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ABSTRACT

We report here a practical, enantioselective synthesis of benzofuran-derived, cyclic frans -f3-amino acid scaffold. In two cases, tricyclic derivatives
having six- and eight-membered unsaturated lactams were obtained from this versatile scaffold. To explore the biological applications, these
compounds were subjected to cell-based assays, using NIH3T3 mouse cells to examine their potency as cell matility inhibitors and identified

18 as a potent cell motility inhibitor (IC 50 & 40 uM in chamber cell migration assay).

With the growing interest in the use of small molecules as we describe a highly practical enantioselective synthesis of

chemical modulators of biomacromolecular interactions, a a new class of benzofuran-derivBeamino acids,l and 2,

ready access to natural product-like structurally complex which could further be utilized in generating a diverse set

compounds with diverse architectures that could exhibit of flavonoid-inspired, different bicyclic and tricyclic archi-

highly specific biological responses comparable to bioactive tectures. The benzofuran sub-structure is commonly found

natural products has also risef.Toward this objective, here  in a wide variety of flavonoids that exhibit a wide range of
biological responses:®
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Because of their ability to generate “druggable”-forms of

lation reactior?®2* which worked very well even on a

artificial peptides and peptidomimetics due to resistance to large scale (15.0 gram scale) and tNeprotected amino

the enzymatic degradation, the usgsedimino acid scaffolds
is well-documented in the literatufe!! In addition to this,

hydroxyl product5 was obtained in 75% yield (ee 95%).
The hydroxyl group was then tosylated to obt&inwhich

there are also examples of highly potent bioactive natural to our delight, under hydrogenation conditions in the pre-

products (e.g., taxol) that contain tifeamino acid func-
tionality. The cyclicg-amino acids have also been utilized

sence of a mild base @KO;), afforded the benzofuran
derivative 7 following deprotection of the amino and the

as building blocks leading to the generation of bioactive phenolic hydroxyl groups and the nucleophillic displacement

architectured?—14
With the objective of developing the high-throughput

of -OTs by the phenolic hydroxyl generated in situ. This
process is highly simple, practical and both enantiomers of

synthesis of benzofuran flavonoid-inspired compounds, we -amino acids could be easily obtained in large quan-
have developed a practical enantioselective synthesis of atities depending on the chirality of the ligand used for the

new class of cyclicg-amino acid having the benzofuran

aminohydroxylation reaction. Th&l-alloc protection of

scaffold. Through combining these two important features this novel cyclicg-amino acid7 gave8 as the crystalline

(i.e., benzofuran scaffold and cyclieamino acid functional-

solid that was further confirmed by X-ray crystallographic

ity), we were interested in generating a wide-variety of studies.
benzofuran-derived compounds that could be subjected to As a test study (Scheme 2), compouidwas con-

biological evaluation, in particular, in the search of small

verted to9 in a few steps that includel-alkylation (N-

molecule modulators of cell migration. In post angiogenesis para-bromobenzyl= NPBB) of the benzylic nitrogen,
state of cancer, tumor cell invasion is one of the most critical followed by N-alloc protection and conversion of the

steps prior to metastasisand the latter is responsible for

about 90% death among all cancer patiéfit$® Thus, there

is a strong interest in finding small molecules that could
function as cell migration inhibitor and further could slow
the cancer invasion to prevent metastais?

carboxyl moiety to aldehyde by sequential reduction
(LiBH,) to alcohol, followed by oxidation (Dess-Martin
periodinane) of the hydroxyl derivative. Using the ring
closing metathesis as the key reaction, the next step was to
explore the synthesis of different tricyclic architectures from

To develop the enantioeselective synthesis of benzofurancompound.

derived cyclicg-amino acid scaffolds, 2,4-dihydroxyben-

In one study, the Wittig olefination of the aldehyde,

zaldehyde §) was subjected to a selective stepwise phenolic followed by N-alloc removal gave the secondary benzyl

hydroxyl protections as -OMEM and -OBn (Scheme 1).
Following the two carbon chain extension by Wittiglorner

amine 10, which was therN-acryloylated to obtain the
precursor for the ring closing metathesis for developing the

reaction, it was then subjected to Sharpless aminohydroxy-six-membered unsaturated lactam ring moiety. This was

