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Figure 2.3.8 Comparison of 10-hydroxybenzo[h]quinolone (HBQ) to

2-(2'-hydroxyphenyl)benzimidazole.
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Figure 2.3.8 Comparison of  10-hydroxybenzo[/]quinolone (HBQ) to
2-(2"-hydroxyphenyl)benzimidazole.” Phenylboronic acid in methanol (2 pL of a 10
mM solution) was spotted onto two halves of a glass-backed TLC silica plate and air-
dried. The plate was dipped on one side into a 1 mM solution of HBQ in ethanol (A), or a
1 mM solution of 2-(2'-hydroxyphenyl)benzimidazole in ethanol (B). The plate was then
dried using a heating gun, and visualized by illuminating at a short (~254 nm) or long
(~365 nm) wavelength using a handheld UV lamp. 2-(2'-Hydroxyphenyl)benzimidazole
was judged to be inferior as a stain due to the mildly discernable small stokes shift

between the ESIPT-on and ESIPT-off emissions compared to those of HBQ.
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Figure 2.3.9 Absorption and emission spectra of HBQ and its complex with

benzoxaborole.
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Figure 2.3.9 Absorption and emission spectra of HBQ and its complex with
benzoxaborole. Fluorescence spectra were recorded in CHCl; with a Photon Technology
International 810 fluorometer using right-angle detection. Ultraviolet—visible absorption
spectra were measured with a Varian Cary 300 Bio diode array spectrophotometer and
corrected for background signal with a solvent-filled cuvette. The instability of the HBQ—

benzoxaborole precluded determination of its quantum yield.**'**’
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PART 3

FUTURE DIRECTIONS
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Part 1 Chapter 2: Diazo Groups as Chemical Reporters

The diazo group has tremendous potential as a chemoselective group in the field
of chemical biology. In Part 1 Chapter 2, I discuss the first application of a diazo group as
a chemical reporter. The newness of this field opens many avenues of exploration,
especially as we have proven that a stabilized diazo group can survive cellular
metabolism and undergo a chemoselective reaction with a cyclooctyne. It is unusual that
the diazo group allows for multiple component labeling with CuAAC, unlike its azido
equivalent. This selectivity is possible through the use of a strong ligand for Cu(I) that
reacts with the azido group but does not react the diazo group. As the origin for
chemoselectivity with the diazo group, this compelling discovery begs exploration. The
metabolic transformations of the diazo reporter also require further investigation. We
assume that due to inherent similarities the mannosamine appended with a diazo group
will undergo the same enzymatic transformations as the parent azido derivative,'*® but we
did not explore this reactivity in detail.

A multicomponent, three-color cellular glycan labeling experiment that includes
alkynyl, azido, and diazo group chemical reporters can be accomplished using current
chemical technology.”’*" This labeling necessitates the use of CuAAC to label the
alkyne derivative and SPAAC to label the diazo group, and will require a phosphine to
perform a Staudinger ligation with the azido group reporter.”*'"® This type of experiment
has never been performed on three different types of glycans in the glycocalyx. The diazo
group can also be utilized with reporters of other posttranslational modifications, building
on previous investigations with the azido group.””® One possible application is to

incorporate a stabilized diazo group as a non-natural amino acid. This approach has been
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explored in detail for other chemoselective functional groups, including the azido

group.”*

Part 1 Chapter 3: Diazo Specific Dipolar Cycloadditions

The ability to perform a diazo group-selective 1,3-dipolar cycloaddition in the
presence of other 1,3-dipoles will be valuable for the development of the diazo group in
chemical biology. As an extension of Part 1 Chapter 2, this chemistry adds a further
degree of chemoselectivity to existing reactions when the diazo group is applied as a
chemical reporter. Insights provided suggest that an optimal balance of strain and
electronic activation can provide both the reactivity and selectivity required for biological
applications that are not yet possible. Still, some applications exist using currently known
dipolarophiles that are specific to the diazo group. Nonnatural amino acid-bearing
proteins have been reported that display an acrylamide sidechain."”®'” The diazo group
is a good reactant for this functionality (vide infra), and can be used for conjugation with
an acrylamide derivative for a number of appendages, including possible
heterodimerization with a diazo-bearing protein.

The diazo-specific dipolar cycloaddition reactions explored in this thesis have
potential for in vitro applications in their current form. Installation of a diazo group onto
a protein surface would allow for site-selective functionalization. This installation is
possible, albeit without selectivity, using the N-hydroxysuccinimide ester of the diazo
group.®”"**% In contrast, using the water soluble azide deimidogenation reagent developed
in the Raines laboratory,” a stabilized diazo group could be generated selectively on the

protein from an azido group at the N-terminus. Azido groups could be installed non-
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genetically by a Regitz diazo-transfer reaction, but this reaction would occur on all
amines including lysine residues.” Some selectivity might be afforded through the
deimidogenation process, but an excess of the phosphine would lead to reaction with the
diazo group.”* If some azido groups remain, the diazo group-selective cycloaddition
reaction described in this chapter would provide differential labeling between the protein

N-terminus and other sites on the protein.

