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A site-selective Suzuki reaction has been developed for use on microelectrode arrays. The reaction conditions employed are similar to those
used to achieve site-selective Heck reactions. The reaction can be run with either an aryliodide attached to the surface of the array and an
arylboronic acid in solution or with an arylboronic acid attached to the surface of the array and an arylbromide in solution. Both allyl acetate
and air are effective confining agents for the reaction. The reactions are compatible with arrays containing either 1024 microelectrodes cm2

or 12 544 microelectrodes cm=2

Addressable microelectrode arrays'~ are intriguing tools for
probing interactions between small molecules and biological
receptors>* because they enable monitoring of the interac-
tions in “real-time”.> For this reason, we have been develop-
ing synthetic methods for site-selectively building molecules
proximal to the electrodes in a microelectrode array.®” The
long-term goal of the work is to use the arrays as a platform
for small molecular libraries containing engineered, semirigid
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peptidomimetics that are useful for probing the conforma-
tional requirements of protein receptors.

Triaryl peptidomimetics that mimic helical regions of
proteins®® are of interest in this context. Helices on protein
surfaces often play key roles in the binding of proteins to
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other proteins, DNA, and RNA. Hence, they represent
attractive targets for developing new methods for treating a
variety of diseases. Triaryl ring systems can mimic sections
of these helices by orientating peptide side-chains in either
the i, i+3, and i+7 or i, i+4, and i+7 positions. They have
the potential to be particularly useful in this regard because
they represent typical drug-like scaffolds. With this in mind,
we became interested in developing the synthetic methodol-
ogy needed to build microelectrode array-supported libraries
of triaryl peptidomimetics.

The key to constructing triaryl ring skeletons is the Suzuki
reaction.®'® The Suzuki reaction allows for a “building-
block” approach to the molecules using preconstructed,
individual aryl rings that are then coupled to each other. But
can such an approach be employed site-selectively on a
microelectrode array? Microelectrode array reactions involve
a delicate balance between the electrochemical generation
of a catalyst, the rate of the desired reaction, and the
destruction of the catalyst generated in the solution above
the array by a “confining” agent. In this balance, the
confining agent must be reactive enough to prevent migration
of the catalyst to nonselected sites in the array. This is a
challenging task since the arrays can contain up to 12 544
microelectrodes cm™2. On the other hand, the confining agent
must not be too reactive or it will prevent the desired reaction
from occurring at the selected electrodes. Hence, the critical
step in the development of any new reaction on a micro-
electrode array is identifying an effective confining agent.
For the Suzuki reaction, the need for a confining agent
immediately raised questions about the generality of the
strategy used to confine the earlier Pd(0)-catalyzed reactions.’
Does changing the reaction catalyzed by a reagent on a
microelectrode array require the identification of a new
confining agent, or can the parameters of the electrolysis be
adjusted to account for differences in the reactions so that
the same confining agents can be employed? The answer to
this question is essential for planning new reactions and
synthetic strategies on the arrays. We report here that site-
selective Suzuki reactions can be accomplished using the
confining strategy developed earlier for the Heck reaction if
the rate of Pd(0) generation at the microelectrodes is reduced
and the concentration of the confining agent increased to
account for a faster reaction.
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The study of site-selective Suzuki reactions began with
the placement of a 4-iodobenzoate substrate (1) onto the
surface of an array having 1024 microelectrodes cm ™2
(Scheme 1). The substrate was placed proximal to each of
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the electrodes in the array using the electrogenerated base
catalyzed procedure previously developed for coupling
activated esters to the agarose polymer coating the array.®’
The Suzuki reaction was then initiated using nearly the same
conditions utilized to accomplish site-selective Heck
reactions.”* Accordingly, the entire surface of the array was
treated with an acetonitrile/dimethylformamide/water solution
containing pyrene-1-boronic acid 2, palladium acetate, triph-
enylphosphine, and tetrabutylammonium bromide. The Pd(II)
reagent was then reduced to the required Pd(0)-catalyst at
selected locations on the array by using the microelectrodes
as cathodes. The potential at the selected electrodes was set
at —2.4 V relative to a remote Pt-wire anode for 0.5 s and
then the electrodes turned off for 0.1 s. Nonselected
electrodes were left off for the entire reaction. The only
change in the reaction relative to the site-selective Heck
reaction was the use of allyl acetate as the confining agent
instead of the allyl methyl carbonate employed previously.
The confining agent is added to the solution above the array
in order to oxidize any Pd(0) that begins to migrate away
from the microelectrodes selected as cathodes. This prevents
unwanted reactions from occurring proximal to electrodes
that were not selected. Both allyl acetate and allyl methyl
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carbonate work as confining agents by converting the Pd(0)
catalyst into a sr-allyl-Pd(II) species (Scheme 2). The switch
to allyl acetate was made to avoid the generation of
methoxide during this process. In the Heck reaction, it was
thought that the methoxide generated cleaved the ester
connecting the product to the agarose polymer.”* This
decreased the amount of product on the surface of the array
with time. The switch to allyl acetate was made to eliminate
this possibility.