Scheme 1. Synthesis of Optically Enriched Benzofuran
Scaffold
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nicely achieved in good yields by the use of 10 mol % second
generation Grubbs’ catalyst, to obtain compoutid To
explore the unsaturated lactam functionality as a potential
diversity generating site, it was then independently subjected
to three thiols (e.g., PhSH, BnSH, PhgtH,SH) producing

the 1,4-thiol adductd2a, 12b, and12c as single diastere-
omers.
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Scheme 2. Synthesis of Tricyclic Derivatives by RCM
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In a second study, the aldehyde was subjected to Following the success with the above studies in sol-
Lewis acid-catalyzed Grignard reaction giving two allylic ution, our next goal was to develop this approach on
alcohols as a mixture of separable diastereomers. Each isomethe solid phase. While repeating a solution-phase re-
was then independently subjected to the protection of the action protocol in solid phase, it is often necessary to anchor
hydroxyl groups. Following this, theN-alloc re- the molecules onto the resin through a suitable spacer.
moval afforded amines13 and 14, which were then  With this in mind, we attached compoudto a 3-carbon
acryloylated on their benzylic nitrogens to provide the spacer using its phenolic oxygen to obtain compod8d
precursor for the ring closing metathesis. Interesting to note (Scheme 3, the synthesis details are provided in the sup-
was the observation that in the presence of 5 mol % of secondporting material). This would serve as a starting material
generation Grubbs’ catalyst, the unsaturated eight memberedor the six-membered lactam ring formation on the solid
ring lactams,15 and 16 were formed from these precursors phase.
very easily and in high yields. The RCM reaction was At this stage, before developing the solid-phase synthesis
independent of the stereochemistry of the allylic hydroxyl program, all benzofuran-based compounds (25 in total)

group.

Scheme 3. Bicyclic Derivative Needed for the Solid-Phase
Synthesis

Figure 1. (A) fresh wound; (B) healing in the presence of DMF;
(C) healing in the presence of DMF and small moleciig,
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s (Figure 1A). The cells were then allowed to close the wound

overnight in the presence of the small molecules or DMF as
180 control. To our pleasant surprise, only 44% wound closure
was observed in the presenceld (Figure 1C) whereas in
the control experiment, the wound was closed by 81%
(Figure 1B). These findings were further confirmed by the
guantitative Boyden chamber cell migration assay. Performed
with the same cell line in this assay, cells were treated with
different concentrations df8 and then plated in the upper
; e chamber. Cells that migrated to the underside of the chamber
mctl B DMF £0.04 uM filter were then enumerated. Dose response curves on
oo4uMm  m4uMm  =40uM NIH3T3 showed that the I for compound 18 was
approximately 4Q«M (Figure 2A) where 50% inhibition of
motility was attained (see the Supporting Information).

To investigate the potential effect ®8 on actin dynamics,
NIH3T3 cells were wounded and stained for filamentous
actin using rhodamine-labeled phalloidin. Although some
membrane ruffling was observed, cells at the wound edge
showed a marked reduction in lamellipodial extension and
actin stress fibers following treatment with compout®i
suggesting that it impairs actin dynamics (Figure 2C).

To summarize, the present study that involves the
Figure 2. (A) Chamber cell migration assay. Dose response curve generation of benzofuran natgral product-inspired archi-
of 18 with NIH3T3 cell lines. (B) and (C) Staining experiments. tectures has resulted in the discovery of a new class of
NIH3T3 cell lines wounded in the presence of DMF (B) at®l small molecule modulators of cell motility. Further, inves-
(C) were stained for actin fibers. Cells treated wit8 display tigations are warranted to obtain a better understanding of
membrane ruffles (arrpw) but lacked extensive lamellipodia (ar- the mechanism of action of small molecul&8, and
rowhead) and stress fibers. will be reported as the new information becomes available.

Cells Migrated
g
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obtained and 450 natural product-like small molecules from
the group were subjected to explore their potency as cell
motility inhibitors through different cellular assays. In one
study, the effect of these compounds was investigated on
the migration of NIH 3T3 mouse cells which are routinely
utilized in studying the cell motility.

The effects were assessed in wound-healing &ssayl
guantitative Boyden chamber cell migration as&ay.

The NIH 3T3 cells were grown to confluence and then  Supporting Information Available: Full characterization
manually scratched with a pipette tip to create a wound of compounds and additional information. This material is
available free of charge via the Internet at http://pubs.acs.org.
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