Part 1 Chapter 4: Uncharged Water-Soluble Phosphinothioesters for the Traceless
Staudinger Ligation

Two major goals for this project require completion before ubiquitin dimerization
can be performed. First, the effect of electronics on phosphorous must be interrogated to
determine the optimal reagent to perform the traceless Staudinger ligation. This
interrogation requires completion of the synthesis of an isomer of the para-CH,OMEM
that is instead conjugated to the aryl ring (Figure 3.1.2). This phenolic derivative will be
prepared by a route similar to the one used to access its non-conjugated isomer. Once
prepared, these reagents will need to be tested for amide-bond formation in aqueous
buffer in comparison to that from known phosphinothioesters. The optimal reagent would
then be applied in the formation of ubiquitin dimers via isopeptide linkages, as described

in Part 1 Chapter 4.
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Part 2 Chapter 2: A Divalent Protecting Group for Benzoxaboroles

In the future, it will be possible to use the benzoxaborole protecting group for a
number of synthetic transformations. This method for benzoxaborole protection is also
compatible with the reagents involved in Fmoc-mediated solid-phase peptide synthesis.
This use allows for the preparation of a peptide that bears benzoxaborole functionalities
for applications in carbohydrate recognition and protein delivery.** It was shown
recently that a phenylboronic acid-appended peptide demonstrates a strong affinity for
sugars in aqueous conditions.”>> Benzoxaborole has a higher affinity than phenylboronic
acid for many saccharides present at the cellular surface,”* and a peptide with pendant

benzoxaborole functionalities should be prepared and tested in relevant assays.

Part 2 Chapter 3: Detection of Boronic Acids through ESIPT

The detection of boronic acids through ESIPT-off fluorescence is more sensitive
than by other methods. In chemical biology studies, this high sensitivity permits detection
of boron at lower concentrations. Still, in order to perform these experiments, the ESIPT
sensor must have an efficient ESIPT fluorescence in water, and the fluorophore requires
aqueous solubility. HBQ is unique among ESIPT fluorophores because solvation
interactions will not inhibit the ESIPT process. Most ESIPT fluorophores are
benzoxazole-based and possess a freely rotating bond that connects the two aromatic
systems (Figure 3.1.3 Al). These fluorophores must remain mostly planar to optimize

both conjugation and hydrogen bonding. In a polar protic solvent like water, these
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interactions are disrupted significantly.’>***” The lack of any rotation with HBQ produces
a stable bond, and an ESIPT fluorescence that is not diminished in polar protic solvents
(Figure 3.1.3 A2).

HBQ has very poor solubility in water. Its solubility can, however, be enhanced
through sulfonylation of the backbone. The preparation of a sulfonated HBQ, HBQ-S, is
shown in Figure 3.1.3 B. The sulfonyl group should not interfere with boron detection,
and will facilitate the use of the HBQ in aqueous conditions (Figure 3.1.3 C). HBQ was
sensitive to picomolar concentrations of boron in ethanol. HBQ-S should retain this
sensitivity, allowing for the detection of trace quantities of boron in aqueous conditions.
In particular, HBQ-S can be used to detect boronic acids within biological applications
for carbohydrate recognition using a dye-displacement assay. This includes the
interactions of boron-appended peptides and proteins with various carbohydrates. This
process should be sensitive to both monomeric carbohydrates in solution, as well as those

present on biomolecules such as proteins or the cellular glycocalyx.”®



Figure 3.1.2 Phosphinothioesters investigated for efficiency during the traceless
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Figure 3.1.2 Phosphinothioesters investigated for efficiency during the traceless
Staudinger ligation bearing different substitutions at the meta and para positions on the

aryl rings.
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Figure 3.1.3 Water soluble HBQ-S for the ESIPT detection of boronic acids
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Figure 3.1.3 Water soluble HBQ-S for the ESIPT detection of boronic acids: A. ESIPT
emission is problematic with benzoxazole fluorophores such as (1) in polar protic
solutions from intermolecular hydrogen bonds with solvent resulting in decreased
fluorescence. HBQ (2) has a very strong intramolecular hydrogen bond due to the rigidity
of the backbone and is unaffected by solvation. B. Sulfonylation conditions for the
conversion of HBQ (2) into the water-soluble derivative HBQ-S (3). C. Coordination of
HBQ-S to phenylboronic acid in aqueous conditions produces a similar fluorescent

ESIPT-off emission for detection of boron.
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APPENDIX

Investigations Toward Orthogonal Reactivity Between the Azido and Diazo Groups
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Tested on cells incubated with
diazo-mannosamine and
azido-mannosamine.

The reaction did not produce
effective labeling of the cells, but
small amounts of fluorescence were
observed by confocal microscopy that
corresponded to the coumarin.

Rapid carbene generation provides the
cyclopropanation product or

the dimerization of two diazo-group
generated carbenes. Rh(ll) is selective
for the diazo group and does not react
with the azide.

The diazo group was completely converted to the
below product:

YWY

No copper-mediated click reaction was observed,

and some hydrolysis to the diazo group from

carbene generation occurred. The presence of a
stronger ligand such as THTPA will hinder any reaction
with the diazo group, but can still facilitate a click reaction
with the azide. This reaction should be selective in

a biological context with higher loading of the ligand.

No reaction

Reaction is very slow.

Very rapid cycloaddition. The
maleimide was not tested for selectivity
with the azido group.

Very rapid cycloaddition. The
maleimide was not tested for selectivity
with the azido group.

Very rapid cycloaddition. Diazo was consumed
within the first minute of the reaction. The
maleimide was not tested for selectivity with
the azido group.

No reaction

No reaction
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