The use of these conditions with a checkerboard pattern
of microelectrodes employed as cathodes led to a moderate
degree of success (Figure la). When the array used to

a b)

Figure 1. Fluorescence image of the site-selective Suzuki reaction
(a) checkerboard pattern run using —2.4 V (b) checkerboard pattern
run using —1.7 V.

conduct the Suzuki reaction was imaged using a fluorescence
microscope, a checkerboard pattern for the pyrene product
could be seen. However, significant reaction also occurred
at electrodes that were not selected. The checkerboard pattern
was only visible because the pyrene-derived fluorescence
associated with the selected electrodes was brighter than that
associated with the nonselected electrodes. Clearly, confine-
ment on the array was being lost and migration of the Pd(0)
generated at the selected electrodes was not being completely
prevented. The loss of confinement for the Suzuki reaction
relative to the Heck reaction run earlier suggested that either
the Suzuki reaction is faster than the Heck reaction, the allyl
acetate is less effective as a confining agent than the allyl
methylcarbonate employed in the Heck reaction, or both.

To stop the migration of Pd(0) to microelectrodes not selected
for the Suzuki reaction, the rate of Pd(0) generation at the
selected electrodes was decreased. This was accomplished by
reducing the potential at the electrodes from —2.4 V to —1.7
V relative to the remote Pt counter electrode. Once again, the
selected electrodes were cycled on for 0.5 s and off for 0.1 s.
The change resulted in far superior confinement (Figure 1b).
In this case, no fluorescence was observed at electrodes not
selected as cathodes for the generation of Pd(0).

To demonstrate that the fluorescence observed in Figure 2
was a result of the Suzuki reaction and not a reaction between
the pyrenyl boronic acid and the agarose polymer coating the
array, a control experiment was performed. In this study, the
initial base catalyzed esterification reaction was performed using
a boxes of eight electrodes. The Suzuki reaction was performed
using all of the electrodes in the array as cathodes. After
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Figure 2. Fluorescence image of an experiment that ran the VB,
esterification reaction in box pattern and the Suzuki reaction on all
of the electrodes in the array. The spots at the top of the image are
part of a second box pattern.

completion of the reaction, the microelectrode array was
examined with a fluorescence microscope giving rise to the
image shown in Figure 2. Only the box of electrodes employed
in the initial esterification reaction showed the presence of
pyrene. There was no background reaction between the pyrene
boronic acid and the agarose polymer.

