines
tetrahydropyran segment2 and triene unit3 via Wipf’s
oxidation/cyclodehydration process. The tetrahydropyran
segment2 could be obtained by acid-catalyzed ketalization
of the methyl ketone4, which could be synthesized by the
diastereoselective Mukaiyama aldol reaction. The triene unit
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3 could be constructed by SN2 displacement of allylic
bromide6 with vinyllithium 5 (Scheme 1).

The synthesis of the tetrahydropyran segment2 was started
(Scheme 2) by treatment of commercially available (R)-
glycidyl tosylate (7) with lithiated 1,3-dithiane followed by
copper-catalyzed Grignard addition to afford the alcohol8
in 63% yield. Protection of the alcohol8 as itsp-methoxy-
benzyl (PMB) ether9 and removal of the 1,3-dithiane
provided the aldehyde10 in 64% yield. The BF3‚OEt2-
mediated Mukaiyama aldol reaction between the trimethyl-
silyl enol ether12 derived from benzalacetone (11) and the
aldehyde10 provided the aldol adduct13 in 89% yield with
good diastereoselectivity (88:12anti:syn).10 This transforma-
tion establishes the C6 stereocenter with a good level of 1,3-
anti induction.12 Subsequent chelation-controlled reduction13

of the C8 ketones from the aldol reaction afforded the
correspondingsyn diols. Protection of thesyn diols as
acetonides followed by separation on silica gel gave the
desired isomer14 (59%),14 the minor isomer15 (9%),14 and
recovered starting diol (31%). The terminal olefin of14was
converted to the methyl ketone4 by the modified Wacker
oxidation16 in 77% yield. Mild acidic treatment of4 caused
cleavage of the acetonide and intramolecular ketalization
simultaneously to produce the tetrahydropyran16 in 85%

yield. After O-methylation of16, oxidative cleavage of the
styryl group in17 followed by Tebbe olefination17 afforded
18 in 71% yield. Dihydroxylation of terminal olefin18with
osmium tetroxide andN-methylmorpholineN-oxide (NMO)
and selective protection of the primary alcohol led to the
mono-tert-butyldiphenylsilyl (DPS) ether19 in 94% yield.
Treatment of the resulting alcohol with methanesulfonyl
chloride (MsCl) and displacement withn-Bu4NN3 provided
the azide20 in 68% yield. Mild reduction of the azide20
with Ph3P/H2O completed the C1-C10 tetrahydropyran seg-
ment2 in 68% yield.

The synthesis of the triene unit (Scheme 3) was initiated
by protection of methyl (S)-3-hydroxy-2-methylpropionate
(21) as its DPS ether to give22 in 95% yield. Diisobutyl-
aluminum hydride (DIBAL) reduction of22 afforded the
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Scheme 2a

a (a) n-BuLi, 1,3-dithiane, THF; (b) vinylmagnesium bromide,
CuI, THF, 63%; (c) KH, PMBCl,n-Bu4NI, THF, 86%; (d) MeI,
CaCO3, aq. CH3CN, 74%; (e) TMSOTf, Et3N, CH2Cl2, 96%; (f)
BF3‚OEt2, CH2Cl2, -78 °C, 89% (88:12); (g) Et2BOMe, NaBH4,
THF; (h) 2,2-dimethoxy propane, PPTs; (i) silica gel column
chromatography14; 59%, 15; 9%; (j) PdCl2, Cu(OAc)2‚H2O,
AcNMe2/H2O (7:1), 77%; (k) PPTs, MeOH, 85%; (l) NaH, MeI,
THF, 98%; (m) OsO4, NMO, aq. acetone; (n) NaIO4, pH 7
phosphate buffer, THF; (o) Cp2TiCH2AlClMe2, THF, 72%; (p)
OsO4, NMO, aq. acetone; (q) DPSCl, Et3N, DMAP, CH2Cl2, 94%;
(r) MsCl, Et3N, DMAP, CH2Cl2; (s)n-Bu4NN3, DMF, 100°C, 68%;
(t) Ph3P, aq. THF, 55°C, 68%.

