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Abstract

A click-reaction was site-selectively carried out on 1000 and 12 000 microelectrode arrays and
characterized using TOF-SIMS.

Recently, we have been developing the tools necessary for building molecular libraries on
addressable microelectrode arrays that contain between 1024 (a 1K-array) and 12 544 (a
12K-array) electrodes per cm2.1-7 In this work, the microelectrodes are used to effect
chemical reactions in a site-selective fashion by generating the reagents or catalysts needed
for the synthetic transformations. The reagents or catalysts are then destroyed by a confining
agent in solution so that they cannot migrate to non-selected regions of the arrays. In this
way, the same chemistry typically used to build molecular libraries on solid-phase supports
can in principle be used to assemble them on the arrays. Once the molecules are synthesized
on the arrays, the microelectrodes can be used to monitor interactions between the molecules
in a library and a biological receptor in *‘real-time’*.3252 One critical aspect of this work is
the development of TOF-SIMS cleavable linkers for attaching molecules to the porous
polymer coating the surface of the array.8:9 The use of a linker that cleaves under TOF-
SIMS conditions is important for characterizing the molecules built on the arrays. Without a
cleavable linker, TOF-SIMS experiments on the arrays only show the polymer coating on
the array.8 In other words, the signal to noise of the side-chain relative to the polymer is too
small to observe the side-chain. With a cleavable linker, this is not a problem. Since TOF-
SIMS experiments can probe surfaces with a resolution of the order of 50 microns and the
microelectrodes on a 1K-array are 94 microns and a 12K-array are 45 microns in diameter, a
TOF-SIMS cleavable linker enables characterization of the molecules associated with any
given electrode in the array. Hence, the use of a cleavable linker provides a method for
conducting quality control analyses of libraries built on the arrays. To date, the two linkers
shown in Fig. 1 have shown considerable promise along these lines.8:

While useful in TOF-SIMS studies, both of these linkers are problematic. They are tricky to
prepare, require multiple-step syntheses, and are only available in small quantities. This is
especially worrisome because both linkers must be assembled ahead of time, bound to the
substrate, and then placed on the array in a separate step. Furthermore, the placement of both
linker 1 and linker 2 on an array employs synthetic chemistry that we would like to use in
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subsequent synthetic steps. Linker 1 is placed on the array using a base-catalyzed addition to
an activated ester, a strategy that rules out the use of base-cleavable protecting groups in the
substrate. Linker 2 is placed on the array with the use of a Heck reaction, a strategy that
rules out the use of Pd(0)-catalyzed reactions to further develop a substrate.

The optimal TOF-SIMS cleavable linker would avoid these issues by using unique
chemistry that rapidly assembles the linker on the array from simple functional groups while
tolerating a wide variety of molecules and functional groups. To this end, the use of ““click-
chemistry’” appears ideal .10 **Click-reactions’” are compatible with a wide range of
substrates and have proven very useful for attaching biomolecules to surfaces.1! Since the
chemistry conducted on a microelectrode array is essentially the same as normal solution
and solid-phase chemistry (the microelectrodes are used to generate the same catalysts), the
use of a ““click-reaction’” on a microelectrode array should also allow for the attachment of
a wide variety of biomolecules to the surface of the array. In addition, one can anticipate the
triazole product fragmenting nicely in a TOF-SIMS experiment. “*Click-reactions’” are well
suited for development on a microelectrode array because they are typically accomplished
with the use of a Cu(i)-catalyst that is generated in situ by reducing Cu(s) with sodium
ascorbate.10 If the sodium ascorbate is removed from the reaction, then the microelectrodes
in the array can in principle be used to reduce Cu(i) and generate the catalyst selectively at
specific locations on the array. This possibility was first recognized by Chidsey, Collman,
and co-workers who utilized the “*click-reaction’” to selectively functionalize a pair of gold
interdigitated array band electrodes.12 Selectivity for one electrode over the other was
obtained by using one of the electrodes as a cathode in order to generate the desired Cu(y)
catalyst from a Cu(y) precursor in the solution above the electrodes and the second as an
anode to destroy any active Cu(\) catalyst above its surface. But how does this chemistry
translate to a microelectrode array having a density of over 12 000 microelectrodes per cm?,
especially when the arrays do not have the capability of employing some microelectrodes as
cathodes and others as anodes at the same time? Is there a confining agent that can be added
to the solution above an array to stop the migration of the Cu(;)-catalyst generated at one
microelectrode to the neighboring microelectrodes? If the reactions can be run site-
selectively on a microelectrode array, then will the linkers cleave cleanly in TOF-SIMS
experiments in a manner that allows for the observation of molecules on the surface of the
array? We report here that ““click-reactions’” can be run site-selectively on both 1K- and
12K-microelectrode arrays with the use of air as a confining agent, and that the triazole
product generated is a useful TOF-SIMS cleavable linker.