With the reactions working well on arrays having 1024
microelectrodes cm 2 (a 1 K-array), attention was turned to
the use of more dense arrays having 12 544 microelectrodes
cm 2 (a 12 K-array). This work was done because it is the
more dense arrays that are used in signaling studies.” Initially,
the experiment on the 12 K-array was attempted using
reaction conditions that were identical to those used on the
1 K-array. In this case, the initial substrate placement reaction
was performed at each microelectrode in the array. The
Suzuki reaction was then initiated using a checkerboard
inside of a box pattern of microelectrodes. While the
checkerboard pattern could be seen in places on the array,
confinement was lost leading to reactions at electrodes that
were not selected (Figure 3a). The pattern was difficult to

Figure 3. Fluorescence image of a site-selective Suzuki reaction
on a 12 K-array: (a) checkerboard in a box pattern run with the
conditions developed for the 1 K-array; (b) same experiment run
with double the confining reagent.

observe. For example, compare the array illustrated in Figure
3a with the array in Figure 3b that clearly shows the
checkerboard in a box pattern. The image shown in Fig-
ure 3b was obtained by doubling the concentration of allyl
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Figure 4. Fluorescence image of an air confined Suzuki reaction
run on a 1 K-array using a potential at the working electrode of
—1.4 V relative to the counter electrode.

acetate confining agent used for the reaction from 0.54 M to
1.08 M. Clearly, site-selective Suzuki reactions can be
accomplished on a 12 K-microelectrode array.

Next, a Suzuki reaction was run using air as the confining
agent. No allyl acetate was added to the reaction. In this
case, the current used for the reaction needed to be reduced
further in order to maintain confinement to a preselected
electrode. This was accomplished by decreasing the potential
at the working microelectrode to —1.4 V relative to the
counter electrode (Figure 4). In this experiment, a single
microelectrode in a 1 K-array was used as a cathode to
generate the Pd(0) catalyst. The need to reduce the rate at
which the Pd(0) was generated in order to maintain confine-
ment suggests that oxygen is not as an effective scavenger
for Pd(0) as is the allyl acetate used in the previous
experiments.

Finally, an “inverse-Suzuki” reaction was done on a 1
K-microelectrode array. In this experiment, a boronic acid
coupling partner was placed on the array and a bromopyrene
used as the aromatic ring in solution (Scheme 3). The challenge
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of running the reaction in this direction is that the generation
of Pd(0) at the selected microelectrodes is followed by inser-
tion of the catalyst into a solution phase aryl bromide bond.
This results in a reactive aryl-Pd(II) species that is not tied to
the surface of the array. The confining agent, which is an oxidant
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for Pd(0), will have no effect on this reactive intermediate.
Instead confinement of the aryl-Pd(II) species depends solely
on the relative rates of diffusion away from the selected cathode
and capture of the aryl-Pd(I) intermediate by the boronic acid
on the surface of the array. If the rate of the Suzuki reaction is
significantly faster than diffusion away from the electrode, then
the reaction will be confined. If it is not, then the reaction will
lose confinement. In practice, the reaction was performed in
the same manner as the earlier 1 K-array reaction. A high level
of confinement to the selected microelectrodes was obtained
(Figure 5) indicating that the Suzuki reaction is fast enough to

Figure 5. Fluorescence image of the inverse Suzuki reaction.

avoid migration of the aryl-Pd(I) intermediate away from its
point of origin. Unlike the earlier Suzuki reaction, the “inverse-
Suzuki” worked well even when the Pd(0) reagent needed is
generated at a fast rate (electrode potential of —2.4 V vs the
counter electrode). This observation appears to be a result of
the high concentration of bromopyrene used in the reaction.
The bromopyrene also reacts with the Pd(0) generated to prevent
its migration to neighboring electrodes.

In conclusion, the reaction conditions developed for achieving
site-selective Heck reactions on a microelectrode array have
been successfully extended to the Suzuki reaction. Both allyl
acetate and oxygen can be used as confining agents for the faster
Suzuki reaction if the rate of reagent generation is limited and
the concentration on the confining agent raised. The reactions
work well with either an aryliodide or an arylboronic acid
attached to the surface of the microelectrode array and the other
coupling partner in solution. Finally, site-selective Suzuki
reactions can be accomplished on either 1 K- or 12 K-arrays.
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