BIOORGANIC CHEMISTRY

Annual Research Highlights

(1) “Coordination-number control of phosphorus
compounds and their complexation with metals”

Phosphorus compounds show different properties and
reactivities depending on the coordination number or
atomic valence. Changing the coordination mode of
phosphorus moieties by external stimuli such as heat and
light would result in a drastic change in their properties,
which are applicable to molecular switches. We tried to
control properties of the organophosphorus compounds
bearing the azobenzene moiety by external stimuli. The
2-phosphinoazobenzenes are found to be in equilibria
with the corresponding inner phosphonium salts in
solution. The equilibria between the
2-phosphinoazobenzenes and the inner phosphonium salts
are changed by various external stimuli such as heat,
solvent, an acidic additive, and photoirradiation. The
properties and reactivity are controlled based on the
change in the equilibria. For example, the
2-phosphinoazobenzenes showed a drastic color change
in response to the presence of an acid and change of the
temperature.

Reactions of the 2-diphenylphosphinoazobenzenes
with ZnCl,, W(CO)s(THF), and PtCly(cod) gave three
different coordination types of metal complexes with
distinctive UV/vis absorptions (Fig. 1). In the zinc and
tungsten complexes, the source molecule works as an
amide ligand and a phosphine ligand, respectively. In the
platinum complex, the phosphorus molecule works as a
C,N,P-tridentate  ligand  with  formation of a
carbon—platinum bond. The different coordination modes
of the ligand in the metal complexation lead to control of
the properties of the 2-diphenylphosphinoazobenzene
such as UV/vis absorption. The versatile coordination
modes of a single ligand will be an advantage in
preparation of a metal catalyst.
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Fig. 1 The equilibria between the

2-phosphinoazobenzenes and the inner phosphonium salts,
and the complexation with some metals.

1. 9) Bull. Chem. Soc. Jpn., 85, 110 (2012).
1. 10) Dalton Trans., 41, 11491 (2012).

(2) “Discovery of macrocyclic peptides armed with a
mechanism-based warhead: isoform-selective
inhibition of human deacetylase SIRT2”

Enzyme-mechanism-based drug design, where an
inhibitory functional group is designed on the basis of
knowledge of mechanism and embedded into an
appropriate scaffold such as a native enzyme substrate,
has successfully yielded inhibitors. One example of
mechanism-based designed inhibitors against sirtuins is
derived from a substrate peptide,
HoN-KSTGG-KA°-APRKQ-OH, in which the &-N-acetyl
group on the lysine residue (KA®) is replaced with
&-N-trifluoroacetyl group (K™). Despite this strategy has
given such sirtuin inhibitors, they are not potent (ICsg
with >1 pM) and generally not isoform-selective. We
introduced the approach of enzyme-mechanism-based
drug design into the RaPID system, our original
macrocycles discovery platform, by constructing a library
of nonstandard macrocyclic peptides that contain a K™
residue in the middle of the sequence by using a
custom-made translation apparatus that enables genetic
code reprogramming, and rapidly select potent inhibitors
against sirtuin 2 (SIRT2) by using the in vitro display
format (Fig. 2). The nonstandard macrocyclic peptides
that were identified exhibit a high inhibitory potency
against SIRT2 with K4 (and ICs¢) values in the low
(single digit) nanomolar region as well as remarkable
isoform selectivity. This work has demonstrated that the
combination of enzyme-mechanism-based drug design
and RaPID selection is a powerful strategy to obtain
potent enzyme inhibitors.
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Fig. 2 Schematic illustration of the in vitro selection of
SIRT2 inhibitor using a macrocyclic peptide library that
contain a K™ residue.

1. 3) Angew. Chem. Int. Ed. Engl., 51, 3423 (2012).
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