The feasibility of the microelectrode array reaction was first examined using a 1K-array. To
this end, the activated ester 3 was placed on the surface of the array proximal to the
electrodes using the previously developed electro-generated base conditions (Scheme 1).2~7
The base was generated by using the microelectrodes in the array as cathodes in order to
reduce vitamin B1,. This was done using every microelectrode in the array.

The functionalized array was then inserted into a 7 : 2 : 1 acetonitrile—dimethylformamide—
water solution containing pyrene methylazide 5, copper sulfate, tetrabutylammonium
bromide, and disodium bis(bathophenanthroline) disulfonate ligand.13 In order to confirm
that the reaction described above placed the acetylene by each microelectrode in the array,
the “‘click-reaction’’ was first performed by cycling every microelectrode in the array on for
0.5sat —2.4 V relative to a remote Pt wire anode and off again for 0.1 s. Four hundred
cycles were completed. As expected, this reaction led to the generation of Cu(;)-catalyst and
hence a successful “‘click-reaction’” at each microelectrode (Fig. 2a).

With the control experiment in place, a second array (functionalized in an identical manner
to the first) was then inserted into an identical 7 : 2 : 1 acetonitrile—dimethyl-formamide—
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water solution containing pyrene methylazide 5, copper sulfate, disodium
bis(bathophenanthroline) disulfonate ligand,3 and tetrabutylammonium bromide. In this
case, the reaction was not degassed and not protected from the air in the hope that oxygen
would serve as a scavenger for any Cu(i) generated at selected microelectrodes during the
reaction. A checkerboard pattern of electrodes in the array was then used to reduce the
Cu(u)-species in solution by cycling the microelectrodes on for 0.5 s at —=2.4 V relative to a
remote Pt wire anode and off again for 0.1 s. Four hundred cycles were completed.
Microelectrodes that were not selected for the experiment were left off for the entire
reaction. The microelectrode array was then washed with water and 95% ethanol and
examined using a fluorescence microscope to give the image in Fig. 2b. From this image, it
is clear that the reaction only occurred at microelectrodes that were turned on. No reaction
was observed at microelectrodes not used for the experiment, microelectrodes that were
proximal to acetylene substrate. Hence, the use of oxygen to confine the reaction was very
successful and no “*bleed-over’” of Cu(i) from the selected microelectrodes to neighboring
electrodes was found.

The exact same set of conditions could be utilized to perform a site-selective ““click-
reaction’” on a 12K-array (Fig. 3). In this case, a checkerboard inside of a box pattern of
microelectrodes was used for generating the Cu(i)-catalyst. Once again, the oxygen present
in the solution over the microelectrode array served as an excellent confining agent for the
reaction. No reaction was observed at microelectrodes that were not used as cathodes.

With the site-selective ““click-reaction’” in place, attention was turned toward examining the
utility of the triazole linker prepared. First, the cleavage properties of the triazole linker
under TOF-SIMS conditions were examined. When the functionalized array 6 was placed in
a primary ion beam at 25 keV (generated using a Bi,™ (n=1-7, m= 1, 2) liquid metal ion
gun) and the positive ions generated collected for analysis, it was found that the triazole
linker cleaved along two major pathways (Scheme 2).

The first observed cleavage pathway (7, m/z = 281) resulted from a p-elimination of the
triazole ring from the ester attaching the linker to the agarose polymer. This cleavage may
well be a characteristic of the specific substrate used on the array for the “*click-reaction’’.
The second fragmentation pathway (8, m/z = 242) resulted from a retro [3+2]-cycloaddition
involving the triazole itself. This fragmentation should be independent of the alkyl
substituents on the triazole and hence represent a general cleavage mechanism for the linker
that can be used to characterize molecules placed or constructed on the surface of the array.
Cleavage of the linker along both pathways allowed for the presence of the pyrene group on
the surface of the array to be detected in the presence of the agarose polymer coating the
array (Fig. 4).

In conclusion, the ““click-reaction’” provides an ideal method for attaching molecules to the
surface of an addressable microelectrode array. The reactions can be performed site-
selectively on both 1K- and 12K-arrrays using the same reagents employed in solution phase
reactions and oxygen as a confining agent. Furthermore, the triazole product formed is
readily cleaved in TOF-SIMS experiments and can therefore be used to gather information
about molecules attached to the surface of the array. At the present time, it appears clear that
the use of ““click-chemistry’” derived linkers will play a pivotal role in the development of
future addressable microelectrode array supported molecular libraries.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 2.
(@) A ““click-reaction’” with every microelectrode turned on, on a 1K-array. (b) A site-
selective “‘click-reaction’” on a 1K-array.
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Fig. 3.
A site-selective reaction on a 12K-array.
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Fig. 4.
(a) TOF-SIMS for agarose. (b) TOF-SIMS for agarose functionalized with compound 6. For
full spectra see the ESIT.
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