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We have been working to develop the synthetic chemistry needed
for building molecules at specific locations on active semiconductor
chips that incorporate arrays of individually addressable micro-
electrodes.1,2 The goal of this work is to build molecular libraries
so that each unique set of molecules in the library is located next
to either a unique electrode or set of electrodes. The electrodes
can then be used to monitor the molecules’ behavior.3 The overall
synthetic strategy taken is to coat the chip with a permeable polymer
and then use the electrodes to first attach a substrate to the polymer
and then carry out subsequent transformations on the substrate. Both
steps are accomplished by using the electrodes to generate the
chemical reagents needed to mediate the desired transformation.
The chemistry to be performed is confined to a region surrounding
the electrodes by adding a substrate to the solution above the chip
that consumes the reagent generated. Recent efforts have shown
that this strategy can be used to effect both Pd(II)-mediated Wacker
oxidations4 and Pd(0)-catalyzed Heck reactions5 at preselected sites
on the chips. Having established the potential for conducting
transition metal chemistry on the chips, we began to wonder about
the generality of the processes being developed. For example,
consider the chemistry used for spatially isolating a Wacker
oxidation on the chips (Scheme 1). For these transformations, the
required Pd(II) reagent was generated by oxidizing a Pd(0) substrate
at the selected electrodes and confined with the use of ethyl vinyl
ether in the reaction medium. Any Pd(II) reagent generated that
was not consumed by an olefin substrate attached to the polymer
proximal to the selected electrodes was scavenged by a solution
phase Wacker oxidation involving the ethyl vinyl ether. The reaction
conditions were designed to ensure that solution phase oxidation
of the ethyl vinyl ether was relatively fast compared to that of
polymer-bound substrate in the Wacker oxidation. The question
remained, could such a strategy be applied to other Pd(II)-mediated
processes? To begin addressing this question, the utility of Pd(II)
for effecting spatially isolated alcohol oxidations on the chips was
examined. This reaction was selected because Pd(II) is known to
serve as an effective reagent for the oxidation of alcohols6 and
because the success of such a process would provide a basis for
developing a variety of spatially isolated, multistep synthetic
strategies on the chips. Of particular interest was a strategy for
conducting reductive aminations on the chips. In addition to
providing a new synthetic method for building target structures on
the chips,7 the availability of a site-selective reductive amination
would afford a new method for attaching both substrates and intact
biomolecules next to the electrodes on the chips.8 We report here
that ethyl vinyl ether does serve as a effective confining agent for
performing site-selective alcohol oxidations and reductive amination
strategies on a chip.

To test the utility of ethyl vinyl ether as a confining agent for
site-selective alcohol oxidations, an experiment examining the utility

of the method for placing fluorescent amines on the chip’s surface
was selected. In this experiment, selected electrodes would be used
to generate a Pd(II) reagent that would oxidize the alcohols on the
surrounding polyhydroxylated polymer. The newly generated
carbonyls would then be utilized to effect a reductive amination
reaction on the chips using either sulforhodamine 101 hydrazide
(a red fluorophore) or 8-aminopyrene-1,3,6-trisulfate (a green
fluorophore). The success of ethyl vinyl ether as a confining agent
for the reaction would then be examined with the use of a
fluorescence microscope.

The experiment was conducted, as outlined in Scheme 2, using
a chip containing 1024 platinum electrodes in a 1 cm2 area. The
initial oxidation was performed using conditions nearly identical
to those used in connection with the previous Wacker oxidation.
To this end, the chip was coated with a porous hydroxylated
polymer and then submerged into 2.5 mL of a 0.5 M tetraethyl-
ammonium tosylate in acetonitrile/water (7:1) electrolyte solution
containing 32µg of palladium acetate, 1.39 mg of tris-4-bromophen-
ylamine, and 500µL of ethyl vinyl ether.9 The counter electrode
(cathode) for the reaction was a platinum wire that was also inserted
into the reaction solution. Oxidation of the Pd(0) substrate (formed
by premixing the Pd(OAc)2 and ethyl vinyl ether) was performed
by cycling selected electrodes in a checkerboard pattern between a
potential of+2.4 V for 0.5 s and 0 V for 0.5 s. The reaction was
continued for 1000 cycles. The chip was then removed from the
solution, washed with water and acetonitrile, and then inserted into
a methanol solution containing the Texas red hydrazine (red) and
sodium cyanoborohydride for a period of 12 h.

After completion of this first step, the chip was imaged using a
fluorescence microscope. The image obtained is shown in Figure
2. Clearly, the ethyl vinyl ether worked well to confine the alcohol
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Scheme 1

Figure 1. Fluorophore-labeled amines for use in chip-based reductive
amination reactions.
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oxidation to the desired electrodes. As can be seen in the image,
no apparent “leakage” of the Pd(II) away from the selected
electrodes occurred. This was especially striking since, unlike
previous reactions that utilized deposited substrates proximal to the
electrodes, the alcohol oxidation utilized the polymer coating the
entire chip as a substrate. Hence, oxidation between the electrodes
was possible. However, the confining agent appeared to be efficient
enough to stop even this level of migration.

Having established the potential for the reductive amination using
a very reactive hydrazine substrate, attention was turned toward a
reaction using the less reactive aryl amine substrate (green).8c The
procedure was repeated exactly as outlined above. However, this
time, the opposite set of alternating electrodes was selected. Initially,
only a faint appearance of the green fluorescence was observed.
However, when repeated a second time, the chip clearly showed
the presence of the second amine through the observed green
fluorescence (Figure 3). Once again, confinement of oxidation and
the subsequent reductive amination reaction appeared perfect. None

of the green fluorescent amine appeared at either unwanted
electrodes or the regions between the electrodes.

In conclusion, we have found that the confinement strategy
developed for the Wacker oxidation is general and can be directly
applied to the site-selective oxidation of alcohols. The confinement
in these reactions is outstanding and not only prevents oxidations
at neighboring electrodes but also prevents oxidation of the polymer
between the electrodes. The availability of spatially isolated alcohol
oxidations on the chips has enabled the development of a site-
selective strategy for effecting reductive aminations, a process that
provides a new method for placing molecules on the chip’s surface
proximal to the addressable electrodes.
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Scheme 2

Figure 2. Fluorescent image of a chip having a checkerboard pattern of
amine (red) on the surface.10

Figure 3. Fluorescent image of a chip having an alternating pattern of
amines (red and green) on the surface.10
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