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Fragment-based drug design (FBDD) has emerged in the past decade as a powerful approch for drug
discovery process. Identification of small-sized (molecular weight ~ 150) and low-affinity fragments and
subsequent linking of the fragments. bound to adjacent regions in targeted biomolecules could produce a
high-affinity small molecule. Tactics for the fragments linking remain limited and usually rely on Click
chemistry or cost-effective medicinal transformations employing heteroaromatic manifolds or flexible
alkyl/peptidyl linkers. The linear assemblies of the several fragments typically produce sp>-rich flat
molecules with limited three-dimensionality and complexity compared to those of natural products and
products of diversity-oriented synthesis (DOS).

In this thesis, chapter 1 introduces background and recent progress on the FBDD. Structural and
functional features between the synthetic drugs and natural products are then compared. Natural products
often possess cyclic scaffolds bearing dense arrays of functional groups and hydrogen-bond
donors/acceptors. Incorporation of mulitiple sp’-centers on the scaffold creates unique three-dimensional
shape of the surface, which is responsible for the specific molecular recognition with biomacromolecules.
Exemplified by thapsigargin (Ca’'-ATPase inhibitor) and aconitine (Na’-channel modulator), naturally
occurring terpenes sharing bicyclo[5.3.0]dacane framework are highlighted as potent and specific
modulators of protein functions.
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Chapter-2 describes assembly of two fragments through cascade annulations employing azulenone 1
as a versatile manifold. Dense and stereo-controlled integrations of four C-N bonds on 1 were
accomplished in one-pot through (1) ene reaction: 1—3, (2) formal [6+2] cycloaddition: 3—5 and (3)
hetero-conjugate addition leading to an alternately bis-bridged 6 in good yields (62-70%). This cascade
process not only allows rapid assembly of the two fragments on 1 but also installs four consecutives sp’-
stereogenic centers on the pentacyclic scaffold 6 in a highly stereocontrolled manner.
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Chapter-3 gives details of assembly of three fragments through sequential annulations on 1, which
allows (1) three-dimensional presentations of the fragments; (2) concise and flexible access to sp’-rich
complex scaffolds (such as 13) reminiscent of natural products; (3) installations of several appending sites
including a substituted proline moiety for futher diversifications. Cobalt-catalyzed formal [6+2] cyclization
of 1 with 7 predominantly formed tricyclic adduct 8. After taking trials and errors on modifications of
substrates and optimizations of irradiation conditions, [2+2] photo-cycloaddition of 8 with 9 was
successfully achieved giving rise to 10 in 82% yield with exquisite controls of regio- and stereo-
selectivities. Subsequent [3+2] cycloaddition of 10 with 12 proceeded stereoselectively to afford
hexacyclic scaffold 13 in 92% yield. Notably, this process allows stereo-controlled installations of ten sp>-
strerogenic centers in 13.

Having established protocols for the sequential annulations, assemblies of aromatic benzamidine
fragments into the three sites of the hexacyclic scaffold were then explored. By making use of three kinds
of benzamidine fragments (15-17), a series of small molecules (18-20) with variations on distances and
angles between the benzamidine moieties were systematically synthesized.
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Chapter-4 aims to address biological evaluations of the synthetic compounds described in Chapter-2
and Chapter-3. Taking into account for the structural homology between compound 18-20 and an approved
drug for trypanosomiasis (sleeping sickness), pentamidine, bearing a pair of benzamidines linked through a
flexible alkyl linker, a preliminarily assessment of in vitro anti-trypanosomal activities were described
(collaboration with Kitasato institute: Prof. Kazuhiko Otoguro er. al.). In addition, preliminary efforts for
screenings of anti-cancer agents through collaboration with Eisai Co., Ltd. were also described.
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