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A total synthesis of naamidine A is reported. Key benefits of the described pathway include its brevity, its synthetic ease, and its flexibility
with respect to the preparation of analogues. Formation of the 2-aminoimidazole core is achieved by condensation of the appropriate
o-aminoketone with cyanamide.

Since the late 1980s, a range of 2-aminoimidazole alkaloids
have been isolated from sponges of the gehascetta
(Figure 1)} with naamidine A (1) being one of the more O

prominent members of the family. After being isolated by CH, NJ\N,CHs HyCO 7 N,CHS
Carmely and Kashman in 198 haamidine A received little N H ‘O D—NH,
attention until initial reports of its biological activity were O | N/>_ N~H 0 HsCO N
made by Ireland over a decade latétarly studies showed o
the unusual tetrasubstituted 2-aminoimidazole alkaloid to be ‘ O
an antagonist of the epidermal growth factor receptor (EGFR) OcH
signaling pathway, overexpression of which has been im- OCH; :
plicated in a wide variety of human cancers and is typically Naamidine A, 1 2-Amino-deoxy-kealiiquinone
associated with poor progno$ig vivo assays ol, featuring c

OH CHs

implanted tumors in athymic mice, demonstrated 85% tumor N:CH3
growth inhibition at the highest tolerated dose of 25 mg/kg. y oom S=NH
3 N
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G, thought to be induced by enhanced phosphorylation of
ERKZ1/25 which are serine/threonine protein kinases of the

MAPK signal transduction cascade and important anti-cancer
targetsS The associated increase in phosphotransferase

activity of ERK1/2 is a phenomenon unique among small
molecules to naamidine A. This feature of its activity, along
with its potential anti-tumor properties, make it an interesting
target for further investigation.

The only previous total synthesis of naamidine A and its

precursor naamine A was reported by Ohta and co-workers,

(Scheme 1J.A partially functionalized imidazole ring was

Scheme 2. Retrosynthetic Analysis
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sequentially substituted at the 5- and 4-positions by a series T4 this end. we chose the relatively inexpensive, com-

of lithiation and alkylation steps. Several protections and

mercially available Boc-Tyr(Bzl)-OHg) as our starting point

deprotections were necessary to achieve the requisite i”ter'(Scheme 3). Selectivil-methylation of the Boc-protected
mediate3. Six further steps were required to eliminate the 5mino acid was performed using the conditions of Benditon,

benzylic hydroxyl groups and to convert the 2-thiophenyl
group to the primary amine. Introduction of the dehydrohy-
dantoin unit was performed by an interesting regioselective
condensation with 1-methyl-3-(trimethylsilyl)parabanic &cid.

Scheme 1. Ohta Synthesis of Naamidine A
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Our interest in an efficient total synthesis of naamidine A
had two major goals: (i) to be able to easily produce
sufficient quantities of the natural product for a range of
biological analyses and (ii) for the synthesis to be amenable

to the rapid preparation of a diverse set of analogues as part
of our medicinal chemistry program. In assessing the &

fulfillment of these criteria, we considered that several
improvements to the Ohta synthesis could be made.

From a retrosynthetic perspective (Scheme 2), we intended

to make use of the conditions developed by Ohta for the
regioselective introduction of the dehydrohydantoin moiety.
Rather than beginning with a preformed imidazole ring, we

proceeding in 96% vyield (7) with no methyl ester formation
observed. Methylation of this nitrogen at any early stage of
the synthesis is essential to achieve the required regiospeci-
ficity in the formation of the imidazole ring. In situ formation

of the acid fluoride was followed by reaction with,O-
dimethylhydroxylamin& to provide the Weinreb amid@
(86%), existing as a mixture of four rotamers. This was then
treated with the appropriate Grignard reagent to give the
protectedo-amino ketoned (62%).

Scheme 3. Synthesis ofx-Amino Ketone9
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determined to create the 2-aminoimidazole via condensation Removal of the Boc protecting group & was best

of cyanamide with the appropriabeamino ketone4). This,

in turn, we envisioned, could be easily obtained in several
steps from a suitably protected tyrosine derivatBe i@ising

the possibility of a correlation between our approach and a
potential biosynthetic pathway for these alkaloids.
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achieved using 4 M HCI in diethyl ether (Scheme 4), as an
aqueous suspension of the resulting salt provided a pH ideal
for the subsequent condensation with cyanarhidéjmately
affording the trisubstituted 2-aminoimidazole (86%). Cleav-
age of the benzyl group was effected in quantitative yield
by standard catalytic hydrogenolysis conditions (10% Pd/
C) to provide naamine Al10.

Applying the general concept of Ohta’s introduction of
the unique dehydrohydantoin moiety, 1-methylparabanic acid
(11)*? was silylated to12 with N,O-bis(trimethylsilyl)-
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Scheme 4. Synthesis of Naamidine A
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acetamide (BSA) and then reacted with(80%) to complete
the second total synthesis of naamidine A, carried out in six
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linear steps with an overall yield of 35%. Spectral data (
and 3C NMR) for the synthetic material matched that
reported in the literature for the natural sami3lBreliminary
biological assessment has confirmed that the syntHetic
inhibits EGF- and IL3-stimulated DNA synthesis in BaF/
ERX cells with an 1G, of 3 uM, consistent with the reported
values.

We are now in a position to conduct an in depth analysis
of naamidine A’s biological activity and to prepare a range
of analogues for structureaetivity relationships in the quest
for clinically relevant anti-cancer properties.
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