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Pilar M. Fresneda,* Marta Castarieda, Mathias Blug, Pedro Malina*

Departamento de Quimica Organica, Facultad de Quimica, Universidad de Murcia, Campus de Espinardo, 30100 Murcia, Spain
Fax +34(968)364149; E-mail: fresneda@um.es; E-mail: pmolina@um.es

Received 19 July 2006

Abstract: A four-steps synthesis (32% overal yield) of marine a-
kaloid almazole C isolated from the red seaweed Haraldiophylum
sp. isdescribed. The key step, construction of the central 2,5-disub-
stituted oxazole ring is based on the aza-Wittig reaction of the imi-
nophosphorane derived from the a-azidoacetyl indole and (S)-N-
phthaloylphenylaanyl chloride.
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The oxazole heterocycle is afundamental structural motif
found in many compounds such as natural products,*
unnatural biologically active compounds,? and molecular
sensors.® Naturally occurring oxazoles are usually found
with a 2,4-substitution pattern, although 2,5-disubstituted
oxazole natural products are known. They comprise the
2,5-diaryloxazoles  hafordinol,  balnoxin®  and
annuloline® and the 5-(3-indolyl)oxazoles pimprinine
akaloids’ and martefragin A2 which is a strong inhibitor
of lipid peroxidation.

In 1994, the 2,5-disubstituted oxadiazole alkaloid alma-
zole C (1, Figure 1), which showed antibacteria activity
against Gram-negative pathogens, wasisolated from ared
seaweed of family Delesseriaceae of genus Haraldio-
phylum sp. on the north of Dakar.® From the structural
point of view almazole C (1) represents slight variations
on 5-(3-indolyl)oxazole akaloids that have been isolated
previously. Ascan be seenin Figure 1, the oxazol e ring of
the ailmazole C (1) is substituted at 2-position by a N,N-
dimethylphenylalanine fragment.
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Figurel

Both inter- and intramolecular versions of the aza-Wittig
reaction have assumed increasing importance for the con-
struction of awide variety of nitrogen-containing hetero-
cyclic ring systems.*® Several methodol ogies based on the
intermolecular aza-Wittig reaction followed by either
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electrocyclization, intramolecular cycloaddition, or het-
erocumulene-mediated annelation have been used for the
preparation of a wide variety of nitrogen-containing
natural products.!

In conjunction with our synthetic efforts on the synthesis
of anumber of nitrogen-containing alkaloids from marine
origin,*? we have devised areliable synthesis of almazole
C, which is based on the iminophosphorane-based forma-
tion of the appropriately 2,5-disubstituted, central, five-
membered ring. The three-component reaction between
an a-azidoketone, atertiary phosphine and an acyl halide
has been employed for the preparation of the central
oxazole derivative ring.®® The reaction takes place
through an initially formed iminophosphorane which
undergoes acylation and further elimination of the corre-
sponding phosphine oxide to give an imidoyl chloride as
intermediate which gives the five-membered ring after
cyclization. Recently, two dlight modifications of this
protocol have been applied successfully to the synthesis
of 2,5-disubstituted imidazole alkaoids from marine
origin.**

We initialy required an N-protected 3-acetylindole as
starting material and the protecting group of choice was
the MOM group. To this end N-methoxymethyl-3-azi-
doacetylindole (5) was prepared in athree-step sequence:
(&) N-protection of 3-acetylindole with chloromethyl-
methyl ether in DMF in the presence of NaH (89% yield),
(b) selective a-chlorination of 3-acetylindole 3 with
benzyltrimethyl-ammonium dichloroiodate’® to give the
a-chloroacetyl derivative 4 (90%), and (c) halogen—azide
exchange with sodium azide in acetone-water to afford
the a-azido ketone 5 (77%, Scheme 1).

The formation of the central oxazole ring was achieved
using the iminophosphorane methodol ogy. Previous stud-
ies on the reactivity of a-azido ketones derived from the
indole ring revedled that the Staudinger reaction with
triphenylphosphine is very slow'® and in some cases
products derived from the double intermolecular aza-
Wittig reaction wereisolated. For this reason the more re-
active n-tributylphoshine has been employed. Thus, the
key intermediate 7 was prepared in 70% yield by reaction
of a-azido ketone 5 with n-tributylphosphine in THF at
0 °C and subsequent addition of (S)-N-phthal oylphenyl-
alanyl chloride'® (6) followed by treatment with Et;N.Y
Attempts to improve the yield of compound 7 using the
triazaphosphadiene pathway*8 (in this case the reaction is
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Schemel Tota synthesis of amazole C1. Reagents and conditions: i) Nah, DMF, MOMCI, 1 h, r.t.; ii) Bn(CH3);NCL,I, 5 d, r.t.; iii) NaNs,

acetone—H,0, reflux, 18 h; iv) n-BusP, Et;N, THF, 3 h, r.t.; v) N,H,-H

H,0, reflux, 30 h; viii) NaH, M€, 3d, r.t.

carried out with the acyl chloride present before the addi-
tion of the phosphine) failed.

The N-phthaloyl group of compound 7 was smoothly re-
moved with hydrazine in EtOH at room temperature to
give amine 8in 90% yield. The best results to prepare the
N-dimethylated amine was realized by reductive amina-
tion with hydrogen in the presence of formaldehyde and
palladium as catalysis,'® to give compound 9in 90% yield.
Also, another N-methylating agent was used: first the re-
ductive amination by Leuckart reaction wasrealized inthe
presence of formaldehyde/formic acid in CH,Cl, at room
temperature for four days to give N-dimethylated com-
pound 9 in 43% yield. When methyl iodide was used in
THF at reflux temperature for five days or in DMF in the
presence of NaH at room temperature for three days, vinyl
compound 10 was obtained in 21% and 53% yield, respec-
tively.

Compound 9 was converted into ailmazole C (1) by depro-
tection of the N-methoxymethyl substituent with formic
acid in THF at reflux temperature for 30 hours in 55%
yield.?® Compound 1 wasidentical in al aspects{IR, MS,
IH NMR, **C NMR and [a] %% with the natural product.*
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Almazole C (2).

To asuspension of 7 (0.32 g, 0.68 mmol) in EtOH (20 mL),
hydrazine monohydrate (0.14 mL, 2.68 mmol) was added at
0 °C. Thereaction mixture was stirred for 36 h at r.t. The
precipitated solid was separated by filtration, slurried with
CH,Cl, and filtered. Thefiltrate was dried (MgSO,) and the
solvent removed under reduce pressure to give (S)-1-{ 5-[N-
(Methoxymethyl)-1H-indol-3-yl]oxazol-2-yl1} -2-phenyl-
ethanamine (8, 0.21 g, 90% yield). A mixture of theamine 8
(0.4 g, 1,16 mmol), formaldehyde 37% (0.86 mL, 9.54
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dimethyl-2-phenylethanamine (9, 0.388g, 90% yield). A
mixture of N-methoxymethyl almazole C (9, 0.3 g, 0.8
mmol), 85% formic acid (40 mL), THF (25 mL), and H,O
(5 mL) was heated at reflux temperature for 30 h. After
cooling the solvents were removed under reduced pressure.
The residue was purified by chromatography on asilica-
amine gel column using Et,O—EtOACc (9:1) aseluent to give
1(0.146 g, 55% yield); spectroscopic and optical properties
{[a]p?° +141 (c 0.1, MeOH)} were identical to natural
amazole C.



Copyright of Synlett is the property of Georg Thieme Verlag Stuttgart and its content may not
be copied or emailed to multiple sites or posted to a listserv without the copyright holder's
express written permission. However, users may print, download, or email articles for
individual use.