Scheme 1
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corresponding aldehyde, which was directly treated with the
phosphonate23under (Z)-selective Still-Horner olefination
conditions18 to provide the (Z)-ester24 in 48% yield as a
single isomer. Reduction of the methyl ester24with DIBAL
and bromination of the resulting allylic alcohol25using CBr4
and Ph3P gave the allylic bromide6 in 93% yield.19 After
considerable experimentation,20 SN2 displacement of the
allylic bromide6 with vinyllithium derived from the vinyl
iodide 2621 cleanly afforded the skipped diene27 in 53%
yield.22 After deprotection of the DPS group, the resulting
primary alcohol28 was oxidized by the Parikh-Doering

oxidation23 to furnish the corresponding aldehyde, which was
immediately subjected to the Takai’s CrCl2-mediated
iodoolefination process24 to give the (E)-vinyl idodide29 in
61% yield. Cross coupling of the vinyl iodide29 with
MeMgBr in the presence of palladium catalyst25 constructed
the nonconjugated tiene unit30 in quantitative yield.
Removal of the methoxymethyl group (MOM), oxidation
using pyridinium dichromate (PDC), followed by coupling
with (S)-serine methyl ester using diethyl phosphorocyanidate
(DEPC)26 afforded the amide33 in 54% yield. According
to the Wipf and Williams’ methodology,27 dehydrative
cyclization of theâ-hydroxy amide33 with bis(2-methoxy-
ethyl)aminosulfur trifluoride (Deoxo-fluor) to the oxazoline
followed by oxidation with BrCCl3 and 1,8-diazabicyclo-
[5.4.0]-7-undecene (DBU) provided the oxazole34 in 80%
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Scheme 3a

a (a) DPSCl, imidazole, DMF, 95%; (b) DIBAL, Et2O, -78 °C; (c) (CF3CH2O)2P(O)CH(CH3)CO2CH3 (23), KHMDS, 18-crown-6,
THF, -78 °C, 48%; (d) DIBAL, Et2O, -78 °C, 94%; (e) CBr4, Ph3P, CH3CN, 99%; (f)26, t-BuLi, HMPA, THF, -78 °C, 53%; (g) TBAF,
THF, 90%; (h) Py‚SO3, DMSO, Et3N, CH2Cl2; (i) CrCl2, CHI3, THF, 68%; (j) MeMgBr, Pd(Ph3P)4, THF, quant.; (k) aq. HCl, MeOH,
THF, 83%; (l) PDC, DMF, 72%; (m) DEPC, HCl‚H-(S)-Ser-OMe, Et3N, DMF, 91%; (n) Deoxo-fluor, CH2Cl2, -20 to-30 °C; (o) BrCCl3,
DBU, CH2Cl2, 80%; (p) aq. LiOH, THF, quant.

Scheme 4a

a (a) DEPC, Et3N, DMF; (b) TBAF, THF, 86%; (c) Dess-Martin
periodinane, CH2Cl2; (d) BrCCl2CCl2Br, Ph3P, 2,6-di-tert-butylpy-
ridine, CH2Cl2, 0 °C; (e) DBU, CH3CN, 60%; (f) DDQ, pH 7
phosphate buffer, CH2Cl2, 36%.
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yield.28 Saponification of the methyl ester34 completed the
construction of the C11-C25 triene unit3 in quantitative yield.

The final steps of the synthesis (Scheme 4) began with
the condensation of2 and3 using DEPC,26 and removal of
the DPS group provided the amido alcohol35 in 86% yield.
Oxazole synthesis via the oxidation/cyclodehydration pro-
cess5,29was performed through intermediary bromo-oxazoline
under Wipf’s conditions to afford the bisoxazole36 in 60%
yield. The final oxidative removal of the C4 PMB group with
2,3-dichloro-5,6-dicyanobenzoquinone (DDQ)30 provided
(-)-hennoxazole A (1) in 36% yield. The synthetic hennox-
azole A was identical in all respects with spectra provided
for the natural product.

In summary, we have developed an efficient, convergent
strategy for the preparation of the structurally and biologically
attractive marine natural product hennoxazole A.
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